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Table 1 Standard of irrigation water quality for paddy in Japan™

Item Standard
pH b=3 6.0 - 7.5
CoD (mg/1) =6
SS (mg/1) < 100
DO (mg/1) =56
T-N (mg/1) = 1
Conductivity ( mS/cm ) = 0.3
As (mg/1) < 0.05
In (mg/1) < 0.5
Cu (mg/1) < 0.02
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Fig. 1 Human excreta treatment in rural area in Japan®’
( In view of number of agricultural village , 1991)
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Fig.2 Discharge point of gray water in rural area in Japan*’
( In view of number of agricultural village , 1991)
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Table 1 Chronological changes of consumption of compost

in Japanese paddy field*’
Year 1955 1960 1965 1970 1975 1980
Consumption 560 630 545 451 268 199

amount ( kg/10a )

Table 2 Chronological changes of consumption of chemical fertilizer
in Japanese paddy field*’

Year 1940 1950 1960 1970 1980

N ( kg/10a ) 3.6 6.1 8.3 10.9 10.9

P ( kg/10a ) 3.6 4.4 6.2 103 12.2

K ( kg/10a ) 0.6. 1.6 &7 886 9.1
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o
City population ( million ) =100 —=100(30—50| 10—30 | 5—10 5> Total
Total population ( million ) 2481 580 | 1899 | 2453 1,549 3,588 12,359
Population served by sewer ( million ) 2,284 349 885 | 1,193 534 367 5622

Fig. 3 Relations among city population and percent of sewered population
and population served by sewer in Japan®' (1992 )
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Table 3 Pollutant load per unit activity of source and water quality
of gray water and human excreta in Japan’

(ray water Human excreta

Pollutant load Quality Pollutant load Quality
Item  per unit activity per unit activity

of source ( mg/1 ) of source ( mg/l )

( g/capita-day ) ( g/capita-day )

BOD 27 180 13 260
CoD 12 80 6 120
S8 13 87 22 440
T-N 1.3 9 6 120
T-P 0.3 2 0.5 10
Water 150 (1/capita-day) - 50 (1/capita-day) -

Quantity
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b, M TIE, EEOF LIS U THIREL F I Lo/ R sk 2 8%
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TIH2EDOLIRLDOBEHIT O,

Table 4 Difference in condition between urban and rural area

Item Urban area Rural area
Population Numerous Medium or few
Settlement form Dense Sparse
House density High Low
Settlement Big and Small and
distribution concentrate disperse
Mainly
Land-use Mainly agricultural,
city space forestry,

fishery space

OB F IR - s 2 %+ 254, OFRRE B ORI ORFEIC LV E
RO D Al & 72D, LavL, RFEEROLN6EIAZ LD WA (220 T
1, SR TCREEMOTEARRIZ/Lo20, PR 78 E O )
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Table 5§ Projects of construction of domestic wastewater treatment plants
in rural area by various Ministry in Japan

Wastewater Design
treatment Jurisdiction Area
plants population
Rural sewerage Ministry of Agriculture, Almost Agricultural
treatment plants Forestry and Fisheries < 1000 promotion area
Community plants Ministry of = 101
Hearth and Welfare < 30,000 =
Gappei shori Ministry of - -
Jjohkasou Hearth and Welfare
Specific environmental Ministry of Almost Except
protection sewerage Construction < 1000 urbanization
system = 10,000 zone
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I. CxHyOz + (X+Y/4-17/2)09
—> XCOyp + Y/2Hp0 — 4H
II. (CgxHyOgz), + nNH3z+n(X+Y/4-72/2-5)O9
- (C5H7NOjp), + n(X-5)CO9
+ n/2(Y—4)H9O +— 4H

Fig.4 Reaction of dissimilation and assimilation by heterotrophic bacteria®*'
( 4H indicates reaction energy )
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Raw water settling sludge sedimentation
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-

Condenced sludge
reservoir tank

Fig.5 Schematic figure of typical activated sludge process
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Other metabolic product

Fig. 6 Schematic figure of biofilm
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Fig. 7 Schematic figure of typical contact aeration process ElbLTHARY VERELER TSI, HRPOY o ORIZK L T2~4fF

FADA AV ROFMBVELEDNSYY , TVI=TAIZLD Y XOBREREFTA

FREAET WAMOBRFEEES S ROMBE EER, —BWETE 58 POV L B ARBIRO BB T L AERIC SN TH Y, Wil FAROFTIRE

EiHLINTS, LAL, SOLFEOHZTY U EBELTHRECRET 5L W2, 350 CRERIS% ERBEND L EDRTNS®Y , ErFikic, #14
IR CH D, TRRESILES TOIRREEESER, Lnh Sndeitiin L OEME N E U RERORIE GRBRIICIA S SR TG

DHTEY, ZORME, EMBRKETIE, MEDIC L3 EHEER OB ERIZER Y
AENLHLRDY  LOKRESAHETET, FbicSBELRITAEFEATDY 2%
ROZS LTI T ERVEDTHBY,

ZOEIRI DL, EMBREORKE T VRELERT A0, —BIC I. Al13% + PO > ALPO4 ¥
U VEREGMORBOMERZ N 5 HikRn L 6ns, Livl, kiicikd sk
2, BB KRR~ ORI B OBA B, BERMEIh TV Y L BREHIEL
ENBRLTHRETE S LD LIV,

1. A13t + 3HCO3 - A1(OH)3+3COy

Fig. 8 Reaction equation of aluminium ion in water* "'
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Fig.9 Schematic figure of chemicl precipitation process
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Fig. 12 Schematic figure of soil trench wastewater treatment system* "™
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Fig. 13 Comparison of biochemical metabolic systems of organisms

which have ability to store P as poly-phosphate
and that which dosen't have the ability® '’
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Fig.3 Potential

Fig. 4 Potential - pH ( Pourbaix ) diagram of iron by experiment®
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Fig.5 Potential - pH ( Pourbaix ) diagram of aluminium by theoretical calculation®
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2. 2 EBAZE
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DRI RN THIT o1, EREMOADAERITAL THY, RINEOHEDERIT
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ATEKRE LTI, Table 1 \oRd & 5 RPEARBERIZIEL FHEATOARK
B RDHBOERVVE, ZDIEAKEIL Table 2 ERT L IR LEDOTHS, AT
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Semrr \T ¥ /——Control valve
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Fig. 1 Schematic figure of aeration tanks

Table 1 Composition of original artificial wastewater

Poly pepton 18 g
Meat extract 12 g
NaCl 9 g
KC1 0.42 g
CaClo-2Ho0 0.42 g
MgS04- THoO 0.30 g
KHgP0Oy4 2:5 g
Tap water 100 1
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Table 2 Concentration of artificial wastewater

BOD 200 mg/l
CaD 80 mg/l
SS 20 mg/l
T-N 50 mg/l
T-P 7.5 mg/l
S042° 23 mg/l
Alkalinity 90 mg/l
pH T0 =

FURRICH L TiE Figl otk ois, 7av—icroXi (BR) 2fTo7-.
ZORMEY, SEBROMAZBLCT, &R0 LICBRIEBIEOGIFREE (LT,
DO) BEHEAS2.5mg/¢ , HE2EA54. 5mg/l , FIEH6. Smg/é (=8B L HIEEIE L
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HODLME ML TRBREHGE L=, T72bE, HAOKARECEBRELIZEN
ETLECRIT, RIS LIZAOMARIET 2N A L2 0B ESR % BS L
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Table 3 Medium for SRB count

Source of X-ray

Fig.2

Yeast extract 1.0 g
KoHPO4 0.5 g
NH4Cl1 1.0 g
Na2304 1.0 g
CaClg-6Ho0 0.1 g
FeS04-THo0 0.2 g
MgS0y4- THo0 0.1 g
C3Hg03Na 3.5 g
Agar I5 g
Tap water 1000 ml
Data
Wave  management
Amplification analyzer system
i
)
Sample Semiconductor

detector

Schematic figure of analytical system of fluorescent X-ray
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Fig.3 Concentration and removal rate of phosphorus
by aerating submerged contactor process
[ First series : Iron contactors submerged in first aeration tank ]
( = :Before submerging iron contactors
@ :Influent wastewater
O :Effluent water from first aeration tank
[ :Effluent water from second aeration tank
AEffluent water from third aeration tank )
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Fig.4 Concentration and removal rate of phosphorus
by aerating submerged contactor process
[ Second series : Iron contactors submerged in second aeration tank ]
( » :Before submerging iron contactors

@ :Influent wastewater
O :Effluent water from first aeration tank
[ :Effluent water from second aeration tank
A\ Effluent water from third aeration tank )
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Fig.5 Concentration and removal rate of phosphorus
by aerating submerged contactor process
[ Third series : Iron contactors submerged in third aeration tank ]
( « :Before submerging iron contactors

e :Influent wastewater
O :Effluent water from first aeration tank
[0 :Effluent water from second aeration tank
AEffluent water from third aeration tank )
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2) SRBOMEEE

SRBOHEEERE, Table 4 I LD TR, “NODKRIE, FEMIST
p otk LTRLTWVS,

ZIcEb LT, BAES 1 ETE, 10°4—F—, B2ETHI A—F—, B
3T A—F—DSRBAKRILENT=, T4bb, WBROIZI BHEIZLBL
<, SRBEZLHERTEL L) REVRBAMREMIZHLET DI LWL
s o (e

Table 4 Results of SRB count in the sludge on iron contactors

The sludge of first aeraton tank in first series 2.1x109
The sludge of second aeraton tank in second series 8.0x107
The sludge of third aeraton tank in third series 3.3x104

( cells/ 1g SS )

(3) HKAMEBEBLEVORITER

TRLF—SEREEXBOITIC LD, SAMRHEATEDOITFER%E Table 5
2R, R, MEcEORMR 5% « M El% L L TR R L, 8B,
iR Li-cHEofic, ¢ (BHF) , 0 (BH) bHRIHENEAERICIIESDHR1-
o ZH2, AEOHBIEEE % 15kV & BRAEMWIBIETTo 2, “hb
B EOREZ IR ENE LT WL ER=720TH D,

IORRTHR LB ZOE, BINZE-TS (M) OmHRAKRERLD S
LehhH, ST, B1, 2FVTIREMERY, KEEMEO ELLMHE LRS-
2, EIRVICIHBRBEINEoT-. B, 2FRNEEET S L, ZOREEIGIR
1RV THRY @t

IOLEIBREEDOBNIETENS LM TE R, Thbb, ERETHFICEKS
MEGOHEAEMEBEL-L=5, B, 2RINTREBEAMENEEKLRETH-
=h, BIRVTIIHRBETH T

51



Table 5 Analytical results of precipitation and membrane on iron surface

Element Precipitation
name on iron surface

Membrane
on iron surface

Weight % Atomic %  Weight % Atomic %

Iron Si 25.21 36.58 18.20 30.32

contactor - —

of Ca = = = =

first

series Fe 58.16 42.17 69.49 54.04
P 5.64 7.38 4.38 5.93
S 10.98 13.87 6.92 9.70

Iron Si 15.84 26.70 24.49 37.25

contactor

of Ca 0.06 0.07 0.92 0.95

second I

series Fe 78.10 64.37 64.40 48.09
P 5.07 7.53 9.78 13.17
S 0.92 .33 0.41 0.54

Iron Si 4.42 8.41 2.06 4.01

contactor

of Ca 1.54 1.59 - -

third —

series Fe 94.04 90.00 97.94 95.99
P = 8 = =
S = i - ==

(4) BOD, CODD A HEERIZDOINT
BOD, CODD MR % Table 6 (2R3, YORMND LDROHKBADOKE S, &

AMBRAIDOT 7 AF v 7 M OATORIENE L, $2HBE%0HE, BLoE
BT TIEEAYE N 2o,
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First series

Table 6 Quality of influent and effluent water

Second series

BOD

(mg/1) (mg/1) (mg/1) (mg/l)

CoD BOD CoD

Third series

BOD

CoD

(mg/1) (mg/l)

Effluent water

Before from first 82.4 44.3 85.7 4.5 88.6 47.2
experiment aeration tank
of — —
aerating Effluent water
submerged from second 20.3 225 19.3 20.6 23.4 22.6
iron aeration tank
contactor
process Effluent water
from third 8.8 i [F 9.2 10.3 7.4 9.4
aeration tank
Effluent water
In from first 73.3 46.5 74.0 45.6 735  43.5
experiment aeration tank
period -
of Effluent water
aerating from second 13.0 14.2 13.5 17.7 14.6 18.4
submerged aeration tank
iron —
contactor Effluent water
process from third T<5 Tan 6.5 9.4 7.4 9.3
aeration tank
Effluent water
At the end from first 72.5  43.1 B87.5  47.2 68.3  44.8
of aeration tank
experiment —
of Effluent water
aerating from second 23.5 18.4 21.0 19.2 18.7 17.3
submerged aeration tank
iron
contactor Effluent water
process from third 7.3 9.3 8.5 9.0 7.6 8.6

aeration tank
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I. Fe - Fe? +3e” (anode)
m. 2H' + 1/202 + 2e” = H20  (cathode)

Fe + H20 + 1/202 - Fe(OH)2 (overall reaction)

Fig.6 Corrosion reaction with dissolved oxygen' '
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Fig.7  Sulfate reduction process by SRB? '
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Fig. 8 Schematic figure of iron corrosion of cathodic depolarization theory
(ad indicates the matter adsorbed on the iron surface )

I. 8HgyO0 - 8OH™ + 8H'

II. 4Fe - 4Felt + 8e- ( anode )
M. 8H' + 8e~ —> 8Had ( cathode )
bacteria

V. 5042' + 8Had s 82 % 4H9O ( cathodic depolarization )
V. Felt 4+ g2 - FeS
VI. 3Fe2' + 6(0OH") > 3Fe(OH)y

4Fe + S042 +4Hp0 > FeS + 3Fe(OH)g + 2(0H)~ (overall reaction)

Fig.9 Cathodic depolarization theory®*®
(ad indicates the matter adsorbed on the iron surface )
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2HT +2e~ - Hy (overall reaction)

Fig. 10  Cathodic reaction by hydrogen ion* 7’
(ad indicates the matter adsorbed on the iron surface )
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Fig.2 Chronological changes in T-P removal and T-Fe concentration
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Table 1 Corrosion rate

Flow rate Corrosion rate
(em/s )  ( mg/dm?-day )

3 (i
10 6.3
15 6.9
20 6.1

Table 2 Number of SRB

Flow rate Number of SRB
( cm/s ) ( cells/dm? )
3 6.0x107
10 1.9% 108
15 1.3x108
20 7.2x107
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Fig. 1  Schematic figure of aeration tanks

Table 1 Composition of artificial wastewater

Poly pepton 18 g
Meat extract 12 g
NaCl 9 g
KC1 0.42 g
CaClg-2Ho0 0.42 g
MgS04- THy0 0.30 g

Tap water 50~400 1
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Table 2 Concentration of artificial wastewater

Run1 Run 2 Run3 Run4 RBun5 Run 6 Run 7 Run 8

BOD  (mg/1) 400 200 100 50 200 200 200 200
COD (mg/l) 160 8 40 20 80 8 8 80
SS (mg/l) 40 20 10 5 20 2 2 20
TN (mg/1) 100 50 25 125 50 50 50 50
S0, (me/l) 28 28 2 oA B8 B 23 B
Alkalinity (mg/1) 120 90 75 65 90 90 90 90
PP (mg/l) 5 N5 %5 TS 95 85 35 0.5
pH T N R £ R IR 41 B 41 Rl R
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Fig. 2 Schematic figure of experimental system of Buchner funnel test
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Fig.3 Chronological changes of phosphorus removal
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Fig.4 Relations between loss of iron contactors and experimental days

Table 3 Corrosion rate

Run!i Rum?2 Rm3 R4 Runb5 Run6 Run?7

Corrosion rate (mg/dm?-day) 7.6 6.4 3.5 7.6 6.6 6.1 6.1

() HEEETHOMHRER

SRBOFEAERE Table 4 (274, SRBEIZHW\WTYH, T-PREOAZZE(
SHEFE2, 6, THRITIE, 1FIF5.0X107~5.0X103@/dn2 L 1T A LR L TH
L0, RN EDEREZTLSEREHE 1 ~4FHTE, 10°~10°#/dn*FE T
DRERERADLII, Frio, (FEAMBRKEVRINEFTESRBOREESKE W
Lo BmAR R,
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Table 4 Results of SRB count

Run 1 Run 2 Run 3 Run 4

Number of SBB 7.3%108  9.7x107 1.4x107 7.0x104
(Cells/dm2)

Run 5 Run 6 Run 7 Run 8

Number of SRB 1.5%x108 1.5%x108 3.1x108 :
(Cells/dm?)
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ERB AT, 588, RS TR P OFe M E BRIz 53 254 & RORMEIA 2,
FINZ LS TRRERLDH D b OOKB~AUEOHTIZE ETHoT,

Table 5 Increases in sludge weight and Fe weight in sludge
by submerging iron contactors

Runl Rmn?2 Rmn3 RmnS5 Rino6é RunT

@ Increase in 101.6 80.8 69.6 68.7 66.0 75.8
sludge weight(g)

@ Increase in 25.7 23.2 18.6 22.9 19.4 20.8
Fe weight (g)

/@ (=) 4.0 3.5 3.7 3.0 3.4 3.6

(5) FBROBKEDAERR

Xy F =T A NOERE Table 6 (2R T., FIAF v 7 AMOHTUHEEITHIEH 8
FINDETROHA10M 4 —F DHHEFUE S B S8, FRUSAOSIM 2R LR
BT, ERbIFhEVI0 A —Fopfbn. L, KAMEZRELIZRANDOE
RO BEAMETEN TV
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Table 6 Specific resistance of exess sludge

Run! Run?2 Rumn3 PRunb5 Run6 Run7 Run 8

Specific resistance 6.8 4.4 BT AT 5.4 3.6 1
of exess sludge x1013 x1013 x1013 x1013 x1013 x1013 x10l4

in first aeration tank (m/kg)

Specific resistance 5.1 23 Jid 4.4 4.6 4.3
of exess sludge x1013 x1013  x1013 x1013 x1013 x1013 -
in second aeration tank(m/kg)

(6) T-PLAADKEDREFER
MEFRR%A Table 7 1T d., 20X Iz, FIBTKEIZRZ> TWENFDEE
MTREI TH~5,

6. 4 EE
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FIUATEE, BAMRREEO EARALR TS, Z0BSE, BANSDICLES
HBOMLSRBIZEDLDAL BN LI EARREEZ NS, EIE, L8
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Quality of effluent water from first and third aeration tank

Table 7

0-Fe
(mg/1)

T-p T-Fe
(mg/1)

T-N
(mg/1)

NO3-N

NO3-N

88
(mg/1)

BOD con
(mg/1)

Alkalinity

pH

Transparency

mg/1)

(mg/1)

(mg/1)

(=) {mg/1) (mg/1)

{cm)

§2.§ 38.12 3.0 tr. te. 4.2 0.912 10.3

207. 6

7.8

§.6

Effluen! waler from first tank

Run §

Influent T-P
concentration 8, 5mg/1 Effluent water from third tank

B, § 17. 6 8.0 19, 4 § 45. 3 0, 40 | DY 0,1

8.0

Tl

>10

198. % 50,0 41,0 3.1 tr. tr. 1.3 0.83 11, 3.0

1.1

10

Effluent waler from first tank

Run 2

Influent T-P
concentration 7.%mg/]l Effluent water from third tank

0,5

13. 5 T.§ 15,1 12,0 18,3 0.1 4.0 0. 35

1.2

>0
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18,6 16. 0 tr. L. 47.2 0,48 138 4.3

140, § §2.0

7.1

Bffluent water from first tank 44

fun 6

Influent T-P
concentration §5.5mg/l Effluent waler from third tank

) 18,5 4, b [0.0 0.4 0.9 5.1 0. 18

>10

10,0 15. 6 30,0 kD5 tr. 49. 2 0,41 1§.2

150, §

vt

Effluent water from fipst tank {2

Run 7

Influent T-P
concentration 3, Smg/l Effluent water from Lhird tank

0.1§

46,1

1,0

12.0

8.1

il .5 5.0

>30

0.8

1.44

18. &

144, 0 65,0 4l. 18.0 4 be.

1.8

Effluent water from first lank

Run 8

Influeal T-P
conceniration 7, 5mg/l Effluent water from bhird tank

0. § 0,1

7..38

48. 4

8.0 18. 8 12.0 0.1

5.3

us

>30
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Corrosion rate ( mg/dmz-day )

o | 1 I 1 | | |
00 20 40 6.0 80 100 120 140

BOD loading per unit area ( g/m?-day )

Fig.5 Relations between BOD loading and corrosion rate
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Fig.6 Relations between T-P removal and T-P loading
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Fig. 7 Relations between T-P concentration of effluent water from third aeration tanks
and mole ratio of iron cations from iron contactors to the T-P loading
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Fig.8 Relations between T-P removal and mole ratio of iron cations
from iron contactors to the T-P loading
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Fig.9 Observed and predicted values of T-P concentration of final effluent
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