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Fig. 2 Schematic Diagram of the Qil Separator
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(1) 29g/hr | 120g/hr | 8g/hr 162g/hr
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1) EEEAEAR ; PPM 3 (10) 46 (1972)
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Control Federation 34 (10) 1070 (1962)
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S—1 S—2
Compesition of Primary Sewage Primary
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water CSL CSJ%
Glucose
Influent BOD 864 942
[mg- £7']
Influent COD 362 458
[mg- £77]
Feed Rate 19 19
[£-hr ]
Return Sludge 50 50
(%]
Mean Residence 8 8
Time [hr]
MLSS [g-£71 34 o332
Temperature [C] 5 5
Aeration Rate 10.8 10.8
[m-hr=!]
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Fig. 14 Nitrogen Balance between Influent

and Effluent.
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Fig. 15 Phosphorus Balance between In-
fluent and Effluent.
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Table 1 Results of Dual Media Filtration
for Contact Flocculation

Layer Filtration] A\ pose Filtration |Water Effl.. Turbidity
Ratio Rate Time Product Turbidity Removal
Thr ™y hr e ™ *ls
5 6 2 310 1.0 95.0
5 10 22.5]1 127.5 1.2 9 4.0
12 20 15 7 5 2.3] 88.5
5 29 290 2.4 88.0
10 10 14 1 40 2.8 8 6.0
20 8 8 0 2.1 89.5
5 73 365 1.2 9 4.0
5 10 31 1 55 1.9 9 0.5
11 20 2 2 110 0.8 96.0
' 5 35 350 2.0 90.0
10 10 18 1.8 0 2.6 8 7.0
20 7 7 0 1.1 9 4.5
5 79 3965 0 100.0
5 10 37 i85 1.0 95.0
9 ¢ 1 20 16.5 82.7 0.7 96.5
5 3 4.5 3 4 5 1.9 9 0.5
10 10 1751 175 2.0 9 0.0
20 7.5 7 5 1.8 9 1.0
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Table 2 Results of Dual Media Filtration
for Phosphorus Removal

Filt.|Layer |[(pov-p) Concent, Filt. |Water |Al Break |Brea|Head
Rate| Ratio Int Em Removal| Time | Product| Dose| A | Ip (A1) {Timel Loss
s n l'mgll T s hr ) mg/ mgj hr cm
1:114.4811.12]75.0] 8 40 |5.00117.1210.11| 7 |131.2
512:1|4.06/1.21|70.2]6.8] 34 [4.2[1.030.23] § |271.0
3:10a.58/1.32]71.2[ 7 [ 35 [5.0l1.09] 0 |- |2510
1:114.46(1.38[69.1| 4 30 |4.711.05(|0.16]| 4 1384
7502:114.48[1.43(68.1| 3 [225/4.9(1.09]|0.40 3 (1370
3:114.53|11.77|61.8 3 [22.5!5.0[1.10] 0o - 11460
1:114.22|11.11{73.7/125| 25 [5.0]1.18|0.40][ 2 1460
1012:114.41(1.44]67.3] 1 10 14.8/1.09 0 - 1106.0
3:1(4.63/1.72(62.9] 2 20 |5.011.08 0 - [147.0




AEERIC - THRE 2, BEOBEICIELE
K, g EoBaicl, X5 IEER RN,
pHD k5 7 A—g—dfTME 59, L
L, YibEhokEbFRTLHEICE, )Y
MrRdhERIc B ST TRET L BB L 5 BEL
b, cHEOHRFELTIE, VyegRELD
AR EOBREF DHICEKET 22 & (AYD
A, pH5~6), V> E&EuT 58RI, Ml
DT NA S KBt EERT 528, )
e RGT B BERL EICEML A SR L%
Wz E(ARTOEBE, AI/PENAILE ~4)FEFDH
5,

L NEHEAFLICLT, EREICL AEEES
NEBRERIZOVWTRFTT 2, BT ETAKDY
> BE(PO,—P) i, RO BENBEENFEELLY
VBN S ~4mg/l LN T EH, HEIACK
HeNB & o BT ER LOBEMWTEL» S 4.5 £
0.5mg/l & L7, Jar Test Ti, Al/P EIVL,
1.25~4.00 TAThbnrzf, B shRiz AV/P £
WH 2.5 BLESERMTSH -7z, WACKIEIZEITS
WIE e EERIRINEL, Al/P €L 1.25 DA
Y, HufEtEE L TRIFTH -7,

BACKECB T2 EBEENEAICIE, AL/P
ENDEMIC L ) AHESEIET L. 215
PHERIC K pEREE T, AVUPEAMLO0
Lk, pH7.0 ¥ L, AEHE LA EEEIC DO
TEBE|L 2, HBERTATB T, H=
& A TA D AEEE K& (5 m/hr) o
BEICRF S ERFRL TS, BED A v M3
BELicE 2EEL L KEOEE L) Z ETH
B8, BEREEX) VEBRERE V) EEMAIEN
Y, HlziF)roEToy JIZBRADTEE
(10 m/hr) DBAITIE, BEREF I T 2D LT
V=7 A N—4#E 2z b AW, BEF AlDT
L— 7 AN—conTid, ABWICEITApH®
BT - T8BEo AIPOFBERL Tvwb
7rih kB AW, AR ER,G Y bEY
60%MEICHITBERIC L 2 EMEENRE L &
HELTE, ARRE(T>27 (HEM L1, 5
WIME 5 m/hr, A/P £ H® 1.0~1.2, pH 7.0
PBETHDBEEL LD,

F2H HZERSEMICELHABEASBRE
4.2 LIz
— R R L5 AEAEEL, HEK

DEEAEOEEELBLED RIGE, LEBENK
Hit, EBEBOHELE) P LEELBIAT 2%
WHT AERICH B0, Zihid, HBOBE
PHRBETHHE S MBIEMER), 20k, &
BEEEETLEBAB, =B HB(TRLE
BRI e 2 WAL Twa,

Lal, VrBECRGMELZHBLEEEIERED
72T, S/ (ABahEIc B LT REAK L
H@OIT A—F— L OMEEERE)BL Y
ko pE P52 25RT () 0k, ) i
w45 & T, pH ) omEe b REES T
BENb,

INLDITRKEL T, BERAEFPLETE
L& BRILT 2 HEFEZLND, Tabb
B LI AR L AREERIE S TAHET
Hb, KMHETE, BE, Rt ETIRELT,
RORIERSMER I LTS, BiRAENEH
gz, B, BR, REZBIUCEEDORE
(COD, BOD)%TH %, L»L, HELKS DR
Fizi, MOEEHICL 2 FEVHVLILS,

E—RABIcHEWEHBIC LA EMERESAT
i, ) brER 0% DFRERME T M YRR L A 1B
BAEDEMED D b 1172, WICE ZERLEIC D
T, ) AbEaREICER L REM OFERS &
NI T 2 HARMN L HEE L HEKFICBITS
Bie7 7 7 2 —FoFAERFrERINE, Th
LR FERICEUOIT LIS, Rl
Sl L AERBOBMEESBEEOREESR
hoEmRBES LU ) 2 s L SR
BT 2 EEER TOREH LRI LETH S,
EFEIL, v FAr—Nic L B ETIRE LUE
HEK 2 & E Lo onwTE edizy D
ThHb.

4-2-1 EFIIKIZ & HERER

EREATMT A 2D, EEEKICL BT
FRr—LOEGRBEILEIC L TRARTH
By TNHDPHEEREREL LT, ETNVKICLLE
) RO RAELRNT, B -EHATE(T
VAT, EWEHwEEC L s EMEEE), B
ZEABTEGREET VI FERWRE A
BE) B L UBEZESBTEKREER Y W2
BESHEER) > BRI NS ZEREBICL) Ek
EBEPIT, FRICBIT2) v oREEL L UL
brkEL2 &b THRAN TR 21T 2.

1) =EBEFHE



No3 No.1-Ptimary Filtration Column
1 _w[ No.2-Secondary Filtration Column

= No.3-Ternary Filtration Column

R.W-Tap Water
A — Anthracite

S — Sand

G—0Gravel

T-~— Reservoir

P — Pump

AA - Activated Granular

Alumaina

AC — Activated Granular
5 Carbon
CD 1 — PH Controller
2 — POa-P Measuring Point
3 — POs-P Measuring Device
4 — Al Measuring Point

AC 5 ——Head Loss ¢

Measuring Device
6 — pH Measuring Device
7 — Turbidity

Measuring Device
.8 — Flow Controlier

Fig. 5 Schematic Diagram of Bench Scale Filtration System
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Table 3 Characteristics of Adsorption and

Filtration by Activated Alumina

(1) Effect of Layer Depth on Removal

Mean Diameter 4 M 4 T
Layer Depth 170 ¢m |160 ¢n
Space Velosity 2.1 2.2
Rt |14 6 mi 14 4 )
A P25F (018 ngi 0.9 2 my
Removal 8 6.8, 77.7.
Run Time 7 8 he 7 8 nr

{2) Effect of Deadsorption Method on Removal

Table 4 Characteristics of Adsorption and
Filtration by Activated Alumina

(3)Etfect of Space Velosity on Removal

MeonDiameter] 3 m.1 3 my) 3 my] 3 m/
LayerDepth |160 |170 |180 190
Space Velosity | 2. 2 2.1 1.9 1.8
e o 0-81mg,/ 0.8 4 [0.95 |0.92
R antrets]0.20mgf 0.1 4 |0.11 |0.05
Removal 75.3,/85.1/88.3|94.6
Run Time eohr 6 3 60 6 4

(4) Effect of Mean Diameter on Removal

— " MeanDiameter| 4 m¢ 3 m b my 3 m
Regoent " NaOH toiny] HNOs (01n) LayerDepth (1 7011701160 |1 60
(0]

Mean Diameter 4 b W Space Velosty| 2 . 1 2.1 2.2 2.2
Layerl Depth 160 cm |160 cn lcrggltcngmm*“%r1,44mm 0.94 [1.44 lo.81
Space Velosity 2,2 2,2 et e 0190m0.14 |0.32 [0.20
Ir&g&i’:‘tﬂgﬂgap 1.7 5 g 1.9 2 mg /| Removal 86. 8.1_ 8 5.1 7.7' 71765.3
Ethf:lrl{'ceeantrﬁct)'io_np 089 my/, 0.2 7 mg/| Run Time 78 ne| 6 3 7 8 60
Removal 4 9.1, 88.5. _ .

DL KRIBLBRFEMELRL 2, B 2 Hig
Run Time 2 6 nhr 6 3 nhr

L7258 BT 5 ZBRAHBIIC L 25418
FUCDOWT, v F Ay —NEREB VT
TOIKIC & B EFABRDIRELF % Table 512
ALz, #OHEL, EEZRICOWTRELE
HTHREL2BE REINCAESTLY) VK

WZ ok, RSB LT, EREESRRER
RICKECEST I LML, BETLS
FOEEREE LT 0.1 BEHBTHAET S - H
W3RN, 0.1 REKRE(LTF PV V7LicLBE

Table 5 Phosphorus Removal at the Flocculation Filtration Step

in the Continuous Flow Tests using Model Water

Influent PO4—P Concentration :

Cycle Time : about 8.5 hr
Run Number : 45

4.43 mg/1(Av)

Totaeri.me : 381 hr

Primary Secondary Ter tiary

Filtration Filtration Filtration

Column Column Column
Effluent PO4—P
Concentration (mg/l} 1.57 0.28 0.26
Removal Concentration-
at each Column (mg/1l) 2.86 2.58 0.02
Removal (%) 64.3 93.7 94.1
Objective Effluent
Concentration (%) 1.17 0.20 0.18
Objective Total ‘
Removal (%) 60.0 95.0 95.9
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Table 6 Phosphorus and Turbidity Removal at the Flocculation

Filtration Step in the Continuous Flow Tests using Model

Wastewater

S-1 Series

- Raw Water : Primary Sewage + CSL
Influent : Effluent from Denitrification Step
{ Nitrification-Denitrification Treated Water )
PO,~P : 21.5 mg/1(Av)
Turbidity : 51.5 mg/l(Av)
primary Secondary Ter nary
Filtration Filtration Filtration
Column Column Column
Phosphorus Effluent PO4—P
Concentration (mg/l) 10.3 1.78 0.81
Removal concentration
at each column (mg/1l} 10.7 9.02 0.97
Removal (%) 49.8 93.7 96.2
objective Removal (%) 60.0 80.0 30.0
Turbidity Effluent Turbidity (mg/1) 3.5 3.3 2.8
Total Removal (%) 93.2 93.6 94.6




Table 7 Phosphorus and Turbidity Removal at the Flocculation
Step in the Continuous Flow Tests using Model Waste-

water

5-2 Series

Raw water

: Primary Sewage + CSL + Glucose

Influent : Effluent from Denltrification step (Nitrification-
Denitrification Treated Water)
PO4—P : 2.36 mg/l(Av)
Tarbkidity : 54.9 mg/l(av)
Primary Secondary Ternary
Filtration Filtration Filtration
Column column column
Phosphorus EfEluent PO4—P
Concentration (mg/1) 0.57 0.35 0.62
Removal Concentration
at each column (mg/1) 1.79 0.22 -
Removal (%) 75.8 85.2 73.7
Objective Removal (%) 60.0 80.0 90.0
Turbidity Effluent Turbidity (mg/1) 2.5 2.1 1.3
Total Removal (%) 95.4 96.2 97.6
(3) &%z # =

() & AT ABRRERI

BB OHBMEI BT LB >R, AUP
BNV L ZHErEETH L, FRREBYRR
DV, EEEERIC L DR TN EERIEL
niz, FETERSRMBICBITAHY VAR, E
BREFHBTOREEENHE SR LN G, BT
AHBAVRIZ 51T 2B R, BB T
WRT~NEH/RIEL N,

(b)  ZERABIIZ BT DEZE 5B OKA FHE
AR Iz MR 0, SR RB R BT
HERERENFEIIONT, BEMOBESL LU
EMEEFLRE T2 0Er L B,

(¢) ZEH{biz2WT
FEEICLBHEY o owTiE, £ OREEA
RRLTWEY, ZHbL0MlkRgEs | sk
BT vaRim bS5 2dic, AEE
et o =Fic LT, BENED BB
SRS EVETLND, F2—0F, BAEMLEC
BT LRBESIC O TEEEM OEIR» 5 Rk R
EE, ZoFRICL BB ML Fc e 2
baotEbns,

FINHOIT RO BN F B L OB DR > B
HELT, ZO7Toe20—8BTHoHE) P IRE
AHEMEEESRIMITAI N2, Zo/ic, wE
S AT LI BT EREED LB, BEASBR
VAT LB B oFoORE, 2 LIcER
W2 FHT 2 72D T T ILKD & EHEKEZ WA
N FRAr—VOEGRBENEBREEIN, Zh
LNRBRTER, FEEIXICEPORESAL H -
72, HORERREIC BT 2 EHEK R v ol
DAERD 6, B IS 2 BOE O BA ST A8
biiz,

ZOFER, BELBL AT LOB) VEROHK
HEA/P ENVEOEE) L LCREEY» L 28
{E~DHEAT, BAESB L 2T LDRBERFHED
W (B EERORER) & L CUEMEM O RE
LEFFEZ bz, LA L, ZH5 I e
TLDTH AR FTELE2 LERR D,
B, BRI ) S oS LaEmbh Y, &
WEERIBER LB EOERE, RELICLY, 4%
) BRFREOEMBARELITAIN T2, EEE
WIC X BB LT, A, REMOERIC



HEMHELEEI IR ELFLIoNb, O
b wf) A BMBICHETIUEREBICENT
HaLEbNS, RECHARBREDESSMET

Eiz

HENHBENEHN L =HRE - ET S

U R FIRSe S M ic 3R E £ TR - 72 SRT EAERT5E
EHGBFREECECHHERLET,

51

1)

2)

8)

9)

10)

A x ®
B OEY) v ORBHIREE LW
T#mK, No.263, (8), (1980)
AW o nERicoWT Bk
BEK, Vol.22, No.3, (1980)
BE O EETO) 25T BKE
BEK, Vol.22, No.22, (1980)
S, B, “%E 58"k EFEK, Volll,
No.5, (1969)
KAH B “HEAEIcL L ABLOWE" A
K &EBEK, Vol.l6, No.8, (1974)
BE, EA “EEA 5805 BT
BERAF 7R AGE 45, No.489, (6), (1975)
BM T2 THA b EWEDEESHBOM
FERFEICBIT AHTFT AALEREAR, Vol.9,
No. 4 (1968)
et B “EERSECET 2R Rns
B, Vol.5, No.l2, (1969)
BEAE EEBRAERORAE" TR
&, No.231, (12), (1977)
JbiEE TR RBAT e E S B
WU dEB R = = — 2, Vol. 5, No. 1, (1972)

11)

12)

13)

14)

15)

16)

17)

18)

19)

20)

21)

22)

HONRED YY) kR BKEEKANY Py
Z7(, (1978)

TERR “ZRMBICBITARESBIZOW
T" KRN, Vol.l6, No.16, (1972)
HLERE TARBFFERT T K ) EEAVER & FR
BT 2 REREET BH No.893, (1972)
RAAFLE “ZMBEE U CoOBY > Bk
BEK, Vol20, No.1, (1978)

H. Gros, B.Morgeli “Optimal Advanced
Treatment and Phosphorous Removal by
Deep Bed Filtration” lawpr Tenth Inter-
national Conference, Tronto, (1980)
Michael Kavanaugls etal “Contact Filt-
ration for Phosphorus Removal” J.WPCEF,
(10) (1977)

L.L. Ames, R.B.Dean. J. Water Pol-
lution Control Fed, 42, R—161 (1970)
William C. Yee “Selective Removal of
Mixed Phosphates by Activated Alumina”
JAWWA. Vol 58, No. 2, {1966)

L TERERE “PkD B - HH R
R, (1979)

JIS-K 0102 “THHHPRkaRBRE" (1981)

EWH, mE NV BIUTrESTHRED
% B g AT oK & BEZK, Vol20, No.1,
(1978)

BARSGH{LESR KOS {LER A,
(1981)



Abstract

For the purpose of the development of the wastewater treatment process suitable for the cold
region to confirm water resources, the filtration tests were carried out aiming to remove phosphorate.

At first, filtration using a chemical coagulant, then the filtration with adsorption column were
tested. After model wastewater was treated, the real sewage was treated continuously by the bench
scale apparatus, and its applicability was tested.

The apparatus used consists of the primary filtration column with anthracite and silica sand, the
secondary one with granular activated alumina and the tertiary one with granular activated carbon.

The wastewater used were the primary treated sewage in which CSL was added (S—1 series) or
the primary treated sewage in which CSL and glucose were added (5—2 series). Effluent from
nitrification-denitrification process was used here and had the following quality ; PO,—P was 21.5
and 2.36 mg/!/, and the turbidity was 51.5 and 54.9 mg//, respectively.

The result of the continuous treatment showed that 96.2% of phosphorous compound and 97.6%
of turbidity were removed, and remained phosphorous concentration and the turbidity were 0.81mg//
and 1.3 mg/!, respectively.

It is finally concluded that the value of the phosphorous concentration ruled by the water
standard (PO,—P to be below 0.2 mg/) was not be attained, but approximated value were attained.
Al/P ratio affected the filtration using a chemical coagulant, and the filtration with adsorption
column was not so effective at the low concentration.
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Table. 1 Properties of Sample

Sample Moisture Solid Ash*
{wt %) (wt %) (wt %)
Sludge 62.0 38.0 71.68

Expressed by J. J. W. S, A
*Ash of Dried Sludge
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Table. 2 Operaticnal Condition

Drying Sand Feed Rate Out put Rate
Sample Run \cm /86C
Temp.C ml  kg/hr keg/hr
B3 1 180 23 2000 1.2 0.46
2 180 23 2000 12 0.46
3180 23 2000 12 0.46
4 180 23 2000 15 0.70
5 180 23 2000 15 0.70
6 180 23 2000 15 0.70
Sample Run Pyloiysis U,cn/ SecSand Feed Rate OQut put Rate
Temp.T kg/hr kg/hr
B3 1 360 18 — 12 0.52
2 360 18 — 12 0.52
3 360 18 — 12 0.52
4 360 18 — 15 0.63
5 360 18 — 15 0.63
6 360 18 — 15 0.63

LP.G 52 /min. Air 110 £ /min. (NTP)for Drying
L.P.G 5% /min, Air 90 £ /min. (NTP)or Pylolysis

1.5kg/hr CHUET L 2N LTN0.468 LV
0.70 kg/hr TEEHOKFEFRIIVTND 2
Wt% TH =72, iz, EHEBICL > TR
2P A2 HVWEMFEREERE~NREMESEF 1.2 B &
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FHIC ZALL DTLERSTEERL 72, RIZ, Fig.
5zl BB & v 4, 1 ICHE- TR R 50
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DILEEDH 4% T h ) # W0%REEK 2, BHERIC
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Table. 3 Elemental Analysis of Samples

Sample C(%) H (%) N (%)
Dried Sludge 15.69 2.33 1.33
Char of B3* 39.90 2.99 1.23
Sawdust 45.79 6.50 —

*B3 was treated at 360°Cby Fluidized Bed.
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Table. 4 Component of Emitted Gases

0:(%) N2 (%) CO;(%)
Drying Furnace 11.26 50.76 0.45
Pylosis Furnace  7.55 51.75 2.01
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Table.5 Calorific Values and Ash of Samples

Samples Run Ash (%) Cal/g
B3 1 49.56 2,972
2 59.77 2,024
3 52.93 2,671
4 52.72 2,727
5 48.46 2,813
6 50.89 —
Sawdust — 0.22 4326
Dry Sludge *1 71.68 1,785

*1 Dried sludge at 110 (50 hr)
Run 1-6 (B3 samples)
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Abstract

In order to treat the excess sludge, which was produced by the activated-sludge treatment of
sewage, the sludge was mixed with 30 percents of saw dust, dryed and treated thermally. The
drying time of the sample became one third of that of the raw sludge only.

The prepared mixed samples were dryed and treated thermally in the fluidized bed. Inner
diameter of drying and thermal-treating furnace were 100 mm and 150 mm, respectively. As the
fAuidizing medium, sand was used. As the fluidizing gas, burnt gas of propane was used, to which
secondary air was added to control the bed temperature.

The temperatures of fluidized beds for drying and for thermal treating were 180 and 360 °C,
respectively. The feeding rates for both furnaces were 1.2 or 1.5 kg/hr for both operations. It
was possible to operate the apparatus continuously. The yields in drying part were 38.3 and 46.
7 wt%, and those in thermal treating part were 43.3 and 45.0 wt%.

The carbonized char from thermal treating furnace was black powder and has a calorific
value of 2,641 cal/g, on the average. Recently excess sludge has been considered as the
substitute fuel, and char obtained in this expermient was one that has sufficient quality for it.
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Table. 2 Water quality of effluents from
each equipment.
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Table. 3 Water Quality of Raw Water and
Final Effluent of the AWT Process.
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ABSTRACT

Overall volumetric mass transfer coefficient K, a was obtaind by direct measure-

ment of oxygen absorbing rate of activated sludge mixed liquor in a completely closed

circulating aerator.

Oxygen consumption rate and substrate removal was measured after the ad-

dition of substrate to the activated sludge acclimated by batch and continuous culti-

vation for a long period.

Acclimation method of activated sludge in low temperature region and the

behavior of activated sludge against a sudden temperature change are investigated.

The results are as follows

1) The value of K. a is almost same as that obtaind by the absorption or desorption

of oxygen in air-water system.

2) The value of K a decreases with the decrease in temperature. The decrease is

explained by the temperature effect on molecular diffusivity of oxygen in water.

3) TFor equivalent substrate loading represented by BOD, different 0Xygen con-

sumption rate pattern and total oxygen consumption are obtained depending on

the kind of substrate.

4) The activated sludge by batch feed cultivation consumes less oxXygen per unit

mass of removed substrate than that by continuous feed cultivation.

5) For different values of K;a or MLSS, almost identical oxygen consumption rate

pattern and total oxygen consumption are obtained.

6) In the case of wastewater treatment at low temperature, the activated sludge

acclimated at low temperature after quick lowering shows better ability to remove

substrate than that acclimated for the same period by succesive lowering of

temperature.
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Fig. 16 Comparison of substrate removing
ability of the activated sludge ac-

climated by different method.
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Fig. 17  Comparison of substrate removing

ability of the sludge after sudden
change of incubating temperature.
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change of incubating temperature.
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: control sludge cultivated at 7°C.
: gludge at 1hr after

temperature
change from 20°C to 7°C.

: sludge at 24 hr after temperature

change from 20°C to 7°C.

Comparison of the oxygen con-
sumption rate and oxygen con-
sumption for the sludge after sudden
change of incubating temperature.
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: control sludge cultivated at 20°C,
: sludge at 1 hr after temperature change

from 7°C to 20°C for sludge cultivated
at 7°C.

: sludge at 24 hr after temperature

change from 7°C to 20°C for sludge
cultivated at 7°C.

Comparison of the oxygen con-
sumption rate and oxygen con-
sumption for the sludge after sudden
change of incubating temperature.

Time Chr3

Comparison of the ratio of oxygen

consumption to substrate removal
for the sludge after sudden change of
incubating temperature.

Keys: same as those in Fig. 19
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Comparison of the ratio of oxygen

Fig. 22
consumption to substrate removal
for the sludge after sudden change of
incubating temperature.

Keys: same as those in Fig. 20
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A bacterium wich gives the high denitrifying activity at low temperature was
isolated from rice field soil. Almost all the properties of the new isolate (N-1 strain)
were in good agreement with those of Pseudomonas fluorescens.

The specific removal rate of NOs ~N in the batch experiments at 5°C varied from
0.0140 to 0.0210 mg NOs -N/mg Cell/hr.

The effect of NO;-N on the denitrification by N-1 strain at different temperature
was investigated.

The additional dosage of NO:-N in the course of denitrification gave no effect on
the removal rate of NOs -N. When NO:-N was contained in medium, the denitri-
fication was greatly inhibited at 5°C, while 7TmM NO: -N gave no effect at 10°C. The
results of the denitrification using the resting cells indicated that N-1 strain produced
unknown factors which stimulated the denitrification in the filtrate of anaerobic culture

solution.
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Fig. 1 Diagram of laboratory batch reactor
A : Adjustable Magnetic Stirrer
B : Stirring Bar C: Water Bath
D : Liquid Paraffin E : Soda Lime
F: Manometer G: Sampling Tube
H : Syringe
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ISR TR A ERET A & L i, FUBHET Table. 1 Biochemical and morphological

B |7 L TEARIBTE % B5E L C B AT 4 D o> B characteristics of N-1 strain
ZErElL Shape rod-
Gram-stain negative
2-5 BERBEOHAR Motility +
N-1#% ERZHTERANICEEL, b Flagellation Polar multitrichous
FEEATE HIC i HE L BE (16,000 X g, 10 20 H) i Oxidase +
Lo THSER A LEER TR E, EoloxXyT I O-F test oxidative
TANI—E2HWT0.45um M bk T # &% Pigments
Lize ZOBRERTZFNTE, HD5WIT—BEN Ps. F agar +
L7zb & EaEH & L THW, Ps. P agar —
‘ Carbon sources for growth
3. ERERr=ZE L-Arabinose +
3-1 SHEMORE™ Sucrose +
5°C THEEEZ TV oBEREKRD 2 b, N-1 Propionate +
BB B RERER L 20T, OREE M Butyrate +
WTIRDEE*1T- 72, Fig. 2IZN-1BRDEF Sorbitol +
Adonitol —
Propylene glycol +
Ethanol +
Glucose -+
Trehalose +
Fig. 2 Electron micrograph of denitrifying meso-Inositol n
bacteria N-1 strain (Bar represents )
1 um) Geraniol —
L-Valine +
SR ER PR L2, BRTEEBLZFEOI LN GAlanine +
birotz, N-1#OHHEIX Tablel 2R L 7298 DL-Arginine +
N T, Bergey DB oHE 8 VICEAINT
W % Pseudomonas fluorescens DMHEIC & < —3 200 /N :mo
LTwi, #£5T, N-1#(3 Pfluorescens ¥ & - 1.5
bildy, KFAENMEREL S VREE T, = ~ 15 ©
HIEMARE BB Bb s, N-1%0®k  E | .
RATIERI 5CHELS Y, Morita®n®h  § o &
2k % &, ZOEBEIE psychrotroph”ic &3 5 %
FEZ D, T EBEpHEREIIZ S ~10 T, Rl W ol
pH {2 8 fHET & - 7z, 8
2 0

3:2 N-1#%OBEEHLINTIREAFOE

50 100 150 200 250

e Time (hr)
3-2-1 C/NIoE® Fig. 3 The effect of C/N ratio on the deni-
ITNa—2FRFBEE L EAREMEHT, trification by N-1 strain
C/N Wi et L7z, BERRIE Ny ARk Medium :§f§81 (M(e)qitll\lm fggme/zoo )
P _ . R - 1e 3 (NOs -N : 194mg/200m/
BEREL TRDI, 15_C = bﬂj 5 C/N e glucose (84~ 420mg/200mé)
N, & 25 FOBRIE, Fig.312mRL7z. Z0% Temperature : 15T
Rz, fEREbNTWwE EHic, C/NH2UTT Inoculum size : 0.358mg dry cell weight
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C/N 3.5, pH7.7 »%&M, Table2 |=7RL
TR HIC 8 FED RFIR % N 2 CIREERE & ik
L7ze 15°CleB T2 Ny r 2ASEm e HIE L 724
Ru& Fig. 4 1cR L7z, BEBE, 7T 8, 7)) &)
YR ESRFIRDBFICII N, AFRERIE S H -
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Table. 2 Modified Medium

Na.HPO, - 12H.,0 22g
KH,PO, 1g
MgSO, - 7 H,0 0.05¢
FeSO, - 7H,0 0.005g
KCl 2.8g
KNGO, 1.4g

Carbon Source (C/N ratio 3.5)
Deionized Water 1 liter
PH 7.7

A-Glucose
O-Citrie Acid
A-Glycerin
®-Acetic Acid
O-Methanol
@=p-Dimethyl—
benzaidahyde

E-CM-Cellulose
U-Benzolc Acid

N, Gas Evolution (ml)

50 100 150
Time { hr)

Fig. 4 The effect of carbon sources on the
denitrification by N-1 strain at 15T
Medium : Modified Medium 200mé,

C/N ratio 3.5
Inoculum size : 4m€ (O.D. 660 0.285)
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Fig. 5 The temperature dependency of the
denitrification by N-1 strain
Modified Medium contained acetic
acid as a sole carbon source was used.
At appropriate intervals, samples
were taken for the determination
of NO;-N, NO; -N, and O.D. 600nm

—— concentration of NOs;-N
------ concentration of NO;-N
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Fig. 6 The effect of NO.-N addition on the
rate of NO;-N reduction at 5C
Medium : Modified Medium (Acetic

acid was used as a sole
carbon source) 350mé
Inoculum size : 11mé (0.D. 660 0.069)
(@ NaNO, addition
{O) No addition
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------ concentration of NO; -N
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Fig. 7 The effect of NO:-N addition on the

rate of NQO:-N reduction at 10T
Medium : Modified Medium (Acetic
acid was used as a sole carbon
source) 350m/ _
Inoculum size : 11mé(0.D. 660 0.069)
(@) NaNO, addition
(O) No addition
— concentration of NOs-N
------ concentration of NO: -N
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Fig. 8 N, gas evolution vs. time
Medium : Modified Medium 200wt
Inoculum size: 7mf (0.D. 660 0.12)

[] NOs;-N only
O NO:s-N+NO:-N (1:1)
A NO:z-N only
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Fig.9 NaNO, effect on aerobic growth at

5C

Medium : Modified Medium 10ml(citric
acid wag used as a sole
carbon source)

Inoculum size:2.0mé(O.D. 660 0.045)

The growth was measured with Toyo

Bio-Photorecorder TN-112D
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Fig. 10 NaNO, effect on aerobic growth at
10°C
Medium : Modified Medium 10m¢
Inoculum size : 0.8nf(0.D. 660 0.9)
The growth was measured with Toyo
Bio-Photorecorder TN-112D
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Table. 3 The effect of metals upon the de-
mitrication by the resting cells of
N-1 strain at 20C

Metal added NO,-N ReducedmM) O.D.660nm
Ca(Cl, 10.M 0.099 0.552
100.M  0.016 0.472
MgSO, 100M  0.091 0.452
200.:M  0.082 0.420
FeSO, 10,M  0.068 0.432
FeSO4 ZOﬂM
+ 0 084 (.448
MgS0, 200.M
No addition  0.061 0.488
Reaction Mixture : Total Volume 10 ml
Resting cell 1ml
5 mM Sodium Acetate 1ml
5 mM KNO; 1ml
Metal Solution 0.1 ml
1/30M P-buffer (pH 7.7) 6.9 ml

After 3 hours, the reaction was stopped with 0.1 ml
of the stopper solution (1M Zn (CH;COO),+HCI 10 :
1

Table. 4 The effect of the cell-free culture
solution upon the denitrification by
the resting cells® of N-1 strain at

990

Added Initial Final NO,-N

Solution NO,-N(mM) NO.NmM) Reduced O L-H60m
M 051 013 038 0188
MESD® 051 028 023 0205
Noadfiton 051 041 010 0.194

a) Cells were grown anaerobically at 5C for about
one week in a basal medium. Cells were harvested
by centrifugation and washed twice with 0.05M
Tris~HCI buffer (pH 7.5), then resuspended in 1/
30M Phosphate buffer (pH.7.7)

b) The cell-free culture solution treated with
membrane filter.

¢) The cell-free culture solution treated with dialy-
sis after the treatment of membrane filter.

One half milimoles of Sodium Acetate, 0.5mM
KNO,, 1/30M Phosphate buffer, 1 ml of additional
solution, and 1 ml of washed cell suspension were
incubated at 22°C in a volume of 10.0 ml in the test
tube for 3 hours. Nitrogen was gassed to the test
tube through the reaction.

Table. 5 The effect of the cell-free culture
solution upon the denitrification by
the resting cells® of N-1 strain at

5C
Sﬁl?ii?n II\?(])til\I(mM) li\?(l)il-N(mM) geodaufed 0.D. 60
MEF! 0.548 0.429 0.119 0.176
MF—D¢ 0543 0447 0.096 0177
Medium 0526 0487 0.042 0.172
No addition 0.521  0.492 0.029 0.158

a) Cells were grown anaerobically at 5°C for about
one week in a basal medium. Cells were harvested
by centrifugation and washed twice with 0.06 M
Tris-HCl buffer (pH 7.5), then resuspended in 1/30
M phosphate buffer (pH 7.7).

b) The cell-free culture solution treated with
membrane filter.

“¢) The cell-free culture solution treated with dialy-

sis after the treatment of membrane filter.

One half milimoles of Sodium Acetate, 0.5 mM
KNO,, 1/30 M P-buffer, 1 m! of additional solution,
and 1 ml of washed cell suspension were incubated
at 5C in a volume of 10.0 ml in the test tube for 6
hours. Nitrogen was gassed to the test tube
through the reaction,



WO EEZ N7z, Ei0, BRI & ENS
FREDOTIHROEZRIL, EEA A HD I
BaFOWEIc L3 nEEL LN, THLHD
BfR % S HICBH L Ic T h2ic, BiEFICL 3
Tt 88 SIS, B R TR L 72 55 (R RIES &
VERELRVL L), MBS Lo RES
T TV 5 UG O BEATEERRET H 5 v 82
W &AL T, 5°C THE#1TH Table 5
MRz, BEEMIC X5 NOG-N DB,
BEHOUMNT L FTRIE S N7z 078530 E T
ERERMOEAICIITERIEZT, N-1tkok
BET 210 & 2 DB NO,-N DEA 2 (B L
TwddbnkEZ LNz, £72, NO-N OEE
LDIE SR D 5 WIEFEERNOSHED
A, SUGENE 6 B iRic B A S e,

SERREE OB & - T, NO,-N Ok
DHEL ), 72, NO-N ARG ICBEE S L
5Lk BZ b, N-1#RIZINO,-N OE
TADIWY AA BB WVIRETICEET 24
BT 530 HRIL 72,

(ARCIFKEBBIFE 5, 35-39 (1982), KE
BT 5,45-49(1982) 2 X ¢ Db DTH B,)

5 B X ®&
1} Payne, W.]J. (1973) Reduction of nitrogenus
oxides by microorganisms. Bacteriol.

Rev., 37, 409-452

2) Knowles, R. (1982) Denitrification. Micro-
biol. Rev., 46, 43-70

3) Delwiche, C.C. (1956) Denitrification, A
Symposium of Inorganic Nitrogen Meta-
bolisms (edited by McElroy and Grass) 233,
Johns Hopkins Press, Baltimore.

4) Skerman, V.B.D. and MacRae, 1.C. (1957)
The influence of oxygen in the reduction of
nitrate by adapted cells of Pseudomonas
denitirificans. Can. J. Microbiol, 3, 215
-230

5) Smith, J.M., Masse, A.N., Feije, W.A. and
Kamphate, L.J. (1970) Nitrogen removal
from municipal wastewater by columnar
denitrification. Presented at A.C.S. Meet-
ing, Chicago.

6) Mulbarger, M.C. (1970) Modifications of the

activated sludge process for nitrification

10)

11)

12)

13)

14)

15)

16)

17)

18)

19)

Presented at 43rd
Annual Conference of the Water Pollution

and denitrification.

Control Federation, Boston Massachusetts.
Alexander, M. (1961) “Introduction to soil
Microbiology” John Wiley & Sons, Inc.
New York and London.

EAHRM, MEEE, siARME (1973 &%
BER2HBE L 22H LT KOE 0B £ i
(I), FREBEK15 1058-1074

Dawson, R.N. and Murphy, K.L. (1972) The
Temparature dependency of biological
denitrification. Water Reserch, 6, 71-83
WA TR RS SR (1979) MEMFE
BRIE 67-69 RERRAL, B

REINRE &F (1979 #HEooige
F%E 203-246 F&HE LY 27—, HR
American Public Health Association,
American Water Works Association and
Water Pollution Control Federation (1976)
“Standard Methods For the Examination

of Water and Wastewater” Fourteenth
Edition, 620-624
BN, aRH#H= (1982) {MET Bk

D LT O ERETOTT 78 (55—
Hif3 5, 35-39

Buchanan, R.E. and Gibbons, N.E. (1974)
Bergey’s manual of Determinative Bac-
teriology. 8th Editiom, 219-221 The Wil-
liams & Wilkins Company, Baltimore.
Morita, R.Y. (1975) Psychrophilic Bacteria.
Bacteriol. Rev, 39, 144-167

Focht, D.D. and Chang, A.C. (1975) Nitri-
fication and Denitification Processes Re-
lated to Waste Water Treatment.

Adv. Appl. Microbiol, 19, 153-186
mNEEMR, AEE= (1982) (&5 T it
Dim\BLEE O ERERTFE (B W) AEE
EATSE 5, 45-49

Yarbrough, J.M., Rake, J.B. and Eagon, R.
G. (1980) Bacterial inhibitory effects of
nitrite : Inhibition of active transport, but

HHETE

not of group traslocation, and of intra-
cellular enzymes.

Appl. Environ. Microbiol., 39, 831-834
Rowe, J.]., Yarbrough, J.M., Rake, ].B. and



Eagon, R.G. (1979)Nitrite inhibition of aero-
bic bacteria. Curr. Microbiol., 2, 51-54



E3IE

FEFE= - T - M

FPIREDF Y DRIZE 5 EEZTERY

HE - SRH B

Abstract
Nitrogenous substances produced by the ozonation of azo dyes [1]-[5] in

aqueous solution were investigated. Nitrogen gas was found to be the main product.

The yields of nitrogen gas, differing from one another due to the variety of dyes, were

65-92% based on the total nitrogen of azo group and pyrazole ring. Only minor

amount of nitrate was produced. In the case of [2] , in addition to nitrate, a small

amount of ammonium ion was produced. The qualitative analyses of nitrogenous

residue after the ozonation by means of spot tests showed the absence of nitrosamine,

C-nitroso, and amine compounds.
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Abstract

Eleven organic compounds, most of which are toxic substances (aceton cyano-
hydrin, benzothiazole, benzidine, diethylene glycol, dimethylphthalate, y-BHC, nitro-
benzene, N-nitrosodiphenylamine, e«-naphthol, phenol and triethanolamine) were
ozonated in aqueous solutions at pH’s of 4, 7, 9, and 11. Analytical parameters used
to evaluate the ozone treatability were COD, TOC, Org-N, ammonium-N, nitrate-N,
nitrite-N, and UV absorption. In addition, 2 mass balance of ozone was determined.
All the compounds were oxidized by ozone in neutral and basic solutions, however, at
pH 4, little or no oxidation was obtained with acetone cyanohydrin, diethylene glycol
and y-BHC. COD values were reduced to 50-95%.

but more slowly than COD. Organic nitrogen was oxidized ultimately to nitrate.

TOC values were also reduced,

Oxidation rates were higher in basic solutions than in acidic and neutral solutions,
For most of the compounds, little difference in oxidation rates was observed at pH 9

and pH11.
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Table. 1 COD reduction rates and oxidatation efficiencies
for ozonation of organic compounds

Apparent COD 0.0.E. T.OE
first-order reduction at at 70% COD at 709 COD
Compound pH . .
‘ rate constant the rate change reduction reduction
(x107* min™") (%) (%) (%)
Acetone 4 — — — —
cyano- 7 0.9 50 142, 195,
hydrin 9 1.0 50 80, 120,
11 1.6 60 734 95,
Diethylene 4 ‘ — — —
glyvcol 7 1.2 > 85, 162
9 3.5 88 115
11 4.2 89 140 :
Trietha- 4 1.9 > 7044 56 80
nolamine 7 2.2 >80, 60 90
9 4.2 90 70 95
11 4.0 90 78 105
Phenol 4 3.8 87 140
7 5.7 91 178
9 6.7 92 232
11 6.9 93 210
Nitro- 4 2.9 80 155 195
henzene 7 4.1 87 164 200
9 52 87 176 220
11 50 88 148 185
Dimethyl- 4 2.0 50 142
phthalate 7 5.0 75 180
9 48 78 155
11 6.0 83 ' 160
a-Naphthol 4 3.3 86 210
7 3.7 & 205
9 45 89 220
11 45 89 153
Benzidine 4 3.3 77 126 130
7 3.5 77 129 140
9 3.3 77 120 125
11 37 78 120 125
N-Nitroso- 4 3.7 77 140 170
diphenyl- 7 4.5 76 162 195
amine 9 5.0 87 150 180
11 5.5 85 137 170
Benzo- 4 3.0 70 188 195
thiazole 7 4.3 90 230 230
9 4.8 90 245 245
11 45 9% 173 173

« O.0E. and T.OE. are calculated at 50% COD reduction.
« NoO clear rate-change was obtained within the experimental period:



Table. 2 Ozone utilization to rate change

at pH 9

CoD
reduction at

0 utilized

to rate change

Compound the rate change  (mg O,/
(%) mg COD)

Acetone cyanohydrin 50 38
Diethylene glycol 88 31
Triethanolamine % 5.3
Phenol 92 16
Nitrohenzene 87 2.2
Dimethylphthalate 78 2.7
a-Naphthol &9 17
Benzidine i 26
Aipheny iamine & 22
Benzothiazale % 18

FYVCBAL TR0 L rd ) s nEHR
DIEEEA > E TR NS, Fhlkic, TEHR
{b&paEeicid, N.OD.(The Nitrogen Oxi-
dation Demand) g # 71 2 T «B{bz3E (T.0.
E.: The Total Oxidation Efficiency) # ko & 9
ICERL 2,

TOE. :COD removed (mg)+N.0.D. removed (mg)

0O; reacted {mg)X 1/3

L#L, CODSHTIcBWTLT I /BROBEL.
Ei3 100%n B b 2T 5 & v ) HEPL B
D, ZoL o uHEAICER, FERLEWEZE
L TOEL YD L 0O0EnH LN AHEY L ER
e b, winictd, TOERESRHVE
TERICELETHERT, TOELKREISLHE
FELBHICTELN, ERESEERRE, AV EML
Ik o T IS REER A A > 3 TEIL3I N B,

Table. 3 Oxidation of nitrogen of organic compounds

Compound pH

Org-N (mg/1)

Ozonation time (min)

Ozonation time {min)

NH,N (mg/ %) NO;-N (mg/¢)

Ozonation time (min)

0 30 60 %0 0 30 ot X 0 30 60 N0

Acetone 6.9 6.5 5.6 53 0 01 01 02 0 <01 <01 <0t
cyano- 0.5 0.2 <01 36 37 34 19 29 30
hydrin <01 <01 <01 43 31 14 30 45 6.2
11 <0.1 0.5 04 o8 47 31 15 3.3 34

Trietha- 4 47 1.2 0.2 <01 0 06 07 12 0 20 3.0 35
nolamine 7 2.0 0.9 <01 05 12 01 2.2 3.6 44
9 14 0.2 0.2 03 04 01 32 42 44

11 15 01 <01 03 02 03 37 4.0 43

Nitro- 4 55 <0l 0.3 0.2 0 02 01 01 0 51 56 56
benzene 7 01 <01l <01 02 02 01 47 52 53
9 0.1 0.3 03 01 01 01 49 55 55

11 04 <01 <01 01 02 01 46 54 53

Benzidine 4 7l 32 3.0 31 0 31 32 32 0 0.6 07 08
7 37 37 41 26 25 20 09 16 20

9 3.8 35 30 22 15 09 1l 2.3 3.2

1 2.8 2.5 28 24 20 14 17 25 3.2

N-Nitroso- 4 47 0.9 0.7 08 0 11 12 11 0 25 2.8 29
diphenyl- 11 1.1 15 06 06 04 29 2.9 29
amine 9 0.7 0.9 09 07 03 01 32 36 37
1 1.2 1.2 11 08 06 086 26 29 30

Benzo- 4 5l 4.0 3.6 32 009 12 12 0 0.1 0.3 0.6
thiazole 7 34 34 31 11 13 11 <01 0.6 03
9 3.3 2.7 3 18 16 08 <01 0.8 16

1 2.3 11 2.3 23 21 16 0.3 0.6 L1
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Abstract

In order to clarify the inactivation mechanism of tobacco mosaic virus (TMV),
the degradation of a mixture of four 5" -ribonucleotides (AMP, GMP, CMP, and UMP),
veast RNA and TMV-RNA with ozone (concentration in inlet gas, 0.1-0.5 mg/l) was
examined in a phosphate buffer (pH 6.9). In the case of the mixture, GMP alone was
degraded in the initial stage. In the ozonation of yeast RNA, the guanine moiety was
less vulnerable to attack by ozone than in the case of free GMP, but it again degraded
In the case of TMV-RNA, the loss of the

infectivity by ozone proceeded rapidly within 30 min and was followed by preferential

most rapidly among the four nucleotides.

degradation of the guanine moiety. The inactivation of TMV was also discussed with
respect to the degradation of its RNA and of its coat protein, and it could be assumed
that the degradation of the guanine moiety of TMV-RNA is responsible for the
inactivation of TMV because the degradation of coat protein was limitted only on the

outside of protein coat of TMV.

Key words; Nucleic acid degradation; tobacco mosaic virus inactivation;

tobacco mosaic virus RNA inactivation ; tobacco mosaic coat protein degradation.
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Conditions of ozonation were the

(sum of four nucleotides),

same as in Fig. 6.
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Tablel Standard deviation of analysis of TMV-RNA
CMP AMP UMPp GMP Total
Mean value X {mM) 0.149 0.237 0.234 0.204 0.824
L(X-X)? 8x107°¢ 10x107¢ 9x107° 68 x 107° 118x 107°¢
Number N 20 21 26 19 19
Variance o2 (=1/N) 0. 4000 0.4761 0.3462_ 3.5789 6.2105
x107° x 1078 x 1078 x1078 x 1078
Standard deviation 6.32x107%  6.90x707* 5.88x107%  1.89x107®  2.49x10°°
o (mM)
Standard deviation
T008/% (2] 0.42 0.29 0.25 0.93 0.30
Number of nucleotide 1152 1843 1818 1587 6400
Standard deviation 4.8 5.3 4.5 14.8 19.2
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Fig. 8 Inactivation of TMV and degra-
dation of its RNA. Starting concen-
tration of TMYV, 10.2mg/ml; O,
concentration in oxygen gas, 40 mg/
1; flow rate, 330 ml/min; tempera-
ture, 2C; pH 6.9
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Degradation of the mixture of amino
acids. Total concentration, 36.8 mM
(0.2 M phosphate buffer, pH 6.9)is
approximately equal to that ob-
tained from coat protein of 5 mg
TMV/ml.

Conditions of ozonation were the
same as in Fig. 8,
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Fig. 11 Inactivation of TMV and degra-

dation of its coat protein.
Starting concentration of TMV, 2.04
mg/ml; O, concentration in oxygen
gas, 20 mg/1; flow rate, 670 ml/min ;
temperature, 2 C; pH6.9
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Advanced Wastewater Treatment for
Low Temperature Environment

(FY 1977-1981)

Akira Ikehata, Yasuo Kumagai, Shogo Fujigaki,
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Katsuji Ishibashi, Yoshio Noda, Nariko Shinriki,
Kozo Ishizaki and Hidetoshi Matsuyama.

In the cold northern district, as Hokkaido, the cost of water treatment has been almost
three times higher than that in the warm district, as far as existent treatment systems are
concerned, due to following reasons: water treatment facilities need some sheds which
protect themselves from freeze, and treating water consumes much heat energy to keep
suitable temperature, This has been a serious barrier which prevents the popularization of
wastewater treatment in the destrict. Therefore, acceleration of reasearch and development
on the water treatment technique ot engineering fit for the low temperature environment are
required. To contribute to the local demands, the special research of a five year plan was
carried out.

The background of the research are as follows:

1) Development of advanced wastewater treatment process composed of compact

apparatus ——
Advanced wastewater treatment (AWT) is necessary not only for the protection
of environment, but for the reuse of wastwater for the preservation of water
resources. The wastewater treatment .systems for the cold region should be
designed to minimize heat loss, to start up rapidly and to handle easily.

2) Isolation of microorganisms having high activity even in low temperature ——
In order to promote biological treatments such as activated siudge and denitri-
fication, efforts should be done for locking for psychrotrophic microorganisms
from native environment.

3) Control of hazardous minor components such as organic substances and viruses

The goal of effluent quality from the advanced treatment process are 10 mg/1 of BOD,2
mg/1 of NH;-N, and 0.2 mg/1 of PO,-P.

These levels were decided from the view point of the recycling use of the wastewater,
such as primarily treated sewage or food industry effluents, for industrial water.

With the establishment of these levels, development of following treatment process was
assigned :

01l separation by coalescent method (Step 1) —— activated sludge treatment with multi
-stage column {Step 2) —— biological denitrification in combination with solid adsorbents
(Step 3) —— phosphorous removal by contact flocculation filtration and adsorption (Step 4).

Treatment of excess sludge using fluidized bed furnace was studied in parallel.

In the early stage of the project, researches were mainly conducted on the development
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of the detailed design data for the selected unit treatment systems.

In the final year, continuous flow tests of the total system (AWT process), joined with
each unit treatment systems in series by the order from Step (1) to Step (4), were carried out
using various kinds of model wastewater prepared by mixing of primary sewage effluent, oils,
and corn steep liquor for the evaluation of the process, and following results were obtained :

1) All equipments of the selected treatment systems can be designed to compact,
and enclosed tower type ones.

2) The developed AWT process has the capability to produce water of good
quality, enough to meet the standards for industrial water.

The details of the results are described from chapter 1 to 6 in the first part of this issue.

In the second part of the issue, results of the fundamental studies related to the project
are described on the following subjects: some aspects of activated sludge in low tem-
perature (chapter 1), isolation and characterization of phychrotrophic denitrifying bacterium
(chapter 2), nitrogenous products obtained by ozonation of azo-dyes (chapter 3), ozonation of
hazardous and toxic organic compounds in aqueous solution (chapter 4), and inactivation of
virus by ozonation {chapter 5).
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