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The Effects of Daily Variation of the Inflow Rate and
the Strength of Wastewater on the Performance of

Rotaing Biological Contactor

M Om % E A B ' —

Mitsumasa OKADA ' and Ryuichi SUDO’

Abstract

Laboratory scale rotating biological cantactors (RBC) were operated with synthe-
tic wastewater to study the effects of the daily variation of hydraulic and/or organic
loadings as observed in wastewater treatment plants for smail communities on effluent

quality and the biomass and biota of attached biofilm.
The following results were obtained.

1) Daily average effluent COD values during the operation with varying inflow rate
and strength of wastewater (variable loading) were higher than those of constant
loading (no daily variation of inflow rate nor strength of wastewater) with equivalent

BOD and hydraulic loadings.

2) Attached biomass did not increase synchoronously with the increase of the inflow
rate of wastewater to the RBC and this fact seemed to result in the higher effluent COD

values during variable loadings.

1. @rLasic

OF, DSREGHES, F8 POHEESL ODMBRR S LOBA R~ OBRAR TS
HLEEHRE T ESHLM Lo, 1979, LrL, ZDL ) abiKodkE, KB
i3, WAKE, KELLEERNELOSLVW-ET TROKRKABSR L Rich, FH, A, B
B & > CAECERTHOUEG, 1981), MAKE, KEXEBHL, »o#BEREAONE

DR NRRBE A LB R CEM TR LT S B G, WNHHRE L RBL T,

1) #EERE

PEETHAL, 2) ATSCRESFHEOEHCH L 5 2 TE 5, 3) BREREES LR,

1. EIAEWER KAEISREDR T 305 HHERRERS BHE/NEFII 6% 2
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EOEF* L2 Ebh s BEARABER A LELERASh S (FE, 197D, LiLinss,
MAKE, KEVEHLBE, ABKENFOL 5 CET 553 B Lcflizd oy -(F
Mo, 1983),

FHETR, PREOESETOHRKABERICA LKA D L 5 LHAKE, KEDOHAE/LHE
EMRARSEOABRKERVCEYREECRETEEC OV IERMEI YN,

2. RBREEBRUAE

2.1 RERERE

AL THGEHEMRNAEEE , Sy 48, SECER17cm E2 3 mm
D72 ) ABARY 6, FH2UKRRELCHL, MROBERIL L 1m’, EMBEORERITL.2
1 ehd, T, AROBERIZ0% &L, BE17.1 memin~ ' (E&EH 32 rpm) CHEE L, &
DEEY4EHEL, 200COoERZCHEBL TEREYT - WAHKCE, FEALY v, <
Frv, BR=FA, WaF R, BEEEYHS ETHIAITREAG(RESL, 1983), BOD
AI0mg -1 Wi h LS AR LA EOAT TRKOEBECKEAYE 1T T, ERCMH
BT5E21, RILTFLEBEOS ~NMEEEORRYS | HELL, FROBREZH 12D
iz, 1200C, 1544 —ro2 v—7RBELLORFERLE, TOEEY, thihoEBickw-
THELCBBECE A L 5 KBEXTHRRL LA EEAREBCHE L, ALTKERED
CHEFRAMGEKOHIS I, HBTERESY 7(FhEh7 F —BAE/E~I A& i =gy T §)
-1211 B, EREESEHAeEs CV-2ED¥Avi, ¥/, AZTKEBES~THRIE
T,

* 1 ATTFKDOHA

Table 1 Composition of synthetic wastewater

Dextrin 284 [mg-1-1] pH 7.0-72
Peptone 60.5 BOD 150 [mg-17']
Yeast extract 60.5 COD 60
Meat exiract 69.1 TOC 86
NaCl 6.2 NH,—N 5.6
MgSO, 3.7 NO,+NQ,—N 0
KH.FPC, 31 T-N 26
KCl 123 PO,—P 29
T-P 4.1

AKgBorse—v—to—F%E1 unl?~19 A)mt. E%iTrun 1 XD run 26 ¥ T 26
BDfFotoe run 1~16 T, —EOWAKR, KETEBRYTH b, ALTAREK HFHRA

— f —
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rotating biclogicat
contactor

reservoir

concentrated synthetic

1
2
‘ 3 wastewater
5 4 |Mixing tank
2 5 5 |pump
6
]

drive motor

B 1 EREEHER (runl7~19)

Fig. 1 Schematic diagram of experimental apparatus (run 17~19)

KEADBRRC TR 1 ST 20Ky TRERLL, run17~19 T, WAKEY—ELL, &
AKBEOARLERPCEL IR D0, HEE (b4, FROD LREL, BREKEKE
YBELL, IOMBLEALTARZFEEAREBCEhLh 2 HE0ERF Y 7 (HEL CV-2
ErHCTEE L, 2R80FY 70551 BECEEIE, ol 51324 BHs <0
TRIGASHEHEEA 1 » FIHHE TB-4655) # By T — TR0 L BB 2 e WA KB 2 EL
IR, Tok, AREEATO AL TKOBERE <o, 5°CIlNtaH (REBELIEER
S8 cool unit CL-30 8) L7o, A7 ~10 B 1 BEEE#R LI, run20~22 T}, MAK
BY—EEL, MAKBDORLEFMCELI LD, RREKAOAY TR 28/, 15
WECESHIR, o 1 A3 s M- AV T—ERMOLBEIR LI LRV RAKBLE
TL2eic, run23~26 Tit, HAKE, XEBE HCEHRNCE TR D00, BRERUKERE
BHOEY 72 EhER2ET O, 1 8RFCEBIE, Mo 18% 5 < —T—EREK
Baai,

2.2 EBAE

ERBMAIEICE, BOD A 150mg«1" b L 5 KRN L AL TAYERECHAZL, KHE
P ARG 0B TSTR 100 mi A0 Lo, RIS 1 B IR A R Eue R s iR A v v B 3
¥, BALH TRV HEd, run 1 ~16 €2\ Tit, FiEo—EHmAAFTCKEAR, BOD
AR T, Florunl7~26 KoV TiL, TAFhBAANOEER Y 5 L ienib AL TRKOE %
T =72,

FERAE, SPYBEIEELCE (ARTRTEYEOE, EAXELAVREB) Lo, 4

— 7 —
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HK COD ORIE XA, WER2~I R 1ET 7% run 1 ~161o0Ti, A2k COD
PHRE—EETL D, T KOEHIE > BEYER LA L, ABKEYMEL . 5
Hit, BOD, COD, DOC (WHHE@HEFE), 7 v =7 HEX TR+ HRLER 2E%
ThHD. EVEE, EWHCOCTLER YRR LLEAEL . run17~26 ©o>wTit, FLU
BZC 15 AEBA COD A —E TR OEBIRC > B A X ER L AL, EFEH
WU, ABACOD, DOC, 7ve=THER, MK+ BEESERORKHNELY 1~ 26
MBS EFREELL, Fr, 1 ESR) ORMICRT ARER VRSB0, ABKY 12HMQ2.4
FRAGSE) BHLTHED, FOKEYNELL, EVER EOELEEYHERLLE W
E LT,

2.3 AWAHE

FREIZF T, FREAKEOCTDORIT -1 LB OMAER U  EBIRO TG
fliL 7eu~), WEBAD HBICiY, 75 A7 7 4.5~ A ( Whatman GF/C 7 4 A2 =)Ao,
EEEROKOFRICIESBYRA, 7527 4 A -A8YAGTHBLI,

COD, BOD o X TRRBT S, (AXRTAEBRE, 1970 RiE -7, DOC X, 2HBME
SHTE (BHESEFTN TOC-10B &) #HVGTHE L, ¥, 7Y E=7HEEII V7 =
s — L, TEEBEBMEERER P ARTATARA,, N-F 7FA=FLrPT i v-2
L7y =nT s FREECE D EIELE (U.S. EPA, 1976), 4%Ri1, £E% (SHLRT
AL TN-28) #BvTHEiELR,

SR OWTiY, REOMAMNEHEEO 252 LY, FAROPOHBAEBEFRIZA A —F
A EGTHESLER (W20cm)D Y 2EFRY, BROKCERLAEHRE L, £, Wi
SR E (ERER AL,

2.4 EBEH

(1) HAKE, RECEHIRVGEEOMERE

F, WAKE, KECEHHER AR5 BEMAEEROAEEYE (run 1~16) o0,
THE L,

WA BOD % 30, 100, 150, 200mg-1"'® 4 -3, KEAMH® 1.1, 2.2, 4.8 6.81-
mEh DA EBD EL, FARTOMARGHE LY, un 1~16)TEEL . BOD AR,
0.03~1.36g +m2 - h' Efr oo, T2 EERRELE LR,

(2) BAXKEDZABE LB EDNERE
HAKE®—FE (BOD=150mg-1I""} * L, RAKECEAI ~EORBNNELLE R BEIT
BitAsEEAREECAEHHCHO>-TERE L,

— 8§ —
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* 2 EEEHF (runl~16)
Table 2 Operating conditions (runl~16}

influent  flow hydraulic BOD

run  BOD rate loading loading
No. [mg-1"'] [1-h~*]  [lem%h"'] [g-m~2h7']
1 30 1.2 1.1 0.03
2 30 2.4 2.2 0.07
3 30 5.3 418 015
4 30 7.5 6.8 0.20
5 100 1.2 1.1 0.11
6 100 2.4 22 0.22
7 100 53 48 0.48
8 100 7.5 6.8 0.68
9 150 1.2 1.1 0.16
10 150 24 22 0.33
11 150 5.3 438 0.72
12 150 75 6.8 1.02
13 200 1.2 1.1 0.22
14 200 24 2.2 0.44
15° 200 5.3 4.8 0.96
16 200 7.5 6.8 1.36

WAKB LM RETYRATRK L L, ThltoRMELEAMNRE L, SARR
DRAKE X EATRORAKE L, 248, 5% 10ff: L (EhLhrunl?, 18, 19,
HATREORME L 1 00~4 100 £ 13:00~16 00D 3R T >%EH 2@, FF6MMEL
too WTROERITKEVTH, 1 A4S oXBEARI253 1e-m™2.d~!, BOD £#18.0g m*-
d'ThDH, EIEAFRUEAFRCKIIAMAKE, KEAH, BOD A2 EdibnT
5,

(3) MAKEDZABE L IBE D NEE

WMAKEY—E (KEAM2.2 l.m2-h™?) &L, HAKBCER—EOERNE LY L1
BEc 5 EEMEEROLEBE WU L,

BOD Afi&igm -t 4 mAHR - L, ThA oML EARR L5, EAMNE,
BAMRBOKAK BOD # %% run 20 ¢4, 100, 150 mgel!, run?2l T, 100, 200 mg-
I"Y, run22 T3, 30, 200mg 1"t Ui, BANMORBHIX0 1 30~4 130 &£12:30~16: 30
DAREToRER2E, HERME LA, R4, BAREUCEATRICEITSHEAK BOD,
BOD ik ¥ &b 0TH S,
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3 E&&H (runl7~19)

Table 3 Operating conditions (runl7~-19)

hydraulic BOD

run flow rate loading loading
No. L:H (h") (lsm2h™h {g=m~2+h7Y)

L 194 1.76 0.26
17 I:2 H 3.88 3.53 0.53

L 1.22 1.11 0.17
18 Lo H 6.10 5.55 (.83

L 075 0.68 0.10
19 1:10 H 750 6.82 1.02

daily BOD loading=8.0 gem~%d™*
daily hydraulic loading=53 l>m~%.d"!

influent BOD=150 mg-1~*
L ; low loading
H ; high loading (1 : 00~4 : 00, 13 : 00~16 : 00)

F

4 HEELH4 Gun20~22)

Table 4 Operating conditions (run20~22)

influent BOD daily BOD
run BOD loading loading
No.  [mgel”'] [g'm~%+h™']  [gem2d~]
L 100 0.22
T O 0.33 62
L 100 022
2 g g 0.44 71
L 3 0.07
2 g o9 0.44 46

hydraulic loading=2.2 l-m~2-h"!
L ; low loading

H ; high loading (0 : 30~4 : 30, 12: 30~16 : 30}

(4) MAKE, XEBEELCHELLBEONBESE
BAKE, KELLCEA—FORRBRUEYELBECRT5EEAREEC B S

Ob‘fﬁ?:j!/f;o

WA K BOD %i#tn (BOD=200mg+ ™) ST LEAARS L, TallAoREE
(BOD=30mg-1"") #EAM L T2, SARKOREYEAMNOME® 245, 5%, 1065 (£
nFhrun2d, 25 26), RUMAKBE—EOHE (tun2d) L LI, BAMORMAELO :
30~ 4 :30 £ 12:30~16: 30 @ 4 BRI o%ER 2 [H,

— 10 —

HEERE LA, WThoERITEWT




HEAEAREED ABRECRET ANERHOBE

H 1 A4 0 BOD AR, 8.0g-m?ed ' Chd, £512, BAMRVEANRCRTLH
AKX, xBAG, BODAR, 1A% hokBAWMYELHLLDOTHS,

2 5 EEEE (run23~26)
Table 5 Operating conditions (run23~26)

hydraulic BOD daily hydraulic

run flow rate oading loading loading

No. L:H (I«h™) (l-m~2«h~Y (gem~2-h") (l-m~%.d-?)
L 423 3.85 0.116

2 t:1 H 420 337 0.774 523
L 239 215 0.065

24 1:2 H 478 4.35 0.870 695
L 104 0.95 0.029

1: .

2 > H 519 472 0.944 b29
L 053 0.48 0.014

% 110 H 533 485 0.970 46

daily BOD loading=8.0 g-m~2-d"?
L ; low loading ( influent BOD=30 mg+1-?)
H ; high loading { influent BOD=20 Omg-1-*, 0 : 30~4 : 30, 12: 30~16 : 30}

3. BReE®

3.1 RAKE, KECERS LIRS 0L

®642, WAKE, KEAX—F&Lirun 1 ~16 iP5 0B AEY T LD EDTHSL, run
1~ 4T, XREAN, BODAWORVEY - TABABECIBEERERT S b -, run
5~16 Tit, KEAT, BODAMSEMTL - Licth, ABKEL LRELLE, B, &
LOEFTEELXFRT7 ve=7HER (NH-N), TEHEE+MBLERE (NO,+NO,-N) ¥
RELGRD bR, BLRIEOH»REMEBREEEIY L, BOD AROEEYZIP TV LEL
nH, ¥, KBAT, BODAMOEINCH S 2FRBEOCE T, BREEEOMACERT
LD LEBhbhb,

3.2 MAKBOAYBEET HFSH NP

B2 REAKBRDOL D BET 584 (run 17~19) O AKX COD OREE LT, KPR
T, FEAFx - R2EBMIEAEE L TGS, —FORELEAMEYTRT L Sk -0
12 RO RO ZIILDVTR LT, tun 17 T, 13 & A FELSTES Bhirh -7csy, runls, 19
TR EOHEME & i COD AMEMIL, FOBAMAE run 18 T2 23.8 mg-1-7, run19 TiX35.2
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* 6 MEAXE (run 1-~16)
Table 6 Effluent quality [mg-1"'] (runl~186)

run
No. BOD COoD DOC NH,—-N NO,+NQO,-N T-N
1 1.3+0.69 424030 — 0.2 39 45
2 19+0.33 3.7+0.16 2.8+0.38 0.1 3.7 4.5
3 1.6+0.37 521044 2.5+0.66 0.1 4.0 4.5
4 1.5+6.31 4.7+60.32 23148 0.2 33 3.5
5 21+0.15 7.540.52 — 0.2 12.2 12.4
6 2.0+014 7.4+043 5440.12 0.4 10.0 11.2
7 524228 9.1+1.07 58+1.28 3.0 5.7 97
8 6.4+1.39 8.4+055 4.6+2.09 1.3 6.9 8.2
] 224+0.77 8.3+0.70 —_ 1.5 178 19.3
10 ‘364021 9.8-+0.62 734067 1.6 13.7 15.7
11 7.240.86 11.64+1.27 7.8+0.91 8.9 41 13.6
12 97+2.78 115+1.29 764205 10.9 3.0 139
13 3.1+0.77 10.5+1.00 — 44 226 27.0
14 4,0+£0.60 12.7+1.05 9.54:0.20 7.0 12.6 201
15 106+2.34 15.041.07 11.74+097 17.0 14 19.6
16 10.2+1.17 13.4+0.56 10.34+2.64 175 16 19.1
{+ standard devition)

i 1 run| ratic
o ¥ o ir]:2
! ! A 18 [1:8
of ;oo CRIEAREE
i i
'E EHigh l¢:»adin(;|'}I ‘
@ ; 4
E ! A
;20- ; F
oA ,
o] i PP
[8) ! H
, a [a]
mi o oo _go  § 4
10~91 9 9 @ <} o
I 1
"'""E i Low loading
o] : P " L
C:00 3:00 €:00 9:00 12:00
Time

H 2 MEKCODOEL (runl7~19)
Fig. 2 Effluent COD in a cycle (run 17~-19)
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EEREAEEEOLBEARCRET AEES0UE

mg-l"'&irote, Lanl, runlg, 19 & bEARRIC - Thb 1 ~ 2 BEEIW, WE248m
THHEORRRCRIE L, .

B3y, MEAPOT v E=7HER BHR-BREERREORRTELYFT. wTh
ORBCH\TH, TEI TS L GHER+HBEERREINL L, 7 e=7HEEIY
Lfze Zhid, MBOWINCAGCHEERNIAEL hofofo®d, WMLE CRIEET T AR5RIM
Tenoteled bE L bR D, ¥, EAMB /- L 20T FhOSEBREOEE L, COD
OEEREL O L PRRVGEMEPELL, B, runls, 19kvT, CofRAEZSCEA
7o ERAMEHCIL » THALBEOHERS 2270 0 BN BE L T oo, B g
CRIBTH - e b E X BB, SOk, BLRISOEEAL COD LB L TRoR < fate 2 HE
Ry (N

313 MAKBoOABELT 5B NERHSE
R4 fAKBED A AELT 554 (run 20~22) DAEK COD OFEFELAYTT, VFi
OEBIZH TS, MAKELIELL T UEKEOEE LB LEED SR -1,

—rmr
1

, run_ |ratio
- | . o117 |tz
T | High loading: Al 18 1:5
o ; ' 0119 110
£ ; 30 ' run
=10l H 1 !
= _____g ‘ Low loading : 5 Z :?
! ) : | ! [w] 22
~ 1
T 1 a4 o : 1
z 8 17 . :
: T | High loading
6 1 !
L2 feef o o AR
= i !
I ° a | i o !
o |8 og 9 & S |° °f° ° o o
Eploi © ° L, ® L :
o st a Al A A a A
z ‘ i b W
S| : 2 o ! i e
z., H oo - 1 Low loading
o~ A A ; H
%0 P Yoo i .
4 " 1 i 1 0 5 h 1 1 i
0:00 3:00 6:00 %:00 12:00 0:00 3:00 6:00 :00 12:00
Time Time
K 3 A#EKeo NH,—N, NO,;—N M 4 #AEKCODOENL (run20~22)
BEOCE(L (run17~19) ‘ Fig. 4 Effluent COD in a cycle (run20~22)

Fig. 3 Effluent NH,—N and NQ,.;—N in
a cycle (runl7~19)
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B5ABKPD7 V€= 7HER, EHB+EBEERRECEREEYRT, WThoE
Bk Th, AEKCOD FOEBENLE kL, MAKEIELLTLEhFhoZERIE
DHEOVEL LI ot, ThIL, BAKESELL THHEBYRELEBIIZLALETETY, &
A OERYBE UG R L L RBCERcE D EE L bR,

3. IAKE -XKHE HIIBE{ETABESONEKE

Bl6 i AKR-KE L D BETBEE5D (run 23~26) DAEK COD HEFE/LYTT,
WThOERI BT, RARENZ/ZS & CODMEA ML, run 23 €i220.2mg-1"!, run24
T2 25.1mg 1", run25 i1 20.2mg-1"%, run26 T2 23.1mg+1'L it ot EAMTRIC
BE, BRBBERELSECEE (1 1DCODRSEET LY, Lal, HEOEEEINL
VB4 (1010, EAWTHE COD %R LI,

10 r -
- } run : H run| ratio
T : : : @23 )11
o i High loading . 2 :? i Olz24 |12

—_ ! -
Eo} | ; ol 2z | o A5 |15
z ; : q o Ci26 [1:10
' al - :
. Po6 g - 20t a By
Z i o ¢ a o o & ]
A ! a a E :
. i D - ] !
! o
o2 5 i g ° e
— H ! H A
5 : ! S 1o .G ©
- ! ) O ! «]
g‘ i A Ai a i | Fay
Eigfa ol o & A A ‘O'A ' High loading | 4
z | o o =8 2 o ol 1 e " o 8
S |° :' ® o @ o ? o o o
Z:‘ f ; Low Ilcading ""l tox_loading
o |7 |
zZ : ' ol H X H s
0 0:00 3:00 6:00 9:00 12:00 0:00 300 | 600 9:00 12:00
Time Time
5 AEKHD NH,—N, NOy.—N B 6 A3k COD HEAL (run23~26)

REOHE( (run 20~22) Fig. 6 Effluent COD in a cycle (run 23~26)
Fig. 5 Effluent NH,—N and NO,,;—N in .
a cycle (run29~22)

H 7y, D#kho7 w7 EEE, ERR-HBEERBREORRELY R, wTh
DERIcI-TL, HEEMT 2 L EMNB+HREERBENRI LT v 5 = THEEELI N
Lo —hUd, runl7~19 ©B4 L ER, HEOHEMCHV-HEERE k-l Bhbhd,
¥, EARRCRVCTRERD L CENR -+ HBEERBEOENE Lo, EARROX
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‘ run ratio
- | ! o e 23 |1
o + High loading + a % 2
o | o Al 25 |15
S i ol 2 |1:10
z 8
1 ., O
h . :
z | | °
: i A
i ! .
o2 : B
o :
, 1
—_ 1
1 '
o | a
E |
— i
210' : a o
‘m D.‘} ! f
O ]
2 |al o e .
% Hl‘ %:rf Low loading
U500 300 6:00 900 1200
Time

B 7 #ExFo NH,—N, NO,..,—NBEOFl (run23~26)
Fig. 7 Effluent NH,—N and NO,,;—N in a cycle (run 23~26)

BAFAEY L L YRR b e Bbhs, T, run 26 TREATERC
WAL CERD I MEATRC - TR T ERBARCREEL U Tchb EELLRE,

15 BNEHFNORTHAEKE

1 BYih oAMCHT 2REMELH<S 5, run 17~26 DT RTOAFERFRIC-Z
12 B5REAE L CALEEK 2 8%, ZOKEXRIT LAEELXE 7T, unl7~191o0Tit,
BB EERE (BOD, COD, DOCBREME)VMBOEIIESA KA LB EET LA, *i, W
EDETEEI 2T L ERYBRESE L FARLER» A bR, L, run20~2212840T,
HRMEBREMETIrun 20 Zirun 21, 22 LHELTRRET LA, run2l & run 22 i22WCi35E
EREAEDLhLh o1, T, BEORTESC SV TLWThoERE AT WX, -
foo KE KHEEDCEAMTIHA (run23~26), JUFEK BOD, COD X OFEEMEL L X
FERBWHA R LA, LHOLAAE, £EBcRITS 1 B okEATNR S0, B
B TORBYBRESELFHT T /v, 1 A4 ) 0ERMATRICNT ARERLFHT
5 &, BODBRERIZF 0%, COD KU DOCBERRIENTH 66~T72%, 76~78% L EREH
DENCIZERRD LR, 1, ZOBHRELT, VWThoERITREWTL 1RSI0
BYAFHBOW B EABAMRICHHA ZR 2, I ¥0BRERN]1 BNk h OBRER
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o 7 12BR= v vy by A bRt H EHAE AR

Table 7 Daily average effluent quality determined from 12 hours composite samples

[mg- 1]
rn
No. pH BOD COD DOC NH,—N NO,+NO,—N
17 71 1 11 15 12 11.8
18 74 5 18 24 41 75
19 73 29 29 37 46 54
20 74 7 13 10 4.4 8.9
21 73 3 9 6 42 10.2
2?75 3 7 4 23 7.1
23 74 9 12 14 15 7.2
2 73 14 17 19 48 8.3
2% 73 16 18 20 55 72
% 73 21 21 24 56 8.4

CARECEBETLL L, RUEBANRBORERCIERSEORE L AEELERALNLD -
Il dELILERD,

36 WEXKBCRITANEDNEE
MAKB-KEo AFALA D 588 (run 17~26) OEEANAEEBEONRKE, Hio Gy

AR YANERN VS (run 1~16) & HB#HE L1,
F 8K run 17~26 iw k1 5 AEK COD © BFEHE K& L AREFES) RUERHCEL

= 8 HBNEBEUC—TAMNROMNEK COD
Table 8 Effluent COD for variable and constant loadings [mg < 17']

run variable constant

No. max. min. ave. max. min. ave.
17 11.5 9.5 105 9.8 98 9.8
18 2338 9.4 180 116 3.3 0.8
19 352 13.0 28.5 116 83 98
20 14.0 126 131 9.8 74 7.4
21 9.5 8.6 9.2 12.7 7.4 8.6
22 8.4 6.0 7.1 12.7 3.7 74
23 20.2 5.6 116 139 4.5 8.3
24 25.1 7.3 17.1 15.0 37 83
25 20.2 39 17.8 15.0 4.2 98
26 23.1 12.0 214 15.0 4.2 11.6
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15 CODDRK, fMaRE LD, RPO—FRABMELELL, FThFhOEREGCKTLE
AR, BAMRIFE—0AT KEAN, BOD AR »EHNL 2 mBE&ONEX COD(%
NLHh max, min. TRT), R 1 BN okEEN, BOD AR BELA oI 5 oy —
i 2 e BE0NEA COD (ave. TRT) TH D, TRLOEIR, run 1 ~16 ORI+ 5
LERI-THELL, BEALDEREBWT, MARARNOESY S 5B4E 0 A0 THE (ave. :
variable) ©F», F—AWTEEP B4 (ave. : constant) X 0 L EWERTRL, 1,
MAKBEERCENME R run 17~19, 23~26 BT, HAKBOEBIES KR D
BE, M—0—EANOEHE L TARBKE BT 8RR LN, Ehic, AEAXCOD
D AfEi(max. : variable) b, BAFKR&F—OMA AR %88 LTH % 7-8% 4 (max. : constant)
IhEEERRL 1,

ZhicHL, BAKECA ¥ BHNCELE 2188 (run20~22) T, AEXK COD &
B AKBELEZIRBE LHEL T, KEAB i -t82 L5, LAL, KA
K BOD OEBARI U T, XBABOZPENLS run22 & run 23 ¥ H&T5 & run 22 T, HA
HEFC R > TS ABKENS T VB LA, oL, KBEABAKLS run23 TR, 54
RS CTABKENELM L, S0l bl h, HAKEY —FE LHAKEGD L HEBEIC
EL222850kTh, 3HEEKBATMYE{ T LBAMHMBCI VT, ABKE EL
TLUEERA S L Z kbl o,

PEoz kb, AAMOBELAXEZVBE, B kBANLERDCELLT 2880 E
VT, 1B % Do KBAMENC BOD ARAR—Th, —EARDBA L e L TAEKH
BEATH XYM, IO, AMOKRENESHLLLBE, ThieFHLicl
HL/-h OREARRUBOD AR LV 5 S OATABKEY#HET L LA CHL LS 2
I3,

B8 run17~26 O FRIC KT 5 EMER(Rh 0 TRLE), RUFhEFRORR A/
LRATER, EAWNEFA—DARKEAT, BOD AR YESGNCS 2 B0 -MIEE(+
nrha, OCRLE Drun 1~16 DER I H #C L > TRBIDLFT, run17~19, 23~26
T, HEED, BAHS, BANBOSBEROGRMOEYELYE, 0L 3 THEAKBEE
Br55B50EMRER, TANKORAAMYERL (51880 EYEE L KB LT
e oictc®, BAMKOABAEARAAWCED N RVHE L v KIBCEL LA b D LR
b, ZRECHLT, un20~23 ORAMEIRANBOANER FaERL, 4 L4ERE,
Elisot, TR K, £YERIASECEFTELLDIERAKEN B L THAEKE
HEVERLZBREh b D EHEIRS,

4. Fr®
KBENOPHEEMARAERBCATITARHEL, SAETORKARERBCLLAD L
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Lmg-cm2)

Biomass

3.0

2.0r

0

[mgem™®)

Biomass

4.85 0 4.7 5.60
3.0
2.0[— |
’M ]

1.9
ol 2 ) L L ) 1 p L 1 L 0 1.t ) 1 1 Il i Il F I 1
1T 2 3 4 1 2 3 41 2 3 4 1 2 3 & 1 2 3 4 1 1 3 4
stage No. stage No. stage No. stage No.  stage No. stage No.
run 17 run 18 run 19 run 20 run 21 run 22
30- /\/
ond .
£ .
o
o
£
2.0
0
n
L]
£
o
m
1.0F
1 2 3 4 v 2 3 & 1 2 3 &4 1 2 3 4
stage No. stage No. stage No. stage No.
run 23 run 24 run 25 run 26

H 8 MM LoMEEBEE

Fig. 8 Biomass of microbial film attached on RBC
® : variable, A :constant high, O : constant low
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1) HAKE - KE A RHFGCELTLHE, ABKEOATHEIL 1 HYih oXKEAR,
BOD A& BEMAD V- L 5B 2 BEFOMBAEL VBl LA, 34, HAKRIE
R LB E, MAKBOFEEE XS {3 KABKEXELT 2 ER S ED LR,

S 2) RAKEOZPEBAMCEL B CABEAE kBN ES bRt L
L, HHBEXBATAEVHE, BAGRCECTABRKESETAMELE 2D 2 0 L40
bhr ot

3) MAKBCBEHVDLZBA0LHERE, BEBHO S LbOEAFIERT 2B S0LD
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Sewage Sludge Land-fill Leachate Treatment Using Modified
Biological Rotating Discs Process

WAIEE - AE—2 - A

Yuhei INAMORI ', Kazuyuki ENDO” and Ryuichi SUDO '

Abstract

Land-fill leachate of sludge disposed from sewage treatment plant, which contains
high concentrated nitrogen, is one of the source of water pollution in closed water
bodies in Japan. The purpose of this study is to develop the simple and energy saving
treatment process to remove nitrogen, BOD and COD simultaneously, and to compare
the treatment efficiency between standard process and modified process. The facility
named as modified process develped in this study is a aerobic-anoxic trearment
process composed of hiological rotating disks process (upper tank) and anoxic filter
process (bottom tank) in a single tank. Standard process is meaning of the rotating
disks process using generally. The performance of treatment process was studied
varying the disks speeds (8, 16, 32 r.p.m.), BOD loading (2, 5, 10 g/m?+ day) and
supplying actual land-fill leachate.

The results obtained are summerized as follows.

13 Nitrogen removal efficiency of modified process were higher than those of
standard process under the conditions of disk speeds of 8, 16 r.p.m. and BOD surface
loading of 2, 5 g/m? - day which was the conditions of nitrifying occurence.

2) The optimum disk speed and BOD surface loading to remove nitrogen in modified
process were 16 r.p.m. and 5 g/m? » day, respectively.

3} Nitrification was not occured under the conditions of BOD surface loading of 10
g/m? « day both modified process and standard process. This fact suggest that
nitrogen is not removed by the denitrification under high BOD surface loading.

1. EAEWRF KELERET T 305 WRRAEEHS AN 1652
Water and Soil Environment Division, the National Institute for Environmental Studies. Yatabe-
machi, Tsukuba, Ibaraki 305, Japan.

2. BN FE BULERRIEAMER (RRBRHAETRAFH T 162 FREHEESEH1-3
Reseach Collaborator of the National Institute for Environmental Studies. Present Address :
Department of Industrial Chemistry Faculty of Engineering Science University of Tokyo, Shinjuku-
ku, Tokyo 162, Japan,
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4) The organic substances (COD) in the land-fill leachate was not removed effici-
ently by the standard process, but was removed using aerobic treatment joined with
anoxic treatment such as modified process. This fact suggest that the combination
anoxic reactor with aerobic reactor is effective to remove nitrogen and organic
substances, simultaneously.

1. @Usic

BPRCBT A TREERRIL BRETIU%TH-bon, 84K TAEREHS »F
HEZLTHEOBNS FChL THtOERRININUY I TEE 1, FTRECERRIGESD
DEELLRAY, ThicVCRETAHAERELENT A LTHEIRS, THbLREFBE
BRI 51 FER T 201 5w’y GKGER 70%) TH-Tens, BRISS Fi i 350 676
Fmify bieh, BB F 1,165 Fmi/y o b 2 EATFRIRTVS, LichaT
ZDOBRO MM IREFC L L TR E RSB0 EELLRD,

TR BROMBAFIERD L 2 L HE TN TELD, TORRYIBM S FELHICL -
THhbHE, BELMET 30.2%, WEEE 40.9%, AT 7.6%, KEMET, THHEFALED
FYFH21.3% -0, THbLLHERYEIAGFTA2HEILED NWHREBE Y HDHT5,
O LB IFHROEBSIMGNA L Thh TV a0, ThEETAHERNMERETHY, Hiont
WERCHEZ DR EDBRACIDZILTHD, £OLDBEECKV-TLFHRONENG DFH
hehEE LCEEER TV, Linl, ZOBTAFERETLAEMES T BoEHED
AU LBR B R ROB AT, SROHEMII T, T - BBk Y oSk
KBEOBEFBILOHRETFO—0THIERYERECEEL TV B2 EHD, LA -TRE
KPR ERY L R L AREL LRE, B0 LT HRONBLS 2@ LI L
Y, mx-oTC2RAEVSIZBIZINAEHEADB LT LD, Th i, BHKOAEETD
T EEEReE BHTEELIETHL,

fods, SR OETHWBHAKOERLYBEUHBERNAGOEFELSCL ), RAETEYY
oFEETHHBC ks TEEARBR BB IR L 5o, L L, ThbD% (i1 BOD,
COD S BB YBRETH oM, FRAS ¥ EHFEHMLRSEE CRETH D0, Fils
SR OSBRI YA R, MBS v e ANEMCEEEL S o ERTRCRE RS
HEEIRBVEYORBEYE LTI,

F o CEWRETE, cOTKREROMIBBEKICEBICEENIFBYRUEEYRFC,
Bri ¥ —HEBRETLZEHNTE, pOoRREEOBRR AN FNABEYHITOII LY
B & L TERMBH 2T 1,
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BisE AR #k e X 2B ik o A

2. EEAEK

2.1 EBRxE
FRRTCIMEBFEBVER TE=FAF—TH Y, AEMT TR {EROBRELYRFT
XLEBOMBLYITILHIE, WOHOREB T e e AOBRNRIT -7, TOBREHRBEREL
WILA BRI HRS Z L2 BB LT L2EERNRE L, FEYRELHE DRI bLRE
e T AN AREEYAL S LY D I EVYRO TR EEZ BRI,
1w AHRCHGCHBEEYRT, o, o TRI(a)3fERIvFEHIAT V50K
M E (Standard process, BITEEEL FHT) R L0 THY, B 1 (b)iEERMEE
LS ARE FHL SR (Modified process, [ATHBEELFRT) 2R LALDTH
5, ERECIMEOEE CHRABETS LIl h, MR EEE L o fEmies
FOBE LI D AL TSR #E I A, HoMREC MR E O/ 3 VWIS M
TEX L0, HEWORBLAREARKCT v = 7HEFOMLIBHR L {fTbhd, L2LE
FERFNERIPWHETER, BEEREROEEMAREROEBCHEIIERET Mk - HNER

BWERYBTL Ny AL TEN Y EoOREME Y BHE €, FRYORE L RcRELTHL

RLEDEOLROEMH X TALLIOTHD, Tibb, BEEOKXEIXETCREmEN
ﬁ&m;bﬁ%%@@kﬁﬂ&ﬁ?7%:7ﬁ$$@mm%ﬁv.E%fumﬁﬁbmﬁmib
W B EROREAY TR D LR L T 5, ok, BERIIAR2.1 10EMIE:
BE17cm, EEHE 2,750 cm*0EERAHE LR - Tky, BELERER2.1 0EEEKELAS
OEEFAEYHICAA L EME - ER 42 10BSEARE TR, REELIHD L
B - T,

EEREBE~OTAKE, EXKz v 2hoEREAY 7RRACTHE L, vk, BEETRIEE

a)Standard process b)Modified process

»

[ Feed tank
Nitritication
tank

Contact tank

=

Denitrification
dank |

[}

Feed pump

B 1 EREHE
Fig. 1 Experimental apparatus

— 23—




TERRIET « HE— - ZUHRE—

FiRERE~EERE L), BEETROLRERM AR TALCRE O ES S LI, =
RS N B ERYBT LT NP ALERT AR s A ¥ —E & LTHEY
HUHBEETHI E0b, ZOFEMBELE L TERELFATAZEXENELENLTH S,

2.2 EBEH

ERFIRE & S AKE L YA S bR L RSB Y EET OB S ORERRIFRTLLT,
EEMRORERCH T2 ABWARBERVCEEMROOEEE D 5, M THERRERY
LR YT 4 L CEERATTH Y, BERRHEELEHT L L cEERRF CALLE L
bhs, ARETEIT OFRYAETEY €& L TEGEHRYELIRL2ERYT, ke @
EERE—E: LTEBYARBYELIRLEREYTI L li, QokitaEBBAR,
LEBROBERER 6 5 CSRTRIATV5, MEEER] mack LT 1 83449 BOD &
LTh gl Tt no b BB LAY, 3h—Bic, BEMEOEEEERECEY 15m/min
(BX 20 m/min) CTHEET L0 AEYUTH S EvbnTuv5Y, KRB EEOERER
THREMOEFREF %~ TWRE e b L IS L ML S 5 &H& AV ATz, Bl
EE% 8 rpm. (4.5m/min), 16r.p.m. (8.5m/min), 32 r.pm. (17 m/min) © 3 BECELE
i, ¥Fe@icis) 2 EERE, Ok TR EVCAEREZTLSEOHELEAL, €0
BEeE0 BODAME 2, 5, W0g/m?«d D 3EMELI1,

2.3 TFAKIEFRIEIIHBH K OMR

AR THCTRBREIABHAKOERE B LT - KBS HOBERIEFE L
AT ERITHL, JOBMKIABOIREER T, SEE100cmL B4R ULBNEBETHS
B, TYE=TREFUILKEROBWVGERLLH VT, BODI13,000mg/l, B%EFE (LLFT-N
LW 600mg/l, COD700mg/l, £~ (LT T-P £%T) 6.3mg/1 THH, BOD, COD,

* 1 FRGIEE R KD Ak

Table 1 Characteristic of sewage sludge land—fill leachate

pH [mg/1] 11~12

CoD (mg/1] 700
BOD [mg/1] 3,000
T—-N [mg/1] 600
NH,—N [mg/1] 460
NO,+NO,—N  [mg/1] 0.12
T-P [mg/1] 03
PO,-P (mg/1] 0.04

Trans. [em) more than 100
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T-N2A@»TEL, T-PHRELTECOMHTH T, ZTOL5CY vIEBDHTAHRBELTED
EWNE XTI OPRETHH EFRINLOT, UV vyHEELT Na,HPO,+10 H,O MU T,
ik, SHNAETHHEDOBOD LV voFTEERIZI0: 1 THLLELATVA9, B
BREWETH D ) v ORMBTELB I EVEC TS EAEE Ly, FzCY VHENE
#immHMK%LTUV&%DK$KK6I5K$%LEOKk.C@k$ﬁﬁ@#§b%ﬁ
LT ARSI, BOD LY YOl%100:0.5, 100: 1 L LABEEORBERR LT, ¥
1-BHAKD pH i3, AR cHETAMEYOMBERCRBEEXHAET 2 11~12 £V 38
fETH -t toed, FRRATRI L TR BE L, ok, EEEOETMCRBIADMER M
BAC L > TELAIDOTARE TR, WRRR L LLEROHETHOER R TREKD BOD
£ 1000~1500 mg/l DBERNE N> Ednb, ZOEEESVTER P AEAT 2 fECRERL
oo

DFERWTioo X5l L BB KRR H -,

foks, ERMBROBBIEE LT, SR UKCFHG L LEREOBREY AV, £
KESOEGEAEEANEL, ABKE SErRETLA 50 B HUBRO 0 SHliowN$
LT,

2.4 KB
TARABRETHBHAOCHEARUAEXOAITFHB . pH, COD, BOD, T-N, NH,-N,
NO,+NO;-N, T-P, PO,-P, #8EThHs, thOOKESWERLTRRRSE LB THE,
pH 13, 7% ABBHUC L hFE LI, COD, BOD RUSERE T KBURHHN M U THEL
feo ft3s, COD X 100CIzIsit s KMnOBRM: i X 2LFHIRBEMBEE S, 4 BOD 1Y 4
vy G =7 ALF b)Y AERC L DA CEBREREL HROY, T-N 12=2/L TN
~RMEHBEHONIHAEALTRE LR, T-PREPADORARERIZL - THEL 7=,
NH,-N, NOQ,+NO,-N, PO,-P it dbF s =2 villa -+ 734 -8R FEHALTL
T@ﬁ&fﬁﬁttoTﬁb%NHrNu4vF71/—W&NOﬁNOrNu$ﬁ¢®NOrN
e N7 2 TNOKEETGHE NO kALY r=A7 3 FERIGERER L7 JMLEHER
SETAHE, POAP i) 7F v 7 A -SRI LFEC L b HIE L,

3. BRRUEE

3.1 AEgosESMcRITER

B0 BOD BHANY 5 g/m*d CBEL, BEHY 8, 16, 32rpm &Lt EDth
FhoffTreELAABEXEOEIRE(IR 2, 3RTLEEYTHD, HUTrEVTL, &
N ORERDTIHED BT T - 1.
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(1) 8 rpmicEIToNEEN

DEHY 8 rpmKERE LLKROUERERUVENO DO 4H3E 2 RUERSTRTLERDTH
%, B, BIEEE LT BOD A HB% EEREShE A, COD AL T0%MEOBREEL
LD ol, ThIBHAKPCRESENCELSBEORI NS TR TV B b T i,
hEEZBRA, BEAGO T-N 2, EEETL205 mg/l Th-Toniest LT EETE 72 mg/
1THbh, RERECLENTEEERTIECBREROE LIS Z Edibhoic, FABEECETS
MR D OEROHRER NH-N K E~T NO,+NO:- N pME»TE L, FiAkdo NH-N it
RERE R T, Yeds, T-N 72mg/1 56 NH-N & NO,+NO;-N D& EH#ED 40.3 mg/l %
B fof 30 me/l BHEMSRTHHLELORLY, TORBUHERIEDRBEETT L L
Wl TNHANCELL, Lol - BEShdZ biehdoT, COoFBEEROT7 v
=2 TALHRINC T uIt « HEL ECREShs 0 EE LR S, ok, BIEED
A DO, BMET2.7meg/l Th-1AME L, BEEL&{FELr -1, EfED DO
IR RET S X S ATk o7, AEREABL, HIrCiEXFELIFHoh, &
Do EIEEESERNS S NH-N Fic il NO+NOs~ & RS R 225 L ruEiigo DO &
IHhRBRET A dCEERY ER X2l b o s TR LT 5,

# 2 BRplertonm K o (%8 r. p. m, BOD BEATS
g/m?+d}

Table 2 Comparison of effluent quality between standard process and modified
process (Disk speed - 8 r. p. m., BOD loading : 5 g/m?+ d)

Parameter Standard Modified
pH 7.8 7.7
soluble [mg/1] 89 110
COD (o (mg/] 170 130
soluble [mg/1] 54 24
BOD total [mgs/] 72 53
T—N soluble [mg/1)] 205 728
total [mig/1] 224 95.1
NH,—-N [mg/1] 189 4.0
NO,+NQ,—N [mg/1] 3.0 36.3
T-P [mg/1] 02 0.7
PO, —P (mg/1] 4.2 08
Trans. [em] 30 12.0

{2) 16 r.pm.iC 31T 5 MEBFFE
EEEY 6rpmEREL I BE0NBERSERCHERND DO G izE3, 5erTikhTh
B, 16rpmDEFBONAAEAE, 8 rpmOBELE~LLHEREIRLLTEIERS
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# 3 EREFrETrEoaB B0k (HEH 161 p. m., BOD mAH 5
g/m? e+ d)

Table 3 Comparison of effluent quality between standard process and modified
process (Disk speed : 16 r. p. m., BOD loading : 5 g/m? « d)

Parameter Standard Modified
pH 8.1 8.3
soluble {fmg/] 210 86
cop total [mgs1] 220 88
soluble [mg/1] 12 37
BOD ol mgA] 19 9.0
T_N soluble [mg/l] 150 38.3
total [mg/1] 170 45
NH,—N [mg/1] 62 L7
NO;+NO,—N [mg/1] 86 32
T-P [mg/i] 0.2 06
PO,—P {mg/1] 0.04 0.4
Trans. {em] 100 100

Rdbied - i, NEX BOD LEEET12me/l, BEET3.7mg/1 THY, WIERIZIsy-
T4 BOD RERIED TEN 12, AEK COD (1285 T 210 mg/l THYH, BIEHET 86 mg/
1THb, BEECETHFCAEVBERECE AL Ebhot, TOEELL T, BiEX
PG Eh 284D COD g HF S EAEY LS B EDoRZORBIEFRLT D 2 &
Lo THBEDEE kb TRV 1L ELbRD, ¥0EAD T-N 3BT 150 mg/
1 TH-DIERLT, BEETIERme/1 THY, BERCETA2ERBREEVSBDTEI -1,
Toks, BEHWEITA N ORER T-N 38mg/l &o® LT NH-N1.7mg/l, NO,+NO;-N 32
mg/l THHHIATE NRSTREALBREEIh D LEELLR L, TBERCRSTHER
o DO A, i, e LEEERCE-T5.3, 0.1, 0 mg/l Thot, Ticioh, O
YOk 16rpm. & LIS, 8 rpmOBAE<THESIC T2 DO B briith o
oo LT, ERBCkI2 DOFEEZONREZIRL, coZ ki, BERlBckT oML
ME, HEEeksdsREMECTEHELE T H, WEHEABRGThbAZ OBk
%o ¥7:, BODPEHEE D 12 mg/l icnt L TBIEETIE 3. 7mg/l &{Eh-ToDik, BEHHN
SRICIL >l L LY BRYBREELAEE - o LtV EE L RS,

(3) 32rpm.icisit? IR

ESEH0% 32 rom CRE LI & 2 DUERAROMAD DO Bk 4, 5T kDTS
Do Rrpmitkl HABKOFEREIEEE TR 100cm L kD - foh, EHEETITI 5cm &
BHTESAEAES bR, ThEEERECIEEIMHTECAYEI VgL, Thdiy
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E 4 EmEriErgoaBEXEo kB (& 321 p. m, BODERAMS
g/m? - d)

Table 4 Comparison of effluent quality between standard process and modified
process (Disk speed : 32 r. p. m., BOD loading : 5 g/m® * &)

Parameter Standard Modified
pH 7.7 76
soluble [mg/1] 260 95
COD ral [mg/1] 290 100
soluble [mgA] 15 3.6
BOD total [mg/1] 54 4.4
T_N soluble [mg/1] 211 58—
total img/1] 216 61
NH,—N [mg/1] 45 26
NQ,+NQO;—N [mg/1] 138 54.3
T-P [mg/1] 0.6 0.6
PO,—P [mg/1] 04 0.6
Trans. [em] 3.0 100

= 5 EMRUERUHEMO DO (BEX BODBRAKS g/m?-d)

Table 5 Comparison of IXJ between nitrification tank and denitrification tank
(modified process, BOD loading : 5 g/m®+ d)

Disk speed R DO _(me/l] __
Nitrification Denitrification tank
[rp.m.] ¢
ank upper lower
8 2.7 0 0
16 5.3 0.13 0
32 46 2.0 0.19

BLichbTHY, BEETARBLAEYEIREEOBRMH L Ihtr b b Ex
bha, ek, AEKD BOD EEREHKICEKT18.5mg/l, BIEECFAT3.6mg/l THY, #
EEOBHECECEHLEL D b, FRuBKko COD IEEET 264 mg/l, BILEETE~
94.7mg/1 TH Y, 16r.pmOBE L BB IERHERE L D 4 COD BT oBREREOMILT
b EAYLAR TR, EHCOVTE, T-N 2ERE-T 211 mg/l, BEET58mg/l TP
- BEEOBRERIEEECENTES TE -1, T, BEECKIAEEOTMIZ, T-N58
mg/1 =5 LT NH,-N 2.6 mg/l, NO,+NO,-N54mg/1Chh, MAXPDT vE=7BUGHE
HERILEWE IR TV, ok, REER 16 rpmOBE LizERSTH -1, T
EoMAO DO A EMET 4.6 mg/l, BEELEET2.0mg/l, REMELC0.2mg/1 &

— 30 —
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5 X5 16rpmDBE LA BERCTBEDOMMETLENGKEEELLRS,

LlEo BOD &7 % 5 g/m? - d e L, Ei#iy 3 BREcELI2ERY T 88, O
BOD B T h OEERHGC s C S EE 2B R L~ TBRERELEV- 2 &, @COD RS
REREERTAIPRMOCATE TR oh - ot RS LEIERE L 2BAGbRBIEHET
RBRACAECE, YOBRIEERS 16rpmD & ZICRLFE ko E, QBEHCE
FAHTLEL S rpmOBEERLLE Y, 16, J2rpmOBHFTIIHATEHIZ LA L DEER G
WtEhsz e, CERRERIBRBETRHORLUTCH -0t BEETRVThERT
0% ExR L, HREHA 16 rpm.D & 21T 8% DBRERNB LA T Ll ERB LA
nic,

Tihabb, DEARESESEAREEFRLEHETAE Y v £ A BT, HEMRD
E&EH %= v P r—-AT5Z LB RUCERYRCRET S FCBDTEERRYCH D,
Pz B2 16 rpm il St b X, BHTEVBROBLALZ LAB L IRz,

IDLo, LRECHEOBEXETCED LR BOD AfEH kT, ¥BrEE 1284
DD TEELRFERT L 5 AEHOBAREEPE LT INLD, ECEANARSIEY
D7D BOD AR FL I B E OB H T -2,

3.2 AMATROLERECREITES

MEH Y 16 rpmCHEL, BODARY 2, 5RU10g/m*-d & LIBEB LR ABK
HOBBERIRL, SEFRTERDTHE, HUTEWTRIRLOBROFHMEL S FHEL
Tot.

(1) 2 g/m®-diiidsnBest

BOD oHFEAR Y 2 g/m?d KRTE L HEONBHER RO DO 543k 6, 8wt
ERDTHB, AEHCETNBANEEE - BIEL L bCERES B BB TH -1, AH
K BOD i, BEZEET8.3mg/l, BEETI. 1mg/l THH BOD RS TTBEIR T,
fo, ALEEK COD WHEEHEE T 230 mg/], BIEET Y0 mg/l THh, BEFNCGEEL THIFSHARE
DHTICOD +FicEIhi-2 Edtbdoie, AEKO T-N GEEET 139 mg/l, BE
HET36.5me/l TH O EARMCE VT BIEETRERBRERIEDI -1, Ik, BERCKT
HAEAKPOEFEOHEME L TN 36.5mg/l i LT, NH,-N 1.0mg/l, NO,+NO;-N 27.8
mg/l ThH Y, WLERPBRHTI T, 3, 2 g/m*-d D BOD A0BAwiz, DO »t
BRI RIS L3 RS s\ TR 4 5.3, 3.9, 2.6mg/l EBHEMERCRGTL i
b Ehiimbrdb by, RENTLhT i, Zhil, B cMEF LTV 2495 —
EDBELE & > T Bied, KEHc DO PEELL & LTHEHERC R TRESETS 5
BRZhTED, 20 HRECERLOLTRIIVREELORD,
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#z 6 FERELBIERONEKEOHE (E&EHK 16 1. p. m., BOD EigEH 2
g/m?+d)

Table 6 Comparison of effluent quality between standard process and modified
process (Disk speed : 16 r. p. m., BOD loading : 2 g/m* - d)

Parameter Standard Modified

pH 7.1 8.1

soluble [mg/] 230 ap

COD {al (mg/1] 240 9
—_ sofuble [mg/1] 8.3 31
BOD total [mg/1] 15 53
ToN soluble [mg/1] 139 365
total [mg/A] 151 429
NH,—N [mg/1] 44.8 1.0
NO,+NO,—N [mg/1] 98.5 27.8
T-P [mg/1] 0.6 0.8
PQ,—P [mg/l] 0.1 0.3

Trans. fem] 100 100

(2) 5 g/m?*ediciit 5 nBEE

BOD mEBAM % 5 g/mid CEE LB EONEREHUEAND DO FHgifi L& 3 R
V50l ThHD, COLREEORSEERE TEDL LR TWAHATERKET T, BRECH
ANTELEEOMEEESED TE <, HBWERE &L - BES SRR 2,

(3) 10g/m?-d izt s MBEFM
BOD oA Y 10g/m? - d WREL BESOMABREBEECHEAD DO SHRERTRUTSIC
TTERDPTH A, 10g/m?ed £V 3 BVAREETCR TIAERKIIHBL, EHEEE
B, BEEOVTRIEZECTE 5 cm ST EEDTEL, MAHIGNC KT AHEOMILKRRS
Fwbhte, fiks, 2 g/mied, 5 g/m?-d DAMEECETLLEROERE R UREED BOD,
COD, T-N 12ii#% & & xtrh@Af il mLiz s ZSﬁTiﬁ%ﬁ:Tv:isL\‘Ciiﬁ%wfaﬁﬁiiﬁbf
KahrELNBDLRE, TiebbLERE BOD 1, BEEEEERCK - T&« 5, 19mg/l Th-
feows L, BB BOD 152, 140mg/l THh, BMEME COD ERK-BEETHE 2150, 110
mg/l, THoloownl, BEY: COD & <, 180, 190 mg/l Thot, ERMS TREBKD
T-N i1, EREEETETE 4172, 123mg/1 TH - ooy L& T-N 14 4175, 188 mg/
N Thot, Thbbroo bi10g/m?-d L5 ARREEORERG FABKXPCRCT S
e RELEATERNV I L RTRBL TGS, ¥, SEECRD 2ABKFOERDOTEIL
wEteo T-N 123 mg/1 &# LT, NH,-N 106 mg/l, NO,+NO;-N, 0.5mg/l Ev-5{HA 5
h, BLiLEEASETLEGC Eddbiatz, &%, BEEOBAO DO, #8E HeE

— 34—




BREAEEMRE I L 58T E Ko nm

* T BERELEEERONEBEAKE HE (BN 16T p.om, BOD m{AT 10
g/m?«d) '

Table 7 Comparison of effluent quality between standard process and modified
process (Disk speed : 16 r. p, m., BOD loading : 10 g/m? « d)

Parameter Standard Modified
pH 8.2 82
soluble [mg/1] 150 110
COD ar [mg/l] 180 190
soluble
BOD al (M8 g 19
1] 52 140
[mg/1)
T_N soluble [mg/1] 150 123
total (mg/1] 170 188
NH,—N [mg/l] 122 106
NO,+NO;—N [mg/1] 418 0.5
T-P [mg/1] 0.2 .- 0.1
PO, ~P [mg/1] 0.02 0.07
Trans. [em] 35 35

# 8 EMBCRUEE”O DO 5 (BIEHE, B 16T p. m)

Table 8 Comparison of DO between nitrification tank and denitrification tank
(modified process, Disk speed : 16 r. p. m.)

DO 1
BOD loading SR img/t]___
[g/m-day] Nitrification Denitrification tank
g y tank upper lower
2 53 29 1.6
5 5.3 01 0
10 0. 0 0

EHRECREBEEROVG-FRICECTLEE IR o, BiLEETERFREOMETH D,
DO AfFEL B8R c &, 10g/m?od &V 5 £ET TR ETEY, REI L
e o leDTERTHILEELDRS,

B LB~ & LT BOD AR R (L S e KBk - o6, (D COD M vHEANK
KEWCTHHFAERE DL TITHIchREI RV &, QETERoREMERC DO nELE
ELTH, HEODIBREPANCE: 52 &, OHBY LERORMRBREYHRINCIT S 1o
i3 10 g/mPed &5 BRIXETE, 5 g¢/m*dATOARMCHREL rthidiebivn o &k
N LM AR,
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33 YrFmBosBtcRETER

@EHRU BOD &M thtfh IBBCETL, RHECEESGYROLIER T, AEKS
CEEhD ) vBEYARELR I ELTIETHE LG B E05, BOD & PO 100 : 0.25(P
LTI mg/DERTE L THBE T o7, FORE, Z0L5AEEELLAT: BOD &
PolttyiridEvEinBics o Ch, BEETIEERHRUERY, FEBEclbgiiy
DRI EIND C LA LM E R, LL, HAK~D Y viRIE A ENLESES, B
BMERUEEOREENALTANE ., Tihbt BOD & P OERY G Lt AngRin s
Sk ba T Ao, 2ERV4EORNE, T/t BOD & P ok 100: 0.5 100:
lEBELER YT -7

BIEERCHS TR ABEED &) - EERSTH 5BEH 16 r.pm., BOD AR5 g/m?-
dictHwT, BOD L PR 100: 0.5 L LcBacB o e ABEERRICHET LRI TH
By TicbhbBIEERR - TELICAEAD BOD 2 4.0 mg/l, COD8Img/l, ¥/ T-Ni233.2
mg/l Thot, ZhHLOHIZEERE 16 r.p.m., BOD A# 5 g/m?-d, BOD: P=100:0.25 ic¥s
MBS L F RS AESENBLR TV A I 3, o, 100 1.0 T @i
ErEohis, T, AEAKGO T-Pi2, BOD & PoLbAi100 1 0.25 OS5 0.6 mg/l ThHh-1o
DXL TI00: 0.5 DBATLI.8mg/l ThH-tz, DI ki, TMBEOERGORY O
DAABEKPEBET LI SCRBIEERLTVE, ThbbIibOERNE, ) voriEmn
BymL THARKE R LT, ABRKFOY vBEARSEANTTCHLE, YV VENE

% 9 WAKDBOD:PHOABKERE+HE (HEEH 16r. p.m, BOD
EEAMS g/m?« d)

Table 9 Comparison of effluent quality for different concentration of P (Disk
speed : 16 r. p. m., BOD loading : 5 g/m? - d)

p " BOD:P
arameter 100 0.25 100:05
pH 83 8.2
soluble [mg/] 86 89
COD sl (mg/A] 88 113
soluble [mg/1] 37 4.0
BOD i [mg/1] 9.0 5.7
T—N soluble [mg/1] 383 332
total [mg/1] 45.0 42.0
NH.—N [mg/1] 1.7 3.0
NQ,+NO;—N [mgn] 32 28
T-P {mg/1} 0.6 38
PO,—P [mg/1] 0.4 3.2
Trans. [cm] 100 100
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B2 i BRI ek 10 L AR ik o

(2 BOD & POKTI00:0.25 BETHITHY, “hUTFORECHUBCELTEROE -
LR FEPEHBIE IR, ks, TEhEL, £HABELTY v 2ENTABE6 03, NEK
BB AR I AV BECE T VENB BTS2 THE LEL R,

3.4 IR REZOUEEEOLE

3.1, 3.2 TR~ L5, BEELEEERCSV-TREAROCEEY DA YRA—E L
BHECITBRYREERUVERBRE L SCBEEF A T2 2 EXELRC IR, Ll
EEFRERYS ) OARYR - LTh, BEEBMEEARIBARL LT shn, B8
RS OLOAROCEHARN L T ThET 20 R YTtk ELLRS, £, BOD &K
AROES YD AN EER T 1, A
BEE L BEECETS BOD HRAT EEHXS»© BOD BB L CHEL AR
FWETTESDTHD, ARLVEREC ST 2 g/md OB & LBEEICETS5 g/m?e
d ey, BERNLYDBODARASEER—FLT5I &d%hd, F2To0lERL
TAMUEOEDL > EEH 16 rom OB S OMBAKEOE YT -7, ToERAEX BOD it
BiUErE-C 8.3 mg/l, BBIEH: T 3. 7mg/l, NEXCOD E¥E T 230 mg/l, BIEE T 86 mg/l,
Thots T, NEK T-NZEEET139mg/]l, BEETSmMg/l Thot, DI EMhb,
EARYCY 0 BOD AMIA—0BETH, FIUABLHSAEARE LY HLEHLRTARTS
FH, FREABECZOBECI Y RIFIOKESAELNG - Libhid, Zo LiXFRANEH
i LR e L SE ST s s bk b, B4 FIR ke BOD OB
HENBELE, FRALEEADCAR I COD DBRERLHSEREYOZDOBE
IO LFRUEAED LRI ARET A ANEE L L ERBERL TS,

COXHICEHRE TR L EEATLEIAR Y r AR T, TRERETHBH A
DEBMECEESDRNCERE I D Ehbh o iott, SEITAEYEMCBIRETHS &
Zi2ohd CODHA*BRBRETHLHCHEEEMNAE T CHIGAALLE Y » £ A OB Y
TH0ERBDEEZBRS,

# 10 BODHEEANR:FHAMORGR

Table 10 Relationship between surface loading and volume loading

" Surface loading Volume loading [BODkg/m?®.d]

[BOD] [g/m3-d] Standard Modified
2 0.26 0.09
5 0.65 0.23

10 1.30 0.44
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4, 2w

AR T, TABRBIMBHEAPCESEIRLEROERDE VCERVRBCHhOE= 21
FoMRBRETHIERABL T, kLY ERIh T HEEEMRE & RS K & 25
EhRLFLVER BIEER) LRROEEMAREOBBEDMBEMIE L L BT Lk Bl
Lz, BohicHRALTorsnksdons,

1) BB BHAKPICE s COD AL, FREABOLE T CRARNRESRELTh+
DBRESThARGY, BRI LTS EZHAAHLRAAELE CRBEENSE 5,

2) BEETAML - BEXLPREMCTHA, BEEDSIBCHE~STIOUBEECEHE S,

3) BED LB L ONBYE Y NEM RO Lo © BOD A2 FE— & LTHE LS
HThH, HOBHELL O BOD AR LR — & LCHELABEThY, AEMERERE LT
BIEEN BRI TS,

4) BEEYEET SRS, BEMAROEERRY BOD A IroABHELELATAEER
RFTHY, BEEY 16rpm., BODAWTY 5 g/mi-d & Lk el b RIF MBS HB
bhits,

51 B x M

1D FTHIEF980) | EEMREE L 2B REERER o B REANE, g%, 90,
14.

2) HEHFErv s -(1982) I RESLEOBELE - R,

3) WREQ982) ;| £, EEi.

O FAEE—Q977)  BKAM o4y EERKXEES.

5, TEMGIEZE » tREERE W) » B OHhokRE » SBPEAk « LA —BE « BEFEGE - dLREE(1977) | BEEMIR T 5B
HAoMBIZ > T, AMBEER, 18 (10), 51.

6 HERTXEBS974) | FAREBTE

7 BEIHEHHE - JISK 0102.
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Domestic Sewage Treatment Using Anaerobic Bio-filter Joined
With Aerobic Bio-filter

M oZ O OF o B o — -| B &

Yuhei INAMORI ', Ryoichi SANO * and Ryuichi SUDO "

Abstract

The purpose of this study, which is composed of laboratory scale experiment and
full scale experiment, is to reveal the performance of a filter system with anaerobic
filter followed by aerobic filter for domestic sewage treatment. The laboratory scale
experiment was controlled the parameter of hydrauric retention time {HRT), tempera-
ture, input BOD, and fed with artificial domestic sewage. '
The full scale experiment was not controlled the parameter mentioned above, and fed
with practical domestic sewage.

The results obtained are summerized as follows. From 1) to 5) and from 6) to

9) are the results of laboratory and full scale experiment, respectively.

1) The BOD removal efficiency particularly was depend upon the HRT, but were
indipendent upon the kinds of packed media.

2) The presence or absence of nitrate in influent did not effect the efficiency of BOD
removal. _

3) The addition of a small aerobic filter after anaerobic filter treatment improved
effluent quality.

4) The sludge conversion ratio per BOD removed in anaerobic filter was extremely
small (0.096) compared with that of standard activated sludge process.

5) Small animalls did not appeared on a large scale in the anaerobic filter, so it was
thought that these organisms did not mainly contributed to the reduce of the amount
of sludge produced.

6> In practical anaerobic-aerobic filter treatment plant, it took about 5 months

L. EYAEWER FEABRBRSET T305 FHBRARESHASE/NT) 1652
Water and Seil Environment Division, the National Institute for Environmental Studies. Yatabe-
machi, Tsukuba, Ibaraki 305, Japan

2. BMS6FE BENILAHFRTEEADEA (RAXFHSDEEH T FREENET=ID
Reseach Collaborator of the National Institute for Environmental Studies. Present Address : Chemical
Institute, Faculty of Science, Toho University, Funabashi-shi, Chiba 274, Japan.
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untill the performnce of anaerobic filter was stable.

7} The difference of BOD removal efficiency of anaercbic filter between summer
(25°C) and winter {11°C) was not recognized. The effluent BOD and BOD removal
were 58mg/1, 67% in summer, 72mg/1, 67% in winter, respectively. The reason,
which was not recognized between summer and winter, was thought that BOD loading
of anaerobic filter was low. .

8) The nitrifying efficiency in aerobic filter was more than 80% both in winter and
in summer. As the NO,-N was denitrified rapidly in anaerobic filter in laboratory
scale experiment, nitrogen removal might be able to accompolish in the actual plant if
the effluent of aerobic filter will be recycled te the anaerobic filter,

1. @dLsic

WMAPEAEEL, TEEABRARCERT=AA ¥ —EBEN PR, BKRUEREROET
ABE=FRAY A ZVHREGIHPYR AL F KR TR D, BEROBRY - RFEH
TETHD, BIEMEDIFSEEED LT LEGFEROHE BV HEBRERE
PR SV, FREBANE S CIERT D, TEOBREEL TS, S5, & IREROE
MAERCLIZ2=F ¥ -FHOELic v BosaF (I TERLI L, RO BH&EHE
MEBICHASTHEMBROSMAE IR TS o b oBhe L b, HARUVERDOAERE &
LGEFEUVMELBRY, ARSI BB R BLUERITbhL I S itit» T,

WK, #EMLEONRLTHHEE L L THEHRE 15,000 mg/| EBEDBREH AR L
Rz, HHCIEBHER 2~ 7 %O TRERRSCRESH TGN 2 2 10468 < DfEli,
Young 5%, Switzenbaum B ¥ Jwell H3 e i Lh FH LB ARL TR BR AR, H#BE
HREIKE, REOMIEOEDEESBRE S L, ABYSEO/NEVHKCH L TE THESR
EAENFRERLIS TR,

M SREGEE S hic B S ERED 2 45 22, HREERKNE (SRT) #KE<LL
TAETD Z LB ET 500N LSRN KBRE RS T 586 ClEw & 45 S THRE
HEEDTEBECHABF L TART 2 L2 B8 ET5, B, #AEAKREQBFEROHERT
BRESHTHLI LoD, £FEHKD LS REHBYEEOBEVER K U THEENLEANEA
LRIZUH T 5, ‘

fods, EEBKYABTLOREAERE LTERSh 8442, 1) BBRRUKEOEL W
EEciibhs &, 2) HROBHBUAOHERTEYTHE LIFECBRERABLRE S
&, 3) BREEESVIV-CE, 4) BODUARSEZRRDY volkELMETcEB L, 5)
ERPENONBRLS PRV L, 6) ARBRRCARKSBENCEETHBI L, 7) B
BBPEWMAESSD, BHED TR ETHHN, ALY HE XS5 08B
LTS 7 7 2 AR B2AA R ENLBEADRNTH S LE L bR b,

FIC, ARWRCILBEAESKE Y EREFRESIKOMBE L L TERET S BECLELE
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BhHKWT -2 X BHLXAMNLLT, —BKE, —BKE, —FEXKETOSAERE, & -
@, KB, NEOEHTEDL7 + — A FERCEVTREEAKABC RigTRESHOE
BrEBRHBERT S oL,

2. REKE

2.1 ERER
FHRACRRBREBIR LT T L) CHH, BRAERC KV THRBICMEMTEIGCR
FAHOREEEYIBETA - FCEAY BV, THRERC I DIRSELBY e, Y
HHBEBREILTLABKCLEGHNEBITS, BREATRESFMELV B850
HOVEEIN, HEEABOD L CHSEABOLERIBEL bhOT, FREALEYMAML
THERLIT -1,

Pump
’ ,

Tap water fank Feed tank  Anaerobic Aerobic
filter tilter

B 1 =NRREE

Fig. 1 Lahoratory scale anaerobic-aerobic treatment apparatus

HEEARAT 7 YA BRBEROBHRD 1 ORBET, FHAEN L 13 L it —4—
7= TR i, B, BRESKOEHEFILIT, ERHLLTOIRD Y v
Vo ARFTTALL, ok, BIEAKROEMMELTIL, VvZv-2, EC, RV 14=—
AV, Vv rv-Aglte =y FvEo L REMN cH L, BECREBERY =5 v S
RO 50 mm A, E&4 10~15mm < 5V-ORFERERE, D, EREMH IS, A44
A— AT AT HOBRERN THE, CRLOEMBOTTAFER, VI r—-20
BEIAT YV AORMIEED SRS ACEEYE L, ECOBEGRT v F ok, A M4a—
LADBERAT Vv AORBECBERCHETALK(EEL), ik, FEBRTH MEIESL R
AEBETHBLOBAL, ERRRTABM IR S L 5ic-Tv52, EEAY 72 XKk
BIUALTHKEEY, #47vFa—VBLT-EBEARTHCE#S T, 20
BE, ALTAEROBERBRNCHEAL AT BODEE 200mg/l £/td X5, Kiv
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# 1 BARGEMH OME

Table 1 Packed media in the laboratory experiment

Packed

Run No Type method Density
1 Net {Biocomb) Horizontal High
2 String (Ring lace) Horizontal Low
3 String (Ring lace) Horizontal High
4 Net [E C) Random High
5 String {Ring lace) Vertical Low
6 String (Ring lace) Vertical High

D AT TAARY 7 EORBEAELAZ LIV FBELE, HAKD BODBEAGEH KD
@ St 510 200 mg/ L IKEHE LT, # 2k, BODERE 200mg/l o+ ED AT XD
@m%%bttmﬁéaoAITﬁmﬁ&%%¢t&,mwa 5 oA -7 —FLTHEAL
o

o 2 AT TARDER

Table 2 Composition of artificial sewage

Concentration
Composition (mg/1)
BOD 200
Dextrin 306
Peptone 65.4
Yeast ex. 65.4
Meat ex. 74.6
NaCl 6.7
MgSO0, 4.0
KH.PO, 18.6
KCl 13.4
KNO,* 144.0

Note ; * [ -1Il : Absence, 1°'~III' : Presence

AERC VTR EEYATIAABRECV » BB RETHE VW THLMCTH L
Y AME L, HEYANIKEFOEEE Y, 3055, 15658, 7.58M0 3 RECE
ERRBI LI DRELL, thEERE/HIFICTTEBD TH B, T, HRTER
Ve LB L o oMK R TG AR L CABKG0T v & = THER VML S @, COmBkE
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" 3 ERNEROEBEREMH
Table 3 Operational condition

Parameter | I m 1 1w w
Influent (mg/1) 200 200 200 200 200 200
HRT (hr) 30 13 75 30 15 75
BOD leading (kg/m?d) 016 032 064 016 032 064
NO,—N A A A P P P

Note ; *A : Absence, P : Presence

FEYEUTFIUABALEEEARCHERL CHEY TR ZESHBO -2 L, &
JOEREME D~ITIHAKFICHBESEE L LT 20me/l it d X 5 ol v v A
hicZ ERFRLTVv5, ok, REBET, HILAMLER S50 S TRABGORIHE
HILE O HLERAY &M 2 g ¥ oMxt, ¥, EREE I 20C 0EREACHELL,
SH#E B, pH, BOD, COD, T—N, NH,—N, NO;+NO;—N, T—-P, PO,—P, 7t
Ay E, FRE, HREEER 498 BRBETHINSNGTER TRABRFERTIIS
BESOREE L, KESTOREENCI, BRELSK»LHD T MIEnEEK, FERLER1L
M2 FaaB kel ic, FLRAKORARELITLE,

& 4 BHEBRORAKE

Table 4 Influent quality of laboratory experiment

BOD 200 mg/l
CcOD 66 mg/l
T-P 5.4 mg/l
T-N 41.2 mg/
NO,-N* 20.0 mg/1

Note ; * | ~Ill : Absence, I’~Ill : Presence.

2.2 74—NLFEBE

B2, IHTEHL5—PREESRCRBLLRIEAK EFSELK E2BL G a0
RELETH L, TOEBILv2—AY Lubh2FRERH AL TCAZIREZE A, B
DO 4N L-T D, KBRS, I K, FREARCECTE 4§ 30 B

ThHY, LRERUVRBK, SRS ORERER O IERBREAENLBTL IR
T b,
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-
1 |

——"770 770 i 1000
Total volume 0.75 m? 075m? 1.0m?
Filter volume 0.46 m? 058 m? 0.76 m?

B 2 BHBEREE

Fig. 2 Full scale plant of anaercbic-aerobic filter

H2denT, 81 MEH A OFAD L VA LR EAEE | iSEAE TR Tk, £
2SI B TR EMITHAS L5 Ci>Twd, COHETIMAEKIIE | FRBRUE2HSE
WOFSHCAB SR L0, BHBRRE 5B T 00l SRUERIZ = 7 H
WCiThite, 26, #2155 HHE L MBI EHITT 5 Bl B B o R E
By —FTCEERHEBIRD L HIT ST,

+ 7V rsR1E, 1 AORENRKEYTT EE L LA DFH 10 FE#ciTy, HA
RECHFEROMBE I HEAL THHAR L L, SRRV HTERIEAEROBG L
REETH 5. i, BAHRUTFRECEDEFOBEHHIARPACT 7 Vv A TELR
ATELARAROFBROBEHRERE,» SFHEL 7,

frds, REBRICkTAMENESKE, BHR T, BEGRTERE L, Thil, ERYE
BRUEABHREOE G TABRYERETHBEIHAT, TRO LS AEWEREOFML
HEOBE, rARNROMSEE L L CRBBROTEGCL, FREALECLERARD E
BTHTFREZEOHRBNEN IS Z L, FolEEaE cEm Y §iE L FSEABcsT
BxTv—v a2 vRETLHBNBAHHT A 2T BRELLLBLTH S,

3. BRERUEE

3.1 EARR

3.1.1 ANEiEe

(1) #EHAEER 1 (WRESEEYEEHR)

WU EEY ST AVBRAOBINABEROKRER VHBYIRERIES, 6luRTish T
»5,
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- 5 ERHAEKD BOD B COD(HEREFELE T VR
Table 5 Effluent BOD and COD of anaerobic filter {NO,;-N: Absence?

Run BOD {(mg/l} COD {mg/1)
No. I I I I I 1
1 21 36 88 14 17 19
Qo) 82y G6r 9 4 gD
2 20 51 100 14 18 21
@0 (@5 B0 (79 73 (68)
3 17 26 90 13 14 17
G @GN Gm G 0 GO

4 18 35 114 14 17 22
Gy @) Wy G G 6D

5 16 30 84 13 17 19
(92) (8 (58 (80) (74 (7D

6 19 44 88 12 14 18
@D T8 Ge @2 T TD

Note ; The value in parentheses is removal ratio(%).

* 6 M ko pH RU7AH VEE
Table 6 Effluent pH and alkalinity of anaerobic filter (NO,-N: Absence)

Run pH Alkalinity (mg/1)

No. I I il 1 1 i1}
1 8.1 7.2 6.9 150 132 104
2 7.9 7.2 6.9 145 127 105
3 7.9 7.2 6.9 154 129 109
4 8.0 7.2 6.9 151 128 113
5 8.1 7.2 6.9 142 131 107
6 7.9 7.1 6.9 143 117 105

HRT #5< 7% & BODBERMET LA, ChiKBATNRUERHAGTYR kaoh
BLEILRS, vk, LBKELESHOER, ERFORTAEE L o MEERLS
hish -7, Young H2it, FEMAMEHEAKCE W TRAKOER iR SR EETL
b, HEMBEOXRGAARTHR TR HZ L ¥BEL T35, ARROBMEESKICEL
THHEYEIRTS AR TR IR TE D, oS sTsEROBRERIVAE, -
i, ERH OBV I AENEE bbb rE X bR,

COD i3, BOD @& & th~% L HRT 2ME< - Th R ERE{LIIADLhiohote, 22T
% BOD Fifk, 43ko COD LEMM O, BRMOFETARE Lot EERRARED
Lhichoite,
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HRT #ME < e dw-onT, pH, 7A» VEDEFHED LRI, THIIEBYARIEED,
BEMHFEBOERDBHEIN DD EFLORD, BB, Z0I LNBEKPOEREHRER
MNEHEImg/l EH IR L L BATLRE, LL, FRTLT AR ) EHTSFE
L, EEELRBL 2w pH 26 8 BE T TLAE TR, MAMREDR MR X
Bl ubhapH6SHUTETRETTAZ it ote, s, FAMEMLTwHT BOD
BERTIEPRDLRLDOICHL, CODBRERTIIRLALEFLFBDOLRE - ILBHEL
T, ERMEERSBOD &L ShPTeorsl, COD & LTl s hi (b
LREEEZLRDY, ZOIZEND, BEEABKOHERREYFHT 5, AEKPICERE
HEBMASBECEEATV25E, BODXAVADMLV, ¥, ERICHENST & DD -
TOC CEET 2 - 08l TH B L Bbh 5,

(2) BTHNEESR 2 (WBESEYESTR)

RBRIEEF & S UH A OMERABAONEROHRYBRERIRT, 8FTLE) THD,
BOD iz HRT p3E < fr AR DR TR F LAy 7.5h k0 TeBRERIZ 0B LU ETH T 1
¥, COD mB& IMBEERELHML LR & A HRT 245 - T A AE MRS L
h, BERORL LIRS ATV,

pH &2 Fhed HRT ChF5 7.4~7.6 TRELTkh, 7ah Y Ei-on-Th HRT 7.5
B TETOETARbRETT L, Chil, ABKEOERESEEBLIELTLIIRLA
FRINE R ot bbb, T VEONEAPE <, BEENTFTRBEIR TV BE
LEZOLRD,

# 7 @EELEKR O BOD R U COD
Table 7 Effluent BOD and COD of anaerobic filter (NO,~N: Presence)

Run BOD (mg/l) COD (mg/1)

No. [ iTE ur I’ IE g

1 34 44 66 22 22 23
@ a8 6N 6N 6D 65

9 33 59 75 19 24 23
(84 (76 {63y (D ®H (6

3 37 65 84 20 23 23
(82) (68> (8 (7 (65 (BH)
1 30 62 76 18 22 24
(85) (6% (620 (T 6D (6D
5 33 66 72 23 24 26
86y 6D G4 (65 6D 6D
6 £} 7l 66 19 21 20
) (65 6D T 68 70

Note ; The value in parentheses is removal ratio(%)
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* B HSHaB Ko pH RU7 A0 ) E(EEEER Y1)
Table 8 'Effluent pH and Alkalinity of anaerobic filter (NO,;—N: Presence)

Run pH Alkalinity (mg/])
No. I I m I’ i 1
1 7.6 7.6 7.5 206 189 163
2 7.6 7.6 7.5 174 188 174
3 7.6 7.6 7.6 194 192 185
4 7.6 7.5 7.4 185 183 169
5 7.6 7.4 7.5 200 184 170
6 7.6 7.5 7.4 184 185 162

¥, BREAKROLBARIIRAK M BN ERI T L BHI R0, =
O FFAER T -7 7.5~30 8500 HRT OTWEMN T 100% 0 REA T2 ERRL T
Ho TDZ LY, BIMABKYESHEARL CTREYTHE, ThAZBSHSKEBREILS
TR ENIRRCEROBIR TR D S BRL TV 5,

(3) WSHNBER 3 (FAEABMmR)

BARKBAEERKOABK YRR T DHE, KOS AEE KB E D e & O MIg i 4 &
BLdhdlebich, ABFRBLEOMTKELE (82) 2 BOD60mg/l AT (BOD B
RIBLE)EREZIN T3, ORI ERERLGHALAOL S EAEARLEICL T
FEHBT AL LR TH LS, BBC I > THELEERKEAER IR LBEH S,

FITC, BEEARDOS L CHFERARFAML KB LT o1, k¥, -2 TR0
K SEEAE LB E OB EE - mkBEx s - L2 H L Liciown, FREAEKY
HEESEA~REBR SR 2FR T b o, BEEAKRD HRT 45 15 KEOB{0NE K ED

E 9 HFSMNEKOKED—BH

Table 9 Effluent quality of aerobic filter

BOD

CoD

T-N

NH.-N
NQ,+NO,-N
T-P

PO,-P

Trans.

4 mg/l
9 mg/l
22.3mg/l
6.3mg/1
15.3mg/1
7.0mg/]
6.4mg/1

more than 100 cm
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RERO—BIER IR U AEESEE, WLomMBELLRFRREI BLh TV, Tk,
HREAE L FRENE PSSR B, BEYBRE ftoEro@h 32
Bibhrb, ok, EFEEKEILHLFIUAET 2HE T, BEAEABR Y #2080
SUEARDRIEHEAE YR TEAZ L EAAN I MIFEORINBHR EELOR S,

3.1.2 HEHLABRERC ST AFHRERERUCERMEY

(1) BlRENE
HEEOROBRARBIERE THOEHNOEIE & ERIAR Pl e U F
bR, i1, FOMEEHKAKTO BOD ERUVBER,ALHREBRY R, Kk, =
ITRDER, BBEEEOSIRELVREECT, FEYMEH YRS LEETCEL
NP —FELTELDLLOTHSY, BERRWCRTESY THB, ¥, BREBOD
Wi h OFFREREI0.09 TH Y, BEOEEFEEHIREO 0. 5BECHE TS &b/ E
Mo,

% 10 HEEsKCksTAERDENE

Table 10 Biological solids balance and synthesis of solids

Item Units Value
Time of operation d 219
Waste flow (Average) 1/d 6.28
Effluent suspended sofids (Averagej mg /1 i
Effluent suspended solids (Average) mg/d 69
Total suspended solids washout mg 15,000
Total solids in filter : mg 5,770
Influent BOD mg 275,800
BOD removed mg 193,200
Solids retention time (Average) d 84
Yield mg S5/removed BOD 0.096

(2) BE#MED
BEMEALENCERE A0 ARUEMBECHEL TUHEHEX BB IR, EREUAS &
Exrhboa vy y PRBHCOVWCTHRE Lo, & 113 EE a4 HRT 30 B, A48k
HRFEENCEGLBE0EYHL I L 0THS, BEENBV- L E XL LR AERK
X Pa;"amecium, Colpidium, BUNRAERESORAEKEOREEH A ETEHEI R, &
¥, FREE & LT Beggiatoa 255 bhiadt, HGRABLEBCHE IR, Ah aid, #
RoOTR I ELTHISTOPFET LD EELL LD, BIREED Pristing, @WED Cepha-
lodella, Colwrella, 25O Diplogaster DRI, BEOEREBRCLELITHERET2E4BY
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#F 11 SEEASKCHET BAEDE

Table 11 Example of biota in the anaerobic bilter {(Laboratory experiment)

Biota Composite Scum Bottom
Pristina r +
Metazoa Nematoda + c
Cephalodella + I
Colurella +
Vorticella + C
Euplotes + c
Litonotus + c
Chilodonella T +
Cinetochilum r +
Protozoa Ly
Colpidium + c v
Paramecium + c r
Amoeba + c
Peranema + [
Small Flagellata cc cc +
Bacteria B“?‘?i“’m + ce r
Spirillum c ¢ cc

Note ; rare, + : present, ¢ : common, ¢C : very common

@ Colpidium, Vorticella, Litonotus, Cimetochilum, Awmoeba, Euplotes, Podophrya, Pera-
neme BRUB/PN~NAZRE P SBTD bR, tk, =2 VY PRI A D A L BERICEE
ERLboNAREDBhEM -1,

lEX D, @EsKcHRTrERE CHA T 28ED, ERRUEYECRELLT
LRAW, BINAERE, AP ATRRAEOHFIAMEYMLECHEI L HEHEIGERINT
WA I ERLIE, ChOOERRUARADHEROLE Y ORFVERCHFEL Oz &2
LEZDL L, BIESIRZETHZRLEOCHROBE S LT, FREESHL oo R
fotRZERNE b0 L BbR A,

3.2 71— FEE

KB, KE, KATEHFPABEREC - RIBEBY RETry, EROEFHKEAVI7 4 —
Y EBNBIBRTS Ui, feds, EEHKERRT c BFRAROEECHA 2D T
HHEHMIKEYREL, ABKENASRURKETAHEYMY, tnlBeawERY G-
toe ZOBERABIZ, KE- KEEBH TR TUKESUBEEC- BB YRIITHEE
ELTHB DT bOTh5HA, KEOHBRME-EE (9 L) LARBOE-ZFZFE 12
A ©2@175 2 icli, RRAEROABMEYFET S LT, - Oofx - HFRHLRE
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AHERETRLBRBCT Ao, SEATEY Y oFEHAR Y 0.07kgBOD/m-d & (B0 5
Ebfﬁﬁ Lf:o

321 BR - -BFRBLEOAENEORONEE

EREMBE, @S - FREBUEOUBBE ZETHETEOBENCIMYET 2%, Bl
WERERE (- THER 2 EOABRARUCHFS 2EEOLERKOKEYRVI) HOFHEL -
hi, RIRFCKREL, KEFELLAELL,

Kig EMARDOE A E LR OIS AEK, FREAERD BOD ¥R 3,4 15/R Lk, ARKE
W, 150 BT B, 200 A Hi2 12 Ah@ERL T 5, KRS IIHT 10°C bl b
Fahtuwl, chaABER PRI Tk), NREROBELIIC v EE
2 BB, ik, KEAIWCOLEOAGERCUTEETET T2 bb o1, ¥,
AkEiriskistal HS7D 1,000~1,3001 THote, &OBEYEELEEOREBNIL
KAIA, PA2ANDER S ARET, LRROWMAKERN200~2501/ A LD, Zhit—

500 -
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Water temp.
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water temperature (%)

N, Influent water volume

influent water volume (1/day)
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B3 & - BRELEOMAKEROKEOE R

Fig. 3 Change of influent water volume and water temperature

ZDUr

Effluent of anaerobic treaiment

BOD {mg/1)

Eftiuent of aerobic treatment
A e S
0 Y s

10 190 150 200 W pays WD

B 4 %5 FR&tEoNEK BOD D& AFL
Fig. 4 Change of effluent BOD
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BECE 2 ORA3TOWAEEBETh—HTHY, 0 Lil, RERMNEEQNTFREAREL
TWABZEETTLOTHD, T2 TCHLALEREY—BEYEOZ L2BH®R LTS,
FEEARKORBIABHERE TREL 22, BEMABRXOKEFARETSCIE5
AL HWRELL, 30T, KEORE L LEBMCKE, XE B DR DRI i
LEBYRETHE, IR LA (BF) L 12 AFA (£F) wfF-1BEAB-SHML -,

3.2.2 % - FRE(EONEMERE

KESVRORENL, WA LE 1 BIH~HATAHRAK, &1 #8225~
MATHHE 1 HZEAEK, B2HESEL»LHE 1 TFIE~EATHE 2 HIHAELX, 8155
EAOE2HEIE~RATLE | FREAEK, RUE2HIE» ORI IASE 2 FEMELE
Kbrbieh, ThyBRRMIECERRL, L7,

BEFEOBREHEB THOALERINS ~TIETEL Y TH B,

K5 MAKBE L GERD 1 AORFELE R L bOTH D, KB, 08 EEEFH I8
AR Z e - 25 2BALA, [RETHE 2EEXFRIEL, | AOEBER10C TH-
fed, KRl HEBLT20CEHHERLTED, SBUREEL TV,

® 62, BEMILDa v H oy by FATHELRE BOD DRIEERTHD, ©hbHORK
B, Cl~0REBHMI o vyEs s b4y 7 A0BEE®EELTVB, C-1415
00~9 :00, C-2i29 :00~10:00, C-3+210: 00~18:00, C-44%18:00~21:00, C-5it
2170023100 DEicEAR SR EEREY 2 v AV L LR DTH B,
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O Temperature
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A i 1 1 1
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Time, Hours

B 5 % R R 5 MAKE R UOSR ORERZEL

Fig. 5 Change of influent water volume and temperature
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B 6 #5555 Eckts BOD oREER
Fig. 6 Change of BOD of composite sample

BAKD BOD B X Y 2ie h BB L 1285, 8 2 S0 REEK D BOD itk SUGREEL
T, i, H2HSABKICE - TEBOD A2 ~7 mg/l #7RL, KBERCKEEDOHE
BIREAYZIEZ E Dbt

H7{a)~(eNtt— 2 avESy b4V 7 ACETLHANR RUSHREEXOKE %R
Licbordd, F—aAa vy b Akl Bl C-1~5 OB & O — PR
DIYXRLy bF Y Ik, EREOBAKBEEYERCART] B FHNRAR, Tib
LREMBELTIHHETE A LS CEALTRAMLELDTH D,

B7(aylh, fiAKD®BOD D1 BOEHE 176 mg/l THE I Edbmdd, ZhAHF ]
BUS 2 BSECHEIHCAE I NS FAEBKO BOD 2 58mg/l b, kkirh 70%0k:E
B Hhd, THCIORSUHARKLNE 1 RUE ZFSH CHINCABENS &, BEAL
HXDBOD iz 4 mg/l £7eH, BODERERIIBAU HETSH, CODowTh, BOD 0BG
LA B AERES B LR TV %,

¥1:, M7(edd, EFROBBENAEYRLALOTHS, chi b BEHREGETCHEREER
BY v e=THEECERL, FERRIETRT v = 7HERI RN EE W+ EgHn
FFEICHFRL THBZ i b, ik, FEMERIGCRT2BERILETHEEDTEI -1

R7(e), (A)RpH L7A» VEOKREEYRLELDTHDY, WELIEURECEEYR

— 5 —




PSS K B IGA A TR R o nE

(a) BOD {mgit) (b} -COD (mgil}
o 50 100 150 200 0 20 40 60

Wi BED Yo
I [1 soluble
v
(c) pH {d) Alkalinity (mgil) {e) T-N  NO;*NO3-N {mg/l)
] ':‘ ? 9 0;;1?2 200 3_(30 Q 10 20 30 40
| E———— | — 1
Y S— off———— i —
L e— mf—— m -
L ia— | —
L S—— vif 7
1 Influent IV Etfluent of aerobic 1
0 Etiluent of anaerobic 1 | V “ 2
" " 2

X} 7 S-St £nsBaRicsits BOD, COD, pH, 74 % VERD
EFROEE (BF)

Fig. 7 Water quality of total composite sample in anaerobic-aerobic treatment
process (in summer)

I EEBRE IR iom o iz,

#F L2 IEYEOBEHHNETLILSOTHD, HIHTIBN~NAEREERITEDLH, F
SHETY Aspidisca, Enfosiphon S04SR & 2B LB/ N R, BRI T
WARBASTBAE CHER TS Arcella WERICED LRI,

LLEDSEMHOEE, L, BROWEOHEC L Y MRT A MEDOBEIELT D I L5
s,

5T - RS OLZEOEKRRICK T 5 AEKECT 2BAENEREFORG LEKC
T B SRR ABIE B bR, KR, He(a)~(e)mrTiEdTHD,

XFLHCTHER L AGERFLABRESBoh0l, Lol ) icls - Rt
BoMABANAEDCRELLC L, B CARENSBICAFL SRT R (Teh, 4B
EEEAREL b Tt bE LIS,
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#F 12 #5 FRBUECETEDEOBEDHESE)

Table 12 Example of biota in the anaerobic -aercbic filter (Full scale experiment, in
summer. )

Biota (Indiv./mg) . Anaerobic Aerobic

¥ 2 1 2
Cyelops 20 10
Phitoding 30
Vorticella ‘ 540 70
Aspidisca 120 70
Trachelophyllum 30
Colpidium 200 40 30
Avrcella 90 1,500
Amoeha 120
Euglypha 30
Peranema 0
Small flagellata 12,060 660 30
Entosiphon 80 4,000 370
Sphaerotillus cc r

Note ; cc ;: Very common, r : rare

4. e
AT TRERAGR—EKE, KR, KETCETHEAERRCEROEERKY Aok,
KE KEBEOBGTEBITE7 4~ VRBID, BoRTERIKROIICTLDHHRD,

(1) BARE

1) WEMEFEILHKAK (BOD 200 mg/l, COD66mg/D) sficfFfE L BE, RUBRBES
FEAFET S (NO;-N & LT 20mg/D) BEOWTHT L BERYSREECIIF i Y EENTED
Hhicy, MECEWT, HEHBRERCFREEENED LRI -EBRE LT, W
ERIFELRCBEOE L L UREUREDROERE &, HRREESEETLBE0E S
LTRSS B A DEEOEE(NO,-N ¥ No ¥ AT 5884, #3580 BOD tilRE2RD)
MEBETH LTt LIS,

2) WEMARTHBOVET S ekd L, MEMHAKBRO /4 OF M AK THEEQAE
#1748, BODBEE 8%, CODBREER 5%, FULELT0% 05 BIFABKAEL -
LAERETH B, _

3) WBBERSHAKPFCETNLRCE TS VWho HRT imisuTd 100% 0 A
ffbhtwied, ol IS ARAEKYHIEAEL TH{L2TheE, Thimgl
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Fig. 8 Water quality of total composite sample in anaerobic-aerobic treatment
process {in winter)
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KERIFIERIC & 2 EFMSIK D NIE

Submerged Filter Streams as Applied to Grey Water Treatment

1

M| % F -A % & —

Mitsumasa OKADA = and Ryuichi SUDO '

Abstract

Domestic wastewater, especially grey water, has been recognized to be a major
source of water pollution in many closed water bodies throughout Japan. The
purpose of this study is to develop a new, but very simple facility to t{reat qrey water
discharged from a house or small communities. The facility developed here in this
study is a small shallow stream (laboratory model ; width = 25cm, length = 30 m,
flow rate = 51+h"') equipped with synthetic filter media (Ring Lace) and performance
of this facility was studied supplying synthetic wastewater.

The quality of the effluent was equivalent with that of conventional activated
sludge processes if influent BOD was less than 100 mge<17%, i. e. effluent BOD from the
facility was less than 21 mg+1='. For influent wastewaters with BOD values higher
than 100 mge1"*, pretreatment by anaerobic filter (average residence time = 2 days)
gave satisfying effluent quality.

The amount of excess sludge produced by the facility was extremely small
compared with that of activated sludge processes. Although endogenous rate of
respiration per unit biomass attached on the filter media was equivalent with that of
activated sludge, the fact that BOD removed per unit biornass was small resulted in the
small amount of exess sludge production.

A mathematical model to predict the fate of BOD in the stream was also deve-
loped.

1. ELsHic

ZEAMCE T, EERKOKESBOEBELEEO— - T b, FlSEANI, T
B, BRIk &, AT 54 BOD AR 505 A EHAOSE M 50% B, i
RS, PR, BFAETIREO42 COD A5 B EBERKOEE 5 409 %8B LTV 5 G

L B AEHeEl AELEBREE T30 ERAmERsasEAEiiiesg?
Water and Soil Environment Divison, the National Institute for Environmental Studies. Yatabe-
machi, Tsukuba, Ibaraki 305, Japan.
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B, 1977 ; lu=h, 1979),

EFEHAD L, LRIFAERO 2K ER TS o 8 BIEIhTw5, Lk, &£
ERBKOHIRCES L TR E 8IS e, 0 d TREXBER IR TLnv R, RUS
PFABCEARE Sh Tl TR, AEEEKO S HRLAE O AR KBCHRTE S v
TWBABRReH S AR, 1980), £EHKPoEERBKOESE, KBETH 5%, BODET
¥ 67% EIEH AR {, HEREBXKoLIKBE~OHRARRITER TE v Wid, 1979,

oL S R EERREK I hET EHFRAGMEYRET 50, TRECEHABEYERE
BEZEBRHETHY, PoThARVBEANAENETHS 5, Lo LBEELDBEERESL DD
BHH00, EERERCRERLSEOREYLELT5046T, Migh RUMYETL, #
ZTH S W T AREREHEIER G0 FECTE L L LT, TREERRI MBIcTEL(8
AFRERL, 1981), * fof BB LI T 4 A LR 60 FO R RE A 5 ~10% Bk L
THLTFRE LG TETSEKD SI%BELAAB IS T EioL,

LcdioT, BEEMREE k- TV AKERHCHAT A, TRAECAHAGEOERY
FoZ LT ULIRBMTERRVBESI A D, F MR L - XL AT KO Bl A #
ZrBRdohwC bddhs, ThbLOBE, EEEHRKOLEHRLE LIABYERT L&
RULBEERSS,

SEHEEKOARY HRN L LAEERM L 03 ¥ TL 0B RSBEE ChithiERb iy, LT
DoTRDL S RBEIERER LD,

DHERFTERCEDAFLHE LI,

Q¥BORER, EERILEMTH S,
fo?l, ERoBMEBETIREY I, BEDHORKIENMEROLDPUE L L L THLHR
ERTT2C 0% 8 i,

EPETRE L ALK, BERMHERTCALLERERTE S, oKy KEET
T E%, EBMEECERLAAEEDECELETI, BETHIEROFNIOAGBIERY
B SR AR X o TRESI R ABEB LS 2 L5, Tk B LEBEOEM
MeELTRTT AT 7B, OLREMELIVPREZNTVW5,

AP CEHEZOC S RERH L RE L 2 ERZNONEIKBEYHEY, CoL SR LD
#EK B o R CRH Y2 I,

2. EREBRUERSE
2.1 EEHEE

1 RARRC A LR BOEE YT, AEEE, 20C OERECHE L., T
100 UTEEH @& 2 mo{ty = — A8 (EX5 mm) OFERHEE== >+ (1E2.5cm,
EXS5 cm) ¥ 15 ABERCEIICER L LD TERE I M THE, MEo - S5Ei 1/1060 £ L
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Fig. 1 Schematic diagram of experimental apparatus

too AHELTOLREMM FIREY v 7/ v—2R) ¥REBERC, M FHEIC 2 AFTCHE
Lz, SO SREMMEMRY =) 7Fofvsh (K380 um) %2V v 7/ RICESR, “hi
bR ERNDCER L 0 THD (BE1.7, BUER 10g - m™D BH5, 1981).

2.2 FEAHER

BB DB BRIZ 2001 A1+ d Y, 40gBOD« Al +d ' 2 Ehh TS (RE, 1970, L
Fotho THERBEADBEMA 2 - BT Th A2, 22 Tz oy EEC L TERKRIC
T BAMRYHRELL, T 1 HOREIOHE SN HHAXIE20cm, EX0mEBEOE
EECABTHLDOLEEL, TODIE2 5em & LAFERTEL, U8 DARATNCHEY
42, TCCRIFOARY4~5AL L, FOHKRED 1/8C3\ 5 1-h (1201-d™) %%
TAREE Ui, ¥ B BHET 5 EADREX BOD & LTERER 200, 100, 50, 25mgel-?
D4 EMEE LT,

Bk & LTit, B 1CRLERS»HE5 ATHA (BOD 200 mg-1-' 088 LA, &1

* 1 ATHKOHEE(BOD=200mg « I"'0#E)
Table 1 Composition of synthetic wastewater (BOD=200mg+1""

Dextrain 30.6
Bacto-peptone 65.4
Yeast extract 65.4
Meat extract 74.6
Na(Cl 6.7
MgS0, 4.0
KH, PO, 18.6
KCl 13.4

(mg+17Y)
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ERTRED 200 (EOBE ST A A THARERRLEREL, KEKTHRLTRBCRAW, &
DATEAE R, ERYPMHPOBHOC L 2TBEREIIET 5%, HHmUS 1200C, 15 A -
Fov— 7 L EEENCREEL, 2.4 TR~ AETHECHHE Lic, B2 AZOATHROK
BarT,

# 2 WBRXE

Table 2 Summary of effluent qualities of the stream

Influent BOD (mg+17"

200 100 50 25
BOD (mg-17") 85 21 3 0.5
CoD (mg-17") 29.9 11.8 5.8 3.3
TOC (mgs17"} - 12.2 - 3.9
Trans., {em] 58 100 166 160
T-N (mg17") 24.0 10.2 5.2 2.6
NH.-N {mg-179 17.2 8.0 0.1 0.0
NO,+NG;,—N  (mg-1"9 0.0 0.0 4.7 2.4
T—P (mg-17" - 2.4 1.1 0.6
PO,—P (mg+17" - 2.8 1.1 0.6
pH 7.2 7.4 7.2 7.6
DO {mg+1"" 2.9 4.2 3.7 8.0

23 W HE

¥ KERTRABBOEABRAYERL, ~hu MLSS#300mg- 1l s X 5 K
BOD 200 mg+1 0 ATHATHRLf Zhk s 50 Lieh & 5 ICHIE L ERKBIL KRR
lem &5 L3t Lic, ZORMBTH 1 HFEKEL, T 5ELHED 1/100 cFLAE, A
THADUE A BIEA L o,

2.4 AIHkopiak '

ATHOKER (20082 51=fv 522 K108 1, MBERKY 7 (7 b -,
Perista MINI-PUMP SJ 1211 B ; @) # ATk Gd ; 6) wisLi, REcHiRAD
KlkE~y Y227 (601 @) X &R+ 7 (RRHEMlHkisy CV2® @) ¥
VT HRBIC S Lo, ATEKER & FRKOHBRThEh 25ml-h!, 4.981-h7'e L, &
B AR R RS L 7o

2.5 BARUKBERHAE
FEEPI D 5 BEAPEIHE L, BROCEYRORBIEEL>055 2 L ¥HA LK,




ReB LB L 5 e ERSRONE

FRBEOFER B0m) »5HDFHAK ATFTARKEFES) © COD 254 L1, #HAE 1~ 2
B 1 EfT -7z, #EE 5 Eo COD o LD 5 BAOFHED L 10%0HBEANICL - B, &
HBROEEHNERC R - Rir L, BEWN, HRHO¥RHL (0, 2, 4, 6, 10, 14, 22
m) B UMK OEA R T o, ek COD® iU & LT BOD, £€%(T-N), £V v (T-P)
DOREL, FREBEDICHBRABRYT, HAFEYNE (SS) BV -H K WRE L TELE
Lo BB CIL, RA200ml 2 200mi D2 A2V v F—ic AR, J00B8BELL, 20k
& ERA S0 ml R aficfi L, WERMESKRE (DOC), £V vB (POP), 7vE=T7H#E
% (NH,-N), W@+ EmEHER (NO,+NO,-N) BEW, 75 A7 » 1 .— 5 (Whatman
GF/Q)TARLAKESHiME L LI, BOD, COD DHHTARRS®E(HETKERS,
1974) L >t DOC OGN LFERREAR (v 7= vH, =F A58 v, T
-N D LEREH W (SFELR T-N-02 %) 2 Hv 2o NH-N it v F7 =/ —
#h (USEPA,1976) T, NO,+NO-NitA V9 sl THF A% B N-+7FL=zF
FIV-AAMNT AT I YREAETERLL, POPR7AaAYVYEE-£) 77 v Fik(Murphy
5 1962) TEE L7, TP EPA DRBE&RIEE (USEPA, 1962) Cf-TAH -+ 7 L —7T
ho#4sr 8 (120°C, 70 74D % PO,-P & L CEE L1, 7/r#, NH,-N, NO,+NO;-N, PO, P,
BOTPLOVTRT 7 == vHEHEB Y AV-72. BEREEE (DO) it, v4+vi2T
HAELBNrCDOBECERL, v+ v 2770+ ) o s T L, EEED,
TARBRBITECE Y, AEKCOWTOLAEL .

2.6 BRRAEBRRUMBRLEHERMAUE

Tk (ARKBQSD | KERAK 8.3 m  m™-d7") KABKYEX, BHMHE (SS)
PIRESRL o, BRI RS B I ne SS B L8 LA SS B (R mEt AP
O S5 WEFHED X (MR 2 BRBER L L, SSORMERTARBIE(SZ7A7 > 41—
HEE) K- f,

HFEEDBEC OV TREOEREROAE L/ B OREROHE & 21T » 1. BlEHAN
HOHH, BUKBCAELTC24WE(RI2~3 cm BE) 2 ERL, #EOKTERLE
#, 03 H0.05ml KO EBEE Lz, AMCTRKRABRALE(I 727 v 1 - HEE)CHK-
THMBER P RE L,

BELICHERROMTE LY hORER Y, O EHY 75 A7 v 1= A#(Whatman GF/
C) THALMHE, CHN = — & — (IARER, MT-38) oafilic, BRI 7AT7 v A4
HERBHLHUDE00C T4EHEMAL, RESGEBRELLIORR VI,

2.7 bL—4—%E
HEBANOBERELIEIBT 540D, b9 —FEBYTof, 2T EPE~o@E
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B B OoRENENES THAEHEHEELELTH 1,000 mg- 1 0K EEH LI, PVv—t—
OWARKBACTAT » 7REL, ImBTEOEELXHEL L, BEMNE W, THEE
(BALSBARGH # MODEL 910-20 C-910-1.0 T) % H\ -,

3. BRRUEE

3.1 mAkR

&AL, FERBEI~4 LA TEEELEQLBR) Lo, TR TRESHE
3, TRTEFRBCRTLAUEBETH S,

®2 iy, MTeeEs ko BOD (S) oF{bux A BOD (So) i+ 5k (5/So) TR,
AW T X 5 i A BOD 2MEL 3 KT 4 5 913 (0-10m) © BOD A RHKE <,
2 30m i FEoBRERRN A TH -1, Tibb, HAKBOD 2 200 mg-1"'0E4&, BODE
FEDLIRIBE oo DL, WAK BOD #5100 mg+1""Ci% 77%, T I-HAIK BOD 500
me BT TR 4% L L E Ao o, VT ho BRI TH AR A0 m)fHiEo BOD BrEE
EARLAEL, MTef-THAI L, Chil, BBRACHEL-EBEECECIS DL
Ezbhsd (R588 . k),

[-1

0.0

I -
"'{“;33 lBJOD Sign.
200
160
50
75

Dimensionless concentration (S /S0)

R0

— —

0 10 20 30
Distance trom the inlet [m]

B 2 HFicft> BOD(S/S)o#d
Fig. 2 S/S,(BOD) in the stream

— 62 —



R L A FRnA o nR

B3, HEAO DO LW TR BRE TR, M2 BEFREET MR & RHIE
@, 37ch b FHESE 10m ¥ € DO S ZEIEHA L (A BOD 200 mgel-!, 100 mgel-?, 50
mg « I'OBE) FOERR 2N T A EEAED L, WA BOD2Smg - 1N 0#4E, WTE
WEL0m F CMbOFMELR UL DO DETHZEb bR, ThEDO A AL, 20
m LARED DO iR L Tuie, DAk T B 10 m Lo BOD 53 5 mg-1"'LIF & <,
BOEPEELBH TR (B HHED ZricintELbhs,

Influent BOD
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‘Fig. 3 DO in the stream

R 442, #A BOD 100 mg 1R 50 mg-1'OHB4 1115 NH-N BE, NO,+NOs,-N B
B, MTHERELOBIRAYRT, WA BOD 100 mgl-'0B4, HEMEEOSFHIZL S NH,-N
BE OB LRI VEBHLBET Lt o, ThiT L, HA BOD 50 mgl-'o84, ¢
~15m ¥ Ti NH-N BE MU, ZhiBRLAETL, AEKO NH-Ni20.1 mg-
M EfEs oo, AR EVHA BOD 200 mg+ 17" Cik 100 mg-1"' 0334 &, AR OMEL
B A BOD 25 mg-1""v1 50 mgel ' 084 L REEAEE LR LE, T-N OBREXL, HA BOD 200,
100, 50, 25mg-1"'DEhThizk\ T, 0.4, 7.5, 22, 15% L {Edsote, Lid-TEBEI
L RLET L D0RERIGOETE LA LRSI » 1,

#211, H40RABOD & EoABKEYRT, BRDZ EAAnLHEA BOD N E Vi &R
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Fig. 4 Nitrogen (T-N, NH,-N, and NO,.;-N) concentration in the stream. a '
inflnent BOD= 50mg-1"', b: I00mg=+1"Y

HFiemBERA B bR, HiciiA BOD 100 mg-1'LAF ¢/ AE K BOD 4 20 mg1- 'L F, H@Eps
100 cm Ak &GS FREC R T 2 0B AKE & oz, L2 A BOD 200 mg-1C 4% 53%0
BERMEONL, pHiL, 2485281 7.0~7.6 TH -7, T-N, T-P OBREFiIE, -7,

32 £YERRUERRELER

WEEADOEMMCAE LS BUEIMpBELY) YW FERECH LT e v b
LB RYE 5 Rt WTFhOBA BOD kB W ThHARSTREAOEMBER*RL, W e
ot LIz, HBRACLAELL2EHEE(0~30m) i, HA BOD200, 100, 50, 25mg-
'orhEFRIZE-T T4, 93, 58, 34g TH o7, WA BOD 100 mg - 17084, 200 mg -
X W SROEMEHSHE LY, TALUTCREA BOD AV S 2 MBI Ui,
i<, HA BOD 2225 mg-1"'0%&, FHTHEEH 15m BT+ 5Kk0 BOD 42,2 mg-17'L
TEBOTIEL, EVEDREAEREZ LT RGREBE 1,

%311% 40 BOD K3/} 5 1 B Y47 h DK%k BOD &, HiRS4 B CIctisk BOD %7 b o
FRELR, TibbLBRMERYET, WA BOD 25200 mg 1 CRERBER 17%Th -
7oomgt L, 100mg- 17T T 3.5% LT L @S TN ECFHRBERY R LA, HAKDOD SS
Piie B, BRIEWTEIEL:, MEMRROBRAELERIL, Fhih 40~50%, 30~0%EE
FEPATWAULETYHE, 1978), LR THEBEOHRREERIL, “hbOMl & i
LTHEBRDEICLEELL S,

— B4 —



KR LEC L 5 EER A0 LR

QO Influent BOD

Cmg/id Sian.
71 1
6t
m Q
est ©
S 4 ©
0 ® (@]
a3 © o ° g4
£ [ ) L ] O
L 4 L4
[an] [ ™y L
[ ]
1 * 4
O — 1
8] 10 20 30

Distance from the inlet Im]

& 5 MERSOMHLEYEE

Fig. 5 Attached biomass in the stream
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Table 3 Biomass produced in the stream

Net solid
Influent BOD BOD removed Net solid synthesis
synthesis BOD removed

(mg-1"" {gBOD-d"Y) {gSS5+d") (gS5+¢'BOD)

200 . 12.0 2.05 0.17

100 8.74 0.21 0.035

50 5.58 (.08 0.014

25 2.69 0.02 0.008

3.3 BRI FRRER

ENRBICI T2 AEFEBORBELY X v WL cT b0, ZEBORFNEXHELL, K
SR TROLBFERIOES L, A BODImg 1M OBGOHBERERYRT. HARY
Wit 35 DOC B (gC+d ™12, DOCRE (2.5 8 LB S hkdie, Fie, HRREER (C-
dY) (=p@EKroBEEAFRRE (POC) &) RUEkBEatosPiEag (gC) 122.6 i~
FEETRDI, BrEDOC 1o (REEHRE) ~oiERE (Biomass C/DOC) 1 BOD o5
RERR (SS/BOD) 2 0.6 LEEL (HFH, 197D, ToEL 9B LI, Tihbbh, FiEk
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Influent BOD 100mg/t

to/d) yield 055
CC; I.?a
Influenl  DOC , Efticent GOC 5.06 poc [L56
Sotid emthesis 192
i FOC
Influent  POC Bl?g?ss Effjuent POC 0.0 | (45 2) 007
POC decoy 1.85

B 6 HMEEORERZT

Fig. 6 Carbon balance in the stream

D DOC/BOC=0.48, %7z, SS O RER POC/SS=0.44TH % = &b, POC (= Biomass
C)/DOC=0.55 b REL . DI VBREDOC O BLERcERIhLRLE, COLLTHA
ChbnbaEERFTRE L, b, BE (=POC) oHBENE L H, BROHCSBC L T
KbhHBHEL, B6@nRLEL KA BOD100mg « 1M 084, REELLTOBRER
(1~ DOC+POC)/ A DOCYI L, 68% Th-»ic. £BERD 5 B 46%i2, BODBEC
HOMEBI L 5> Thibh (1.58g-d™ D, BHO4RIBREOMNERER (1.85g-d™D) ik »T
SLbhiz, A BOD 2325 50, 200mg:1"'DFhOBaE, BEOBLXER Ll ot, T
e, BREDOC @ 55%HRBPO C L LTHEBEELLS, TOREALINEFRRIZT -
TCO &L ThRbh TV ud, BROBREEO PRV RAFhictE2L5, colse, K
MR\ CILHROWARRE A 24 L L TR LBECR I THENED TR I 2 L b
e

F 4G A« DWARHE T TGS BOD, SS, £MEROME L DRI P ERERE B E R (ks
dDEC] BU Y ORERBRE L LEDERBOLAS/ XD EFT, - & CEEESFRENTH

= 4 BROACTHREETH

Table 4 Decay coefficient and BOD removed per total biomass in the stream

BOD removed
Influent BOD  Decay coefficient Total Biomass
(mg+17") ) (gBOD-g*Biomass+d~'}
200 0.056 0.16
100 (}.053 0.092
50 0.657 0.097
25 0.039 0.064
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REBHE I 55K 0 NE

BERAK 7-0.6 AV, AR - TRDI,

:aAS—AX

ky X,

Q.

Nl vl

AX=TRRER (g8S-d']
AS=BREBODE [(gBOD-d")
Xe=RIHEAD24EHEE (g SS)
a=7REBHRE (g SS+g~ BOD)
ka=BFRONEFREEER  (d1)

FACTRT LR, HEFREEERILMASHTLYELARB ELELbh, EXEMT
FHEDNEFRREEER L LKL, P3uhrd LRAERVEENE bR, EEEEERE
DBRFICEEINS F/M i, 0.3~0.6 (g BOD+g 'Biomass-d™"] "CH 5 L Shh T\ 5 (L
FTFEHS, 1978, BEFEBIRE T BODBEX IO%L LB L2545, BODRBE
ErW%ERETDE, 1S H»DOBREBOD t24HREE D (AS/X,=0.9XF/M) it
0.27~0.54 (g BOD « g 'biomass « d™') Th 5, cDELHELTARBO AS/X ti3ZL L
PEG, 22T, (1) AxERTILEA BLRD,

%'—:a—kd (m) 2y

EREESEHRE LR PR L IZBE, £ doiiikEhedZdindhat, T qg OEIRE—
ERELTVS, ZOBE, HRBERAX/ASIL, AS/X OB TS, (2)RCLbE AS/
X 2Vp3 i & AX/AS b 2 flidimd, Thbb, fIRCK-TE, X3 hbbhRESRE
BE L, LichisT AS/ XAV Todd, FHRRAERIVNS otk b S 215,

ik, ZITESHAREECRREESYCEETYC L ABROBEILOEL ST RS, K
Bk T, oYl L R Aeolosoma, Nematoda, Philodima Tr ¥ O Mg £ B »
BOTENE BT & B LS BIMB L, UL, hOESKER - E LD, ChbOEmE
WEFRFFEERCEERS Lt b0 tEEIAL, THLLBREEE RV 2
ML, BEPDYPEERS T2 A2 7 ) TRURABYONEREEC AR L EREI R
B EETFHL T3,

1

3.4 BODB:E#sis
T, HENKcRT S BODBEERYALcE 27 A%ER L, HFeks BOD nik
EEE, RUCThicEBYE5 2 5RFYHLIRTS,
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WTeH> BODBREEERX® 25 L€, MBEACEIT2EEXORAREIRDTEETHA,
TS TRETIREAOHADRBREYTET 5 BT L L - —EBE > 1, HA BOD 200
mg-1~!, 100mg-1-}, 50 mg*l™?, 25 mg*1"'OThENOEEAERRBICDH S & XTIAT o185
© 5% BOD 100 mg-1"' 0B AR 70RkT. REHO V- —BEXREA v —+ -BETE -
LTRETCRESR, V- —ARAY 0 & LGB LT7 e » F L, A BOD 25 mg+
MoBE(EFAREDHFLHELRRGEVGIEERR Y, A BODAEL kbR FRTHRA
OREFBRELIDE YR L. FHBYEEME, A BOD=200mg-1"!, 100 mg-1"!, 50 mg-
17, 25mg-l"'oFhEhewl, 94min, 104min, 111 min, 100 min T#H -7, HENREEY 8
MT5DHBEXRE DL 5 L, THEE+TE2EAWELY 10 BEETICEAET 7 v Tl
Lt (Kong, %,1979 ; Soyupak, 1979), — 2O EL2E S LTE 30 cm Pc;lﬁﬁ‘?"éo R
SR LHLRT 280K, THIAHERNCHEET 2R EREL L, LE, RULETHE
HoKOTHZS LY, THEEOKOTRIFELLV-LRELL, LiE THLRELhOSE n &
(n=1~100) Kk} 5EBHEOIER Y RITRT,

dCin

Via dt z(cl.n-l_cl.n) . Ql“(cl.n_cz.n) * Q2,n_R1.u . (3-n)
V;,nd$ = (C],n — Q,n) . Qz,n - Ri.n (4’“)

06 / Influent BOD

100 mg/il

[+ 22 ¢

O  Measured response

— Calculated response
02 P

Dimensionless concentration (-]

1 L L
50 00 150 200
Time [min.]

M 7 % v——NaCOBREOERELR T » 7IGE | i A BOD=100
mg * [T1DKER)

Fig. 7 Step response of the stream (Tracer | NaCl, influeut BOD=100 mg « 1-")




KBBERC L s £ ER RO AR

Vi, Vi.n Vi100
Q:, o™ C:: = Ci===Ci a1~ c:'“ =Ci.p=e=---~C1 g9 o Cioee
Q2 Qa1 Q2.» Qa.n Q2100 Q2100
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Fig. 8 Diagrammatic model for the stream

re
re
I}

Vio - LIEEE (D

Voo - THEAERE (1)

Q@ WMAXE (O+h™)
Qe | HHE, THEDOZHEKE (1-h ')
C.' THEEWERE, C.=C HMASHWEEE (g-17)
Cn © THEERWHERE, (g+17°)

R (h)

Rio @ L5 IGHEE (g h™)
Ry D THEC BT RUEEE (g h')

e FA0BNIL, MBACETS BODBEBEYELNT 22 F AR TAZ Endb, L
fehioT, (Bn), n) XFOFEHHEBE(C., G ¥ BOD (5, S») &T5, 26
BODB:E 1 EECET2T (R =0), THATTLh? LER L, BODERX#EEL, BODEB
Bl 1 REGIR s LRET 2 LRAMNE LR B,

Ron=k*x0° S0t Vz.n (Bn)
ot

%W nBADTHACKT 2EDRRE (gSS« 170
ElandoRGEEEE (1-¢g'SS-h1) Th a5,

(3‘“), (4_11), ita) C],m cz,n& Sl.n, &,n’cﬁg ﬂ‘ﬁ_, D R[,n: 0 &’. L, é F)R’-(S—“);‘;& (4‘“)
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RICRAT 2 ERENB SRS,

Vit = (S0 =80 * Q= (Sin=San) * Qe (6

Vel 0= (80— 8,) « Qi * S+ Ko -

=21,
anxn * Vz,n
ERRE 1 dS,,/di=0, d5,./di=0THE LB

(Sl.n—l_sl,n) . Ql_(Sl.n_Sz.n) . Qz.n: 0 (S_U)
(Sl,n—SZ.n) * Chn— ke Sz.n * Xu=0 (Gn)

So, @, Xa(n=1~1000%RAL, Saln=1~100%KDD X HBETBREGIE, Qo k
RODRESD D, ARETI L vy —HBROBERLD Q.2 RD, BTk,
(3n), UnRPOZFEWERESY v ——-BEF LI, b —XEEHATELL L
fedd, Ri=R=0%4%4, LErioT (3n), (4 ARKDILIIEFEINS,

dC;

Vi at =(Cinr—Cr) » @ —(Cu— (Co) * Qo (10-n)
%.n%ﬂ = (Cl,n - cz.n) . Qz,n (11‘“)

ThbORIHA L V- —BE(G), QHMRAL, <3 4—2LLT Vi Vip @.0fE%
B2bk, TOBBKEBLRL, i, I TREERE (Runge Kutta-Gill 35) #Rviz, 26
©, STESRL v —FBROALRDORERI—BTHL K Vi, Vi RO Q¥ RELR, (B
7T OFEMER), TORE, Via Vin Qi X,OBIKELTRO L 3BT R 1,

Vin={1.8X 167 (X,)"* (12-m)
Von=0.09 « X, (13-
th,n=—0.97 X,+0.81 (14-n)

(12, 13-, Q4n) X¥ Q0-n), Q1-n) RERALTHELEBERYE 7 wRT,
M7 RTEBYARETFAREREYREBRT LI LHTEL, 20X, Vi, Vin Gn
P X, OB E T 5T T Ll ARBHORBIRBACMEL T2 EBRERR e (PBIA
TWBIERRLTWD,

(8-n), (9-n) A&, Qn o XRUAF A2 -k %RATBZLicL b BODERE
=FALOEMMLRS,
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S'l-n = QL S].n—l (15—11)

(@+gathe)

B 9 (a)~(dic & < WA BOD 200 mgelt, 100 mg+1"!, 50 mg-1"', 25mg-l"'iZis¢}5 BOD(Et
BiE L ENE LR TEELOBFEY T, HA BOD 200 mgel", 100 mg-l"!, 50 mg-1"'0#&
SRR & 2 — 3 5 ER RSB bR AT A BOD 25 mg-l-lim s\ TiY, MEKD BOD
PR TE o, WA BOD 2350 mgel™!, 100 mg* 1 D454, KIGHEETH koM@, Al
KECKE hEEYRESTV(EIBR), LicdioT, HEEFEO BODBREBRzE-TI12, &
HOEWBE~OBE) (Q) ¥ EERGHXHE - T 530 LHEEZh B, A BOD 200 mg-1-1,
100 mge1~', 50 mgel""®s\ - TAE KO BOD & Il C X k OfEE £0.1, 0.5, 1.0(1-g7'SS.
h') ThH%, 2DLH5ICHABODAMEL fs5i3d, EOMENAKE L E-RFEHE LT, £WE
OEMOERNE L LIS, Tihixh, WABODARWRY, BHALEWEOEIEH Pk
EEZDHENTEDL, XREBECBSTLIRTOFTHABOD BB s b I v ELTHE
Fi2, BOD RUAMERTHS, A BOD A 200 mg-l-!, 100mg-lI"!, 50 mg*1"'D 5%, 24
PERI AT GIEYFRT E 100 mge1t, 200 mg-1!, 50mg-1"'tHbH, koKEVIEYRETE, 50
mgel~', 100 mgel~*, 200mg-1"'Ch %, LiasT, kDEOERYEWEBOLTHBT S
LaTE¥, BOD BENES HABEOYA AT (ST LD EELBRD,

o ainfluent BOD 25mg/l
20+ O Megsured response
—— Calculated response
- 15 F 0 k=0.
&
£
0 F o
[=]
a o
5
Q
Q
0 ) . ° ° 9
o 10 20 3_0

Distance from the inlel [mJ

B 9 WTre#s BODOEC—: HEME O FKHE #HA BOD=25(a),
50(b}, 100(c), 200(d)mg «1-")

Fig. 9 BOQD in the stream (—— . calculated value, O observed values, influent
BOD=25(a), 50(b), 100(c), 200(d) mg+1"»
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Evaluation of Policy Instruments for Preventive Measures of

Eutrophication of Lake Kasumigaura

mo# E B - B s

Shingo TAI and Katsumi SHINOZAKI

Abstract

The annual mean COD concentration in Lake Kasumigaura reaches about 10mg/1
because of eutrophication. In this paper, the COD concentration in Lake Kasumiga-
ura (Nishiura and Kitaura) at 1990 is predicted using Trend Analysis for 3 cases (a,
b,c) of policy instruments for prevention of eutrophication.

As a result of the analysis, the COD concentrations in Nishiura are a=9.6mg/1,b=
7.7mg/1 and ¢=5.9mg/1 and in Kitaura a=6.lmg/,b=6.0mg/l and c=>5.4mg/1.

The case c is assumed that the sewer systems have been completely in the
watershed of Lake kasumigaura. It is estimated to have a very great difficulty,
because this case is a difficult financial problem. Positive preventive method must be

| taken to decrease the poliutants loads of the domestic sewage and the wastewater of
i pig raising and carp cluture in Lake Kasumigaura.

1. Bz
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THPHRA N2 0.94 A/m® L TEMWOM 30 i EL T 0SB, WS, MBWcovTRE
Ve

IO By BRERELLLTVLEEYELTRY, COD 3RERE (3 mg/ILT) &
AT 10 mg/l Bl &7~ Tvh, TREXNLT, TREREUD &+ 5B RBMAE
HOERBUBECB IR - T B THEN, Bbl~A L5 CRBEEECADHGH
L, ¥RBEARACT, ZhbfEedch{ g8 5 ERTEO X 5w FAEEBYT X
BT s eI Ry T, Lnb o TRERROER, WMATOEREML L H - TERE
fEaztR & LTHETL T 5,

TR TR EE LA L TOBAIENARIE L "WIREAHE&A" L 1981 FiiffmiL
P HIRRE r MO ERBAOB BT 550 (Vb Ay BEM" LItk oTRIDLES
7t COD(BOD) & & & i=%H, UV vOPKEEYEDHL L L) vENOEMREE, BIEKE
fe, HEsAROBWELE, FEMBKOMELEOTEIRENLEHLED TV 5,

B rl~HATLHFBANABACTOEOER, WE~ORFLLOEERATI LODEES
LEYAEGEELRSA, TR EOEFITNEZELCOLOTH S, ¥ TH » BT
BT ERARRYHARNINCERL, ToaMREXIEETS L & LE - ligf, ThE
#efi T & o AN BIER R & 5 BRI SR Y B L, Thbb, Blcmlicl)
CEIRESCRR (1980 4) HPHARE L HEATR L2 oH)IIFloRERLRD, hi
TR (1990 ) DHHAREL LR CREAMRE R RD I, 3hic, ZoA)ih oo
BANECHEEM:BRCISAMBYNL T 197305 1981 5% TD 9 HEOHE » B~OH
ABTTR -FAKRE (COD) & oBMFEAL 1990 FOMAKEELTRL 1,

2. RRHHARFE

FBARNRERIEFREACEEBHEA L Y OREFELYEE T2 5 SREH L Bt
LT AREROHETERVENAL ) ¥ oBRATR LT bh D, B BRET
BELANYBALTE »BAMATLANLERL SOBEEB M~ AT ATOEREZEE
FrR2iwm L, TWIRETI2 1980 F il | SRR CE » ~NEBRKATS COD, T-N, T-P
OHEAREYRELE 20 5 HERYETV3Y, ThIE » BNEYERES 1 km*04 »va
CAEL, FrabBRXRAPHARYEIMBMCEH LcboThDd, B HikRE D
EHHANED 5 COD i, £EHAS62% Y&, ROTHEHAS15.5%E-T05, T
N oW TRHEBREHSEED 41%% &%, EFBHEAE 0% E LHHT5, Ehic T-P Til4E
EHK & ERAMOEENAEL TR ER SN L 29% L > TV 3,

3. REARAARE
By ~OMAATRED > A %E L TOREATRI— B IHHARECRER X F
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By BOBERB B MRS T

#* 1 BrifichrbsdkilE (RERAZHILAN, BV THRRESE »
HOERFBILOMIEBEST 5 461 » 68

Table 1 Effluent standards in the watershed of Lake Kasumigaura (extracted from
the ordinances of Ibaraki prefecture)

# ox B i FCHETH meg/D) 2 (A FHmg/D)

(m/d) BOD COD S8 T-N T-P BOD COD S5 TN T-P
20- 50 FiE - - - w2 - - - 5 1
B RS 50-500 k# 10 10 15 15 1.5 20 20 30 20 3
500 Lk 10 10 15 10 1 20 20 30 15 2
20-50 #E  O- - - 20 2 - - - 3 3
SRUEAEE S0-500 GRE# 0 10 10 15 15 1 0 20 W W0 2
500 Lk 100 10 15 100 05 20 20 3 15 1
20- 50 *# - - - 121 - - - 15 1.5
rofh o HE% 50-500 =@ 10 10 15 0 0.5 20 20 30 12 1.2
50 BLLE 10 10 15 8 05 20 2 30 10 1
7.5-20 kEE 120 120 150 - - 1200 120 150 - -
20-50 K 120 120 150 25 3 120 120 150 50 5
# E R X 50-500 ## 10 10 20 15 2 0 20 40 4 5
500 LLE 10 10 20 10 1 20 20 40 30 3
20- 50 & - - - w1 - - - 1
TFREBRFKMBRES 50-100,000 k# 10 10 15 20 1 20 20 30 20 1
100,000 LA 10 10 15 15 05 2 20 30 15 0.5
. 20- 50 kiE - - -1 - - - 20 2
LR&E®E S 50 Lk 100 10 15 10 1 20 20 30 2 2
20- 50 FHE - - - 15 2 - - - 20 4
LR R 50 LLE W 1 15 15 20 220 30 2 4
20- 50 k# - - -0 3 - - - 30 4
FOfoEER 50-500 % 10 10 15 15 2 20 20 30 25 4
500 LLE 10 16 15 10 1 20 20 30 20 3
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Fig. 1 Schematic frame work for Trend Analysis
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Schematic figure of the pollutant migration pathways
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£ 2 1980 FiT it S B ARRY (BT | kg/d)

Table 2 Daily load of pollutants into rivers from their hasins(1980)

o cob T-N T-P
FHFIE)| 3,619 1,382 157
NEF)I| 2,003 1,432 171
B 172 78 9
B 63 46 5
B AR 1,244 814 93
g 443 255 52
TER I 522 353 48
RV 432 166 28
BN 3,303 2,066 215
#® ) 650 233 36

it A - A 611 386 125
e 74 71 18
—n ¥ 407 206 22
T AR 573 618 140
E-Z NI 225 164 19
)l 2,032 1,065 126
WE) 646 242 64
ik 1,267 792 89
$E I 154 95 8
R 287 159 19
ERARSR 358 208 32

it =s1s 19.085 10,831 1,49
&I 53 36 3
& 146 84 6
KA 55 38 6
tha | 155 95 7

=[5 - oz 111 132 95 7
| 935 664 60
)l 663 380 32
a3l 22 16
o 104 48
R 942 573 78

Jew &5t 3,257 2.029 206

& 5t 22,342 12,860 1,702

LTk B 2 EAThAEA, By MIRCEXD 50 MoOF)IMS D, 205 4 MRS
EOEAET (BOD 2 mg/ILIT) AleZhTuwb, LHl, ZhAbLOEBOF)ITTeikE
RRRDOLATWIL, ZZT0FID S BALR 3N L5 kBEOEMBEROTHRATVSE
B 217 & ABRRBC OV TRBATNOKE LTJIIRB L LHEATELRD, Frzo
MEARRCHEEBHREMLHERYRDHE L L LT,
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Fig. 3 Schematic representation of the basins of rivers in the watershed of Lake
Kasumigaura

FPMATNOKECHHA, KRRCR 28 AICoWTER 1, KEOEMENEA>T
VB, FOBBF — & ~FlE LTHRID 1972 £ 5 1981 4 % TORER(L CERHME) % F 4
s Lz, .

L DEFHRECTNIRE LR U TRRARR LR 5L TH 5, KERISOIE IR
KO UBEHRBOS I L ZDLOTH D, CORBCRHFRBREARED —HLMFRL
TwhWI ERED, Tihebd, BREBORENERKEO M) nEESL D, Lrbint
FOWEATRAIKET LV LHVHATE Y, FEANE (L) LR (Q) oMl L=0@"0
BIERALH B LV ibh TV B, BN 22 Lo 4 o\ CRE TR T A T B Ve I
WD 3R D AR A AT RO COD T 59~142%, T-N T16~45%, T-P T25~89%ic:% 1%
ERWELIRTHEE DI, BB EDLRIER, L EEOZORKE LTCOD Ta=5
~20, n=0.7~1.4, T-N Ta=2~6.4, n=0.86~1.2, T-P €a=0.18~0.62, n=
0.64~1.1 DEEBTVE, BREOBCH - TABELELTED, - CREMBEBONE %
ARV TAE LAV DL LTRAKRA LR L 5 &) oFEEH KB HEBRENS
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coD
T=N T-P
(mg/1)[ . (mg/1)
1] o -Hi.0
CcoD
sk -440.5
T-N T
i T—P
] 0

l97z ‘975 1978 198
B 4 ®BIIOFEFEHKE

Fig. 4 Annual mean concentrations of COD, T-N and T-P in the Sakura River

RbFFNREYRE L CHEATRYRDD L L L,
ﬂMﬁEKObTu~%®ﬁMm5beM§hfbéﬁﬁﬁf—ﬂuébb@%:Tﬁﬂﬁn
DRIz 1972 FiT IV L8 » AT | OBRFFHE G - 8 » HNEAOKSBRITYE 055
BRAKEKERBE I OBRET — & Lhb,

AR Q0°m?/y) =FEmf: (mm/y) X it R < FIBEE (km?)

EX» TR YR, RICHBARRER 4 CBREAE S CHIKREY TR U, vk, B
MR OREFORAMOBEY Ay 2o, TLMB&RO eI & BRI TN R
EREX TORBEDOLFHARR L -T2 7 A5 —HHxfiv, 570 - 75EL, 0
A—FORMBRKOFHEY S 210, F3 Tk () RARULERBHERSFORHE (FiaE) ©
BB, 77 A —FHHERAGRE XAV RELEC L, KE CABEYST), W, K-
WMEBEUOME®RO 4 EXERI L, HSE?2 FAF —SIRCILBF VIS /I AL A~ED5 7
A= FEBEBT AT R CBRRBE LR L.

OISR LTEy H~MATHHRATRD Y W) EEL TOMBAMRAYRDE 6 10T
Ltz '

2o, BEBRCHANYEREBOLER CHEM COD133.8kg/t, T-N53.4kg/t, T
-P11.8kg/t™&ELTHEL, BEIISARMEEEROA VTV 2BFKE COD1.28 mg/l,
T-N0.604 mg/l, T-P0.027mg/19+% 4 OFWE L»HKD, F6OTJI1LOWMEAMEL
BhyTHETCRLL,
HTOGHEVKAANE TH S 1974 FLBOTERHOTMA AR > B o SR> AN
B2A240 COD T13%, T-N12%, T-P40% L AKX iEl&2 5D Teh, 2L T-Prow
TRAND B OTEATR L ABEOARE Lo >T b, BEMICH S KAANED L » ik
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* 3 ) BIHEHS R
Table 3 Runoff coefficient

o) Hid FRE
FHRIN 064
/NEFIN 0.24
I .03
AL BB A (0.53)
Ha 0.52
TEZ )N 112
N 11
Bl 0.23
o 1.1

it A ] 0.52
it 1.02
—O#| 0.50
M AR IR €0.53)
AN 0.52
Nl 0.44
IEN 1.1
B 0.46
2 3l 0.47
N 0.48
AEARI®E  0.4D
Al 1.02
eI 0.95
Ll 0.96
KA (0.51
L 0.48

P B 0.96

’ 8 M 0.43
sEH 0.49
FE 0.95
il 1.05
LRI 0.99

() rsezHE

= 4 FEBEAESS (B mm)
Table 4 Annual precipitation {1972-1981)

ERF 1972 1973 1974 1975 1976 1977 1978 1979 1980 1581

#OE 1225 1185 1390 1501 1524 1386 1067 1419 1256 1160

ETFE 1269 1222 1504 1356 1676 1526 1505  — —~ 1153
$ W 1373 1314 1388 1402 - - — 1480 1218 1147
+ § 1141 1063 1252 1245 1413 1127 868 1176 1187 1080
IFEE 1500 1202 — 1337 — — 1009 1316 1190 1265
B & 1454 1220 1435 1529 1438 1379 1100 1593 — 1262
& BF 1208 1108 1288 1196 1595 1304 773 1275 1251 1187
E & 1477 1119 1151 1348 1501 1300 971 1395 — 1380
W 1418 1211 1348 1363 1604 1170 917 1255 1230 1177
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*#= 5 FENTNNE (HA7  105m3/y)

Table 5 Annual flows of rivers into Lake Kasumigaura

o 1972 1973 1974 1975 1976 1977 1978 1979 1980 1981
BN 138.4 118.2 131.6 133.0 156.6 114.2 89.5 122.5 120.0 114.9
B 51.2 45,4 48.7 479 60.3 49.3 33.7 490 46.2  46.3
B 230 19.8 19.7 205 244 200 154 201 182 194
T 11.3 9.0 100 1.1 11.3 10.3 80 11.5 9.4 10.2
0T DI A5 93.6 78.0 8.9 92,7 104.2 8.8 65.8 910 849 87.9
% 4)I! 18.3 1.2 174 17.1 215 176 120 17.5 16,5 16.6
FE=ZN 50.7 46.5 54.1 50.2 67.0 54.8 32.5 53.6 52.5 -49.9
w i 9.1 8.5 100 100 11.3 9.0 6.9 9.4 9.5 8.6
BN 89.0  82.9 97.7 97.1 110.2 879 677 91.7 92.6 B4.2
it || 10.7 100 11.8 11,7 13.3  10.6 82 11,1 11.2 1.2
g5 N 124 11.6 13.6 13.6 15.4 12.3 95 12.8 129 11.8
JIRN 10.0 9.4 11.0 11.0 12.4 9.9 7.6 10.3 10.4 9.5
— O] 18.3 153 168 18.2 204 17.¢ 129 180 166 17.2
THABKRES 237 19.7  21.8 235 264 220 167 233 215 © 22.3
#EAJ 15.7 13.1 14.4 156 17.5 4.6 11.0 " 154 14.2 14.8
RN 117.8  114.0 133.7 144.4 146.6 133.3 102.6 136.5 120.8 111.6
W 186 180 21.1 228 232 21,1 162 2.6 19.1 17.6
=Rl 45,9 443 532 52,6 58.9 53.6 47.3 52,2 462 426
fm)l 1.2 108 132 119 147 134 132 130 W7 101
BEN 206 17.6 19.9 20,3 23.8 21.2 186 209 183 19.0
AT 805.1 721.3 819.9 B840.6 956.7 793.3 606.2 817.6 765.8 739.3
KE 2.2 109 121 126 124 11.9 9.5 13.2 10.5 10.4
O 222 19.9 222 230 226 21,7 17.3 241 191 189
FNEEIN| 4.2 3.8 4.2 4.4 4.3 1.1 3.3 4.6 3.7 3.6
e 13.3 12,7 135 13.6 4.6 12.6 9.4 144 11.8 11.1
dei Bl 26.2 25,1 26.8 287 24.8 185 28.3 23.3 219
B 69.7 67.0 7.3 728 8.5 80.6 795 78.1 64.3 60.7
&I 42.3 405 42.8 43.2 46.2 400 299 456 375 353
KEM 4.9 4.7 5.0 5.0 5.4 4.7 3.5 5.3 4.4 4.1
o 5.8 4.9 5.7 6.1 5.8 5.5 4.4 6.4 4.9 5.0
AL R i 134.2  120.2 134.0 139.1 136.5 130.9 104.4 1459 115.6 114.4
L& 355.0  309.7 342.3 346.6 365.0 336.8 279.7 365.0 295.1 2854
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Cluster diagram of rivers in the watershed of Lake Kasumigaura based on 4

variables

6

Table 6

FINFRATER (B t/y)

Annual load of pollutants from rivers into Lake Kasumigaura {1972-1981)

" B

1972 1973 1974 1875 1376 1977 1978 1379 1980 1981

it

COD
T-N
T-P

7635.7 8201.3 7051.3 5958.5 7037.5 6196.1 4945.3 6476.5 5495.6 538330
1592.5 1738.4 2478.0 2233.1 2669.6 2066.1 1760.5 2589.5 2735.7 2290.9
85.4 69.3 138.2 342.7 136.1 79.7 51.5 89.2 176.7 183.8

el E

CoD
T-N
T-P

2019.2 1866.5 2106.9 2330.9 2684.6 2048.4 1645.0 2584.5 1906.9 1537.0
7.7 308.9 728.7 632.3 7719 7251 541.6 778.0 849.7 686.0
10.0 12.2 28.1 48.6 25.2 19.7 12.3 30.5 46.9 42.5
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8 HoBRBLFIENFT2WT

Table 7 Annual load of pollutants into Lake Kasumigaura (1972-1981)

WA AfoHE 1972 1973 1974 1975 1976 1977

1978 1979 1980 1981

FINFEAT 7635.7 8201.3 7951.3 5958.5 T037.5 6196.1
F M A M 207.1 327.6 803.7 974.9 985.3 907.8
W M A fF 280.7 234.0 257.8 278.1 312.4 260.3

& it 8123.5 8762.9 9012.8 7211.5 8335.2 7364.2

COoD

4945.3 6476.5 5495.6 5383.0
1113.5 945.6 833.6 B853.6
197.3 275.8 254.5 263.8
6256.1 7697.9 6603.7 6500.4

AN AT 1592.5 1738.4 2478.0 2233.1 2669.6 2066.1
# M A 7 827 130.8 3208 380.1 393.2 362.3
B WA 1325 1104 121.6 131.2 147.4 122.8

& P 1807.7 1979.6 2920.4 2753.4 3210.2 2551.2

@ T-N

1760.5 2589.5 2735.7 2290.9
444.4  377.4 340.7 340.7
93.1 130.1 120.1 1245
2298.0 3097.0 3196.5 2756.1

WIEAR  85.4 693 138.2 342.7 136.1 797 515 89.2 176.7 183.8

rp BM A 183 289 709 860 B86.0 9.1 982 834 753 753
B A 59 49 54 59 66 55 42 58 54 56

& Bt 100.6 103.1 214.5 434.6 229.6 165.3 153.9 178.4 257.4 264.7

I FEESAS 2019.2 1866.5 2106.8 2330.9 2684.6 2048.4 1645.0 2584.5 1906.9 1537.0
cop H A M 95 246 1857 1493 1337 1839 1559 104.9 107.9 107.9
MW oA M 562 503 56.1 582 57.1 548 43.7 6.0 48.4 47.9

#  2084.9 1941.4 2348.6 2538.4 2875.4 2287.1 1844.6 2750.4 2063.2 1692.8
FUNWEAS 3177 308.9 729.7 632.3 771.9 725.1 541.6 778.0 849.7 686.0

o Ty EROAE 38 98 741 596 5.4 734 622 419 431 431
MW oA B 2.5 237 265 2715 269 258 206 288 22.8 226

& # 348.0 342.4 830.3 719.4 852.2 824.3 624.4 8487 915.6 751.7
ANWEAR 100 122 281 48.6 25.2 19.7 123 30.5 46.9 42.5
cp A AW 08 22 164 132 118 162 138 93 95 9.5
W AM 12 11 12 12 1.2 12 08 13 1.0 10

& i 120 155 457 63.0 282 371 275 411 57.4 53.9

BB LA T ORI EYBECLBOSI L ERRLT WD,

4, FRHFHATR

TAERM, AORBEOUR L\ - B R THHK, BEHKOBE K & D
FEBILEREIFL SN BEOE » HAHEOE L TFAT Ao, T8 BRED
FBRoBEARNBYEET LEAD S, BEOFROE Y HIMEETH B4, B r MAFick
S By HEREREEATE" YOHEBEERNI90FETHLI L0, JO&FKRT
OHMBYRL-ELH-T, 2o Th 190 FEoHRBAMGRYBEE TS EL L

Tihbh, 19FE0SHARERFRSERLAE L3I,

(a), 8B B&ASOFBARMMNEI L EhT, TREOREHBOLNS L SINIHE,
(b) : £EBHANE » BEFAOBEREXZF, &) vHERAOHERAIEIESh, FLTHRK &
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# 8 DN EOCHEHANREN Y SsTO7 L —a (( )idBkKE, BT

mg/1)

Table 8 Conditions for the estimation of pollutants load into rivers from their
basins (1990)

X 2 (a) (b) (©)
RRrcHEB LSS SERER LB HEAREL B
ERE 81.1% ®EE 81.1% BEE 81.1%
COD 10 COD 10 COP 10
LA T AE (T—Nm ) (T—Nw ) (T—Nm )
F T—P 1.0 T—P 0.5 T-P 0.5
& IR TR BER 64.2% HER 64.2% BEE 91.6%
£ & BRE 18.4% BRE 18.4% a&ag?ﬁﬁﬁwﬁ@
COD15 COD 15 D15
= HEBARTHH (T—Nm ) (T—Nm ) (T—Nw )
T—P 1.0 T—P 1.0 T-P 1.0
" COD 30 COD 30 COD 20
L | a0 B T—N 30 T-—H20 T-N15
4 T-P 5 T-P 4 T-P 2
* i
i COD 90 COD 90
M BB (T—N 156 ) (T—N156 ) —
T—P 4.3 T—P 14.3
k& 1801/ A8 B R 1801/ A48
COD 175 COD 175 _
L S (T—NZ?) (T—NZ?)
T—P 5.3 T—P 3.4
CODRLE COD 20
LR 4B & & T-N 9 T—N 20 —
T—P 1,9 T—-P 1.9
T % B % BEI) UBOARE | 10ELALARE 1980 4 L FIU AR
FK 433,400 B _
B E B 0K W 54300 B 1980 4 & RIEAR 1980 4 L MEH
BRAEPER T, 187 b v HEAER 5,000 b BB ER 5,000 F v
% W B K Conm&wyhj Conm&wyu) GODw&uyrj.
T-N 534 T-N 42.2 T~N 42.2
T—P 11.8 T—P 11.8 T—P 11.8

EHAZSOHEATNEAEED VTl S hi & LB,
@)CUﬂ@ﬁ%@ﬁmﬁa&ﬁﬁﬁOE%ﬁm%?&fﬁﬁTmﬁ,%EQ%TKE(%%

TAE oA B AR T L LIRS
D3 - AT THEEL, AU 190 F0RAATR, MAKEDOTFRE IO Iy —ADw

THRE L1,
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4.1 A%FHEK

TR Lo 1980 I s b AL 2,558,007 ATHD, £D 55 687,300 ANVE » TR
ARTHS, EHERTHI90FORBAOE 20T AY . L0 5 BE » MK A Q% 1,013,500
AVEFRLCCS, _

SFEHFAROTFHETAGE, LREB(GEEHE, B), 2 RUMEKOBAB TR h
Teb, F O 1990 Ficdsit A8 » IR A 0 2 TSR Lo E 5w U TR Ui,

TARBEEHERE TAKE BLHETRKERCEBARTKED 35 S5, BEIE1980 F)
COBREITNETh29.1%, 7.2%, 3.0%THA, 1990 Fiisltd TAESE RRAFIFEEOSHE?
CEIEFERB T KGE 64.2%, SR T KGE 81.1%, BHAFTKE 18.4%THh, Bril
FREE TR REDERR 10.3% % 51 2% CmHB L bhhaTw 3,

L RE b A 0 2ER 10% T 5 & LTFAEIFET B I - TFRERBEROER{E A
I AR #ZATRE D& LT,

TAREASERL L LIBED 1990 F0 FAREKENEEAD (A)=1980 F£OHL
MADx11®

THREREADEEAD (Bl=-[(A)Xx0.1
THREPERLIBEOTKERFEAEEAT [Cl = ((A] - (B x (1 —FKEH
E%)

d > TR, ik, AR LERORFIBAEOMELA 1,

AR ADBARLLTRKEAD LB BALDYELTV- AL THD, BEKEAEK
MAT BB IEBANC AEY ADeimzicbDTths,

IDI S LTRDLERZIOHUEFRHIADICE 8 wiR LckE & KERE 2T U TAEHK
5D COD, T-N, T-PHEARE YR 10 wRLI,

4.2 IHHk

B WA KB BRI Ao B T4 - BEERH 3,151 2T H 54, Z05 KK
BAEREEACHKEEOFRAYTFL240L3MOPEITH 5, 1980 F 0 TERNSHE A
10,049.5 (B CH 5 1990 Fi12i2 16,425.2 P & AEE b Hh TV 50, CoRATROEMNC
PIL THRHAMBE LB 23D & L, 7k, 190 FE0HHAMET(bIRU(CIDHRLH
CA-Ba i IR0 EOSHANBE TRz bh TV B D E LI,

4.3 BEHK
B BRIEATRBERSBRATHY, 1980 E 0B 339,841 HTH H 44 31,693 BHEH
EhTvb, TIRE T 1990 FikiF 28 » RN OH B AN 433,400 H2 FHEL TS,



BHRE - R ED

*= 9 1990FEDEHHAREEHIIC S > TD 7 v — A (( ) 3BEKKE, 867 | mg/

Table 9 Conditions for the estimation of pollutants load into rivers from their
basins (1990)

. Bl -3
o B B FkE pr w5 MM & ow
FFHR NI 120300 76000 3950 770 3180 40350 43530
/NEF N 109200 72100 3840 1220 2620 33260 35880
I 8200 1500 1340 730 610 5360 5470
BF 2100 400 80 0 80 1620 1700
b NS 3 37800 7600 2060 1290 770 28140 28910
PEEE)I 21100 17100 490 300 190 3510 3700
TESE ) 75300 55200 780 280 500 19320 19820
R A 20000 17000 350 180 170 3550 3720
Bl 150200 41000 18320 3110 15210 90880 106090
;o 45400 36800 770 B0 690 7830 8520
oM OE M 27400 22200 470 170 300 4730 5030
R 1600 800 70 0 70 730 800
— D) 12200 9900 480 70 410 1820 2230
i A BRI 20200 15500 1160 370 730 3600 4330
EZ N 9200 7500 360 210 150 1340 1490
78| 74000 34800 5660 2750 2910 - 33540 36450
LLUFEN] 32100 26000 1620 200 1420 4480 5900
B 39400 17700 2660 870 1790 19040 20830
= gl 5800 1500 2400 890 1510 1900 3410
Bl 9300 2800 2630 980 1650 3870 5520
ERABRER 10800 4400 590 440 150 5810 5960
PERSEE 832500 467800 50020 14910 35110 J14680 349790
FEag@) 2100 400 100 1] 100 1600 1700
B O 3000 600 150 0 150 2250 2400
AEFNN 1100 100 140 0 140 860 1000
s 4200 100 1000 100 900 3100 4000
© N 4200 0 1000 100 900 3200 4100
| 36500 9200 10560 9520 1040 16740 17780
S 1) 20900 5000 5430 2450 2980 10470 13450
KE 400 0 240 100 140 160 300
W 3900 700 900 330 470 2300 2870
AL IIRE T8 37000 3500 2740 930 1810 30360 32170
AL e 113300 20000 22260 13530 8730 71040 79770
1950 Eic kA AR R R LT 1980 EOMTEKBO LT GRS Lz, s, (b)),

(D — AT 1980 FELRBER TtHxAL 0L LI,
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F 10 1990 F BT AEHL AR (A A5 ke/d Tofbg/d)

Table 10 Daily estimated load of pollutants into rivers from their basins (1990}

pon H OH AEHK TBHK SESK BaSHA LRamg LENRE 44

HA

COD 13964688 1261748 3746200 498400 230540 1664900  20918.90

(@ T—N 3418509 638906 1414000 4328500 642393 320800 11034.1

T—F 580708 440345 172800 468000 12329 25700  1699.8

COD 13964688 782900 2496700 49400 129776 1664900  19088.5

#® M ()  T-—N 3394618 374800 938500 4328500 129776 320800  9486.9
T-P 390555 269100 64300 468000 12329 25700 1229.8

COD 1627705 782900 2496700 49400 1664500  6621.4

¢ T-—N 1773705 374800 938500 4328500 320800  7736.4

TP 182745 269100 64300 468000 25700 1009.9

COD 3136223 45199 1601600 4800 4787.8

(a) T—-N 1016688 18522 555300 1045900 2636.4

T—-P 154011 12481 41200 17200 2847

COD 3136223 27500 1142700 4800 4311.1

i ® ® T-—N 967522 11300 389600 1045900 2414.4
T—F 106210 7700 15400 77200 206.5

cop 363912 27500 1142700 4800 15638.9

() T-—N 463691 11300 389600 1045900 1910.4

TP 42078 7700 15400 77200 142.4

4.4 BRHEHK

FHRO T 1975 50 b WO ERICE RN 0.7% %, HH-RT 4 %6, T 28%MBEv-51
H, ARESEEZSCHEEYRLTVEH, ST 1990 E0 TR 1980 L EH S
e E L, BHARELRRELEMLEVLO L LTHEELR,

45 EHHaER :

EFHAARUDETEE ¢ BIRED 1990 Feks BB H AT EY(a), (b), (c)D3Ir—
AEOWTRDE WWRLE, F20 IR0 FCRTHBHATMB LB TS L r -2 (a)wid,
B OPN I CEHRE VT 1980 FoBREANHR L Y bWML TV WM E R L T2
FAMRE LTV, T ToMIER TRk THENL Tvw3, LaL, ()
Dy = ATHELTIRE, 2AET1990 E0HAHE, B LLEA LTS, Ei, Wl
TOBBHHAMBY A5 L (A)CHLEB &S 1980 FE L H LALLM L T 505 (b)Td
LEAL(e)TRBBLT5, Bz COD(c)a sy — AT 1980 FEDB AT RO 1/3 ¥
WALT3, ZhITFREE LS EEHROBEHRTRA 1980 F0 12% EEL<HAL T2
ZEick B,
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— At Ti(a)D y — AT RKEFEA R b2 TH B IC s\ T 1980 sk B AT E Y A %
kBT3B, Linl, (b)), (cHEBEREAL, (c)Dyr —ATIETRER L - TAHEFHBEK
O AR ENEA T 5705 COD 2 1980 0 1/2 LUFRET L%, 72 T-N i1 1980 0
W% D FATHDLTH S,

ZOLHCHHANED 5 LAEBREKCI 240X EREEY LD TE D, TOXRIEY
HOBRBB L, BEIFILCKLZENTERV-ZEdbh5, L, E8DOX 5 TKAE,
URBALHE & ik D T-N, T-P 2 COD~TE <, EVELUIEIMERIVNE, 1990
FiRirs COD o HARBICL~T T-N, TP ofiAREAFRE A LT, |
CRETMEYTINT A2 a VETS R EDOHRPRLETHE L Z L ERL TV S,

5. {FRMAAGE

1990 W BT HE r WAOWAATED 5 L)L ORMERTPETE 2 © 1980 FikiT 28
HETE L EE6 DR { 1980 EMEATR L s L fERAYRD, - OWEE L 1990 Fe kit s
BHEARBE L LEE LR,

WMERILZ 725 -Gl - THHLLIBFIROBEULI A~ED 5 74— 7o T
BHEIWTRLL, 3K, ZORERYACTEELLMIASoEATNE EBERICLLA
M RURERE L AEB b 1990 Fi kit oA GWE) 2EM LAt LwatT(a), (b)),
(CID 3 r— ARDVWTHE 12 RIS

ok, EBRBCL>AMIERBRVOHE (METE ¥ L TW5EMEER 5000t #HREE
HTHH 4,400t, 600t & LE 8 DFEHREL B CTEHE LI, $12(b), (C)Dr—-ATi,
T-N 2B ORBCARRERM Y 42.2kg/t L Lz, By ECRT8 0 L 2R 53 1965
bl bR, FORRMO—RETE D 1978 4 7 CREDCHAGIRTH D, 1980 4

# 11 F—FHER (AMTROEM t/y)

Table 11 Ratio of pollutants load into Lake Kasumigaura from rivers to pollutants
load into rivers from their basing

e COD T—N T—P

T B W Owm OB . B oH owm & . B O W oE
AfR AmE TOEF  ame ggg AT ama app AEX

AzZa—7 1321.0 1068.0 0.81 504.5 216.0 0.43 57.5 14.4 0.25

Bra—7 1306 105.8 (.81 75.8 94 0.65 11.5 . 4.2 0.37

Cra—7 2345.5 1884.3 0.80 1520.7 1260.3 0.83 176.2 56.4 0.32
Dsr—7 2106.8 1420.7 0.67 1245.1 737.2 0.59 139.4 33.9 0.24
Ernr—-7 11684 1139.3 0.98 566.1 535.9 0.95 11.8 60.8 0.54
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B r BORBIEF IR IC DL T

# O DDNFCETHE H~OWAAME (B t/y)
Table 12 Annual estimated load of pollutants into Lake Kasumigaura (1990)

COD T—N T—P
{a) (b) {e) (a} (b) ©) (a} {b) ()
WMFEAM 5938.0 54259 1899.4 2619.5 2246.9 18345 203.1 145.8 122.3
rmiE Tk 226.2 226.2  226.2 4525 339.4 3394 226 11,3 11.3
wmEW O# M R T 853.6 588.7 588.7 340.7 185.7 185.7 75.3 519 519
B @ f f 2545 2545 2545 120.1 120.1 120.1 5.4 5.4 5.4
WO & Bt 7272.3 6495.3 2968.8 3532.8 2892.1 2479.7 306.4 214.4 190.9

ENmEAR 1325.9 1194.4 4326 730.0 668.5 534.3 30.6 224 15.3

A% H

g % M A T 1079 8.3 8.3 431 253 253 9.5 7.1 7.1
B W A T 48B4 484 484 228 228 228 1.0 1.0 1.0
d ™ A& F 1482.2 1323.1 561.3 T795.9 716.6 582.4 411 305 23.4

DFEFHOLERIL6,380t, LT 807t TH B,

¥, 1990FOBRRCEIRABNERR 70 180 ECARELEREL & L,

F 1245 COD OMABMTEIT 1980 FItb~T(CHD Yy —ATCKRLBALTB 2 L bbb,
%o LaL, T-N, T-Pik(a), (b), (C)DIFEEALTHD0(C)IDr —AThH 1972 4, 1973
FOMARTREE THEAL O EHTL TV 5,

6. BErAOXKETH
BEXRELCLAWMBRORAAMRCT2EAAEO TR, £<OBEEE, V) ViBE, K&,
BHETS2ER L LBEEOEME 7 L7 S X D, B, B L - kB
EFALEHRLGRALERBELD Y I ab—va VEFARL > TiHbha2, oo clifEicg
ERUVREORAAT R & HPUKEOBFRR R0 o e & » TREROMAA TR T 5 HH
REEZTWTE vy VHRIC L o,

HoOKERA & LTRBEXEHECH L COD* & -1ody, HPD COD il )il & o @ L T
AT o (BEM, BHEI &S0 COD & T-N, T-Pic s 2REHEM-a%F+5 COD &

PER 2TV 3, Lich-T, I CiEEgssko COD % CODi & LEEHFR D COD % CODp
LT,

T-COD=COD +COD

X 5 THIND COD (T-COD) #Ffi+5z L& LT,
¥, CODMBEHRROKEENEED 5 LEMC OV TIRBILD, e wTRERIDE



B3 HE - RO

EED COD O BEM (CODmin) &, ¥OBEO7 e r7 4 A g (chl-g) 25
CODi=COD min—(chl-2) X0.01

WX o TRDI, Fi CODEEFE T-COD &5 COD i ELFIEE LT,

SO LS L CRHHE, o CODi& COD k% 13 iR L1, FREETHIUE Hil
e e b Bk s b SEEEBED CODCOD ) DA AAR <, Fi5 mg/l §igk, Juii
4 mg/l§igLicoTvb.  HACOD LHRAANE L OBFKSL-T CODtitAT S COD
ARTEI, COD AT S T-N, T-POAMRBCL2 & LT T-N2HIRAFELLZHGLT
-P AHIRAT L s BEOHEB 2 TROERA B,

i .
CODi=0.00031 X (COD H A AR +2.53
COD (T-N #IR)=0.0003x (T-N i AARE) +1.26(T-N=2,562 t/y)
COD ,(T-N 4B =0.0033% (T-N A& &) —6.42(T-N>2,564 t/y)
COD (T-P 418> =0.0135 x (T-P A AR &) +0.21
Jbi
COD=0.00073x (COD i ABTT &) +2.38
COD (F-N 4I) =0.00003 x (T-N WA AT &) +2.69
COD ,(T-P #lfR)=0.0097 x (T-P it AAFIE)+2.23

2HIE, ZThboRiE 120 1990 FinkAHAARREXRA LT, 1990 FOHPMKECOD)
ERdE 1R LY, T-NHRE T PHROBED COD 2 FET 5 LEMIL(a)Dy —AT
9.6mg/l, (b)Ory —2T7 7mg/l, (¢)DFr—AT50mg/l Ligh, ok, F U IR
HTFARE»LORIEAEY & A =2 a v LEBEEO COD bRLIicAmEadokA L LTt E
HEEREGF i L 5 Th D, Fio, dEHEow-Ti(a)6. 1 mg/l, (b)6.0mg/l, {¢)
5.4mg/l TH HEHibKOBRIEZcER T iDL,

# 13 CODi& CODy

Table 13 Annual mean concentrations of COD; and CODj in Lake Kasumigaura
(19731981

B B 1973 1974 1975 1976 1977 1978 1979 1980 1981

con, 59 55 4.0 2.7 63 4.7 62 43 4.2
cop, 2.0 1.0 3.0 39 05 6.0 5.0 4.5 3.6

COD, 4.9 3.8 43 49 34 63 45 3.0 3.8
cob, 29 18 33 11 25 25 40 41 2.0
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By MOBEXEB L Er-o-T

# 14 HoHoRKKEATH (COD) (B mg/ D

Table 14 Annual mean concentration of COD in Lake Kasumigaura at 1990

® oA T—N#IR T PR

(@) 10.02 9.13

& o () 7.66 7.65
(c) 5.46 6.24
(@) 8.45 8.75

[i] i

{diversion) (b} 6.50 7.42
(c) 5,29 6.02
(a} 6.17 6.07

it W ® 6.05 5.87

(<) 5.50 5.25

7. i&®

TRROTE, BEEHETOE LT 1090 F0E » HOKER(2), TREBEDX, (b),
TAHERER, B @EFC L SHEFRCTIEEK HBEHK BEERCIANEOBRERE,
(¢), (bwhx THESKOTE B (A5 LEETKE D=>00E v
v FHERTFPRIL,

TR, BT TR TRKEOEEASSTE S s hicES TN ) hEMLBRS L, &K
BOBFTV-2 1990 COD 6 mg/l ¥FWT A5 L@3BBLhl Lt Bbhb, ¥,
Wi EL CEFERLL T Y OB LENELBEADRECTHILZLRLBAATHEN, B
TR TR > COD (CODY) 25 mg/lRTE s B0, LTOHIRLERETHL I LIMEMTE 2,
20T kg COD ARED 5 b 629% % EiEHK A, & IMEHIKA 15, 5% % HdTu5
ZENPBLYHALITH S, FAEBMOEMCEFEIK, BESKL EO/NRECHBACHEE
L5 BEANED SIS E A BIREE D COD DR EDTA X RERYH> T 5,

EhiL, MAATBRD I L T-POAHED 0% XHEBMCH > BHLLD TV EVIERY
ficn, ZOFMNGAE L AMPBANRALETSH S, ¥, I TRLARD>EHBEROY
HLHLMAETHLEND B,

— 93 —



BHHE « R EC

D
2)
k)]

4)
5)
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10)
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12)
13)

3l A X ®

BISBAR = v v s v F (1982) I FEANNEHENERERSE.
HIRE (1972~1981) © AFHREDKEMERER.

BEEE 198D | B WA oREATREENE oM. EAFHEFNHRRE, F21

5, 130D,
HESE (1981 | 8« #ioAiy. B AERRETHRsE, & 205, 103-119.
KERFLHE (1972~1981) | KER IS AH.

AMEE (198D EHCKT I EFBARER KERAKERKERRSHERE F185,

162-169.

EAEE 51979  MERBROAMROREE L AR RIRRAKEKERRGHEERS, #1675,

45-63.
e (1981) | B - MEMAETRAESSE, (EX M.

B (1982) | 58 » THE S bih Ik A AR .

I (1980) @ & 2 kR KB AR AR R,

HHBRKEEES (1981 8 » HOKEEOHRCDWT (hlE®),
PR LA (1978) | O TKE.

TR (1977) | SR AR F THE.
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Economic Evaluation of Eutrophication Effects on Municipal
Water Supply

TEET - Py’ - baE - nEER
Kiyvoko HAGIHARA l, Osami NAKASUGI :

Yoshifusa KITABATAKE * and Masaaki NAITO

Abstract

Eutrophication effects on municipal water supply are constdered from the view-
point of both supply side and demand side.

On the supply side the benefits of water quality improvement are measured by
means of so-called cost saving approach. The annual data from 1973 to 1981 obtained
from three municipal water supply plants which withdraw water from Lake Biwa and
employ the water treatment of rapid sand treatment system. The cost function is
statistically estimated in terms of the data on cost of chemical additives and water
quality. Then a benefit is calculated in terms of cost saving, which naturally under-
estimates the true benefits of water quality improvement,

On the demand side the decrease of the averting behavior of consumers are
considered to be one indicator of the benefits of water quality improvement. So,
survey questionaires are undertaken in two comparative regions ; one region consists
of the city of Tsuchiura and the town of Ami and the other region consists of the city
of Ohts. The consumers in the first region receive the municipal water from Kasumi-
gaura municipal water supply plant which withdraw water from Lake Kasumigaura
and the consumers of the second region receive the municipal water from Yanagasaki
and Zeze municipal water supply plants which withdraw water from Lake Biwa.

The survey results show that 1) the ratio of people taking various forms of
averting behavior is higher in Tsuchiura and Ami than in Ohts and 2) the relationship

L BRRSS EE~EUAERRTEAMAER GLEAEEFEEHE T 141 HUHSNEAR4-2-16)
Reseach Collaborator of the National Institute for Environmental Studies.
Present Address : Faculty of Economics, Rissho University, Osaki, Shinagawa, Tokyo 141, Japan.
2. ESIAENAET BAsHT T 200 mHRREREmEe S 6% 2
System Analysis and Planning Division, the National Institute for Environmental Studies, Yatabe-
machi, Tsukuba, Ibaraki 305, Japan.
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betwéen water quality and averting behavior is judged to be significant in the first
region in terms of x? test. Therefore,if we may transform the data on averting
behavior into averting expenditure, we can calculate the benefits of the water quality
improvement on the demand side in terms of the changes in averting expenditure.

1. @RLsic

AKEREOFIRA L LT, KoFA (7= —0FfA), KBOFAH (A 7 0fIR), X0
A (A by 7 ORI, KIEOFIA, BUBEOFANEZLRS (PES, 1982), Wi L
OPASEMEREOFIH L LTit, ERBoA Ly 7DFIHTHL V2 V=~ av (Y, Kk, #-—
FE) DX S CEE, Ke#ELTHBATHE e -oFHTA L THEMK, SAHHAK BRE
B0 L5 CREREShOAEDHICHIHTHHE L SR T SBROF R THLEHORT
BLLTFRATAHE NELLNS, H1IHOFIAMBYRRLI-bDTH S,

B 1 #MoFiE/E

Fig. 1 Schematic view of utilization for a lake

BRI, ToOFOEHAKE L CoFfACHMKENCE/L (BEFREL »RETHELIEL
L3 LT540THE, BHAKKE~OKEELORFNEEOERILOTRIFH AL
(OECD, 1982), %*t:, ThboIKBEOBEALSBAEERM L RKENOKERBE OB
TE-TVEDHRT, KEBEOSRARKCRETEEYHRMIIR > Ty, £2C, K
BRI KEELOEHAKOFIHCRIETHEY G L EFENoRmE 2L HERT S, B, B
FELEEMYKELTARAKBRUERLERAE L Y KOS Z -5 L0 - AR
Bl L ABEHOERYHRCHBOERYIT S,
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HRBLOBHARAR CRETEHOBEO FE

2. SO
BHAKERE~OFRKRKEOBLOERIEI I 1 nHAfln kT, B2 THEIKEL K
PR$L, TABATOMB TR I LOTELR VYL ABETLILDORAABLEATS LV
THRTL 5, F2EFEMU (HEB) w1, #RIAKD I FIRFRAITEVFER <
PeSHOBBPTKERCEINTCI2NEC L AKERESR (17, BHABSE ~0EE, &Y
NABE~OHE L ol bOBEL LR,
H2Z22@nrbRFEBEAOKOEREYRL TV, M KB LTHKBSOBRBEKIKRD LS
wEIRD,

C=C(X, n, e A Q) (1)

fofil, X WK4EER, », , dt K oA EBROTBIE, QMo KEARL T2,
ITQREBRZR LoD KERE ERFOEETHTERINDETHL, (1)RI D aC/
oX BRREBRTH A,

BAK . Kk B K ==
B KB 8 "%%%"
B(KkHE, &8 - Bk AT, EEYA)

B 2 HFHAKGCRT G FE

Fig. 2 TFlow diagram of supply and demand for municipal water supply

FIES (1981) Tl ~tck d KEAKEESHOEE M & L T2, HXKARFAOEE, B
KUEOEE, BREECHELRRER-FAF - BOEIFE L bR, Z O CEILESX
OFEFEFKMEOEFE W TREHNE S Lo REETETH L,

—77, KEBEEYERETL EKY—EREET L DICLELRER- A ¥ -BOoBF{kicow
TREY - GHORBA» LOEEANETHS, TOBEE, (DDRD n, -, n0F{Lic &
LCOENYERT A Licle s,

BAaoBEER, EXKEOE L h BiTONE Y AT A CiiKEER 2 SFhicy i,
IVBVEAERDTHLABLDOTH D, ok, ERBOKELLEKT ZBET, BiXE
BHZERL hdhdis b, ,

BRABESAOEE B S5 BFRQEEHBHRQRESBHAEERAIELHS)
EvoeBEREBR TV, 208, QoW TRKECE{IzIatntELLRE, —H,
@2, BOERC L -TABENOA R VWEEABHACE LN BE EEAKED
BiLicl o TERAB TR EE b WS AE LB E 2 bh3BERD D,
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FAAEN BT 2 THBcRAShA1ER, BBV, Sy 7SERB Lk
5, X, HURFVEETHIRERAEL ThiothEi b, ¥, EBESCYY, 5
B HEE Y LT, ERESDERAGORRLELTHLEXRS D, 2D L 5 FEKK
BBz L v ABERECHES Y TOBRNENBENT S,

¥, BESOEMCH REFEELEANEELLCERL LISy, ZhbD
B8, ‘cost-saving 7 7= —% (Freeman, 1975) X o, KB Qb Q~tELTHE
EDEMOEIL

“aC

— 2

C = Q.anQ ) (2)
ELTERDHERS,

Libx, MHAKOFHA#BH»6R LD TH ot ko, BEM 2L L ETS,

BEEOGAE 2 2HEBOREENFMEE, AF, HESRHOBSYAVTThbh 5 (Free-
man, 1975 ; Feenberg & Mills, 1980 ££R) »5, - oHiigk & @R +5,

&, REMNHBEZEODHBE KA TEIhE D LTS,

U=UX @) 03

L, X EBMo<2 b0 (X =3, 2, %) THYH, KEBELSETLD, QIAKEK
DHCEGLERHE YR TKEERL T 5,
HEEOFHEEIFR T

ZP.'JCEZM

rEERD, L, M aFEchy, pdH nolBchs, T2, DEEAMLOWEREL
T, BH—EOWHAKE (U ¥l T LV i3HBOToER (S pa) ¥R TEZ L0E X
bitd, ZORNEEOEL LTk L 3 T HBEEAELNS,

EPQUI=M (1)

7L, PUEMHOME~L2 b A (P=p, - Pip e , n) THD,
(DXL A5 P U LT QoBRRATLERHES - VCRABAFTEME W 1&ko X 51k
I,

W =—08E/aQ =—E(P, @ U") (5>
Fhdx, QFQHhhL Q~EBLT 5 LAENHEZRCE 2 DBEHENRE R,

B—— © E(P Q UDdQ (6)
.
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& 2D (Freeman, 1979),

LaLiehib, THEEYTERMCRDOLZ LB Ly, T, RuethienToHBEEOR
FFLERMAHETH L4, kW PHRAYBR DT INSTA (KB T5E, flad
X TREIND) ¥EETH L LV BFXERBM(S)ADO W 2RDB)THILANTESLT
# 5 5 (Freeman, 1979), # ¢, ZWE-Cw, < oEETE (averting behavior) ¥R+ 5 =
EET B,

2hE, MBE~OEZLLT, BE~OBEYER Ltk biondl, ZofciLT
L, FECELHERER L NE EOFFHBROEHOLEM L ADEGY ED L 5 KFHET 50 L
Vo IEE R K X IeffE A B 5 (Feenberg and Mills, 1980 ; OECD, 1982 ; Freeman, 1975), L
Lichsh, AMRCHIoMERRbEZEETD,

3. SR ToRE

3.1 BRBoORRE (FEES, 1982)

&y HERBRLEOBRKBOPTE, BERBSHILVETLWME KR ET2&KED—
2EAIdNG, L LT, KFHLOBERE L CBEEOMMEMY S pH B0 LR X ABEE
BE~OEE, SBRUORLRUREROREENE L LRDL, ABEARX L LT, RRES
REEREFHETIREABAENR TR TV, COL G KERcEELRITTEE: LT,
BB A EEE BBy A IO Melosira, Synedra SBEED Closterium, RADERLK ST
VBT Oscillatoria, Microcystis, Phormidium OTFESZD BN T A,

FKETOERAKE Wy SRS, BRTSKE, BESKE) oK TER 26 E25 54 E£0H
CHNMEREDZ GRS b 03, BEE, EEA v, HBREE —HEER By B
v A HBABRSTH D, Bl (HATEH, S SHE) R ThRE, BE, EFEM4+v, B>
HYBNY v AEERE, BE, AKX ¥ ERBEERSCEMSALRE, —F, BELLT
B EDOBE T, Phormidium <2 Uroglena B E Tt - T b, B3RS HE BHEYER
LD Cthay, BRBFEHLIVEAERIEELL->T5, £I T, EERORA LGS
FEPLE I TECND, FiTilsr 1 BED Synedra 1% <4, HBRDELETFT XL, /i,
S, F8HED Closterium, Pediastrum, 7 /FED Phormidium PE{ch, EHEOEK
TeoHAREEYRI T, Byl TcRONS Microcystis (ThE b Bbhichotchs, S6FEHL b
2 TEN, ¥, Angbaena = L A RKOEOHEAR LN A,

4 LB 5 IR 8RS &)y B SRS RFEAKERE OAE 7 =« 2B - 1o TP K
BEERL TS, K4 LE5Lh, BAABRTEROREDAE I Ldbd D,

td, By HBXBO 1 BREAHBRKER, 0000 EFBHK)THS, i, T2 LT,
BRI ETANLMEIATTOAF -2 2FA LI, ABETOW» BEKE (1 ARIHEK
230000 m® (REE)), BEFEAGE (37500 m*/d (), EEM¥KE (7000 m/d (), BBH
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Fig. 3 Emission days of odor in Yanagasaki municipal water supply plant

55 7 HITBREIE) wowTit, BHA3ENL L EE COEF — 4 LB 49FEN 5 554F (Hl »
Bii564) FToOHT—FERHL L,

3.2 ERoERL

By WK, AHETOEBKE L SFEAKEOEB L 2 MUk S 0B B Tha TV by,
CREIL, B BRSO TR » HERFERC KT SHETIEO—R & U THKR AR ARE
PHEBRLTED, RESSRIEE J200m M) »5HKL T2,

B BRABOoABHRE, Kb~k 5 ChRERK 58 T 2 BRERREE 8K
RTHBOKN LT, My B - BIHSAE T, SE 504N & B RN Y 0F L -8R
BAHASAARNLUTLTAERT>T 5D, Z0L5K, BRAKBEOBAL T8 » HEK
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Fig. 4 Change of potassium permanganate Fig. 5 Change of turbidity

BTRAESBEHFRALMERL WD LT, B BEKBchk<TREAKED R (B
4 LE SRR L) KBHOBEKRSE, BELZEASAFTREHAL TGS, 25 LIEADA
Ml By HEAROBKBOAEHROBCEEAKEOBIC L5 bDLEXDhB, L
BLieih, REOBKS CIEBEAEYSEARL L HIfT-Tw5H 2 &b, IEAENR
~ADBARBEOERIC LD ENRTFRINBFEAKECENIC LB DEEX DR, T,
SEMBIIRROBBLE L THIRFINS L -FHC, KBETRESOME»SEERBRHAVEE
EhThVh, LdiaT, BrlBBKBLABROBKEONBHRDOE G AEKKEDE I
I540stHTAH b3 TtE b ote, 2O, B =i Aa¥ BT 285BI BE
DERBET -7,

FHAKEEORFLEAMBIIEE6 O MC, b5 i MC, TR a5, MCIIKEREIIORA
BAMRTH Y, MCUAHIERORARAMBTHS, £, HHEPCATIATVDE
HET D,

KEABEFTONERA Efh-=x4¥—8) 13, OBCX il hica c&dh, #HFRD
AR, OADX i@ cdidns, 0k, KERHCI B8 (2)R1),
ABCD THF h 235 (R 6 OAFHS), ThbbKEREN LYFHOERMOETERT
ENTED,
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Fig. 6 Marginal cost curve for municipal water supply plant

By BERBEOATFHEKKE L BEAER Y 0 BPHER-= 3+ F-EE¥E 1 TR TE
6, 1981, 7ok, RAKKEBEL CRA=vF B Y 7 aBBEYEALNLON, ERE(LOEE
D—2bLLTRVBEhE COD L@~ v Br ) v o BBV E#EYET LML THE, Tich
B, —#i, CODEBA~ v 7 BA Y 7 2ERED 14 LAKLGhA, £1 X0, EHRE
HHLBRHOEBIIES TN, EXBIASITE L RAEMCBANE LTV 2DH 55
HED, BRI KETRO » BEKBC W TEIEFRLL VFEFHER » ~ 5 ¥ 8%
RUTU B, 1 ER2 BT 5 LH - BkS L0 » BHKBOLKE D BRERAL
(30,000~35,000 m*)TH 5, FAKHEOERUABRAROEN B AERY -0 BRAOEL -
Tw23DEELbRD, ol HECAVAEBMLIKOEEY THD, ~<» 7 139.6 /1 B
@xyF:HHn@,ﬁi:n&ﬁng,%&ﬁ:%oﬁ&g'%ﬁ(?(%&9BD:N25H/
KWh, B% (B 1 16.21/kWhTHh b, +XTS6EMERTH S,

B r HEABI oW TR T -2 29 » AR EER O, T, XEHogKEBonT
FTHEL,

¥, FEHER =2 F -BHLERKEOBHREYRD LY, FRABERE LA -
oo T, =RAAF-BEFTCEINDLEE - HESLRERANE L ERRCTOPR TV 2 ET
Irk#FELIOHIL, Lich-C, BMAERYVETHESE, C, LEAXKEOBRAFRELHRS
LTI k%, QA=A VvE ) v 2aBBRECHD, hls, HECRAVWLF—s%
# 3R,

C=—0.455-+0.822 InQ _ ' 7
(—1.336) (4.066)
R?=0.610, F=16.520, n=30

fr2 L, Ao BEL -EThb, ni¥y v FALEHTHS,
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E3 1 By REXBORAKRE & B PHER=F1F -8

Table 1 Quality of raw water and average monthly cost of energy and
chemical additives at Kasumigaura municipal water supply plant

HE #vvrvEENY Y4

A HRE (ppm) RA (73/m)
7 13.4 13.8
8 19.1 18.0
9 19.2 12.5
10 17.9 8.4
11 16.5 *
12 15.2 ¥
1 13.0 10.8
2 11.7 11.2
3 13.5 12.4
* . F—&&KMN

# 2 Wy BEKBOFRKKALETHER - =2 A ¥ -BOFEFEL

Table 2 Annual change of quality of raw water and average annual cost of energy
and chemical additives at Yanagasaki municipal water supply plant

BH HvvivBgsvva

R MHE (ppm) B (F/mY
49 3.9 5.92
50 4.4 6.44
51 4.0 .76
52 4.5 5.57
53 5.4 5.59
5% 5.9 6.7%

(), AERREY—TBLLT(REY C/X=CQ)DBWTRDILDTHS, FAKED

" FEER (2.6 ppm~5.9 ppm) THEAMBIIMTH B, LROYUTRE I ALTHBRS ZV-O

3, B, BECR TR REVYERIBRADICERREASERAINEANE L->TET
WEL L LY, CORSYRev A YR Y AEBERALTLIHRCRBRLEV- M
ThHELLEZLNRD, IOREZ, EEOHECEEL, VW ERIEEDOFHEILIREE
Ry,

e, coORICLY, KEHOBKED BB~ 5 /B ) 7 AHBEORME, 2.0ppm
(M, 5444 A) 2V TEBYRDTHBE, 0.17F/mPliss, # - EHRASOER 54 4
EOEVHERL2.21 FI/m*ehrnb, EXHEAKEH MM 54 FED 5.9 ppm 25 2.0 ppm
~rHEIRDE, 2MA/MOBASRE D, W BB 1 BEAFRKE 30,000 m*T
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# 3 Fong & FKKE

Table 3 Cost of chemical additives and quality of raw water

wryy BERGAE M EGKE B KS
i HE Q C S C S C

43 2.6 31 3.5 0.77
44 2.9  0.37 3.5 4.2 0.66
45 3.4 042 3.3 4.3 0.88
46 55 0.48 4.4 5.5 0.94
47 36 050 4.8 54  0.92
48 4.6 0.54 4.4 064 45 0.8
49 3.7 064 39 092 4.2 0.9
50 3.4 072 44 102 49 095
51 e 0.7 40 0.89 43 00
92 3.8 08 45 09 49 1.07
53 36 0.7 54 101 55 1.02
54 4.8 09 59 221 59 0.9

HLBERMT, #2.200 FACBRASE D, KETHOBRS4 F0RKEMGRES, 1981
ZR) 155 A/mThHEmbH, 3.9ppm OKEHEIBRAKEMLH 4 %W L TS Z Lt s,

4. REMTORE

HBRE N LIGEAXFIRT A8 L b UL KBEARD T 5 T8 HEEOKEKOB T
LR PBBTAZLENTELTHAS, FIT, FHETR7 Vi — FREE L - THEED
EETEH YL LLBZ LA,

4.1 BEOBE
BHAKE~OEXRLOPEYTREOAN L LHLA LS LT 20 OBEECAN TS
Bo Thebb, EKOKEYBEEES LOBEERL TS, TOBHIE D BEHTH
LLTRERTWAD, ¥LT, BRELHRLAOBERCEBELT, KEEL - EOKAEEERHE:L
RERBICH U TAERSY SIS LAC E D L 5 nRBAR (BEOE D0 %57 »
TLWAREIIERNLETHLDTHS,

FRHB R AZ ST, 1) EXE, 2)EkodE, 3IDXKFAROEOfTEIKE, 4)8R (#S
*#), KBRS, S REZOEE, ThD,

mA SRS IELECE TREOFHBR L 7 V2 —va v BLT Tk &0 TED
AL T-Lhy TACET 2EM#EET vy - ofcitbhi, ZORERTLOR
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HRBLA MR ARSI R TR AR & o

HTEBINT, EERBEOTEET — 2 OBS7 — LB+ o/, BEXetvr+.v—.
VH—F v FEEELTITbRL,

(1) FAEOEH

Ci) MBS H2REET8 » HEKBORARENOLHT - WENTCER
BWEKE & T 500 - BEKS, BIIEKS, BHSKBOHKEKZAD RS

(i) #AEME  HepEoiFHOFT/HI s TERRPHIOA

(i) ®R¥E LM 24,594 H47, FTREDL 5,441 B4, KEWIC-D T3 64,500 8

(iv) EXREEUHBLE  SMSHRc > THEREMS OSSP L b, ERfut
1,000 (¥ < 450, AR 100, X#E : 450)

(v) &S SRREE

(vi) HERS  FEfIS8FE3A4H~3H12H

(2) EERR

7 v - FREREOBEDHEIRY (EUE) (2-H#TE 328 (72.9%), FIRET 68 (68.0%), A
B 327 (72.7%) TH 5, MEFZOHBHIBFER/IIV-Thof - TiSHB-ABROEHSE
HE L 60~T0% 2 LB T-54, WRITCRERQRIE (22.1%) DEV-OHET-T5, B
BEFEECOWTiL, BHETE b EBOBREERRRL, TER BTk L TINELE, %
¥ b LMW T63.7%, MREIA 64.4%, KEMA68.5%L7%s, EERKC >-TL, +
WTi283. 2% — A, FIRETT91.2%, KEMTRITAULYr—FRER TS, AL
B8 OLBKE, KA, #3) wBL T, WThohird 10~20 5 Aot 83 82 58 T
Wb, '

42 WERROEE

LW - FRE - ARHONSHE I EKBERBRCE DA, FFE 1w bk (BRX, K,
BB, BELIOK) e foTuihdfi~t, FL4RFORBEYRLTVS, ZOBEL
DARET T IEL B EAERERL TV 20 UC Ll el 5 2058, M RArcit 4%
B HPFROFAERER 2 EH TV,

L, EXKEOFIAEN EKOBEELTED I 5 RBEAML TW e A~ BREYES &%
GIRT, KBWIDW T, SEECOANFLLADIEREGERL TR, BHeLifLM R
KECEN TRV RE S S 2 ARE LT\ 5,

¥, KRVoOBEIRoWTE, MR, EERQIA%), ALtk (13.4%), »
HR, b 3R (FH410.5%) OME, MRETE EXRE (16.5%), HE R 10.1%) ©
ME, KETi, EER (26.4%), »U8 (16.3%), AL icEs (13.4%) DELL-T
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Table 4 Forms of water use in households

2ERE L@ mH LB

B

.k K E 204 29 n
5K E 22 4 11
# F oK 135 41 7
¥ o fh ¢ 1 0
bh bl 1 0 2

) SROFBAELD L0 TEHER
v AR E—B L

# 5 s\ F* 6 I
Table 5 Frequency of perception for Table 6 Frequency of perception for
odor in city water . turbidity in city water

+ T R g - + 1 G = - 4
FetFfe s 9 46 i1 3 FAR ST A0 RF 15 7 17
(22,50 (379 (10.9) (7.4) (2410 6.5
B o2 % 5 105 11 172 fctimdh oo 120 18 110
(31.5) 37.9 (55.3) (58.8) (62.12 (35. 4.)
e AETLV 44 7 92 Tt M = 63 4 179
21.6) (4.1 (29.6) (30,9 (13.8> (57.6)
() AoBFEE EREFEREEhOEE (96 () poREEIGEEREPoEE (00

W, ZIWIE r M CREL IRYRET S Oscillatoria, Closterium S8 HEBEHE ADRLD
XL, BEN TS CREYRET S Phormidium, Synedra 0B £ -0 LBAHEEDH D EE
Zhh5b,

T, KEFEI EJFCALHOTEH YT T b 30 eB~BRYETICRT, T,
K¥EEDIARIEX LT EDOMEDBEHAYE S CRT, BHTESEAES 1D V5 HH
DHEVDOHBI 2T B,

3T, B4V IHEMAMEARBERACA Y krbHFFARFERL TV 2 18 S, 2
T, BEQKEYTLLTWAHE, 2503/ ERLCV WS (FFEKLER) ©E7
D6 KEKUADKEME - TN BEEZ BT OVWT2 s AEHETI LEIDL ks, +
BTRAPKEREHOHT 46 BT ~T & XE M To LABOEIBEL fruTHEK
Aok R EALTCAEFEAIEEC RS LiTid, B> T 2%
BOHFAFERAEFI EAEOBEBCHEL AV THEARFRAL TV LD LAkE 55055
5, BHYRLDEXH-AREGEELARLEAB LS 2 ETHKEKTRIDSHPERYHERL
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Table 7a Various behaviers at the time of water utilization in Tsuchiura

> B ool
0ENE 5~6%F o 10FHES~6F co  Thhb
Wiz b2 b 2~3F 3 » 68 »5 2~34F
1.EiHRR CKEFELEh - Bicit 39 3 27 12 9 18 74
Lt { kel -3t Ts 1.9 4.5 G2 @Gn @@ (6.5 226
2EREEE L5 T A 20 12 20 6 8 15 78
6.1 3.7 (6.1 (1.8) (2.4 4.6) (23.8)
3IBEFLEFES 13 4 17 3 8 10 84
1.m Q.2 B.5 (0.92 {(2.4) 3.0 (25.6)
4.5 BEED 10 10 18 0 4 6 72
3.0 3.0 (5.5) 0.0 .z (1.8 (2.0
5.3 &3NT+—F KD 1 1 0 0 4 2 78
(0.3 (0.3 0.m 0.0 (1.2) (0.6) (23.8)
6 GHKUAOKEF TV B 37 7 6 0 1 4 48
(HPREREY & 2FFRELITEDL ) (11.3) 2.0 (1.8 0.0 0.3 (1.2) Q4.6)
7. % o4 0 3 2 0 1 3 18
0.m 0.9 (0.6 0.0 0 0 6.9
() AOBEFERe#Hho®E (%) (F7b, T T LA
% 7 b KABEEOTE (ME)
Table 7b  Various behaviors at the time of water utilization in Ami
V=2 0b fr 4 P
WWHEE 5~6%F 22 0FELE 5~6%F o =Y g

Bi 2 o ] A b 2~34F [0 B BT 2 b 2~34

1.8 PR KE L ot 6 5 6 3 1 3 19
LiEb (KRt s 8.8 (.4 @8 WL a5 «o Q1o
2AEKIFERGIHILTS 5 3 2 0 3 2 17
7.4 4.4 2.9 .00 «“.4) (@29 @50

3IBEILEES 2 2 1 2 2 2 15
2.9 (2.9 (1.5) 2.9 (2.9 2.9 Q.0

1.BRBEHES 2 2 3 0 1 1 14
(299 @9 o 00 a5 a5 (208

5. 8&FA7 4 —5—H{F5 0 0 1 0 0 0 16
0.0 (0.0 (1.5) 0.0 (0.0) 0.00 (23.5

6. KEKLA DK P HE- T B 9 6 0 0 0 0 8
FPAXES ErHPKEBITLH5) (13.2>  (8.8) (.00 (0.0 (0.00 (0.0 L8
7. oAt 1} 1] 1] 0 0 1] 3
0.0 0.0 0.0 woe 00 0 @
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Table 7c Various behaviors at the time of water utilization in Ohtsu

LA ¥ * _ Bt
10%LlFE 5~6%F &  W0%LE 5~6%F co = FhikL

Wis LR 5 2~3% B 2 bW A b 2~34
LEHRR R @bt - ik 85 32 27 7 8 12 106
LiEb (KRB L 2z LiET 5 26.00 @8 6.3 QD @4 G @248
2.ERREKERCLORTS 98 24 22 12 10 9 85
Gy 7.3 6. Gn G 28 2.0
JJEELEMS 55 10 13 15 7 7 112
(16.8) @D @0 @6 2D @D G4
4.BRB RS 5 0 3 2 0 1 179
(.5 00 0 @06 00 0.3 647
5.IATAY x— s kB 4 1 2 1 0 3 178
(1.2 0.3 @6 @3 0o 09 644
6. KBRS OKEE> T B 9 0 0 1 0 1 162
CHPREED L P REbRTERLS) 2.8 (00 @0 03 00 (@3 9.5
7. & DAl 20 2 0 0 0 79

(e o @6 00 0.0 OO 242

& 8 fTEIOEM

Table 8 Grounds for various behaviors

+r®H W R X &

1.F&E ERERENE 99 18 163
(22.1) (20.9 (36.5)

2. KA BGLLTHID 94 .14 52
(21.6) (16.3) (11.7)

3. Tt A ORBRBROLD 32 : 3 64
7.3 (3.5 4.3

W Yy i Ao 78 10 55
7.9 (11.6) (12.3)

5.%Dfh 31 7 16

7.12 8.1 3.6

Ty B S,

SR AR B Rp, BN DT AS SBARN L LTH e H PR B BA
i h OBRAABCEBTHA Y, KU TEHABOSVIHIHERBLES LI Lk,
KB DR OEEY B & (R 10), HFAERER (&9 BR) KTk E
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M b bEVIBRLE LT 5,
' WiIZ, CRCEFLLDTEHELFOBHICOWT /e AR LAoNRE N ThD, T8 HEL
331 SR EAROBENE B bRV DT, 77 —oBEEKYHEL TR -,
120103, FTRIL0.335, KEX0.094 Lird, 75 - DOEBEREMLL5L L, KBOLH
ke TR RS 3 B A B

FIT, R, HHHECSGOBEAYRD L LB E LV ERTEICOVT 2 v AMH AT
Vv, BA DT AR, BMEOHELONNHE 12107, ZoFRM1T, BBy
THETBHE s zHENDS O LT, LH TG EERERE V205 587,
XRTmevaém?ﬂiﬁvﬁ%&#ﬁ%%ﬁﬁ%ﬁ%ﬁﬁﬁwﬁﬁ:&ﬁbméoé?E\
ZORRYERLLLOTH B,

5. BBbnic

ARG S 2 5 BRBLOEFNE B oL THBR L FENOWRmH L ER YT -1,

HE AR L T, “costsaving” 7 e —Fr b, KEOEL (BAVIINE) LA
mtOMA (W) LLTEREAL, RAKEOEMC L 5ABAROEELRD bRl -
fer b kY, TABRACHARE - AL F - BOARED = Lk D, ERERCEHINE
oTwh, TR, FlLiE3.9ppm OREHFL2.04 /M OBBEMRL e 2 E2bb-
o

EEMBEL T, ERTHYRETLI DT v r— FRERXT 1. TOBE, BEHNC
HARTRKEOECE » BB KBORAKME THE LB LB T OTHAEETHD - E4G0-
foe .

el cOBHBRE L RD I L 2w, HERY—ELE LTS, LirL, 7V r—1+3
HLYKEKEFBTCELOEHAKEFERL W2 WHELRZTORA it h b, KE
OREGRERKOBEH LD EFLLNRD, Tk, EFTHRLMARTRIRTVH, =
O X5 E#ETEY L T TURKEOKEEET DR AMNARrNE LT 3,
Lo, SR EREAR R US> TER B EORFNEEYHET 2 - L2METHY, &
BoORBETHD,

R, APRTIA~DBBE~OEEN CKER (RERN) ~0B8C > TILEELL
Mol LBLARh, ABNOEEY L0 S5 EETANEVI ZEVRIAETMELL
THRIRTWS,

HOW
7= 2 OBER T NIEEROB S L CAEHMEC ko AT AEROS £, 2, B
BELHBNIT 2 >t olh « B kgL 2,
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Table 9 Behaviors and grounds for behaviors for households using well water

+ .
EAE R T EARBEFP A -
WHED LG5 5~ 64k oo 2~34 1090 ENAL 5~6Efinn II2~3F °
VW LDy VD Vo VD g Vo
KEAUADKEFE T D 20 8 2 15 0 1 46
T
1. BEEFREN S 7 6
2 ARERGL{TEISD 9 9
3. TR A DR o 1 0
4k 1 4
5. %0t 4 2
fof R
EAGERE - T AL LAk HERA 2
W0 LEEgis e 5~68gamb cC2~3%& 10FLEN,D 5~6Ffine TI2~3F
Ve Wwo gy Vo RN Vo D
HGEKLA DR TS 5 4 0 2 2 13
e
1.#8EETERE 2D 3 1
2 Ak RGL{TH®D 1 3
3. FHemAOBROLYD 0 0
4 BT 0 2
5.% mft 1 1
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Table 10 Beginning time of using a water purifier and grounds for using it

11 B £ e
105 LI E#iit & e 7 1 5
5~ 6 EAH S e 5 2 i)
o2~ 34 b 15 3 2
10ZELL B R 5 B 0 0 2
5~ 6EMM L 4 1 )
T2~ 34 * 4 0 1
HH
18 ERE 11 4 6
2. KER LT B 27 2 5
3. FEHSLHADBBO IS 4 1 4
B ETTD 20 4 6
5. Dft 1 2 ]

£ I s LT e OB

Table 11 Correlation between frequency of perception for odor and various beha-
viors and grounds for behaviors

+ i F R K e

A8 rurs B o« BEAE & o rono B o« BEAL o ow noneom o« BEAE & on

1 26 57 20 103 4 8 5 17 23 96 39 158
2 15 42 6 63 2 § 3 10 23 104 39 166
3 10 23 5 38 2 4 2 8 13 60 22 95
4 10 23 6 39 5 1 1 7 3 5 1 9
3 2 3 2 7 0 1 0 1 2 7 1 10
& 7 18 6 31 2 4 0 6 0 5 U 5
7 2 4 0 6 0 1 0 1 0 2 1 3
H/E 72 170 45 287 15 24 11 50 64 279 103 446
i it
1 16 40 13 69 2 2 4 8 17 93 31 141
2 14 37 12 63 3 4 1 8 3 7 43
3 5 11 3 19 1 2 0 3 9 28 15 92
4 25 38 3 66 5 3 0 8 12 31 6 49
5 2 9 4 15 2 1 3 6 3 6 6 15
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Table 12 Correlation between frequency of perception for odor and various behav-

iors
(1) EdstEEK (L) (5) iedvlAHELAOK (IR
wk O RORD B 4 BREALRL Lo T RURT B 4 BLAERL
EOAN 15 42 6 248 2 4 0
PRIAY & 31 63 38 iz 9 7 7
Cr=0.160 Cr=0234

(2 wmkwbEk R

(6) wHEVEIHL-RL (HR

sk TEY RORT B 4 BEAKRY MLt RORY B 4 BEAERL
230 2 5 3 2 4 8 5
(Y4 9 6 4 Ui 7 3 2
Cr=0.197 Cr=0.25
(3) rRE-EHTFL (WH) (7) ok GRE)
el P RURU B 4 BEASEL wx OV RURT B a4 BEALKG
i 2 1 2 EIN 23 104 39
PNRY 4 9 7 5 [T & 11 68 53
Cr=0.126 Cr=0.131

(4) k@S (FE)

(8) IduEBKE )

pam PV RURU B 4 BEASEL

e R purt B 4 BEAERG

[F A 5 1 1 2 3 2 1
PRI 3 6 10 6 ALY 31 167 91
Cr=0.277 Cr=0.123

FilEAOK

HL L

(@ame s (3
XaEm
B} 7 wkwiirg

- . (0.20=Cr
— 010 ECr<0.20
—  Cr=0.10

Fig. 7 Correlation between frequency of perception for odor and various behaviors
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Institutional aﬁd Economic Aspects of Control of Eutrophication

in Lake Kasumigaura

t & & B

Yoshifusa KITABATAKE '

Abstract

Lake environment is characterized by its multidimensional nature of water usages.
In this paper, first, the institutional framework for water usages in Lake Kasumigaura
is historically investigated, which puts legal or social constraints on the form of
individual water usage such as flood control, water intake 10r agricultural, municipal
and industrial water, fishery, land reclamation, aquaculture, and recreation. In the
process of investigation, economic backgrounds for the rise and fall of individual water
usage are explained.

Second, the effectiveness of current conservation measures such as emission
control, land use control, and anti-pollution investments are evaluated in terms of the
past achievements and the limitations of individual measure in conserving lake water
quality.

Third, past researches on eutrophication-caused damages on consumption and
production activities in Lake Kasumigaura are summarized for the case of aquaculture
and municipal water supply. Especially, based on the study on aquaculture, an insur-
ance scheme is introduced in the paper as a viable means to cope with the eutrophi-
cation-caused damage on cultured fish, which was once actually tried in Lake Kasumi-
gaura by a private insurance company.

Finally, the paper discusses that even though individual water usage is lawful and
agreeable with respect to the existing institutional framework, there are many evi-
dences concerning the deterioration of lake water quality, and summarizes future tasks

* REHL BRISSELA 17 18 BefThhicfile Ko RE L b BT 284 TR RENS
BN TRELLHNY, BREO 2V 12 b L BEMELL LD TH D HHREL LTHMz 2 v
FRHER LR E RS, AR BEE SIS, HERBER o mE ek @At
B KL, FRECHD HINT OB 5 1ZoWTOEFIEZECHL L LAEI> E LV,

1. ELERER BERITT 7305 HBERANEIG HEET/ NI 16 % 2
Systemns Analysis and Planning Division, the National Institute for Environmental Studies, Yatabe-
machi, Tsukuba, Ibaraki 305, Japan.
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Fig. 1 Development of surrounding regions of Lake Kasumigaura
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Table 1 History of interrelationships between Lake Kasumigaura and regional

society
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Table 2 Current state of implementation of Lake Kasumigaura reserveoir areas

development plan
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Fig. 5 General features of 1and use in reservoir areas of Lake Kasumgaura
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Preparation, analysis and certification of PEPPERBUSH standard reference material, (1980)
Comprehensive studies on the eutrophication of fresh-water areas — Lake current of Kasumigaura
(Nishiura) — 1978-1979. (1981}

Comprehensive studies on the eutrophication of fresh-water areas — Geomorphological-and hydrome-
teorological characteristics of Kasumigaura watershed as related to the lake environment — 1978-1979.
(1981)
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Comprehensive studies on the eutrophication of fresh-water areas — Variation of pollutant load by
influent rivers to Lake Kasumigaura — 1978-1979. (1981)

Comprehensive studies on the eutrophication of fresh-water areas — Structure of ecosystem and
standing crops in Lake Kasumigaura — 1978-1979. (1981}

Comprehensive studies on the eutrophication of fresh-water areas — Applicability of trophic state
indices for lakes — 1978-1979. (1981)

Comprehensive studies on the eutrophication of fresh-water areas — Quantitative analysis of eutrophi-
cation effects on main utilization of lake water resources — 1978-1979. (1981)

Comprehensive studies on the eutrophication of fresh-water areas — Growth characteristics of Blue-
Green Algae, Mycrocystis — 1978-1979, (1981)

Comprehensive studies on the eutrophication of fresh-water areas - Determination of argal growth
potential by algal assay procedure — 1978-1979. (1981)

Comprehensive studies on the eutrophication of fresh-water areas - Summary of researches — 1973-
1979. (1981)

Studies on effects of air pollutant mixtures on plants — Progress repot in 1979-1980. (1981}

Studies on chironomid midges of the Tama River. (1981)

Part 3. Species of the subfamily Orthocladiinae recorded at the summer survey and their distribution
in relation to the pollution with sewage waters.

Part 4. Chironomidae recorded at a winter survey.

Eutrophication and red tides in the coastal marine environment — Progress repott in 1979-1980.
(1982)

Studies on the biological effects. of single and combined exposure of air pollutants — Research report
in 1980. (1981)

Smog chamber studies on photochemical reactions of hydrocarbon-nitrogen oxides system — Progress
report in 1979 - Research on the photochemical secondary pollutants formation mechanism in the
environmental atmosphere (Part 1}. (1982)

Meteorological characteristics and atmospheric diffusion phenomena in the coastal region — Simulat-
fon of atmospheric motions and diffusion processes -- Progress report in 1980. (1982)

The development and evaluation of remote measurement methods for environmental pollution — Re-
search report in 1980. (1982) ' '

Comprehensive evaluation of environmental impacts of road and traffic. (1982)

Studies on the method for long term environmental monitoring — Progress report in 1980-1981.
(1982) .

Study on supporting technology for systems analysis of environmental policy — The evaluation Jabo-
ratory of Man-environment Systems. (1982)

Preparation, analysis and certification of POND SEDIMENT certified reference material. (1982)

The development and evaluation of remote measurerﬁent methods for environmental poliution —
Research report in 1981. (1983) .

Studies on the biological effects of single and combined exposure of air pollutants — Research report
in 1981. (1983) ‘

Statistical studies on methods of measurement and evaluation of chemical condition of soil. (1983)
Experimental studies on the physical properties of mud and the characteristics of mud transportation.
(1983) ' ‘

Studies on chironomid midges of the Tama River. (1983)
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Part 5. An observation on the distribution of Chironominae along the main stream in June, with des-
cription of 15 new species.

Part 6. Description of species of the subfamily Orthocladiinae recovered from the main stream in the
June survey.

Part 7. Additional species collected in winter from the main stream.

Smog chamber studies on photochemical reactions of hydrocarbon-nitrogen oxides system — Progress
report in 1979 — Research on the photochemical secondary pollutants formation mechanism in the
environmental atomosphere (Part 2). (1983)

Studies on the effect of organic wastes on the soil ecosystem — Outlines of special research project —
1978-1980. (1983)

Studies on the effect of organic wastes on the soil ecosystem — Research report in 1979-198(), Part I.
(1983} _ _

Studies on the effect of organic wastes on the soil ecosystem — Research report in 1979-1980, Part 2.
(1983)

Study on optimal allocation of water quality monitoring points. (1983)

The development and evaluation of remote measurement method for environmental pollution —
Research report in 1982. (1984)

Compzehensive studies on the eutrophication control of freshwaters — Estimation of input loading of
Lake Kasumigaura. — 1980-1982. (1984)

Comprehensive studies on the eutrophication control of freshwaters — The function of the ecosystem
and the importance of sediment in national cycle in Lake Kasumigaura. — 1980-1982. (1984)
Comprehensive studies on the eutrophication control of freshwaters — Enclosure experiments for
restoration of highly eutrophic shallow Lake Kasumigaura. — 1980-1982. (1984)

Comprehensive studies on the eutrophication cantrol of freshwaters — Seasonal changes of the bio-
mass of fish and crustacia in Lake Kasumigaura and its relation to the eutrophication. — 1980-1982.
{1984)

Comprehensive studies on the eutrophication control of freshwaters — Modeling the eutrophication of
Lake Kasumigaura. — 1980-1982, (1984) .
Comprehensive studies on the eutrophication control of freshwaters - Measures for eutrophication
contiol. — 1980-1982. (1984)

Comprehensive studies on the eutrophication control of freshwaters — Eutrophication in Lake Yunoko.
— 1980-1982. (1984)

Comprehensive studies on the eutrophication control of freshwaters — Summary of researches. —
1980-1982. (1984)

Studies on the method for long term environmenta! monitoring — Qutlines of special research project
in 1980-1982. (1984)

Studies on photochemical reactions of hydrocarbon-nitrogen-sulfgr oxides system — Photochemical
ozone formation studied by the evacuable smog chamber — Atomospheric photooxidation mecha-
nisms of selected organic compounds — Research report in 1980- 1982, Part 1. (1984)

Studies on photochemical reactions of hydrocarbon-nitrogen-sulfer oxides system - Formation
mechanisms of photochemical aerozol — Research report in 1980-1982, Part 2, (1934)

Studies on photochemical reactions of hydrocarbon-nitrogen-sulfer oxides system — Research on the
photochemical secondary pollutants formation mechanism in the environmental atmosphere
(Part 1} — Research report in 1980-1982, Part 3. (1984}
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No.62* Effects of toxic sibstances on aquatic ecosystems — Progress report in 1980-1983. (19584)

No.63* Eutrophication and red tides in the coastal marine environment — Progress report in 1981. (1984)

No.64* Studies on effects of air pollutant mixtures on plants — Final report in 1979-1981. (1984)

No.65 Studies on effects of air pollutant mixtures on plants — Part 1, (1984)

No.66 Studies on effects of air pollutant mixtures on plants — Part 2. (1984)

No.67* Studies on unfavourable effects on human body regarding to several toxic materials in the environ-
ment, using epidemiological and analytical techniques — Project research report in 1979-1981. (1984)

No.68* Studies on the environmental effects of the application of sewage sludge to soil — Research report in
1981-1983. (1984)

No.69* Fundamental studies on the eutrophication of Lake Chuzenji — Basic research report. (1984)

No,70 Studies on chironomid midges in lakes of the Nikko National Park — Part 1. Ecological studies on
chiropomids in lakes of the Nikko National Park. - Part II. Taxonomical and morphological studies on
the chironomid species collected from lakes in the Nikko National Park. (1984)

No.71* Analysis on distributions of remnant snowpack and snow patch vegetation by remote sensing. (1984)

* in japanese
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