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Abstract

In this report included are the following research topics, namely evaluation of the wastewater
treatment technologies, evaluation method of waterside amenity, and application of wastewater
treatment system utilizing self-purification ability.

A biological water purification system with use of wind energy as a source of the power running
biodisk was developed. The experimental equipment was composed of a wind-driven generator plant
with a propeller (1.8m of a revolution diameter) and a experimental scale rotating biological contactor
with supply of the electric power converted from wind energy, and is located in the site of Kasumigaura
Water Research Station of NIES on the lakeside of Lake Kasumigaura. It was proved that the wind
energy is effective as a power source of the small scale treatment plant.

The effects of recirculation ratio on the performance of anaerobic-aerobic biofilm process for
domestic sewage treatment was examined. It was found that nitrification efficiency and BOD, COD, TOC
removal were independent upon the recirculation ratio and that nitrogen removal was highest in four
times recirculation ratio.

The effects of addition of anaercbic conditions in aeration tank on water quality and sludge
property were examined. Results obtained were that high organic substances removal with high
phosphorus uptake to activated sludge was attained in case of high BOD/P ratio and that the growth of
filamentous microorganisms causing bulking could be controlled remarkably.

To develop an evaluation method of waterside amenity, two practical experiments were undertaken.
At the first experiment, superior waterscapes of opposite side were examined by using slides. The
people's impression showed great interest in the distance of 3-4km. At the onsite evaluation experiment,
the impression of respondents on the physical features were asked and simultaneously the physical
quantities of site were measured. The impression provided the structure of psychological evaluation of
pleasant waterside and the effective physical factor of pleasant waterside.

The present state and some problems of the existing centralized wastewater treatment system and
the characteristics of alternative treatment systems such as small distributed system, individual onsite
facilities, and natural treatment process were reviewd. In selecting the most appropriate wastewater
facility from the various technologies available for rural or suburban unsewered communities, three
major ruling factors were extracted. We proposed a research framework of systems approach to plan
and design the optimal alternative wastewater treatment system considering the above mentioned
factors.

Computer modeling and model use which facilitate the exploration, analysis, and synathesis of

alternative wastewater treatment plans and design. Mathematical models found in the literature were



reviwed and classified into 3 categories. An example of optimization model, a regional solid waste
disposal system were developed using the dynamic programming technique.
An comprehensive data-base which supports the watershed management was developed. Using this

data-base system, an example of statistical analysis of major lake basin in Japan was demonstrated.
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Biological Water Purification System Using of

Wind Energy as Source of Power
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Abstract

It is the purpose of this paper to develop the biological water purification system using
of the wind energy as a source of the power running biodisk. The experimental equipment
is composed of a wind-driven generator plant {(200W of maximum electric power at 10m/s
of wind velocity) with a propeller (1.8m of a revolution diameter) and a experimental
scale rotating biclogical contactor using of the electric power converted from wind energy,
and established in the site of Kasumigaura Water Research Station of NIES on the iakeside
of Lake Kasuigaura.

The average wind velocity of a year was 3.9m/s. The average electric power of a year
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Tsukuba, Ibaraki 305, Japan.
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which was converted from the wind energy was 0.54kWh/d. The 1 m%/d of polluted water
is purified by the water or wastewater treatment plant using the wind energy. It was
proved that the wind energy is available as a power source of the small scale treatment
plant of polluted water, at the mountainous region or seaboard where the strong wind is
blowing throughout a year.
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Fig. 1

energy as the source of power

Schematic diagram of biological water purification system using of the wind

* 1 BAOEBEEOMLHK
Table 1 Specifications of wind-driven generator plant
Ta~xs oy 4 7 27— ¥
~F [ MEZE% 1.8 m
# " * &
o] dr A A 270—900 rpm
RE®R ¥ 1 7 LT 4 48
iKW 14A
BRAEIE 15V
TL—=% & A 7 O RAY BT
B, % 3 B 3—10 m/s
FURL BEERLOMEE * FREEL D m/s
R# 20 kWh
*5.3 m/s T26 kWh
*6.3 m/s T30 kWh
JBE L BB & DR * 3 m/s TOA
* 10 m/s THA
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Photo 1 Wind-driven generator plant




BALRNF - FH L AKEEE R T o

2.3 F-ARERE

BAREZEOE AR - BURE R 3, 7HoSRSstcEgses Ll bicF—s oy —
WCIRER L, 100RBTHEE LCa#E, BE7F—8%Fv— MIHFERD L0 27, 7
FOA=OF v — MIUIEN AN F—, BEEH, o 7)) —0OF - BEESH, HHEENL
THIESER LI L, F—4uf—0F+r— rO—BI%R2 KT L1,

FAGE 48%
FRRENA TVPPUDIR G FaIRg DT PMIal el DATE 1985 9 11 kexews Q11
AT E2ET S Iy R S X HEXEXFEE N T KEEEAREN
* ES * *
2t hu 2% L 2naq AR ] DUTATTT L R L 7 b]
IULF" — L Froa FTua? Fralal Frolan
(J.5.T) {M/5) (WH) (WH) iv) (H) {WH) (WH?»
Qo 10 ENE 5.6 17.9 4.9 i2.1 1.3 0,2 .8
Q0320 EME 5.2 14,3 3.4 12,0 L) 1.0 L)
00: 30 ENE 5.3 15.2 4.4 12.% 1.2 Q.b x.8
Q0 40 ENE 4.9 12,0 RPN 11,7 0.3 1.1 3.7
Q050 ENE= 4.7 10,4 1.2 12,2 0.4 1.5 1.6
01:00 ENE q4. & 10,0 1.0 12.2 1.0 [ 0,0

H 2 F—%u¥-—-oExIEH

Fig. 2 Digital informations written in the records

2.4 EEAREER

BARBENND & > TEET BHKMBRHRE LT, % 2I0RUA LS 2RO BRI ES B
FRHI L7, RBENRAEOBEBNOMRE L, #AF > 70BN BB L 5720
RO I5W OKRE— 5 Th b0, HRORNBEEN LV 71— A6 ORETSH &
DC-AC 1 ¥ 8= #12 & o TH TN L 1zo MEMHGEER~DBAE, &/ HOBAE BV,
EHEPHTEERRF L b0k 2 GREL, | SRBAENOACERL, BORELCLLES
L OREAE, LR LSBT B LU,

3 2 HLBRMNREEE AR E O

Table 2 Specifications of experimental rotating biological contactor
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Table 3 Most frequent wind direction and velocity of a month on the lakeside of

Lake Kasumigaura

£ B BEERAREmSS) AMEERE AR (m/s)
1984. 5 16.6 NE 4.8
6 12.0 NE 4.2
7 19.7 E 3.5
8 9.8 E 2.8
9 10.7 ENE 4.0
10 12.8 NE 4.5
11 14.2 NE 3.4
12 12.8 NNE 3.2
1985. 1 11.2 NNE 3.1
2 13.3 NNE 4.0
3 13.7 NNE 4.5
4 17.4 NE 4.6
T8 19.7 NNE 3.9
3,2 gBEH
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W=1/2p - A - AV
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EHREE L OBFREFREIR L, MEERTEDROMITE,
E (wh) =0.0381°-1.03,

ORED, B inF—LREEHEOMNIZL,
E (wWh) =0.32w,

DEFAE BN, BEMITIm/s L EIC2 62T NITERELABRE L Ty T REEY, $/-5
BENIREN AN F—DUBEETHLI LR LTWVE, MEOEFEISY & FTROBHEI0%
s, ZORBOFREEL. MR ORSTVARNLA LT~ DBRRIT AN F—~DERY
FI13.0% &) T I B,

3.3 HREAH

1984 10A 4519854 4 A X TO TP AMOE L AN F -5, FEEHE, OEMNIREERET
DIEBENRE, o F )-RUDC-ACA ¥R — ¥ 2 ETCOMRTANVF-ROSEHELF 4 1R
L7ze $7:, #AIDRBEENIC L - TR % 558N L7 A FUERE, RUCANREENRL
HEBHREIRLA. COBEORD BN ANF—8 7 AR T412kWh TH D5, ERL
ANF— & LTI B LEAOIRI2kWE TH Y, REBOYREH2T% TH 7, $72, BHE
MRS & C OO % SRS S /- MEEE R, 7 2 A CHIBETH Y, 7 2 AM(212R) D59%
THhot,

#* 4 EAHREEAC L LI BIEEL RS O R & HRED
Table 4 Operation period and consumption of electricity on experimental rotating
biological contactor

© o8 memma WHENCIE ap mmEm HREH C C/A
(51 (53) (%) (whn/H) (wh/A) (Wh/1057)

84. 10 28,570 44,640 64.0 19,200 13.100 4.59

13 19,780 43,200 45.8 11,600 8.800 4.45

12 20.870 44,640 46.8 10,000 8,900 4.26

85 1 15,000 44,640 33.6 7,200 6,900 4.60

2 28,100 40,320 69.7 18,100 13,200 4.70

3 37,050 44,640 83.0 23,500 19,200 5.19

4 30,340 43,200 70.2 22,800 14,500 4.78

Bt () 179,720 305,280 {58.9) 112,400 84,600 4.71)
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ERCHROBIOL B SR OREEEN 2% I8 E vy, REMAROEE T — 4 128
WE— 7 ZERHTNE, DC-ACA » A= F TOTFNF-BRBIFEIONE, $/F— 4 DIk
AZBmBLER LT, BEEDOILS.A% FMAROBEFATEZ i E 2 b,
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Fig. 6  Balance of energy for biological purification system operated by wind

energy

—F, THANEF—FHfrrLHRLE, H6ICBWT58.5kWh OBEHETRAIRLALHIZ,
MR % 179, 72050 FEREN L, #A35.Om* 2 LB L2z bif THAH 6, BB L) OHE
BHEIZ].63kWh/m®k e B, 5 (CEBEAEEC L AW T RUE TS v b Oxior ¥ —FE
%% L7z (HATAET S, 1984) 4%, FIHRY 7 T AL 37— R BT (AR BRED & Fa AR > 7EREO T )
0. 32kWh/m* Tdh 5, EGH O ERIARLER OB &1 SRR 0 720 720 CEf T F KRB D
BO5ETH B,

INBEHERL B OE-S I E 4 OBH TARLEOEE L), FOIANF-BEARIALECX
LEBbhb, TALF-FEHEMX04kWh/n'EF 5L, @60FIT, EEBEL LT EFRK
K TDEBECHETE 2 EHEII84.6kWh THEDL G, 202m* 0K ENET L EATTELE D
Yirth B THAMIZZIZATH DL, EBICHWAEEL Sm OBEEIIC L LANBERET, b2
3, 1m¥d OHREFMET LI EHFTRELE LA, RECTANF-FEUL0.4kWh/m*E T L
—~FROFERROGHEOHBEN T IP LA HT LIZE D,

1 BI0m 0K Y RBET L7201 1 H4kWh OBENIUEE 2L, BARTEHREAREOE
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# 5 [IFEPYMHEEIC & 28R T RREII S5 RDERBFEER (AT REH2,
1984)
Table 5 Consumption of electricity per unit volume of effluent of rotating biclogical

contactor receiving house-hold wastewater

I, ﬁ@%ﬂﬁ a@%&%% %%&ﬁ 1$w¥~%$ﬁ
m”/d i/m*+ d m*/d kWh/m

A 28,000 138 20,100 0.314

w OBl 4,000 62 3,795 0.248

bR 31,000 99 30,041 0.159

& o 800 40 500 0.660

& 1,150 32 848 0.156

E 850 34 634 0.378

SR — 68 — 0.319

BO2HFIIBFILTREL LY, BHONEBEIHTAHIERE LEH,0, BBULEEL~S5
mOBREYH E1Om OMFBEIZREL, Ao 7 )—THWNo 27 7+HERNIRERENOAT
10m®*/d DHERKMLBATREE 2 B,

4. 2 BlEMEEERE

BAREESHTHRLBEN T EAFEE, 7THAAMD H60% Tholze LAd - THRDE
ek L, FRERE RS Loy gag L, CRLABIOMIIE (k- T, MROLER
BRI E I F DB AOKE LI TR Lz, SORHERGITR LA LD, FEYitd
RABEN L - THE L TV AR OFEMEMBOL/SREL 2ol LId-THT DL K

# 6 EERR /NI SRR 2 8 O 4 A A B O TR

Table 6 Biofilm on surface of biodisk of experimental rotating biological contactor

1985, 4,30 g/m’

$8 vVSs TOD VSS/SS

BARELS AO 11.8 3.8 1.3 31.0%

o 3.3 1.4 0.8 42 4%

T 7.5 2.6 1.1 34.7%
[0k Al 37.1 9.7 6.3 26.2%

i 13.5 4.0 3.3 29.8%

Ty 25.3 6.9 4.8 27.3%

* BU SEETEI S £ B B b 1] M 2R L, TR O3/51Z A A7 LT

"L

*REORI Lo, BUBRREIHC L BAHT 8 S 271, VS S 54,
TOD 3.4(g), MHAIZXIALA¥SS 39.8, VSS 6.9, TOD 5.6{g
Thoi,
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Table 7 Qualities of lake water and effluent of experimental rotating
biological contactor

BT mg/t
B ok & H A < Y
AW ~ BREBED RS
TOD COD TOD COD TOD CoD
1985,4 .3 10.5 4.5 7.0 4.2 7.0 3.5
4,9 12.5 4.8 10.5 4.8 10,0 4.6
4,15 15.5 5.4 12.9 4.5 10.0 4.3
4,23 15.0 5.5 13.5 4.8 11.0 4.6
4,30 15.0 5.0 14.5 4.8 12.0 4.0

CBAROKEDL, BHENCILABELINVE 2o TwWE, 202 LS, BHEEEHOATH
KR T AHSIEEERAREEAMETH Y, REENELAEVE & T L BEWRATKDIS
"o TV A LD BEAREOEIET LWL BN L,

5 BhHWL

BAFERE ¢ MAAATKEER D 27 LOWMERIIOWT, BIREEEL P 6B00
AEINE S TERRAR OE M HRE L B LT L. BBEBENELRFEN L85V A
BRI, BEVERTEL.0m/s REOHIKTIE, BHREENOLT L LML LITBT
SUBLANF—2+HEN% )b I EHREEN, HEBE, HEMAREREIUA TN
OEFEHREEBEHAVTRE EHRI TV 5,

50 B x ®

AMEAME 1979 AD T A L F—HEAR, 285p.
AARTAEFEE (1984) @ TAEHHKE. No.39, 970p.
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I-2 BR - FRBIRAKEIC & B EBHKOR LR
Doemestic Waste Water Treatment Using Anaerobic-aerobic

Recirculation Bio-film Process

FRFRIEE - 5B 787 - ZEBER—
Yuhei INAMORIY, Mitsuru TANINGO® and Ryuichi SUDO!

L =1

HE - RIS RO B UHE I RIE T EREOEEI oW TR L, KOBR%E
oo 1) WHERUHEBHREREZVWTROBERE T RS 222, 2) FEREIEG
BREACECTRELE TS, 3) HREBREIW-INMOERETS 6 ¥LT & BDHTK
W, 4) BRACHELAETE A ¥ Y RELBEAFERBEICITOIL, §) BEAMESRIC
IR B EE 0 2 85D 1L Trimyema, Paramecium, Beggiaton Tdh - 7275, Zh oD I
ORP & B MENH L,

IOXHICEER - FAREAEEIARYAT TR CEEOREELERTED, &£
AP HERBEEBROBRMEFELILLEZIONE,

Abstract

The purpose of this study is to reveal the effects of recirculation ratio on performance
of anaerobic- aerobic bio-film process for domestic sewage treatment. The results obtained
summerized as follows.

1} Nitrification efficiency and BOD, COD, TOC removal were indipendent upon the
recirculation ratio. 2) Nitrogen removal was highest in four times recirculation ratio. 3)
Sludge convertion ratio per BOD removed were less than 6% in all recirculation ratio. 4)
Methane fermentation and denitrification was occurred simultanecusly in anaerobic bio-fil-
ter. 5) Typical microorganisms appeared in anaerobi¢ bio-filter were Trimyema, Para-
mecium, Beggiatog which could increasé in low ORP environment.

1. B AEHER KEEERER 7305 FRULHEE S EAT /N 163 2
Water and Soil Environment Division, the National Institute for Environmental Studies. Yatabe-machi,
Tsukuba, [baraki 305, Japan.

2. WBABIGHE EUNERFmERTEE HHAERSS 724 THEREHI=L)
Research 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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1 @dUsHIic

B SRR 19704 0845 L D BOD 1,000mg/! A28 QA KD & H T 43 L — i1
WrlkETsIE%EME LT Young 5(1969), Plummer % (1969}, Tamblyn & (1970)&iz2 L 1,
ERLMENL SN TE, FLTHETE BOD 200me/! FREOTREUFEFHEAD &5 2Kk
FEABRMEPEAR I UC S REARIRI L Z A (RS, 1982, 1983 ; LR &, 1982 ; BH 5, 1983)
HOoPIEND IR TE, LAL, 8F, U OREERER KL #EATH)E (1982, 1984)
SN ERS MO R L) IHAKBOAERSERVERE LAY 2 LTrRIZ L 5 T
BHRERLRCHRARE ShTELABYLRIT AL TERTFTHY, SRIIBE) %5
DFFERORELTOITONE I ADPMAAT WD EPUEICR DD EELEND,
COREHRETRETAHEE LTREEH 2B TV A2ONBAMH LTSN L 2 lAebYE
TOEWARETH D, FEREEEREO L) 2 EREDSRAME L PR E B LER
TAERILLOBRESRGOF A2 2 BBICEIVEE, ) A ARABCRETLIETEMEL
TeREELTRRLTETWS, LAL, BREAKEFREAKEMAS b TREEE YRS
L&) & Ta5e it i mth i EE S KB CEE L, S s yanigsi
BEYDLIENFGVOTHREBERL L TREEOREIEILREL L, BES IREFREAERLH
AE DR URE R IR O AR RS B I N TR OB LR T O TR Y
ZERRHMETHOOEEZLNLD, FORERLHFHIIOVTOBRERUERBIIEA LTTAOA
TV, AR BV TEARROER B CLO0EEHKBROZZFOREVEZ TR TY
BIbdh, BEMAREHAAALZEEREEIPEZRBIET L O LWFINRL, £ TR
FTIRHAEFAD L) LERBEABET KT MR L L TREEAR L FEEARE 2 llA G he
HLWLBEETH LA - HABERSRECB T AHRLY, B vwdr i 2 B8 RITTH %
O I UABMRUBRREBERE S HTENCTI) toomEfttrRET A L4 BHE L,

2 HHERUHZE

2.1 RBEE

AERIIHWAEERE LR L ) AOEKEFER, ALHKERE, #mataK, mAKE
WHERE Y7, GREAEK, =7 -FRr7, BRAAERER Y 7H56% 5, a2 KEHEDH
AL B LA ICBMICA N7 0= THER YT TH L, FEMAREADER LI O
BESAE & HRARO.5 1 DB L A O 2 DHEEAEO B KRR K LTt 5, B
AR EIFSAELERICAEMEY =) Fr RO G RERHMA A7 2 L ABROBREICES LTS
D, HEEMASETEEAISER20cm, FRESETREFMIRELIm BTASRTWS,
/7, BERMEAREBICIREENZOHBREBHNL-OIH 2 (IR A AHESRPFINF o hT
Vb,
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Fig. 2 Apparatus for gas collection

2.2 WAHK
WAKBRIIRTFEAL) v, Ry EERGE LEATH KRRV, 2B, ATHEK
B9 BOD 21,300mg/l TH DAY, KEAMBHOERN 7L ATHAMRHOERK - 7
oSN ARBERICGE MR- T CAEFIKOG R L LIEE O BOD 200mg/! {245 k
BT FE L, 212 BOD 200mg/! IZEXE LA ATHKROKREGHBERERLALOTH
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Table 1 Composition of artificial wastewater

Composition Concentration {mg/!)

BOD 200
Dextrin 30.8
Bactopeptone 65.4
Yeast extract 65.4
Meat extract 74.6
NaCl 6.7
MgSO. 4.0
KH:PO. 18.6
K(C1 13.4

£ 2 HAHEKDOKHE
Table 2 Influent quality

Items Concentration (mg/!)
BOD 200

CODu, 66

TOC 105

T-N 27.2
NHs-N 0
NOgz4+a-N 0

Bo %B, ALHEARRBKRER CADI121°CI53HA — 2 L—7 LR L7,

2.3 EBRH

AERTHAEAMEAR LI AL R AL GO HECB A EERFETHALMITLIE
THHELTWADY, BHEBREREERIIHATLIEELNTO— 28 &5 Kkt k o &t
HRADPFRETH B, 22 TiR20°C OHREICEGEE L RE L —TREEH T B 2HER
DB ERFRCRIETEEYRET A2 L L, R L T4t AROLEE O LK
REER T CHANSRERICERT DH R L oo, BEAFRFIIORTESBNTH D, K
BHOZE{ERTTOLVHBRATERIL L, 2, 4, dHAKBRCHTLERAROLFELTR
LTwh, 4B, FEBRIIBWTEHEREBNEZIIBAEARLIFALSROBRIITHLT, KE
WRELFZ E MR LIk, BRYFMMALL.

2.4 PEHE
AFERICTEIT S pH, BOD, COD, 7A# B, EREE, VFA(ERMHEE, SS, TOC, T-N,
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Table 3 Operational conditions

Recirculation ratio

ltems R—0 R—1 R—2 R—4
Temperature (r) 20 20 20 20
Influent BOD (mg/) 200 200 200 200
Water volume (i/d) 3.2 3.2 3.2 3.2
Recirculation volume (1/d) 0 3.2 6.4 12.8
Anaerobic filter; HRT  (h) 30 15 6.4 3.8
Aerohic filter: HRT (h) 7.5 3.5 1.6 0.8

NHi-N, NOz+3NHFOKE, £WH, HROERE SICOoWTEEE LTT KRBT E (HA T X
B, 1974 (T CCTRE L, &8, KESHHAOREIEANES RN A, T8RS Wi
A, FAGHAORERBRMEARBETZ, SHHEORERBANARRFTFSEELROE
PR, THRERA ORI D W TR, IREM SRR CIFEE S R OEBRE T RO/ NI R
RrFV7z, BAMSREFRMDRICBIT 2 HREREIZI OV TEERHBESICBWTRESH
7o BOD & & EBRMIM I L SS B R U EBRRTROMASS E/EL O, LR, &b,
RETAOHE, FAZ7UT LTI T4 —2#POTHEFA, A ¥ HAOWTDHF 5T -
oo COEE, BEFA, A Y HAOBIIENF 25— —75A FHETAHE LTHERL,
NITLAF A% F ) T—HAELTHITICHV, 08 &EDEMREZA0°C (CEE L THF
o DT A

3 BRREUER

AEBRIZB AR FIT 2 L CIRBEEMAROBLESREL TV A I EMEEL I L TH
Bo T THEBRMIHTIBARD T-N, TOC 215 & L TR HM LB LB L 1. F0OEBILE 3,
AITRTEBITHD, ALY, EEBRECOHLUBRIZABROLET LI Edbh o, Fhit,
FERTHOHED»LERRETRONBAE £ COMNTHEOPHES EMt S L T5I L1,

3.1 EROERETLLIRRAL
BE - FRFERAREC BV TRERSEEOMN7 2 /Bl L 57 v BT T TR
WRIZBOWTEZY, 20#%, BRELKICBH LT V%27 ORIEMT ORI TSNS HEi
HAKABAESRICER SN LIZL Y NOz4s N DBEFT A~NORESTOILLZ EiZh b,
ChOoDBEFEREEIERS IRTLICTLoohs, #hl, FECBVWIEEIRET S,
WIZI, HREREDIS, 7y ESTHRE, EAMESEE WREEER EETFAANOREIE
B GETTH IR EEENRE, A TOWLEEITbh Ty B RERISEET L%
W LD o, FRBESRKIZBTAMECIIBERA R TOBERERT) LCORGRRLE L5,
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Fig. 3  Change of effluent T-N obtained from anaercbic filter and aerobic filter
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Fig. 6  Relationship between recirculation ratio and effluent nitrogen
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Table 4 Relationship between recircultaion ratio and influent nitrogen conc. of
anaerobic filter

Recirculation ratio

Nitrogen conc. R—0 R—1 R—2 R—14

T-N (mg/D 27.2 19.1 14.0 11.0
NH N {mg/l) 0.0 0.1 0.2 0.2
NOz+3-N (mg/1) 0.0 5.9 5.1 5.3
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Fig. 9 Relationship between recirculation ratic and

removed nitrogen concentration in anaerobic filter
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Fig. 10 Relationship between recirculation ratio and
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TOC D%EE L7:60H ABEDME D SFE 1T 5720 REMICBITA RIEROEEDREIIH14
ICRTEBYTHDH, BRERELEIRHAKD TOC E MO8 3me/t 13T LTHERM 1, 2, 4 T4
8.5mg/t, 6.5mg/l, 4.4mg/l, FEMEAKHEEAD TOC LM IEDL Omg/1 128 LTIHEIL L, 2,
4 TE43.6mg/l, 3.2mg/l, 3.0mg/l CHHHABYOR LA LIBERLETHREZATVWEI L
Thhb, &b, BREFHIDHIEEHHBAOTOCHETLCWEON, BN AKIZEITA
NOz+3-N DR OEITLEL SREKERGHEKE L TOAEBMRESIRER TR S L
&, FREAED S TOC DERWIFRAKPBEAMARICHATL-DOFRICLLIHETH L LE
AbNE, LdL, WThOBRECEVTLHRAELHE, FREARE S TOC 390%REL L
BEENTB N BRILGHERYRERICKELERETRIZE LWL L THELZVWIOLEEZS
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Fig. 14  Relationship between recirculation ratio and
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BOD loading in anaerobic filter
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TOLH, WEHEARICBVTHERILASE 21200 T, RERISGRENICITORALZ LRSS
Nize B, MBRTEEVADRB SR EIZoWTOEBIIZHL 2 Tid & v 4% Kobayashi &
(1983} A ARIIBVWITRE TN ADN%BENBENATH 2 &, T/, IRTHAIEK
POEHEA P » ¥ FPRELFERTRZ VALV ZERHEML T 525 ThEFEERIE
PREETHITbhAbOEEZLNE,

3.4 SR¥MERRELE

WEMARIZB T 2HRFERICDVTR, BROEBEHTETBIETH L SV, KUTHRERSE
PoOFHET 72, HERERIUTTERY ThHD, HHEHARTRER S E 53 L 8VI
BERT BB - /225, FRATHRETHY RIFLEFELTEL T, F/, ALK
THSVIERLTHTVREETRTLRESFEEREE L Tz, Thbbh, HFROEEE LV IBAH,
HIRERIEFS T - THERER L WEHIE SN E, FREBREIIDWTHRERE TR - TR0
HAELELEBTICBTAHRBER LEEBOD BN LRSI HOBERLICBVTHE
B OB BRI N A O TV 6 % T oM b, b, R, WEILL, 2,
4 DIETHREREIRTE T SEMIIH - 205, 16, 1795bhd L) hEERIEYE
BIEEAY CRENARI SR A AT ERPL L oo b TR RWREEI LD, 2D
IFREREAVPS VEV ) TERBEGROLELS &V BlEAG b § NS E OHREH
EVIAIEE LA RESBO THGLHETH L EXTHRL TS, BULE3-1053-418W
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Table 5 Comparison of sludge property

Recirculation ratio R—0 RKE—1 R—2 R-—4
SVI anaerchic filter 85.3 51.6 56.1 80.4
aerobice filter 70.3 57.7 70.6 63.1

Yeild (%)  anaerobic- aerobic filter 3.2 4.1 4.2 5.8

3.5 4PHHEERERL

BEMASRIIBVTHRLEER 5 ERAEARICE T HBRIEBTELS LR Lo A ¥V 3EE
ORREWNEFTTAIENHLNEL oA, I THEMBT CEHETCEILAMAYHEEERL D
BRIz DWW THE~T, FTa) BBRAMAECBTAHBEPHIIOVWTRLALDTH B, HHT
BEAMERER TR TAMES L U TCIIEERRE O Trimyema, Poramecium, SAREHEHE O
Beggiaton B URUN<RABHEN S TOND, 48, Unnems THWMEM L GFREOVWTILOLET
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Table 6 Effluent quality of anaerabic filter and aerobic filter in stationary period

a} Anaerobic filter

ltems Recirculation

R—R 0-—1 R—2 R—4
TOC (mg/ 1) 8.3 8.5 6.5 4.4
T-N {mg/1) 19.5 12.5 8.8 7.0
NHi-N {mg/D) 17.2 11.5 7.6 3.7
NO;z4+3-N 0.2 0.1 0.3 1.9

ORP (mV)  Above —282 —262 —122 —80

Middle —258 —220 —112 —50

Bottom —249 —152 —111 —40

DO {mg/1) 9 Q 0 Q
pil 7.3 7.3 7.2 7.2

b) Aerobic filler

Recirculation ratio

ftems R—0 R—1 R—-2 R—4
BOD (mg/D 6.3 6.5 6.6 5.6
COoD (mg/1) 7.6 6.9 6.9 7.2
TOC (mg/H 4.0 3.6 3.2 3.0
T-N (mg/T) 17.2 11.3 8.0 6.9
NHa-N (mg/1) 0.6 0.1 0.4 0.3
NOz3-N {mg/ D) 16.7 1i.2 7.6 6.6
VFA {mg/8) 12.5 11.0 1Z.1 13.0
Alkalinity {mg/H 2 14 19 23
ORP {mg/D) +118 +100 +105 +109
DO (mg/ 1) 6.4 6.5 7.0 6.6
pH 6.3 6.9 7.0 7.3
Trans (em) 100 100 100 100
$S (mg/f} 2.0 1.2 1.0 1.4

THHETHEWTHD, T/, FRHERGTCHEALLTWHED & LTIEENEID Euplotes,
EEHOD Nais RUBHENSHITOR L, BRE2ITHLLWHBR CEIEBANTHAK T BY T 55E
WO HA SR S LTV B ATERIEAR £ BRI 4107% 2 SRR TH % Nais, Euplotes
MUBT B LA 5, T, BICBREHEMEA T BT 58N & b D Trimyema IIER
AEEaidl, #oBEEROBLPEDGNRE, SOOI LIIFREAKD O BN S R~EFRE
FrERIIEATAERANELATND Z & 24 ) BEEHEA KA AR TS A & BRI &
BLEPLTHZVWREEZONS, 2OZE REBLRTHRM AR T —280mV iR 4 T—
S0mV [{HiIcECET o728, TRRETAROAY v HAOSHEREISERLARHI HB LR
BLAZEDLLEMTONA, #T7b) HHEABARIIBTAREIRIZOVWTRLZLDTS
Do hb, B - BAEEAKEC BT AFENAKOBREGEEL S CARMBE TR T
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Table 7 Biota of biofilm in anaerobic filter and aerobic filter

a) Anaerobic filter

Recirculation ratio

Biota (N/mg} R0 R—1 R—2 R4
Trimyema 1,650 1,250 730 330
Paramecium 140 80 50 10
Euplotes 10
Uronema 1.410 1,300
Nails 10
Small flagellata 9,850 1,580 650 160
Beggiataa ¢ ¢ c c

*C: indicate the large amount appearance

b) Aerobic filter

Recirculation ratio

Biota {N/mg) R—0 R—1 R—2 R—4
Pristina 1 5 5 1
Hydracarina 1
Nematoda 100 30
Philodina 30 50 40 30
Monostyla 10 10
Chaetohotus 10 50
Planariidae 1 1
Vorticella 10 100 80 110
Peranema 30
Euplates 70 40 80 30
Euglypha 42.900 55,400 43,200 65,400
Centropyxis 4,000 3,000 780 500
Aspidisca 360
Amphileptus 10
Uronema 420
Litonotus 120
Spirostmum 10
Cinetochilum 130 230
Small flagellata 450 200 . 750 450

Tl (RS R HiiThE b 2 Lild b, ER THALRIEA T MSGEIT L & ZICHE
T HIREAEY IR EAFRT A — /3 —H0 Euglypha, Centropyxis ThH B, INHWTFNOBER
HOZCBWTHRECHBLTEY, WEEEET L TWAZ EARBEL TS, 20T &,
WTFNOIFEEARIIBWT L EESNNGE DL Ch A2 b d o BT b, 28,
B AR DRI AR O— R B L THET 2 E B BFEMAKT
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TS AR TG 5N Trimyema, Paramecium, Beggiatoa FIIE{BEI N L o/, ZDC
& & Trimyema, Paramecium, Beggiatoa &\ o 1 RIS TR L EIF L TEET A2 Z L2 BN
W Tuwv A,

4 Fé&H

ER7e A - HRERARE BT 28RS oV THIRICBRILICER L TRH AT - 12 b
DTHhD, BONLTHERIIROLIICT EDLND,

1) FREAHRCB ARGV TAOBRLIIC SV TH pH ATHEAESHIZ BT A HEIC
BLTOTLAVEOHBICL BB RPEEICELRTHRZERY, BOD B ITEL -
Tl EdoREL {AThit, bE00% L LA &6 M,

2) BEMARCEBTIRERGHTHERECL VR I LEE L2 HERETOLVET—280mvV
FECH o OPERIEL 4 TR -50mV ETLAE LS, 28, HEHE L LCRIERIL 2128V T
BOBWEASR SR, HEARAKRE 1 BEL Y OLTREESSH B LERILA PR LED
770

3) HEMSEE IR AROFERERERD, WTROBRIC BV TR E 234 (i
SHARDATBOD, TOC DNUBEMNBRESNLZ Lot B, BEMSEKRHAL
HRMEARRHEROHROK E Z@vid, ERETHLIFAMARTEL LW TFhoBRLICE
W H100em Ll Eizs B L,

4) BEMOEPSORETAGODAY Y HAORRIER LA VR T8%, BHi 4 T48%T
Hh, BRILATL A7 Y RBELBEAFBITbRTWD I EAHRSNA, T/, BEFAF
DEFETAOLFIERIE 1 1I0BWT40%, ERIE4 TO%THYHERIEIHE DT, BRES
REERL-YOREROGET A2 EHEME R 27,

5) HROFFHERGHMALES KRR ARDI CEEDEO VT RICB YT S SVIHIZI008
TERIFTHY, BREOBERBIDOON D o7, T/, HiRERBIFERE R LTS
PET DI NIEERENE o2 LIl d W A 5 Y RBICI A AEOLEINS ko Tz
PETREVWIEEZLNL, L L, WTROFERILIZE VT RE BOD #47: ) OFAEHR
EOLBIIEEENBERBIIEATE YT EEBHTIHINT EHBbh ol

6) BEEMARICHET D558 LMl E L CIHBTERED Trimpema, Paramecium, Beg-
giatoa THo AT OEOFCHICH ZHRBRILIEE L LMl L, HEMRETHELS
T VERE M Euplotes B URUNELEO Nois PRESNAL L3l COZ &3 EETT
O AL FEHCIBBRLTVWE I L RERLTWE,

7) HFEREARCHET 285N MAeD I WE AT A — 2580 Euglypha, Centropyzis Th
h, FHOTERICHEA L7z ThoASEHITHET ARG RIITbRTW A Z L B EK
TEA, IO ER0%LUEDEENE LRI L AL b EFIT LRI,
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Effects of Anaerobic Conditions on Biological

Phosphorus Removal by Activated Sludge Process

MR - siEee” - k-
Yuhei INAMORIY, Tomomi TAKAHASHI® and Ryuichi SUDO'

E ¥

EHEREOBSHO—H & BEMIT LSS, RRSE, BRENRCADSLCY
LCv ez HRIRASE U A 2IC 0w TERIRE % 1T - 7.

ZOREE, OEKFPOBOD &) yOEFKEVEEEBRYIGELEIET SEL LY
CEREOY v EBEELED, BEA) VRETERTIEIS, QO 7 EGIERS
TR E A O IR B O % BE IR L5 B, GU/NBIHS Acinetobacter calcoace-
tieus F LD ET D) L ERMERRHELTHE AL I AL ERB ORI
LB OB S CHER RO D E L TER SN HESK A2 EE YR L
Tva, @) eEEOBWHR~OEREFID W ORBEETT 2 FELHTILE
W H il EORRAE N,

Abstract

Effects of addition of anaerobic conditions in aeration tank on water quality and sludge
property were examined. Results oblained were as follows. (D High organic substances re-
moval with high phosphorus uptake to activated sludge was occurred in case of high
BOD/P ratio, (& The growth of filamentous microorganisms causing bulking was controlled
remarkably, (3 Smaller animals did not almost participate in enrichment of phosphorus
accumulating bacteria, but cyclic change of anaerobic-aerebic conditions was important, (@)
As the production of siudge contining high phosphorus was much, these sludge should be
utilized to the land application.
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Fig. 1  Experimental apparatus

2. 2 fEEEK

ALK OHBIERVICR LB THDH, TIT, B, *7 >, BB X2 EHTE
L72MiX, Fuhs & Chen(1975) %)) » EMW O —HTH 5 Acinetobacter calconceticus OTEER FK
BEEME LTHBELAFMBICTTREZEIESIFAZ LR HIE L2 5 Th D, ALHEKIL,
R R B Codiz120°C, 165 MA— b2 L -7 LCHER LA, %8, BRICHEATSATHX
DR, F2WRTEICRun], 2, 3EWT3 EBYIIEERE7, KEKRAOTERLR
YTERBALHARERR Y TOMBEELS LI LI Y EALATRERE L L) ICH
L7 RunliZBWTid, HiRHO) Y EFEOBR LRE* K578 12 BOD % 120mg/1,

T-P #12mg/t & LAFOHAKD BOD &) OREOHMETH E100 © 10 & KV HIiZHE L7z Run
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ES 1 NIHEKOHEE

Table 1 Composition of artifical waste water

Acetic acid {NHa)280.
Peptone MgSGy -+ 7TH:0
Yeast extract NaCl

KH:PO4 CaClz = 2 H:0
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Table 2 Influent quality
Run Ne Run 1 Run 2 Run 3

(H—120) (L—120)  (L—200

BOD (mg/1) 120 120 200
TOC (mg/1) 70 70 120
T-N (mg/!) 20 15 25
T-P (mg/t) 12 4 6
BOD : P 100 : 10 100 : 3 100 : 3

mg/t £ UBOD &V DI, 100 31Z8E LS, Run3 2B WTid, EWEEmy v eEErs
WEHEARIZBH T 5 Z & %% 2T BOD #200mg/!l, T-P % 6mg/t ¥ LTBOD &V »®HIEE, 100
JLTERE L7,

2.3 WEER#

Runl, 2, BRI, RIUTATEBY TH D, KEERHNHEEM (Hydraulic retention
time, HRT) {3, BES - SFEEHIGIRIE T, BREME Lo (1 27 0.580), RT3
M(1FES-0 1M L2 5290, IRTAEEGRETRIGEEO 1L 5EE L3gT
4SKMIE AL HITL, HRT AWETHA—II2 5 XS 108%E Lz, F7, Wit& b2 BOD A%
BRI, 0.65kg/m’: d, pHIXFHAS 1BV TE. T AR LI NHAE L, CRLDERES T
20°C DEBREFICEE L.

£ 3 HEReft
Table 3 Operational condition
Anoxic— oxic Oxic
HRT (h) . 1.5 3 4.5
BOD Ioading (kg/m®-d) 0.65 0.65
Temp * {*C} 20 20
pH* 6.7 6.7

* pH was adjusted by pH auto controler at the input
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2. 4 ARFEARUHE

KERTIE, 5, S SHRILUAE0 EBK, B EEA LT, LHKE V) R,
EHEFHRRBCHASHHE L L. BEHEER, S0 EEARTMEKIZ DV T pH, TOC(E&H
B FE), T-P(&) »), BOD W LFHWRBETRE), EHESRESHIIOVTE, T-P,
MLSS (it PR IR A LI B I EE), SVao (EMTHIRIR & W% 305 R F0M S & 70 & & oL Ris iR,
BIRER), SVIGHIRERIEHE, SVe/MLSSX10,000) & L7, S4FidE & LT TFARER i (1974)
LTI ol Bd, BREHIIBITAORPIIOWTIE, FERAMIEICEHELL, ChbD
WgEHE O T pH 3 F 5 AREE, BOD WY 4 25— 7I{b+ b 7 A%, T-P L EPA
ORESAEE, ORP ZMALMERHY:, 7, TOC i ERBIER TOC-10B B4 A B i 54 al
EHEALTCHE L

2.5 £9R

EWHGRICIBELT A0, WE, RESY, M EARROT CHMAT CHETAZLDTE
LMEBCOVTRFOERUEIER TIRE L, T0%mG, FAEBYICOWTE, 0.05m %
FEANRAGA FToi2eh, FLMAEBTIZOWTE, InEd 7 7HRBEADRSAF
7720 DIAMEET TRIEL 2, Beds, MEERBUENIBRA - AFSUEMER, TRBEETROVWTA
LEFR 3B SI|ELL 72,

2. 6 B EYOBEREE
HMER) YBRHEIBVWTR, ) e ERIIERT SESUCHENICER SN B e RET L
LERETHD, TOLHICE, BRRETEAVGEVEINLIEIZIVEED) v 2 BT LML
MOERIRI S, RUBEHRICERT 2081825 » EREMNOMELHAT A LI
B v EREOARBANL L YA EOEEOEER L Ty BRI oW TH S T
BLENLETHD, KR TE, WEIIOOTIHEER - FREHFRLFRERERO Y ~ ik
fE, HRPOY) CEFEDSHLEREE LAV AEERTEM 4475 2 £ LA, #EIC
WORBUMS R A, ) CERWEERARS & LA TEERERT, BlTAI &I LA, T
B BRI, S0ml AO=A7 IRl 1/750M ) YEMEHRCHESR - TRENER S8 L/
)y EBRE DTS D Acinetobacter calcoaceticus (TREBE X RICT B A, BHRORTFY B %2R
DoBEE LTERT B8N E LTWAMEC, D, E, F, G 2882 LN
BEREEPANRTREIGBTCHEETIZ L Lo, COME) ¥ 2ERH LR\ Escher
ichia coli (H #) R UMKUIE R ICB VT A LEH (L 7 2 E IR ol i) o7 R4 #EE %
ML LTHG, 48, SRV Y ERBOEKRIEERET N v b, RT P EERS
THEEMTHRLEF L CHELDTHHY, FOREMHEERLIIIRTLEBITHE, Zhb
D) CERET AT AMEERE 1 OEROATHKR S 2bb~ 7 by E A C30°C DHRE
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Table . 4 Morphological properties of poty P accumlating bacteria used as smaller

animals
Food bacteria Color Agar colony type Morphology Poly p staining test
A White Spherical Rods or Coccus +
B White Spherical Rods or Cocecus +
C QOrange Notched spherical Rods or Coccus +
D White Spherical Rods or Coccus +
E Qrange Spherical Rods or Coceus +
F Orange Spherical Rods or Coccus +
G Orange Circle Rods or Coccus +

TABh BEFEATY, ZOHK, LR LAH, RBRICH LT, %8, E coi 13 LE X TRHEELR
CFMA-CHEE L/ b 0 ERICH Lz, SEEVNEMD & LT, TR TR Colpidium campylum
OB BT bk T8, Tetrahymena pyriformis (B0 B IR 4 kT 0, M-
BB CId Philoding sp (B VT FTLAVBIUIRTA7 LAVE) TRV, U - FREICHT A
B, FREFNOMEBEINICEB 2B O LS ERE (Specific growth rate ) ¥ Kb b
CERINEME LA 2B, pidAR

£ =2.303 (log N-log No} /t

(22T, Noldelfodsfimeesd, N xR EESE, 1 3ERRK »o8N L.

3 BRRUEER

3.1 XEBM,ISHHRMREODR

A - AR & P RE R BV B R £ 5l 5 LT, AR E L hl
B yBERIEELTWAIEPLETHL, TITEEPHRELTVEDERCOVWTHR
WkRdae, 1 RERME L (E Lo ERERLG 1 A &S SRR CAEAKT O T-P, BOD,
TOC DHIERITH T LD HFHE L, FORBEMNEOKEF IOV TR 1T 572,

3. 1.1 REMCBIZERHDRCY CBRERE

(1) Ahed kL

AP ORERE, HRPHOIETETHLH BOD, TOCIZHE LT L2, Runl, 2, 38
FAMEAOERZELRM 2, 3ITRTEBDTH D, WA - FREMBRER, k> oHHEME
PekoEmaiEkr UTRASRTELFABEHRECEBRTEZHABALZHETH L,
Runl, 2, 30OWFhOEEREFETFTH BOD, TOC ih#E L (ks &b, BT -5
EYEBIRE, HREEHREOME BV THIE A HRE RN TLARKAOARDIREOK 25
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Fig. 2 Comparison of effluent BOD hetween A-O process and O process

HIIZHAHDPHEDINADPENETEXRIZE T L W TRICBWT L 8584 BOD TI8%,
TOC T96% DEBEEERTH Y RREOCRLEN LA L Twb L s hi, ZThoOfFERE, HX
EEHREICHALE Y HAAA T LAY EREET T2 38w L FERL TV A,

(2) V) ek

VrRBREAaER, MEARPIIERSIRD T-PIRE»SLFFME L. Runl, 2, 3874 T-Pile
EOMBELRHMAISETEBNTH L, WFROZAICEWT L UEATO T-P &R, HE
PG RE I EATHER - FREESRECBYTEL B o/ BICTTREMSE UK, &
HHRERFRE LoHEKII BT H0EK T-PREE, FEEEGRENS. Img/l TH o 200N
LT FRIEHERETIR 0.3, 0.1mg/t F CERT 3 AZ &dbd o/, &8, RunliZBw
T3, WS - SRR LBK T-P A4 RE B RIE IR Er > 2l b o d, %
NTHAdmg/t b SRz, Thid, BEAKDBOD &) > eA100 1 10 FL KT T
PRV VEIEEA LTy Al 24b 53 VARRS T ELDKTDY ¥ AHET
LREEICTCHBEPIC) CEBTLEL G h oo b EZONRD, TOIEE, WELA
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Fig. 3  Comparisen of effluent TOC between A-O process and O process

BOD &)y OH%®100: 3 & LAz Run2, 3CBITAHE - HEEEHROY Y BFEEH Run 1 T
BHOORIOTHDP LB LT THELTWAZ L OHATESL, Thbh, £WFHY &
Bk s LTHRA - HFREEHREL AT 45410, HAKO BOD &) Y ORAEVEE
i, HENTHLAMENIEEITE, DEFHFETEILL 2220 AKTDBCD & 1) > O HAE
ETHANEPEHOMILTB L EMBRODTEELL L,

PLEic B TR - IFREMES R & FREHERED U v i, ARPERERIIOVWTOR
HEIT 70 Th LD, HEREB30~60A DMz Tid, RAHMESI S A THERIIEELT
IRVARE 1 - (38

3. 1. 2 BRHRY) CBREEREMICET 5K BBOMNE
EFRIE TS IR R OBER - PRI REOV FRIcE VT RS0 -0 oM B B bl
ELAELEIRO DL Z Wb o 0T, JoRE LRI B 2 B TR B0
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Fig. 4  Comparison of effluent T-P between A-O process and O process
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FWATOR T2 RBHOoN D, TRIIHL T, FREMFRECHIFRATEN 1, 2, 3488
DFHIZENTS T-PREICTEALELIZO AT 20READPO T-PIBE L BVEER
LT/, Thbh, 85 - FREESRE LFREESRED T-r REOE(L/ Sy — LIZE L
WEDZEDOLNE I LA o, HBEBITIIRELTHERVWAR LER - IFAEMHERICBITA
JrORE - IO Y - A IBWT, BREIRICEBITLY YOREEFSVEE, FAIRICSH
5 yOBRKENBRICEIAEMICAHLZ L MR IR, TNLOHEE, APFEHIZY v %
BRETLHLOINE, BEATHLUTETRIMEASHINE Z AL L, THETRICET
B OTHRBENAFETRIIB BN ETHOED LT TEELZ L ERELTY
o INLDOHER, REFLBRESNTVIHEREIRTELDTH S,
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Fig. 5  Change of T-P under anoxic and oxic conditions

(2) ORP

ORP (BLBTTEAD) 12, GEHGROBIKEL BTRELRTIRECTAH D, V r ORNR R
EEBECERTARTCH L, M (1982) 1, HATRICHIISE Y v ORI ORP A1—300mV
MHCELN, —150mV BECTET T2 22 BE LT 2ARBIRTHE, B6 ILRTHELH.
Thbbh, BR - FRENHFRECERTIETY »OHHEIRGCTHRL EZD ORP T -
150mV IR TH Y, VA RACERSADIE+50mV M ETHY, Runl, 2, 30wTh
EBWT S ASLZEmIRD LN, BATENSIFRLIBIZBINE ORP O EERAL ) Vilk
EoagiET e, SECA0OHBIETWEDHRH LI, ORP OSMRT/ILY) ¥ &
BN SN i S S LM~ Y ERE IR LEEGETTHD
CEAERS N, O EiE, ORPAT+150mV R CRLINEBOENER STy 2 AN
BREICBWCY YO - BEORES S - LI L b EMTERL,

(3) TOC

Runl, 2, 3ORHMMIIHETE TOCOERRHTLRATEEYThHL, »TFRIZBNTH

__48_.
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Fig. 6  Change of ORP under anoxic and oxic conditions

B - USRI RE, HREEHRE M DTHAS 18T TOC D0% Ll EASRRE S o
HRKCIMETHLALECEO ONL o/, T, B FRUSHGRETIE, FRILET
ARRPICERSAE) ) VB R TEICBVTNASBRT L & SIRB ST A LT — |2
I o THBDFHENESYE TH 5 PHB(poly- # -hydroxybutyrate), 2 1 3 —4 SIS
NHRERICER SN TRETHBY PRI SR, LThh, TRERHRETIBLEMN ) VBL
I THEREN B LA NF - THBMPEREENL AL LEV) ZEPLHBTELTLbD,
O L REROFREMFREBET 2 RGMAEDHOFRAEBTICB T A HBRDBRLGE L &
- HRIERHRTER T ) Y ERE LRI Lo L T RAMAEDROBASGTIIBIT A HEY
Medteid, TbhhhwI ER2RBLTVWE,

4) pH

Runl, 2, 3OWThIZBWTOMREIZEELETAATHRERV-TE NEKD pH HREME%
ETHOWARE 1HIZHEWT pH 2 HESHREPOFREIIFEEOE L EFhh b B
LS REEICBITS pH ORI B IIRT LB Th D, M8 L HEMRIEEELIZD



MBET - e - AR —

O—Anoxic-0Oxic
& -Oxic

123123935 E
A O

M 7 AQE OBIIBITAZHRMEO TOC OEL
Fig. 7  Change of TOC under anoxic and oxic conditions

NTpH B AT HOHNEHOI, L L, BEK pH IZoW T AR HRE LR - K0T
MHRE L 2 BT 5 EEFREICRABTEVCENZS o o4, BHILBVTHEELZHED
SF (R r g R A
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FRIGDH LIS TERD o7, REWIGET HWHICHIT HEEIC L D L LEAD pH AR
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AOFEHEINT, TOIEREC) YOBRTEICSVWT pH AAEELERIZALIE 2 TH®L
Twh,
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HRAETSOLILTEBOTHAYTHLLELIONL, Cho0FER, FROEERIIFRIEN
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Fig. 11  Transition of SVI after change of operation conditions from A-O process
and O process
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Fig. 12  Comparison of phosphorus content between A-O process and O process
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NBERDOZ L5, JORAE LRI, BHi T, 8RARTA ETUENLG SR B,
DB R EROER ) ZEMLHAE TR, FREREROLRVWERLE SO AHY
INTV G, I TH LVAEWREREL Th AR - IFRIGHHEIROEE S & OIS FHTEHmRICH T
LEREEROBCEHREREN OB L2, 722 B1 25 REEROERIIE S ITR
U7 TGRS T S A BR CRun 1, 2, 3034l BWT03RETH » -0l 3 LS -
FEIEHHRTRnL, 2, 30VETRLE0.4~0.5LH508MTho7. CHLOREEIL, BE -
SO I B & H Vs & 4T B AP SR IRIC o C R A B IRE OMAT 5 = & 2B L
Twh, TOLHI, HBE - FAHEEFRPTREEHERL D HREBRFEOGVEK L LT, i
SIEEHRTRBEAKPOEEYIITFELETHEL (MR INIOIH LER - ITREHRHET
IR LET YY) 3—4">, PHB L EORTEE SN -RAKP OB H TR TR TE£ICH
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Table 5 Comparison of sludge yield between A-O process and O process

Run Ne. ! 2 3

AQ 0O AC O AQ O
Excess Studge (g) 72,038 43,001 79,626 45,729 262,152 70,218
Rmoved BOD{g) 145,044 143,208 144,432 142,841 624,171 239,414
Yield (%) 49.7 28.9 55.1 32.0 42.2 29.2

3.3 &PHLPrOZ-BRANEGODHS

WHEGRE, MW, W A, MNVNRERORAMEDES OB SATVLY, Th
LOEYOPTHEOFERY, M keah st oMICEEBELEGEOH L2 LR
Twdo LAL, TEED 5O - IFRESHRECHT AW TR L <L IZ2>0TOBi o
HAHe SNENEIIRC AL HEHTH L TV AL OV TORIIIZ ShTuniy, i,
R EEHIRICB I AR ORH 2 S 2T A IO TEEL L Th b, 7O
7o, ETRA - FFAREER L RERERIC B A EWO BN, SOBRLBEO T
LI EPPEE LD, R6IEBMBTREELBE L 2EWRIIOWTEEHDTHDL, &
B, BHTORZHBEGEES’E Ao HBU AN, - 22MEH, OIMBERE D% o
RO ABEDE Ao 2ok, PROLODOPMIHRET LMAEMEY R L TH b, Runl, 2,
3OME EHE YT 5 & & Run MOEE - FAUEEHRE O RSN ERTINR-T A8/ ic
ZXEOH NI, & Run TLOEE - iFREMFR L FAIEEHRE OMICIE R X 2EvidEE
Wohadol, b, W - HRIEEEREIFREEHRICB VTR L KERAWHOB VL,
AIRBEY AU A FRTEEMIEE L 2003 LR - FRIEEEIRTIR, B Thido
IETHDL, ThHoDREER, EHEGFROMLE YO 2 ICBETRASRSGATNBE, BUNE
PRI RE LB RIS R K S L HELYSIL I L2 ERL TS Y, Balts
HOFFFIZ N F ¥ 75| ZR I TRRBEY OB E WG T 2 ETRESPREELTWE L E
Abhd,

3.4 W EMHOY CBEEICHT AR

BUNEYYRIIIERR - ESRE SR E T RES SR TR R RV IRED S b - R O EE
7l RIRA - HRAEHERICBIT 2R CRELVIBLAIS, B L EREIC
HYAWHETHLEELOND, TR, BN ) S EWELHAETELWETHIEY V&
MADAPERT B LB 0 Ths, 45, HA - FAHEEGRER IFREEREDH
RO P EHRRREARD ) VB ED S EHHROME 7 o — o CRATTEZ R i
DoBRATEMLER T RIET L LTHROS L 2 A2 1OKEEYE, 3. 2 oWikEEr
HoPMIshTwd, 22T, EROSICEARGHEPAICET LY - HRE OIS L TR/
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Table 6 Comparison of biota between A-Q process and O process

1 2 33

Run NO A0 O A0 O A0 O

Metazoa

Aelosoma
Phi loding
Lepadella
colurella
Macrobiotus » C e O
Protozoa
Vorticelln

=]
oW
¢ O
=]

®
®
-
L
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Carchestum
Z oothamnium
Epistilis
Aspidiseca
Euplotes

T okophryva
Litonotus
Ampileptus
Chilodonelia
Colpidium
Uronema

FOse @@
¢ @ =N N ]
= C e
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Cees

Paramecium

Euglypha

Amoeba

Feranema o

Entosiphon Q ®
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BB AT - I RIEMHRICBIT D) Y ERBEORRICH L oL 2R EH I T2 4
PO THADICHA  WREEHRY OO LAFRE T 5 FEBY Colpidium
campylum,  Tetrahymena pyriformis W/NEEBIY Philodinag sp. DWEFEL p HOFFEL Lo H4D
MNE I LT OB RRBETICRT LBV THE, FRICBVWTHKRI, V- 2ERL
B E. coli BOF BRIZBMURFEICH VT A LE BRI TLREMBEEZERTHLDOTH
g
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Table 7 Effect of species of food bacteria on g of C. campyium, T. pyriformis and
Philodina sp.

Animals  C. campylum T. pyriformis Philoding sp.

Foods
A 2,489 2,809 0.328
B 2,720 2,550 0.261
C 0 0 0
D 2,658 2,394 0.261
E 1,639 1,354 0.180
F 1,192 v} 0.227
G 1,523 1,237 G.119
H 3,085 2,223 0.261
I 1,950 2,700 0.230

(1) Colpidium campylum

Ak, BHRUDATAEMEL L E20 2584 THIHBO KN B BLRARLT
bot, 7, E, F, GHREAEYEE LA EED a3158HTSHY, A, B, DITHNTEYL 7
Ao TES, Lo L, CHRYAEMEE LAEEE, S{(HETLLEZETE LT,

(2) Tetrahymena pyriformis

A, BRREEMIRY Lk 50 0 $2.50f%, D, E, GHYREPWEE Lizs & widl ARHKT, o
NEDEHROVTNRIZE VT IMBETE, &8, C, FRIEWFEICESTHET L2 LIETE
Lol

(3) Philodina sp.

/B E B Philoding sp. 3B TH S HER®D 190,261 TH o2 Dixf L, D, FHTIE0.23
~0.26NHEATES TRITZEHRE Lk, T/, E, GEIZBWT #3028 CRWIF &
LCHET A LT,

B, MR N KO M E Acinetobacter calcoaceticus DIEFARAR % Colpidium campylum,
Tetrahymena pyriformis, Philoding sp. I22WCHEI Lz DFRI3ITH B, KL Wi/ ML) »EH
WO T D Acinetobacter calcoacetious A EFEL LI LMBTEIZZ Ldbh D,

NGO REIHERID ) VEREE L TEH LN T WD Acinetobacter calcoacetious BTIBRLISREP (2
ERTLHARIIBWTHE DY OREEED TS, VU ERMO—HTH L CHIESH
CRETABRICBVLTREBFRE (B TL0RE0HL 2 EE2RELTVWA, LAL,
HALA) Y ERBAOEL AL MBSHAETE AL 25 ) VERBOERICH LTI, #
WO DA - AL ) BEEHOBELIEETH ), MIBHORLIRE SO L
Eibhb,
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Fig. 13  Effect of Acinetobacter calcoaceticus on growth of smaller animals
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1) Ao, FRIETEFR & A - FREEHRE TR EA CREROH LT,
HEd A G DAL ST AR TR Y ARATHRLERIMERTI5 2 832w,

2} Y YBEEICOWTE, FRIEEHFRIEAEE - FEEEERAE LBV ERLT
51 BOD & 9 > DHA00 : 3BEOAEFHK, TAO LI 2oHBEHEKTIHMMK T-P R#E 2
0. 1mg/i LT E TR FIHLZOEMBEAHELCwL I EMbd T,

3) FROESEEYRTHETH S SV, BE - IFRFTEERTITFL200RETHL DI
USRS TR C RIS 258 S0 L1, 0008E £ Tl - 2 2 Lo la LR, 15k
OB AR TAKBAEYORMEIWHTL L TCRELHR LA LTV EOPHLPIIEN
72

4) ERHO) CEFRE, WA FREESRETRRER 8 %, TH6 % Th /20T L
T, HAERBRTIRES2.5%MEBTHYRETROFER, V r eHERIGARICERILL
FeRELMBELALTHD I EFMRINL,

5) W% - AIETESTR & PRI RIS B SRR T CHIE T 2 2R O Ty N
i, KELEWRID O LD o728, HROBATIEZREITARKBEWLE SO LN
S S - IR IR IR R OB IR T A L TRERDREAT LI LWL Iz
iz,
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Evaluation Methods of Waterside Amenity

HARE T - A EEE?

Yoji AOKI! and Akihiro NAKAJIMAZ

E 5

BEEDN TS KE Pl b+ 5KROEOF I LT, KBEKOFHEOHE
RERT AL, BBEL AV EAEREBAER YT, HAERT LS 2
FA NV ERAVESEROEETE, MBORAD/II L TIE3 — 4 km OB TR VFFE
21852 LA D b, F 1 KOOSR % ST 2B ER TR, £
KGR RS IR S, FBSIC RS OmBNEE L g L, 208R, BaF
KA~OREN 2+ % £ ADOREHIT £ - TH2 5 5h, FOWREMRIZTFED S OB &
KBECD LR+ SIck o ThAb SNTWA LW ADFMOMEFHo L2y, 7
2D L0 2 LBEHEEE b 2 6T KTOWBMARHEIHS 2 E & o700

Abstract

In recent years, people of Japan have become aware of the importance of living en-
vironment amenity. [n urban area, waterside amenity is a most important component of
pleasant environment and is now eagarly sought particularly at high density residential
area. To satisfy this requirement, rebuilt plan of waterside are now proposed by many local
administlations,

In this study, two practical experiments were undertaken to find useful planning fac-
tors of watersides, At first experiment, superior waterscapes opposited were found by us-
ing slides which were taken in various distances to thé opposited side ahead. The people’s
impression shows great interest in the distance of 3 ~4km. The second experiment use
on-site evaluation of respondents. This method is able to task the kinesthetic experience to
the respondents. They were asked the impression of the physical features and the ovservers

1. EVAENR Semirs T305 FRULSEATS EEaT 5 163 2
Systems Analysis and Planning Division. the National Institute for Environmental Studies. Yatabe-machi,
Tsukuba, [baraki 305, Japan.

2. WEMSBERE ENAEMEATEMAMEA ($0E N ARSMEER  T520-21 #E R GETHEEEER
1740- 1)

Research Collaborator of the National Institute for Environmental Studies. Park Office of Shiga Prefecture,
Minamisetaohgayamachi 1740-1, Otsu-city, Shiga 520-21. Japan.
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simultaneously measured the physical quantities of site. The results provided the structure
of psychological evaluation of pleasant waterside and found the effective physical factors to

the plaesant waterside.

1 S ETOKATHME

AADFHE & UTERMITEZ S 0), KOBRCHTAFETH L, KACE/ITIZEL
LN AREOREILL - T RO E - 2O TH D, EHWHEE, BOD, PH, SSHEZ (OH
BAFHESN, KOFENSHALL IR o7, LA LENSI0L ) RREIDLLZKOERON
ELTCH, —BOAA OKBEESFBAEL TV A LW HAEEETHIREL TRV R WI ) TH D,
HAET KB OB (- & BENNAKDWD % BE 727 (IgE, 1973), FEEOERIC L D BAKEDOEERD
R an b L R - 2E, 1985) 26 dMBECLW I LAhh b, AL OERIGKEOMEIZL
Yo TERECHE, #rh SKDeRoRmEEEROEL IS LD TH L,

2 BIETEEC & 5 KD RO SHE

KiAethle LTOFHE2 B2 o A4 FRBRERLICREVEBR L TV A BADER2E, T0R
PEES . By OEBER DAL IIH L, KAIilB s RBoELH A 2 1 /50000
HROWEICITH 28, 738E41E, 778% DAL MELE, TOHREBLIGRT LI IIEA
EEBOFIIE L DWREFRWE SR, FRAOOMATIIRAROE 2K 84%) 12K, 2
BRI, (BRI T TRATY 2, HRE LTHARILIIIGHE (EF0 TE) 2L R
SRTWA, KESAMIZE s TW(E2), S R500fAR K T2.50,

Hrifi s Ntk
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Fig. 1 Types of view points
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BATAETH 0 IVEM TR R L & 6 FABREORMBEDRII L > TERL D HBL TR E
(RETWwERLTHLELELRTOES (A, 1983), JOHEROH LTHONEERTWLE
&, MEITCOREOIHEALE, H3DLI 3 ~4kmDEZAHIEHMENDEEREL T
Wh, STRIBZOBEIFRTRLICAVERTHEZEFRLTWLEBRLTELY, Mo
WL EEZ L E LM THLOTNOERNFE TCRALLESNS D,

A FEW
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—
1 Skm
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Fig. 2 Distribution of view point ard view angle
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Fig. 3  Frequency distribution of opposite waterscape
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3 EARRIC L IHBEEREOSH

TORBEOKRLY, MBI T HEFS L HEHMICEPLTHEI DS h o, L LED
EFETId A 4 OFF 3608 L - RERSHIOBH AR HE Ch - 720 FOHHRFEETHS A
AVMEAT LR, RTINS L FAFNRL LD L TChAE, 22 TINFHLMCT
HEIZATA FEMOE—OBEEIZL - TRHES G THNL 2 LIiC Lz, T3t igs
B4 o9 F— o I L TRV E AN GIEINI0, 8, 6, 4, 3, 2, 1, 0.6, 0.1,
0.05km DA TEHEAY L o7z, THIZI083F 1 H26 510~ 12BOBICE S WFR Th 1 187240~
S0km THHTH otz EDATA FEMAVTHBREONCEMi % The 7, #OERS (IR
KM I 3 km 0 & 2B TEVGEATE S,
ZOZLREDRELHRIEBMIEIO LN, BEOREHIIOVWT—D0MESELRES
Bt b,

4 BRRFEEBROATREM

G COMYE L AURHR-OM L, BRE PO E LARENBICNST AEF I 2w TEDLNT
Efzo TO/OFEHEGOFEEFEES L CIERETRAE T2 HETORREEZB VL, L
LAt o BB L S ICKD B REL LSRR BETHE S HL 0O TH L, 0L
ZEEEAKDBROER L OBEFEEMS T A2, BIEOKR 2T L2 LC, A% £ —
U, WML TV AR THHYERNHE L L TR LENH L, F2THEE %552
KANFE LFBBELTH 5 ) BEHEMRALNT,

4. 1 B/EBROKE

KRG T BET DIIS 2 VIFEINDBIC ST B K % B B ORR, KR, WE T3,
KEOHR L &% F 2 v 7 L2 (hH, 1983), T % d L iC17THhA S EE L.

EBIL2050OBBEEEY, 19824 8 A NATHEHE YN, HBREFARCSELL, BHE1
DENIKDEPCATELH EEDIT, #ORTOYHBEREONELTE 0L S IZFB
Tats

LEEFHRER 1 OX )T 7y — FRCHBTHEZRA LY, IERIRMEIC L - TH
oo BERFEAMBIERLZ CORMBHOEA A NEBHSCB S TRIE TORE, KEOBERES
HEROELTWA,

WM LEE L LT, RESRY, LFLmBROER, HAEOES S 3E, KR, FE KXY
T EOKOEIREY B KOBIR 7+ - Ly —LOkEE, SS, CODIATRNLELB -
THHT L7 BESLERAE L 2HIEE A, TIGATHEELIS LDID0T, KED
IR F(IX1m) NOEEKOKZ 7,
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4. 2 KIOthEtOEE

LEFIFFHIHERE, SRk EOh T - F-FTHRLNL, 0L LT~ F EHCEN
B OOMERE % HE 2 1243 CATDAP ($TC - iy, 1981) % W CRBHMEHOMASbE L KD B
FHEHFBVHFOFEREARS 198D AR T L URSHMC L 2HE* RO BHERE L
RBMER L 2o BB TRV ERN L FNEHBET LB RO T hiks L b, 2OK
BT, BEAERYERE LTRAVARDYIIBUSOBSFOL O3 —0onER: LTRY AL
SEMNTEDL, FWMLLER HELEPIOBHBOBIIHEFOWL LS, FOHKTHEER L,
ZOERBRTRVOENEBER x4 MENER EHE U I LR L, CEBNKILOEE I
Larklb,s
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B OEFOE 4B LI TE ol '
—HALOUE S LTS OB & AETIET B9 23 D LT 0T, 2FRLOBRDI
B OHE LDV TLE o785 KEFRADPADAD 2T 8L L TFORE, LT
Wiz, HEBEDERIEVIZS PO THINFES Lol RALOBRREVWHIZZA LY
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Fig. 6  Structure of the appraisals at waterside
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4. 3 KIDWEME S5 THIENEE

ﬁ%@ﬂﬁt%wowtﬁat%ﬁfﬁ%ﬂ%%%&%%#tf%uu,bﬁmﬁm%ﬂﬁ:t
EEe, FHATNELAYENER L OHBOMI 2RO FEFELOLL, 0L 55
RS EBICEZHEERBANIEDTHY, HMEDERTBINCELHENZEE Ly, #
TR (1979) DRET D PSS (FHIFERFD) # A2 2 2 L7,

BSEB I T LHBEOREL AT LICE LY, BBV THE SN MERRER L ORE
EROLERIDL ko7, WEBMHER S AMOBREOMBE M EILES S L v ALEENS
DHELBD ANTHIT LA, —RBEOERFRATLZ LI o7 F0BOREEDE
MRS & OB IS CEIFMEAECHESIIRBELTYL I Edbd b, KOHPIZAD f2vién
SRIGHAN 22 RV REE SRR OERTH 70T, —HIZoWTHHEET b,

TEILOBENIICEEIRZOLHICLEFOADNEEFAMEEED L - THH SN, Tk
AODTEESAFRLEENICL, BEXI 2 ) - b RBTRVLERENIZ VI EERLTW
Bo

TFELO-DIHATHOBR AR E VSO T, B 2EIISTTHTL, £ CRiTh
RERTHOCTEILSTL, BlLilladbe R, FOBEEIOLHIIMHOTE R IND
DHEESENELE, MEAKECHIHEEL LD, KESWTHEAER TV 5 L BWEFli%

F 1 #HHSIIBT 5 EBEOEE (§5%FE)

Table 1 Appraisals fo features of sites

TFEOME ko~ TFOBSD Bn ot
oA & aThs Wi ALY B Bh Bhede BHicdo

1 #N 75 25 0 5 35 35 65
2 Ty koo 0 100 5 50 20 100 0
3 kA 85 15 0 25 15 25 75
4 Zd 0 100 35 85 0 100 0
5 #isk 30 70 20 85 0 100 0
6 EEH 10 85 45 100 0 100 0
7 P 30 70 25 70 0 90 10
8§ ks 100 0 10 5 30 0 100
9 KR 95 5 45 20 30 5 95
10 M 100 0 50 35 20 10 90
11 HME 25 5 95 85 0 85 15
12 Ak 5 25 30 20 0 30 0
12 /WA 55 45 10 45 0 80 20
14 /AR 100 0 0 5 80 0 100
15 Bk 5 95 90 25 5 100 0
16 & 60 40 10 45 0 40 60
17 BEAR 60 40 85 45 10 10 90
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Table 2 Physical features contribute to descend from the bank

mENZER |BOYFL [BoPT log B W [BBY i log
R +14.4

ADpEHOES

HDHmDRE

o b EERA

M D b THER ~2.8 +3.4 +29.8
7Kg & PR B E

TREE AR R

| #EEE —6.4

B +29.7 -89 —28.5

B DY

Tk ER D

EMA +99.1 +37.6 —16.7 —-37.9
EEEAMEH 0.653 0.418 0.802 0.647
PSS 20610 | 273x10° | L19x10*} 240x10°

RTRELRERETT

BT,

KOKDPADAD 24 SIZOWTHHT LA FOFERER 4 O L ) ITKE & BROBRENINS VI,
KiBAE IR, WENTHHIZE, WAL (SSALRWIEYE, AL TVnEEHELTHEI &8
o,

L FoEEHIES 0 & 5 SO O EEEHG A SV, KEOERASKEVRE, TR
HEIECE, RTHHLICRLLATVA I LAR T/,

IRHEOBEARICTLDALERD LTS,

Y1) (EF0ENIZCS) =3.4X (1) (MO EtERm) —28.5X(2) (EH)
-16.7 (1
Y2 EFAoomonER) =0.97XQ) (RO hEEEE) +28.6X(3) (HEL)
—16.6X{4) (KB) —0.19x(5) (hHs)
-0.9 (2)
Y(3) (KO~dA D 2 %) =—0.88X{(6) (K& BEOR®E) +4.9X(7) OKim)
+68.1X(8) {(##) —8.2X(3) (e

—0,017X(9) {SS) —107.8 (3)
Y{4) (ZFORE) =2.9X(1} (Mo TmEA)
+0.19%.10)  OKBROBSE)
+0.18X.11) (MEOHEDE) —21.4 (4)
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Table 3 Physical features contributed to view on the bank
YIBERTEE B | BObS log | BB | BOBEY log

{7 IR
HOOHEDEE
MO D EDRES +15.3
Ao HOEHEAE
A b T O R AR +0.97 + 4.6
ki & BED R
TR B {4 -0.36 —-5.1
W) RREDE
KB
RDE
BE +9.9
pi::l —20.7 —11.8 -13.7
COD +28.6 +9.5
55
ER
A B o ES +25
KOS
K& +29.2 +3.4
A —16.6
Mg —2.5
=3 +8.0 |-019
FKEET 3
EHE +53.0 +8.4 —0.54 +47.4
EIE AR FEE 0.510 0.733 D.810 0.870
PSS 1.09x 109 8.33 x10° |3.86x%10°| 3.02x10°

BEGHRERES T T

W% ARG & ENEREMASbEL I I 0E T LW RHERY B2 T2eN
T&f, TLRGHRETFETLLEIHLHEREHRHL, KOOHEL#5 L L ICHY
OMBEGFEETNEL, MEOMESTETAZLIILY, Ro2 Wl bR 572,

(1) ADOBFERE GEFEARD~OMED 25 8 EARADRRAEIC L - TH 26 8h, Ko
RBERLEFPLOBHEKBEFICL > Th b 3N, KEFIKOPADAY RT3 LLFOH
Firl-TbhodnTwad by LEFHROHEINL I L2 570,

(2} AGADHENEE ST 5. 0B8R E (012 &, 2 F:PoORDDES, KDF~DAY
248, TFORENLKLOBE T L YWHEMGEE, SO ) EEMA, B, KB, MHESE, M,
K& BEOBRE, Kil, WE SS, KEOHHESA, MIBORHYS L BES S Z Libh o7z,
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Table 4 Physical features contribute to wade into the shore

YERER | kohAbi | koAbl log
ADHEDEX
MO O EOERH
KT & BB D B -0.88 ~6.1
TR A
B
EH -3.1
k& +4.9
i B +68.1
Kot
B

iR -82
COD —24.7
S8 —0.017 +20.3
ER
FagllE a3 et =
KD M - 3.0
*B
A
LR
I3
TREE T 3
ERH —~107.8 +24.5
51 T AR 0.881 0.917
PSS 4.01 x 1¢° 4.08 x 10°

BF I EER R SR

FHRBINGOBREBIZAFADEEDRLVL OhOYHEMERIEATTF ¥ 2k, 20
HEHES L OMEL IS MCT A ERVBIFEORKE bR E ROV, THEFOL S0
BWEROTEM T EHLKLCEWTHRTL, RELKIOASIIEST L0 E LW,

C

AW TR 2L ) RARBORF LML TEHE F L, ERLERELATT#Hob
F B FBEE R IR SRR TR O JeA 25— BB O L 3 1
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Table 5 Physical features contribute to feel the steep slope

FEMNATES| TFEsaTHES log| TTFHWEL | 2 TFHWE log
A ke :
ADbEOES +186
NDODHEHOEX
Ao b EEsS
RO Y dER +2.95 +34.4 -2.6
K & RO BRE
KRR A B +0.18 +8.7 —0.89
EPHL s £
EH —3.6
Fadll] s doYist = +0.18 —0.26
KEE DRSS +0.25
EHIR -21.4 —-77.0 +122.1 -3.5
1 1E T AR (R 0.899 0.755 0.853 0.568
PSS 5.62 % 10° 1.53 x 10° 1.07 x 10 165 x10*

BFUROBHFR T T

5 B X B
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Functions of Self-purification Processes in Conserving
Water Quality in Closed Water Areas
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MR OKEHEBIEAR L LTEHOLR LR RT, BEicbw T tEkakiEiE
T CHBICMA TRERY) » OoREORELHBENMNES, FledEEiToT
VAA, BEERFIR TS BT L Cha oK B EEI £ HEE L, RS0 kR
BREZERLTYV 2, ThoOBREGEDEOY - LHBRRTRASHLL LOXFS
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Abstract

In Japan water quality of closed water areas such as intand seas, inner bays, lakes and
reservoirs, has been not yet ameliorated. The national government enforces new measures
such as the establishment of the environmental standards for nitrogen and phosphorous, the
establishment of the Law Concerning Special Measures for Conservation of Lake Water
Quality and so on. The local governments also enforce comprehensive measures including
sterngthening of effluent standards, improvement of sewerage, improvement of monitoring
and surveillance system and so on.

As one of these measures, self-purification processes attract attention. The self-purif-
ication processes need less artificial control and are inexpensive, compared with the was-
tewater disposal processes operated in equipments, But the former processes are less effec-
tive and cann't used for higher pollutted wastewater, thus the processes are useful to com-
pensate the latter processes.
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Fig. 1  Water quality trend in ambient water bodies
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Fig. 2  Comparisen of the Clean Water Act and the Lake Water Quality Conserva-
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Fig. 3  Classification of water quality reclamation technologies
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Selection of an Appropriate Wastewater Treatment System
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Abstract

Since the control of nonpoint source pollution was recognized the most urgent problem
in the river hasin management, various wastewater treatment technologies have been de-
veloped and applied to make up for the disadvantage of the large centralized wastewater
treatment system.

This paper summarizes the present state and some problems of the existing centralized
wastewater treatment system and reviews the characteristics of alternative treatment sys-
tems such as small distributed systems, individual onsite facilities, and natural treatment
processes. Next, ruling factors in selecting the most appropriate wastewater facility from
the various technologies available for rural or suburban unsewered communities are discus-
sed. Three major factors extracted are as follows.

(D assessment of the various treatment technologies
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(@ evaluation of the regional matural and social conditions

(® selection criteria of the appropriate treatment technologies

Systems approach is needed to plan and design the optimal alternative wastewater
treatment systems considering these factors,
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Table 1 Classification of existing wastewater treatment systems (JEA report, 1984)
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Table 3 Relevant factors for selection of an appropriate wastewater treatment

system
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Computer Models for River Basin Management
—A State-of-the Art Review—
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Abstract

From the point of view of water quality management in a watershed, the control of
nonpoint (or diffuse) source pollution is one of the most recent problems of environmental
science. Computer- assisted mathematical models are useful tools for managers, planners,
and policy makers to identify the current state of nonpoint source pollution and to explore,
analyze, and synthesize the effective wastewater treatment facility plans and designs.

This paper discusses computer modeling and model use which facilitate the explora-
tion, analysis, and synthesis of alternative wastewater treatment plans and designs. Mathe-
matical models found in the literatures are reviewed and classified into the following three
categories in consideration with the model pattern.
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(D simulation model

(2) multiobjective programming model

@ interactive computer model

Simulation model such as a nonpoint source model or a watershed model is useful to

identify and predict nonpoint source pollution loads. Multiobjective mathematical program-
ming model is a effective tool to evaluate the alternative wastewater treatment facility de-
sign. Interactive computer model improves human-computer-model interaction and com-
munication in the planning and decision making process.
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Table 1 Mathematical models for the river basin management
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Fig. 1 Schematic view of nonpoint source pollution
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Fig. 2 Components of conceptual nonpoint source model
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5 3 REAFHREEFAOLE (Task Committee, 1975)
Table 3 Comparieon of various watershed runoff models (Task committee, 1975)
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Table b Allocation of waste treatment facilities using a transportation model

F fif B &1L F ik b B

Deininger & | . i gt WSS v b OFREFEE
(1973) BN IR E REEA~OREE L
Joeres & - R R T - BRI D&
(1974) - Bt (R HeA R il
Mconagha - AN
{1973} - B + heuristic &}

- AT (B RS
Jarvis © L AR G s . L
(1978) e Fou bI—2H R B OMIE R,
Pingry © - AN
(1979) - g - JERRIEET A

- fE 5 (EFIH

AOFMEFMZ—R2 N 7 EZ#HERHLAEFTVEREL TS, ZOAOTFHETVEES

HEETTLEEBLTEY, MENLRGERERBE%E LNV TRIRE,

3. 1. 3 EMLHESRETE

FEOEMEEE & CHRIEOBEY L FTREERICER I HhDICoh, FREZERR
PEREENE R U BB T O MBS & L EE Loz E S, BERREFERE Lo TE. B
B MR AL E O SEIZ oW THEE S (1973), Rosmann(1978) 2R &3,

3.1, 4 $£hniR, HENEOF

LB T AE S A7 LA TOERUEL, FOHEORFEOLOIIREBLT A RBHENE &5
EVIEREPETYS, LaL, EPUBoRe, RERIZE L CEREORRIE LT 5 K,
FEIUMELTIESEFEL 25000 THEAYERTL, FE rBAFTKEY AT L8R
DOFREF Ho LBEIKCIEHERN 2 BEH 6 L EPE, SOOI EALMETHSL,

Yao (1973) T ARLBE (L, MALOKEERE LOBEBCOVWTHH L Tnih, EHE, &4
BEOTAEY I 2 L—a Ot 24T, EPILIERBK S @I COPHEA
T5 LI KR TCIRERE LA TH AT, EFRITNET 2 SHO/NREEEIE IO 2 THARB
MEB A LI L, THORRIIEMELYFZAHL LTV, IOERO—HRIIOVWTIEE
BEASH S H A, TR LT TALBEBROBEMEISN LT, MBI ERErYRERT
B ERZRLTWVE,

Adams & (1972)id, #dik, DL+ BRAOE P LW T L L L LI AT ADEEN, B8
Hoeihb b LTy d, WEB» G oRiikE, KEREATAE, LBETOLAOHEOER

—110—



HREEO 20 O HE £ 7 A

RICE D EBRTHLOIERETHE, BHAOKREILGZ DEEIAI L, 20w, KK
~AOFEEESHEEL LV EeYE, BEECSHIOLMMENRY AFLELTEILWELT
Vh,

IHOOFRTES ST AMBEMIIIR, REEEPT 5 2 LI E YN KA
L7zh, B L OWSENEXRACT D 20RIE T EHEMRORIEIERD & v - 2MFL R
WERTWE,

=77, BRROKBLE L 2 7 L OHHARE T T, LT L SEIL LR S A 7 AR A/
WHENTRWEDERORONS (A - AT, 1983),

i, SELOBBRVTAASE#D &V o T H R RMECIE S {, Mt
ERBLEDRATEDUBL A7 APEL A d 5 WVITHAS DY CEET A AAEL A E W iy
HEZFLAAEL AT LAORAFRBREOMBEAL LTRBT A2 EXNETHA S, HITFEHHE
HEFOHIE TSGR OME S R 7 AQHRUPFELVERVZ, WELLEE SALLEE
BN FOFBHEINIVWIE R EI DL HROTRED A7 L4 LORELASEHENSHE
ELMARBLLELEEZOND,

3.1, 5 aBXOBIA2LEHLREL

Pingry (1979) R T RKABAOBFE, U5% bAARANLTKEL AT A& THEMEL LT
ERAL, FREEEET VLD IREHVTVL, T4bL, KRG ENESLELT
HETHAKE, KEDKEHEL, +oBEHOEH-TL ) CRERAL /ML 2 REbMET
BHho HROUEMEDOTAALTH, NEBHEERH L H§RE S L BRICHEORFE T Hak
Lirofz ), KECODVEEFHSRETEAL ST L A2 HAREIE - Tl T T U ATE 0,
ZD Pingry bOEFNTHMHFEHEEEL LTERLTWD, IV AFLOBREZELLT
i, HEE, ZLAVDOBEREFOAFHE, KUSHBEERIIANTVLE L2 2 HT
hbe

3. 2 FTAREDZAFLFHEOSHIL (85
ZEMFEICE LTI, S8 TRLEAXOT,S, BEFHCE LARELRAREY 27 L%
BIRYDBEO—D DN E 52 27L& LTRELEFVOFBAFEZLNLL, SHETS
DL RHHANFEEFVORBEFEDO SN THED, CThEDEFLVEREBY AT ABEICIEH
L7236 L Cid B a8 %W E Joeres, 1974), B #E8FW) j (Kansakar, 1983), 400 BRE &
(Nakamura &, 1980) 2 & AiF s, ThSOHEOHMEL—BL LADOFERE Thd, Zh
LORTIE, HRLEYATLAMEEITLE LTI MBS RLTh 0L, IA D
AT TS DR OREREECTHAH~D A vy b 27Tl 5% BHERELET L 08
HYRiTshTwd, ShoOfEFEEARELEEF VR T RE L, FENCES ST 53

— 11—




FRiRgER - hisiE g - MR EM

F# 6 ZEHMFMEEFTNMCEBNE S RTF LEE

Table 6 Waste treatment system design using a multiobjective programming model
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Table 7 Optimal combination of waste treatment technology
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Study on Data Base Supporting Watershed Management
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Abstract

In order to preserve a desirable condition of water quality, the watershed management
is needed, which should be based on the whole processes of “generation”, “run-off”, and
“transportation” of pollutant loadings. In making such watershed management program, a
model should be built which can estimate the future changes of water quality after the en-
forcement of a policy for preservation and/or a regulation of the sourees in the watershed.

But, in building such a model there are a lot of difficulties resulting not enly from
many black boxes for water pollution phenomena but also from a wide variety of unknown
characteristics of natural and social conditions in watershed. So the establishment of a
proper data base system including a wide variety of basin characteristics is essential to
build a reliable model.
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The data of water quality have already been accumulated routinely by a part of pre-
vious watershed management program. But accumulation of the data about basin character-
istics which governs the generation and run-off process of pollutants is still insufficient
throughout the country.

This work is concerned with development of a comprehensive data base which sup-
ports the watershed management in the nationwide scale. A demonstration is made of statis-
tical analysis of major lake basins in Japan based on the data base.
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Table 2 Statistical values for water quality of lake
H E #iff% & i THE BAE BME EEEER EE % E
A pH 89 7.56 9.44 0.10 —-1.7 9.0
B COoD 89 mg/! 4.03 20.41 0.87 7.7
. X T—N 82 mg/! 0.72 6.46 1.41 18.3
M T-N 88 mg/! 0.07 0.71 1.72 15.2
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Table 3 Statistical values for lake characteristics indices

|

I B A Bt M BRAkiE O RME O ERER OFE B % ¥

W | T 90 km?  21.47 673.8 0.14 3.49 7.4 63.7
@ ki a0 m 24.17 279.0 0.8 1.83 4.2 22.9
M | MK 90 10°m’ 935 27761 0.8 4.08 5.6 35.8
f.% SR %0 km:  481.7 11799 1.8 2.81 6.7 54.8
| EAREE 90 % 10.1 99.2 0 2.49 2.5 7.8
T | penR 90 y 3.24 63.29  0.008 3.26 4.1 19.3
+ | KEEHE 82 % 9.8 99.6 0.0 1.64 2.8 13.7
ﬁ% A3 T 82 % 4.0 29.5 0.0 1.54 2.3 7.9
fﬁl EEEmigE 82 % 0.7 7.7 0.0 2.40 2.9 11.3
¥ | IUHER® 82 % 68.9 100 0 0.41 —-0.9 3.0
B | rmemns e % 4.] 38.6 0 1.74 2.7 11.1
REGE:: 7 Axm? 356 3291 3 1.55 3.2 15.9
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% B A 2R 71 EFHM/kmr 630 10654 0.6 2.62 4.7 26.0
% | ISR 71 ¥/km? 7.8 26.2 0.1 1.57 4.1 24.8
| mmes 71 ETE/km® 630 10405 1.1 2.36 4.7 28.5
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¥ | FREEE 71 5H/km? 17.8 190.7 0 1.63 3.7 19.9
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= ERERE 54 mm 1632 2577 818 0.24 0.1 2.8
g | THEE 54 m/s 1.67 3.22  0.43 0.35 0.6 3.4
| R 54 T 16.9 17.5 3.6 0.29 —-0.3 2.3
B pwnmsm s e 55 7.1 392 040 02 43
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F* 4 BRI & KE O BURBRE
Table 4 Correlation coeffictent of lake characteristics and water quality
H H COD T—N T—P
W | HER —0.04 —0.05 —0.06
'ﬁ;’% F KR —0.36 —0.24 ~0.22
| WER —0.17 —0.12 —0.11
% TR (.25 0.38 0.44
| BAME —0.10 0.03 0.04
T | R —0.26 —0.17 —0.15
+ | KAEAEE 0.57 0.51 0.43
% R 0.62 0.48 0.40
B | REETREE 0.32 0.21 0.16
@ KRR —0.58 —0.58 —0.51
TR 0.67 0.75 0.73
A AOFSE 0.72 0.83 0.71
o | &l —0.25 —0,24 —0.11
% L| B —0.07 —0.09 ~0.19
i R| TREERE 0.21 0.07 0.14
(AR P LR 0.20 0.30 0.20
7| YERER 0.55 0.70 0.56
% T e 0.58 0.69 0.63
15| BT 0.63 0.74 0.61
| R AR 0.53 0.53 0.50
FrihmiEE 0.46 0,37 0.29
E | o 0.0 —0.04  —0.06
ﬁ SR FoE 0.23 0.09 0.09
BREEE 0.08 —0.03 0.04
G ST —0.16 —0.25 —0.20
§ FIE 0.31 0.09 0.26
ﬁg THER 0.53 0.42 0.30
sp B AB8ERY 0.60 0,44 0.52
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ORRADHY, SHOBELERE LT, HRELEYSOEREER L AREREOLERE
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B, BBIIZOL I 2T -y R— AL BEE SN B EMFIIONTELEDHTE(,
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Table § Standard regression coefficient in multiple regression model for prediction

of lake water quality (case 1)

w B COoD T—N T—P
R —0.27 —0.11
DRy, €73 —0.11
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b T i 0.24
=¥ 8 231 —0.20
e |
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e IR e
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R RE
SR 0.12
FHEIRR
) B HREFR 0.15
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#* 6 WMEAETRHERRETAMCBTAREREREY (F02)
Table 6 Standard regression coefficient in multiple regression model for prediction
of lake water quality {case 2)

H H CoOD T—N T—P
1 T
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Res. Rep. Natl. Inst. Environ. Stud,, Jpn.. No. 98, 1986.

I-9 EREEEERLHEHEEVEILG S 2T LAORBL

Optimization of a Regional Solid Waste Disposal System

ZEERE - MARES - m B - LR
Suehiro OTOMA!, Kiyoshi KAWAMURA®?, Masaru TANAKA®
and Masaaki NAITOII

£ F

TRV (BERD), S3%, BTG, BRBLEONOOH 7Y AT LD6HRD, ILIE
FWIRT LG v AT L OBME A, Bllbe BB, HEEIE OF R M ihEE
FHBEEROMEL, HESRFLLT, BEKOCOD BEF—E@UTICT &Y
Mz 7z

ICTHRONIERE AT L, BEDTSRRHL-OLKEBYEL, HTHE
HU R ZR A (R T LT T A LW I 4O Th ooy TOY AT LTHES
BHELELTHOEENKRT, @BH06%ICLET,

S 6il, BEEDE, xR, SHROATREEEL ST L2 &, FRLAHE
B AT LORENIE ZLEFII oV TR L .

Abstract

A regional waste disposal system comsisting of four subsystems, i. e, intermediate
treatment(incineration), transportation, land reclamation and leachate treatment, was opti-
mized by the dynamic programming technique. The sum of construction and running costs
was employed as the objective function to be minimized under maintaing the COD concen-
tration of effluent below a certain level.

The optimal system under the study comprised incineration of the whole waste,
reclamation by the sectionally controlled filling, and biological leachate treatment followed
by the adsorption by activated carbon. The cost of incineration is the largest portion as
much as 86% of the total cost. The effects of parameters such as the transportation dis-

1. EvAEMER SOl T305 KiREMEIS HRA/NEg ) 163 2
Systems Analysis and Planning Division, the National Institute for Environmental Studies. Yatabe-machi,
Tsukuba, lbaraki 305, Japan.

2. BAGOEE EvoEFEmsANER (ErAaRmiETHES 108 WRHEEaEsi4-6-1)
Visiting Fellow of the National Institute for Environmental Studies. Present Address: Department of Sanitary
Engineering, the Institute of Public Health, Shiroganedai 4-6-1, Minatoku, Tokyo 108, Japan.
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tance, the amount of waste disposed, and the efficiency of biological leachate treatment on
the optimal system design were also examined.

T U
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