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Abstract

Water pollution in the public areas in Japan such as lakes, inland sea and
rivers in urban areas have been increasing. The principal reason of this
phenomena is due to large amount of discharge of the untreated grey water.

Primarily, these grey water should be treated by sewage treatment
facilities. However the sewer system contribution ratio is increasing at only 1%
in a year. And then, the occupation ratio of these domestic wastewater on
organic load in natural water body is very high.

Therefore, the treatment systems which have low construction cost and
easy maintenance are required. To purify the polluted water, there are two
methods. One is the method using natural purification function such as stream
and soils, another one is the method using the treatment process combined
anaerobic condition with aerobic condition such as bio-film process, activated
sludge process and soil trench process.

The present studies were conducted to clarify the purification mechanisms
of soils, streams and biological treatment process and to apply the treatment

systems using modified purification function.
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Influence of Water Temperature on Stream Purification Method
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Abstract

Stream purification method strenghening the self-purification ability with large
amount of biofilm on the packed medium have been spotlighted to improve the water
quality. In this stream, bacteria, fungi, protozoa and smaller metazoa contribute well
to water purification. But there are only a few research about the influence of tempera-
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ture on the structures of biota and characteristics of water purification. Therefore, the
relationship between characteristics of water purification and qualities and quantities
of biota in stream on the water temperature of 5, 10, 20 and 30°C at the influent BOD
concentrations of 10, 20 and 50mg+~! were investigated in this paper.

The results may be summarized as follows. (1) Higher water temperature causes
higher efficiencies on water purification as organic removals, nitrification ratio and
denitrification ratio. (2) Efficient of the purification in stream was promoted under
low influent BOD. (3) High nitrification was occured under high water temperature.
And then, there was proportional relationship between nitrification ratio and the
number of nitrification bacteria. (4) In case of higher temperature, number of various
kind of smaller animals were increased. (5) When water temperature rises up to 30°C,
anaerobic area comes into the biofilms. And the biota become to be composed of low

dissolved oxygen indicator ciliata.
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2.2 EBAKROBEHE

2.2, 1 HEEgH

R AR R UTRABROBE 2B LS 1285k 3, Tibb, BLERTED
ICEBKBRIIAEE 5, 10, 20RUBCCRE(LZ UM A FTRCKRELHT, ORI 2WTHR
AEBYRE S BOD T10, 20%U50mg- ' E{b3 € THEEL 2,
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iz, AREFAK BOD l0mg- [ B AERER LD THY, FiAKBOD 20K U550

® 1 EHiEgf
Table 1 OQOperational conditions
Run Neo. Water temperature Influent BOD
e (mg-{-1)
1 10
2 5 20
3 50
4 10
5 10 20
6 50
7 10
8 20 20
9 50
10 10
u 30 20
12 50

* 2 AL TARO#ME

Table 2 Compositioin of artificial waste water

BOD 10 mg+i-*
(mg+{™1)
Dextrin 1.53
Peptone 3.27
Yeast ext. 3.27
Meat ext. 3.73
NaCl 0.34
MgSO, 0.20
KH.PO, 0.93
KCl 0.67

— 12—
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* 3 mAKE

Table 3 Influent quality
BOD 10
CcaD 3.3
TOC 5.25
T-N 1.36
T-P 0.27

(mg*i{™)

mg T OBETREFNTN IO EREEVSEBROMEER S, 133, BOD 10mg- M OBE D
AKEBRBZICRTEBY Th D, T2, EBKBICE T 5 kBN TRERIZ405y, 15
em/siCiE D LB IERELR,.
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¥ — A4 (Whatman GF/C) T2iL, ZO2@AK%2EE L L7z, BOD (W WERERE)
KU COD (bR ERE) &, TAEBAEYCRUBL VA v 77 —TIbF Y7 LE
ERVICCEETIISI 2B Y rBA) YA L 2BEHERE, T-P (2V VB &
EPA 0ESHEES, £7: NH-N(7 vy =7HRHRERK), NO,-N(EMBEEREE), NO,
-N (HEMEZEFREBE) RV PO,-P (BB VBREBE) RTNATNA V7 2/ — V&, ANVT 7
=B, CA-CuBITAZAZRELEANT 7 2ABBERUE ) /¥ rBESHWT 7 720
VE—ITFIAF Lo T ET 2%, %8, T-N (2FREBE) oW IRLEHRAH
SR (SEERE T-NO2 B) s X D HIE£1To 70, 3 5, BkREEREM I TAERT (1984
ERR) QWL TITo %,

2.4 NAFAZTZAOREFE

REATOEHE & Rk ESARI B2 4 SE1E & S YRERE S & Uiz, SO K
BO4HEETES 6 cm, @5 cm DNcm*EEROAEEYE 22 I (BEEs L X
DiT-72, BRLEYEIE— s eE, SUEEERORME L, B, £3MF
DHEDBIFRAD SS (34 4 v ABE I mg-IY) LR (ml) OMERVEM L m! H20 0




THRREETF - 4 0% - A —

BEEHOHEETI LI D EYE ]l mg M0, H2LIRERE ] cm®de D OEFEEL
TEHL:,

2.4.1 HEHE :

S, EBXEEE (Heterotrophic bacteria), HEAHEEE (7 v ® = 7ELHH | Ammo-
nium oxidizing bacteria), FYEEE (TERSEERERLMIE : Nitrite oxidizing bacteria) RURZER
(Denitrifying bacteria) 2w TAEBEFEREL 729,

SEHAIEIEL Tid, SWRREAOEE 30m/ A% L RETHEETRLE 25W, 24))
L, i@ — I B S 5, EAREL I 010V CRENLFERETI Z o L VAR
HEFOFER gL 27,

(1) EBREAE

EBREREEN, EERHERASE 1 m/ PERERNEME B»120°C, MEMTRER L
HOITs—HLOTML A, BB, 1REHCOWTIY, 105, 10°0EREEI L3 L o=
LT, BEEE, vy — LD 2T =—H30~300@ENCH S DOV THEL, £DF
Pt 2 EEBEEE L, 282 00FRBRT o 0= — B ECEMAK Ao BT E, 2
oo —HDHWERERRED b D EFHEMR L L7,

(2) HEIEEEE

TRYEEEE SO, MPN B (BFEsGs) e U THIE L, SHiEhe, AEREL L TORRD
LEEHE LTORBAIALY Y LDA- BB YEREE Lk, EHERERE (&) £
5mi{EALTHEEL L, BAEMEOERMEERENEMEK 1 m/ 258000 A - 5K
Iz ANSOC, 0HEIER L EAL Ty 2 AT 2R, D VBERUN-1-F7F VL F L P97 8
vIERE D S R 2 EMERESE (£5) *BRTLAARELLLORUREBLE {TLHER
BEREAFINL A BESCRA2E L b OOEELEREE LT MPN 2 6B L. &8, £H
¥OEIEH 130 2 5107, 107,10, 104, 10°, 105,107, 10°0D 8 E¥fEOFARBEIC DWW TENLEN D

= 4 GHEHIE RIES
Table 4 Medium for nitrifying bacteria

KH,PO, 100mg
EDTA-Fe 6mg
MgS0,-7H,0 S0mg
CaCl,-2H,0 20mg
NaHCO, : 200mg
# 1 (NI,}),S0, 6mg as N
#t 2 NaNO, 6mg as N

/Distilled water 1/
# 1 for ammonium oxidizing bacteria
# 2 for nitrite oxidizing bacteria
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KL Rz REORE

# 5 HEIEERFEMAAZE

Table 5 Color reagent for nitrite

NH,C:H,50,NH, 10 g
HPO, 100 m!
C1H;NHCH,CH.NH,-2HC] 0.5 g

/Distilled water 1{

= 6 MR R EE
Table 6 Medium for denitrifying bacteria

Giltay's medium

KNQ, 1g Na,C.H.0,-21,0 8.5g
A Asparagine lg MgS0,-7H,0 1.0g
1% BTB B| FeCl-6H,0 0.05g
alcholic solution Smi KH,PO, 1.0g
CaCl,-2H,0 0.2¢

/Distilled water 500m/ /Distilled water 500m/

Mix A and B
pH 7.0-7.2 autoclave

EFOEHAEDERELT 12,

(3) WERE

HRELNY, BHEELELC ( MPN Bt CTHIE U, A8, SREEESoBS & 0
BRI, B UTHBMBE RS (RO AL E Zk, BRBMCC6EM LB B3I LR
UERBRCHAEEZR T L CORE2Ba2h o b D 2BMEEL 322 THD, F0O42
TARTHEMREOHE & FEciT- 7,

(4) HEE

PSRRI, TERERUWEEE EFC MPN BB CTHE U, BEFHOBTICEL T
3, BEENREETEM (F6) 25 mlAR, 35X Z0RMIY—F LEBEL D
®, BFRRELT > L EBERNEHRE 1 m/ 2EEL, 30°C, UAMORRELIT- 7, BEHT
FORBEASEC VDRSS -3 AERNCEEHBLELDT, hEBHEEEL T MPN %
POoEBBERH L, B, EERHER 1 FRhC D 210,104,105, 10°,107, 10%, 10°, 10, 101 @
YEFEOFRBEC DV TENEN S BT DSEHSERDERE 2T 7,

2.4.2 B B

EYHBZAFEE 2R (1 mm AR AV A T4 F7 522 0.05ml #FL, BERET ClE
R CRERIESEOR BB L 122, kiR 23 8, ST s AR RO R 2 ORIE 21T
BYCFETES L Iic L,

—15—



BHET - & 83 Al

2.4.3 f8/EvY

WAEE, SYHBERREEFR(l mm AR AV AT A R 5 A 005mI FFL, H
BET CEAR L U B ERACEE LY, £/, k&3 X, FIFUT, 1Y
L EOBEBV OO THHEGEER DR T3 L0 EMRERFAN | m! ¥R EREBA
DAZA RIS ACHETLHEET 2.

3 BERUEE
3.1 KELEH
JEANEABOD RUBODBEE AR EOMERRLIELODTHE, Thbh, AHEK
BOD kU BOD B2 fi AK® BOD #E 2510mg- I DRI BV TiRAKB°CTEhEFN
1.5mg+ ("', 85%, 10°CT1.5mg+!~", 85%, 20°CC1.2mg-/"", 88%, 30°CC0.9mg+7"?, 91%
Th-oteDiwtL, FAKD BOD BMES50mg i~ 3 THE 5 e 5°CT# 215 5mg:
171, 69%, 10°CT12.0mg+{™", 76%, 20°CT9.5mg-I", 81%, 30°CTi37.5mg-I", 5% TH -
Foo COZERVEDIKBIIBOTHMATEYAR O/ S WERHEIZE BODREAREORE S
ZEEERLTWS, THEERECHE o b BT ohTwa, 7z, KRi2 k3 BODZE

20 100
s *®
E 80 ~~
&0
o ©
Q" 3
g lao0 E
[ = 1]
G . -
=2 o
“ o
w 020 20 M
[ e—e o0 o
N N . ")
0 5 10 20 30

{°C)
Water temperature

3 EERARRIT 51 3 7kiE & ALBKBOD, BODERER & O
Fig. 3 Relationship between BOD, BOD removal and water temperature in the

experimental stream
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MBSk R TRECKS
EORVERL EABENERTAEEHENE LRI EMNEREIN, IO rBRT A4
PIDIEMD 5°Ch 530°COM T It KBAE I EERLS NG I L2 TE LT w3,

4 T EAIKERERY L D OBKRREREEN L KR L OBRIC oW THA BOD BERIIC s
LEbOTHE, OED6KEO LRI HOKEROBRABIIEMSHE 5 2 L SRETE
3, ZOBARBEREHOME BODBRER (EPBERNCIY AT BODE) #RECER:
MEAFLTWE Z LA,

B0 5 LA COD KU COD BRER L kil L OBIF &R LI 4 DTH 3, b b, LK COD
KRV CODBRZFBIFTA KD COD BEHS. Img i OKBIZBHWTRKBS CTCEFRLEFNLD
mg-[~Y, 39%, 10°CT1.8mg ™", 45%, 20°CT1.7Tmg- "', 48%, 30°CTI30.7mg-{, 79%T
HotfeDstl, FAKD CODIBELL6.5mg ' THEE 2 LA 5°CTEH# 11 .6mg-
i1, 30%, 10°CT10.9mg- 77, 34%, 20°CT9.6mg-1"", 42%, 30°CTid7.4mg+{-!, 55% TH -
Trol @ Z & BOD @mKRBI B0 T MAEMIETO/IM 3 wESF L CODRERE
DEELZLEBEWRL TS, £/, BODBRERHE L T CODREREEL(BEBTTEI L
DA N, THRFEBLIEATERDERSTZ 2 CTRT LBV EDSBINPT VO EE
BRAELTWB L, EMNEBIn wHEEYOERPEI > Twad 2 rEET 240
RrEZORD, INSOREIGHRUVEBIICEE L TIT-o - HEER - ABOBEO ST L
Twd, ¥, 5, 0RU0°CEEEL T30°COKBT CODBREROE £ ) »EE w2 2 EE
B SMl, ThBZERT 3 030°CTIRAEDBARCHTHRBED = 2 208HIEL, 85 - IFR

- B0

)

£

v m 50D 10
% BOD 20
= BOD 50
- a0l

0

N
D

O L LIDININ

Dehydrogenase activity

v

A , N )
° 30

(oc) -
Water temperature
B 4 EEANIC ST 2 KiE - BATKBSERRY 2 D OfUKREEREM L ORG

Fig. 4 Relationship between water temperature and dehydorogenase activity

o
=]
3

in the experimental stream
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RERRIEFE - 8% 408 - R —

12 100
T ®
™ 10 el
E {s0 .

8.

{60 5
e 3
Cs €
© o
B
y= Jeo 2
g 0
3 4}
= 8]
=
w
$20
2_
)

5 10 20 30
Water temperature (°c)
B 5 EEKEIC BB KE L NEACOD, CODRERL QMK
Fig. 5 Relationship between COD, COD removal and water temperature in the
experimental stream

KN CEEE L L CBRET 2O EELLRD,

6 iRERE AE E DR FRLA b O TH SRR T-N I 5® 5 NO,.,-N OHEFE
LTEZ T, WEEIFHAAD BOD #BEL10mg: /-, K235, 10, 20RU30°COREITBY
TERENLG, 81, BRUL0%TH -7, EhFAKD BOD BEH50mg- I icEE 5L, RAL
< 22,65, 85 U9B%Y TH - 2. F b BRHERIICCTRIMAKOERM AT & 5 13i12100%
KET 385, KEMEL 23R ONBEEROET T2 RENED Mz, ZOMEARHATRY
ARPEIAFLEE LRSI b3, OB EEIIEDT A EMEOLER &L EwELHM
FEBELTVD,

S L APKRE T BS, BERGPEECRETREMES S REMBCLIE
ERERTHNB W LAHORT VWS, I TREAKELEA L DSBEREOELRE
AnfEFrEL, N7 3BERERLABLOMEZRLILOTH S, KiESCCOES,
# Ak BOD #BEEAS10, 20R U50mes I e BT 2R EAL5, T6RUT8% L VI BLEERE
ZERB N, KEBMETT2CHCERBERLET I 2O NS, KEHLCET
EFT 2 r EXRERIZFAAD BOD BEHI0, 20&RUs50mg- I eBwTERERIL IRY
SRETCETTIZ bbb, IO LRBEREREF L SREHESBEESECHE TH
ArrkEETAILOFEELILOND, Thbb, HEFIRERENPEANLBSCOLKRE
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gt Rz BEORE
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]

2

®

T

c ® BOD 10

0 A BOD 20

= 40

© m BOD 50

[&]

2

=

=

Z 2

0 5 10 20 ac
Water temperature {°C)

M 6 ERAECBAAKE EEEEDOBR
Fig. 6 Relationship between water temperature and nitrification ratio in the
experimental stream

100;

- 4
80.

©

> B8O

[»]

e

@

|

s

2 ® BOD 10

2 A BOD 20

=~ 20F

= B BOD 50
° 5 10 20 30

Water temperature (°C)
7 EBUKBC BT 5B L ERREE L OBRK

Fig. 7 Relationship between water temperature and nitrogen removal in the
experimental stream
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TRRRETF - b HCF - Ak —

EEET LAFRRESERICEET S&MCREL2Thbhvh o, BEERSRZILSTVE
AROABCBOTZOHRBERBE LD THEEELONE, IO LERIILLDEN
ZFAoABOAKBELEDED ORP {Oxidation-Reduction Potencial: BE{LBITEAD) 2 HE L7,

81X ORP LB OBEFEERLE LD TH B, KiBH5°COEE, MAKD BOD #EH

E
- ® BOD 10
2004
A BOD 20
M BOD 50
100
L ‘\\ Water temperature
o
e o + '
C 5
-100}
-200}
_300.

8 EERKESIC BV KR BETRER(ORP) & OREE
Fig. 8 Relationship between water temperature and oxidation reduction
potencial in the experimental stream

10, 205 0f50mg+/"1iZ B> T ORP iz # 1 #0200, 100R U 50mV TH DL, AEH30°C
OBEIHEU < —200, —300R U —350mV L ¥ RT74 FAFOEERL, 2O EE0C
OABEDE TR EMBERTSZE B LUREFRC L AHEEEIHE ISP TORET
bhot:l bEBITITHE, KEEMEONHREZEEL TH0CORBEMRZTIBER2EL
TEVHEOLICHOEYE ZRE2IRETHLILETFET I EMNTEL, E5CHAKD
BOD @B 50mg- I\ DABLE B TR T2k - F 2T 2RHWT7 7 VRKYTA
7 4 YRCHSCHE L BEBFBEEAE L. TORBBRRICTI LB THL, 74D
5, A5, W0RUNCE BT 2EERRBERITLTNS.4, 6.9, 2.6RT1.8mg-I7'TH
D, AEHNEELCONGERRREOET V2 &S sn 5, JHRENEERREREY
[EREIZ KBS, 10, 20BU30°CKBWT ERFNIZT, 10.9, 8.8RU7.5mg- /" ThH 3 I L
HALTwbEeEZ NS,
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=
1

{ mg-i-1)

-
[=]
T

Dissolved oxygen conc.

Saturated DO

Maasurad DO

5 10 20

Water

temperature

B 9 KEBHETRKOBEEZREE L AR EOMER
Fig. 9 Relationship between dissolved oxgen concentration and water
temperature one in the experimental stream water

3.2 &8

3.2.1 HEH

FTRENTHOEBAKEOT TR & @ﬁE'v‘ié%ffﬂ%, TR, HESE R UIREE O
FOARERN ) OEERERLZ b0 Th 5, SHEEOEER L HTES L 0BFRIL, XK

# 7 BADKBEMLG D OSEK

AEEE bR RIZTBEOEE

30
{°C)

Table 7 Number of viable bacteria in biofilm of stream submerged with ring lace

Nitri
Run Water Influent Heterotrophic Ammonium ‘1t‘r1tce Denitrifying
. e . oxidizing .
No. | temperature BOD bacteria oxidizing bacteia . bacteria
bacteria
C) (mg-{7") (N-cm™) {N-cm™) {N-cm™3) (N+cm™®)
1 10 2,2X10° 6.1x10° 7.8%x10° 3.2x104
2 5 20 1.9x 102 4.4X10° 5.2X1Y 5.8%X101
3 50 1.2x10% 5.0x10° 1.3%10* 4.8x101
4 10 2,.3X1012 1.1x102 2.5x%10" 6.6x10%
5 10 20 3.9x102 3.8xX104 1.0x10° 2. 7X104
6 50 4.1X10*2 5.9X10*° 8.4%107 3.8x102
7 10 1.9%1042 3.0x1%° 7.3%10" 3.0x10n
8 20 20 1.1x10" 3.9x10" 3.3X10M 9.0x10'
9 50 1.5%10% 1.2x10° 6.9x10° 4.6X104
10 10 8.2%10" 1.1x10% 7.1x10% 3.5x101
11 30 20 3.7x10" 7.1x104 1.0x10° 4.0x10*
12 50 5.1x10'* 5.4x10'"* 6.4x 108 2.1x10
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TBRRAET - ¥ /5 - FBERE—

(log N-cm-3)

Nitrite oxidizing bacteria

Water temperature
Bl 10 EEUKERIC BT 5 KR & BAOKEEERLY 2 0 OMBEE O £REE L OBERF

Fig. 10 Relationship between water temperature and biables nitrite oxidizing

bacteria of stream unit volume in the experimental stream

UEBTCERL TiTo I TEshi: 5O LRBROEE 2T L, Thbb, EEKERE
REAERIARORWARE CARHYE <, E—ATOABATLRARDEFRESRLE
T LB EOETEEOEFR B Lz, &7, HBEC LT, RAEBIATOEY
KB THEOEERES R o R, A—AFOKBENICBLTERRT LEEOETT 20X 0EH
HOBKT2EONTD SR, ZITREBRBERASCESL TV ZHEEIIER LARR
PR OERIC DLW TOEE AT, KIGZHEAKEERYL D OMEHOEREHR & KA
rOBEERTRLELOTHESL, ZZTRHOUEFRFLOKBTORRKRICB 2HEEEOER
BOBERFAET- - R TER S L O 4 AOEFHRE F TR0 S ORICKEEREZ DO
YRR ERLER L THERESLHEELLZLDTHL, JOR2S, BKEDKEIZEES
ﬁﬁ%<*ﬁ@ﬁ?wﬁwéﬁﬁ®ﬁybfﬁ<:t&%amttoto%K5T®ﬂ%mﬁw
TREZCECEERTE T, COZ L RWNEERED ¢ MBS LBHET DK
r#EZ BND BT 2 5 CORBIC I TR Sphaerotilus natans e £ O FEEIFREL
B0 KBREYERERS— BRI OABNCEYEL 3 (BT 2HENEE 5, Z
D ERBO TSV 3 RFOBREHEFZEORVWES I BBEAT LI EEEKRLTW 3,
+hbb, BERKEBOKRC SO TREYBEOTRBE WL DI g O/NS WHIEEE R UHEE &
Voo B O R RESTE S W AR E R S, ZORBEINCTT LD RAKBOE FICH S IE
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Kb RIZT RECEE

iy
[X]
T

(N-em-?)

10+

Nitrite oxidizing bacteria

10 — 2;3 . :CT ' 6.0 - 80 100
Nitrification ratio (%)
11 HEEOZEHNEEEEE 0%

Fig. 11 Relationship between nitrite oxidizing bacteria and nitrification ratio

BECEEROBEELHIBELZ b0 EEZ SN, RBEREOERR LRz EREL
Y5 EERAT, HILZEAABARY ) OWMBEOLER LML OEREE LD T
FLIbOTHE, JOED» SWRECEBROBV IV ROETHSEL S Z EHEET
&3, ¥, MBOMEIHSHETHIZ Lo X DEAREETH L I LHNTBREND, &
NIZAKBOET i OB E O LB T 2 O 2 EREE 1 A7 D OEE b ERHCE
TTAZ L RBHEEVNROLHTHELELLND,

B8, BEHCSLTHENFROERARICBS W THAILZ 4 hS0LHE - W FER - O
MBS Ll TESD o, 2O LR, XRUEBHICER L TT o RN B W
THEAN-EAE—HLTEVEOXELEITIFER LR, 3270, CZTHLHEBELE
EfEOFLEER T AGHM A0S BEHEHEL ThTROKEBC B ) 5 REFHO LFBAARIE
ELTHRE RITo 0, B2 3 L TEH L BAKEERY D OREEOERRE KR LD
BEERLIZ b0 THS, ZOE»SKBOB VKRR PREFDEFRIIL (AKROET
WEEKLRL T AEAOS S LBk R, TN LRERLERREELEDH
MEHL w3 L EEII TV,

3.2.2 #uhEW

# 8 6 R BFERKBOW FERE - L OREBY R Ui LY OEEEEERIORL
b DTHD, ke, FNTHOEWRE BT 5 HRAMEN SWEEHR U SRIEIER Diver-
sity index: DL} %R0 % X ofe, SEEIEE L IHBEE - B OB o S EHRIC
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BRIET - i3 - ARE—

4 W BOD 10 %\
ef | sme _nl
3 34 1 N

Nl R
: "1
: 1L

1 30

(°c)
Water temperature
12 REUKBRC BT 5 7KiR & A YEERER L 0 OBREEN - 0BG
Fig. 12 Relationship between water temperature and denitrifying bacteria of unit biofilm's
dry weight in the experimental stream

4 8 Run 19D4EP4E
Table 8 Biota of Runl

Dist from the inlet {cm}
Biota (N-cm™2) istance i

75 225 375 525
Coleps sp. 240 120 240 120
Trachelophyllum sp.
Colpoda sp.
Cinetochilum margaritaceum 660 600
Vorticella sp.
Spirostomum sp. 240 240 120
Aspidisca sp.
FEuplotes sp.
Amoeba sp. 60 120 60
Euglypha sp. 120 60 60 120
Planaiidae
Chaetonotus sp. 60 60
Nematoda 60 60
Aeolosoma hemprichi
Macrobiotus sp. 60 60
Paracyelaps sp. 9 15 21 21
Filamentous bacteria CcC CC CcC cC
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#*= 9 Run 204404
Table 9 Biota of Run 2

Biota (N-cn-?) Distance from the inlet (cm)

75 225 375 525
Coleps sp. 240 240
Trachelophyllum sp.
Colpoda sp.
Cinelochilum margaritaceum
Vorticella sp. 270 210 640
Spirostomum sp. 240 120
Aspidisca sp. 1,140 2,160 1,080 1,080
Euplotes sp.
Amoeba sp. 540
Euglypha sp. 640 1.080
Planaiidae 60 180 180
Chaetonotus sp. 60 90 60
Nematoda 120 60 120 60
Aeolosoma sp. 6 12 9
Macrobiotus sp. 90 30 60
Paracyclops sp. 6 18 18
Filamentous bacteria CC (o cC cC
= 10 Run 30444
Table 10 Biota of Run 3
. Distance from the inlet (cm)
Biota (N-on™) 75 225 375 525
Coleps sp.
Trachelophyllum sp. 240 120
Colpoda sp. 220
Cinetochilum margaritaceum 640 300 480
Vorticella sp. 120 120 320
Spirostomum sp. 180 240 240 120
Aspidisca sp. 1,200 2,000 2,200 1,800
Euplotes sp. 60 120
Amoeba sp. 480 200
Euglypha sp. 60 60 120
Planaiidae 21 11 28 41
Chaetonotus sp. 60 120
Nematoda 60 60 60
Aeolosoma sp. 2 18 24
Mgcmbz’otus Sp- 90 12 24
Paracyclops sp. 10 20
Filamentous bacteria cC CcC cC cC




FERIET % 0 - ARl —

o 11 Run 40 4£%1E
Table 11 Riota of Run 4

Biota (Necn-) Distance from the inlet {cm)

75 225 375 525
Coleps sp. 360 120 240 240
Trachelophyilum sp, 3,200 1,000
Litonotus sp.
Colpoda sp.
Pargmecium sp.
Colpidium sp.
Cinetochilum margaritaceum 3,600 3,000 3,200 3,000
Glaucoma sp.
Vorticella sp. 60
Epistylis sp. 60 120
Spirostomum sp. 240 720
Aspidisca sp. 120 240
Oxytricha sp. 4,800 1,200 640 720
Euplotes sp. 240
Euglyppha sp. 2,100
Philodina sp. 840
Colurella sp. 2,000
Lecane sp.
Chaetonotus sp. 120 60
Nematoda 540 240 240
Aeolosoma hemprichi 64 24 18
Nais sp. 3
Pristina sp. 6
Macrobictus sp. 60
Cypridopsis sp. 12 18 15 21
Paracyclops sp. 48 57 66 120
Paratanytarsus sp. 1 1 1 i
Filamentous bacteria + + + +

HOBEFEZHBL ZOEROEENSBOSKRELATHES 2240 TH%, ZITRRLELA
¥3 5 #L T Vs 538hannon O FEE vz, 2@ Shannon O ZEET O 1 EELFEHH
RBCE SR bor—%2fAL 0THS, UToRTREBVWI LI VHEOE
B UAERROBREARELER L AMEEREEH T 2 enTE 5,

D.1.=—-32PlogP;

2T PR | OB EEREH L CHED AFEEE®RL T3, $4bb, P,=N/N
(N : @&, N, 8BioEERTHL)9, J0RA»ObLEL LS5, 10, 200CE AR
BE 3 oNHEER, FEEERUSEERRE AT 2 1EAERTBAESCIES E 2
NORMWTETLTLES Z kMot lof, Z0OI Li3KEBXEE 513 L BODRERN
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# 12 Run 5@ &9+
Table 12 Biota of Run 5

. Distance from the inlet (cm)
Biota (N+cm™?)

73 225 375 525
Coleps sp.
Trachelophylium sp. 1,200 3,200 3,200 900
Litonotus sp.
Colpoda sp.
Paramecium sp.
Colpidium sp. 3,200 1,200
Cinetochilum margaritaceum 600 1,200 2,400
Glaucoma sp. 4,800 4,800 1,200
Vorticella sp. 600 600
Epistylis sp.
Spirostomum sp. 600 900 1,100
Aspidisca sp. 600 1,100
Oxytricha sp. 1,100 720
Euplotes sp. 240 240 1,100
Euglypha sp. 1,200 900
Philodina sp. 600
Colurella sp. ’
Lecane sp. 600 1,200 1,200
Chaetorotus sp. 600 600
Nematoda 2,400 1,200 1,200 3,200
Aeolosoma hemprichi 18 24
Nais sp.
Pristina sp. 3 3 12
Macrobiotus sp. 600
Cypridopsis sp. 6 6
Faracyclops sp. 9 57 90
Paratanytarsus sp. ’ 1 1
Filamentous bacteria CC CC cC CC

BExsl, BAETNEAREMBRCRYATNA2EEYBRNKEOLRCHCER T LI
BRT2 D72 eELOND, ThbS, MOAFNZFEDRNES LGS 2 LRERRICE
IEBYOBGKERVPEACTOLN, BEFBEEOHEHOLHELEEL I LXEIRL TV 2,
FORR, ChOMBEERYRL T2REBYRUB/NREEYLBES CHRTEL LD I0k
b, COEIRAKROLERAYHEETEL TEBR2AKOERL T L8 I LBH{LM L
otze 1L, 3CCOKRBIBLTERERBIORD AANTELREWOICR U HBLEWELR,

FEERCSREHEE L B LT L E S EASRD 6 h D, JOBRKIIICCOKRBEDE T
ORP 2 ¥ THAS 2 & 3 12, BREOBS LN EITL, 2 0BRERERERECEMREANTO
ENGEUHBRELE2EMOBENREIATLE> R I ERERTAOEEELONS, K8
LRI T L ARICCOKBEMEO LM E B2 & Colpoda  sp., Paramecium sp,

’
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= 13 Run 6D E504H
Table 13 Biota of Run §

Distance from the inlet {cm)

. 2
Biota (N+cn™) 75 225 375 525

Coleps sp.

Trachelophyllum sp, 1,400 1,800 1,600 1,800

Litonotus sp. 900 600 1,200 600

Colpoda sp. 600 480

Paramecinm sp. 840 620

Colpidium sp.

Cinetochilum margaritaceum 1,200 2,400 2,400 - 2,400

Glancoma sp.

Vorticella sp. 600 1,200

Epistylis sp.

Spirostomum sp. 900 [ 600

Aspidisca sp. 1,200 600

Oxviricha sp. 3,000 1,800

Euplotes sp. 2,400 3,600

Euplypha sp.

Phifodina sp. 600 600 1,200 1,200

Colurelln sp.

Lecane sp.

Chaetonolus sp. 240 120 360 120

Nematoda 1,200 600 360 480

Aecolosoma hemprichi 4 10 18

Nais sp.

Pristina sp. 1 4 2

Macrabiotus sp.

Cypridopsis sp. 2 2

Paracyclops sp. 3 7 X

Paratanytarsus sp.

Filamentous bacteria cC cC CcC CC

Uronema sp., Colpidium sp., Glaucoma sp., Cyclidium sp. B U Metopus sp. & v - TEBEHE
EHFEHT AMMEEE T 2 REBYSHE CHRELBSEBL R - TwA I Ldbhd, ZOHK
BABEMED EVEOREIL L E 2 FEXRT 200 TH 5, BB KEEY
BOEYIHEORHRE L TR, EERRCIRIAENZ2G8MEN T no s sl LS
CHEEE RO T X TOEYORMNEHHBED TA R nI £ Th 3, F - [Fk i BT EMETE
DEEHETLILES D INSDEFHRICIVERKROBE L BT 2 tEEEEL:
BYBTHLE VI CENTES, Z2OPICH > THRIMEME Sphaerotitus natans O FLF R
GiREFELLoT, CNRBELEERENEET S 2, RUMNBMOMAESELETL T
ZrreFBCHABRLTRR DR EEZ SRS, HBRERAFTLOKRECHE L RAEZRNEY
&:oyﬂﬂ@&&tﬁﬁkﬁ&%ﬁﬁ&:%@ LTBELL-VOTHE, CITHEAFROEYCS

\
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14 Run 704+
14 Biota of Run 7

REGR L RIZTREOTE

Biota (N-cm™%)

Distance from the inlet {cm)

75 225 375 525
Coleps sp. 240 120
Trachelophyllum sp. 1,600 800
Litonotus sp. 200 120 180 240
Chilodonella sp. 7,200 5,200 3,200 3,800
Colpoda sp. 1,800
Paramecium sp.
Colpidium sp.
Cinetochilum margaritaceum 4,800 2,800 3,400 3,000
Glaucoma sp.
Vorticella sp. 200 640 480
Carchecium sp.
Epistylis sp. 240 1,200 480
Spirostomum sp. 480 600
Blepharisma sp. 180
Aspidisca sp. 400
Oxytricha sp. 3,200
Euplotes sp. 1,200 540
Centropyxis sp. 2,400 2,000 2,000
Euglypha sp. 1,800 1,200 - 1,500 1,200
Planariidae 3 3 6
Philodina sp. 1,200
Colurella sp. 2,400
Chaetonolus sp. 360 120 120
Nematoda 600 120
Aeolosom hemprichi 12 12 6 6
Nais sp. 3
Pristina sp. 6 12 6
Macrobiotus sp. 60 60
Cypridaopsis sp. 21 60 48 45
Paracyclops sp. 90 120 150 150

Beggiatoa alba

—29—

LTRSS EB U kB R LT, o HREGEIIRE - &5 BIERICE T 2 He e
SEELTFHEL . O S RRMHE S. natans BIAKBEPEL BEBEIEBECEET 2
5 CRUVICOKRBIBLT, LRI MARRTAT IO TORENICHEL TH3 2 et
HETEZ, £/, ACLARME TH 5 Beggiatoa alba T30 BT  BERFIREIE
2 AMEE AR 20RUCCORR THRNCHAL, Bl o oEROBEE 330°CTIIRATEY
BRI TELLSBCBRBEL TS I ENBEETE 5, BED Paramecium spp.d B. alba
EER ABO BV KB TR RL T W ABNHAREMEENE L 2B L 0 {EKBOKRBIZY
HELTETWE, 2O L ERKROARIIEWT L HATRYATNOR : 213 EIENOHES
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= 15 Run 80 4&H4H
Table 15 Biota of Run &

Biota (N-cn-?) Distance from the inlet (cm}

75 225 375 525
Coleps sp. 360 540 540
Trackelophyllum sp.
Litonotus sp. 3,600 1,200 600
Chilodonella sp. 600 2,400 1,200
Colpoda sp. 4,800 3,600
FParamecium sp. 1,800 600
Colpidium sp.
Cinetochilum margaritacenm 6,000 12,000 6,000
(rlzncoma sp.
Vorticella sp. 540 600
Carchecium sp. 540 1,200
Epistylis sp.
Stirostomum sp.
Blepharisma sp. 540 270
Aspidisca sp. 2,400 7,200 6,000
Oxyviricha sp. 1,200 600
Euplotes sp. 300 600
Centropyxis sp. 400
Euglypha sp.
Planariidae 6 6
Philodina sp. 600 600 1,200
Colurella sp. :
Chaetonotus sp. 240 600
Nematoda 180 60 24 120
Aeolosoma hemprichi 24 12 24
Nais sp.
Pristina sp. 6 6 6
Macrobiotus sp. 600
Cypridopsis sp.
Paracvclaps sp. 30 90
Beggintoa alba r r r +

EDEITT 2o L #TBLT WA, 2D kit ORP DEEHEE» S BT o hTw 3, TR
Paracyclops fimbriatus G HAEBONEFOBL AR THREKESS { ZoTw a8 hddE
ESFEEOASRPOEEMBEOEL L I22FOEMTHH I L L—HLTWD, KBED
E % B2 L 20°COAEE TR b HBEEELS EKRAUEARBO K T HREERORED
T B EANED SND I Edtbinb,

—30—



HEEBREECRIZTREORE

# 16 Run 904914
Table 16 Biota of Run 9

Biota (N-car®) Distance from the inlet (cm)

75 225 375 525
Coleps sp. 840 600
Tracherophyllum sp. 1,200 1,200 1,800
Lilonotus sp. 600 1,800 900
Chilodonelia sp.
Colpoda sp. 1,200 800
Paramecitom sp. 3,200 3.000 800
Colpidium sp. 900
Cinetochilum margaritacetm 4,800 4,200 3.600 4,200
Glaucoma sp. 1,800
Vorticella sp. 2,000 2,400
Carchecium sp. 840 1,800
Epistylis sp,
Spirostomum sp.
Blepharisma sp.
Aspidisca sp. 6,000 3,600 3,800
Oxytricha sp.
Euplotes sp. 2,900 2,700
Centropyxis sp.
Euglypha sp.
Planariidae 8 6 12
Philodina sp. 840 600 600 1,200
Colurella sp.
Chaetonotus sp. 480 320
Nematoda 480 320 320 360
Aecalosoma hemprichi 12 8 20
Nais sp.
Pristina sp. 6 9
Macrobiotus sp.
Cypridopsis sp.
Paracyclops sp. 24 30 42
Beggiatoa alba + T r
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i 17 Run 10044048

Table 17 Biota of Run 10

Biota (N-cm2}

Distance from the inlet (cm}

75 225 375 525
Chilodonella sp.
Colpoda sp. 4,800 4,400 3,000 3,600
Paramecium sp. 1,200 800 3,200 2.400
Uronema sp. 520 640 1,200 960
Colpidium sp. 6,400 5,200 1,200 2,400
Cinelochilum margaritaceum 600
Glaucoma sp.
Cyelidium sp.
Vorticelia sp.
Metopus sp. 1,000 600
Aspidisca sp. 600 420 600
Entosiphon sulcatum 240 480
Nematoda 240 240 120
Pristina sp. 60
Macrobiotus sp. 60
Paracyciops sp. 3 9 15 15
Beggiatoa alba + + +

= 18 Run 110 &¥1#H
Table 18 Biota of Run 11

Biota (N*an™?)

Distance from the inlet (cm)

75 225 375 525
Chilodonella sp. 600 600 1,200
Colpoda sp.
Paramecium sp. 4,800 3,600 2,400 600
Uronema sp. 2,100 600 600
Colpidium sp. 2,400 1,200 1,200
Cinetochilum margaritaceum
Glaucoma sp.
Cyclidium sp. 6,400 4,200 3,600
Vorticella sp. 2,400 1,800 4,800
Metops sp.
Aspidisca sp. 1,600 420 600
Entosiphon sp.
Nematoda 60 120 80
Pristina sp. 3 9 12
Macrobiotus sp.
Paracyclops sp.
Beggiatoa alba CcC + +

—gy
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7z 19 Run 120414
Table 19 Bicta of Run 12

- let
Biota (N-an-?) Distance from the inlet (em)

75 225 375 525
Chilodonella sp. 6,400 2,400 3,600
Colpoda sp. 1,200 1,200 800
Paramecium sp. 4,800 3,600 3,000 480
Lironema sp. 5,400 2,600 1,200 960
Colpidium sp. 840 360 240
Cinetochilum margaritaceum
Crlaucoma sp. 3,600 2,100 900
Cyclidium sp.
Vorticella sp. 1,200 2,400
Metopus sp.
Aspidisca sp. 2,400 1,200 640 1,200
FEntosiphon sulcatm sp.
Nematoda 120 60 120 84
Pristina sp. 4 7
Macrobiotus sp.
Paracyclops sp.
Beggiatoa alba C + + +

# 20 HRAEYER, £YREBEVCBHREER

Table 20 Quantities and qualities of biota and diversity index

ber of
Water Influent Species number ) Num er. © . R .
Run R R microorganisms in Diversity Index
temperature BOD of microorganisms
the stream volume
) (mg+ -1 {(N+em™®) D)
1 10 9( O+ 903 0.60
2 5 20 12( 6) 2,730 0.75
3 50 15¢{ 6) 3,080 0.92
4 10 21{11) 8,450 1.22
5 10 20 20010 13,100 1.13
6 50 17¢ 7 11,100 0.97
7 10 26(11) 16,600 1.45
8 20 20 21( 8) 18,200 1.17
9 50 19( 7) 17,300 1.06
10 10 12( 4) 11,800 0.68
1 a0 20 9( 2) 12,200 0.51
12 50 0 2) 13,200 0.57

* is the species number of smaller metszoa
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Influent BOD {mg1-)
10 20 50 .
Temp. { T } | Tamp. { T } Temp. { T )

Blota

5 10 20 X 5 10 20 30 5 10 2030

- 1 d
S
1

A1

A

_1
| B
13 AR HIBLT B ARREIAED) L Al & DB

Fig. 13 Relationship between water temperature and important
microorganisms recognized in the experimental stream

3.3 nq4F<2g

FUREERABROT TR Z -t OEYBGRTFRATL LD TH D, K4S ERAR
CEDHFEOAT rEE LAKE EARBNOEYER (A< AR) EOBFEELTRLLDY
DThHbH, ThHbL, KEADNA A v ARIZHEA BOD BEHS10mg- "BV TiARS, 10,
0B UCCICBNTENRFNE A 7.9, 5.3 U 84g TH D, KBO LR NS F T ARDE
Py 2 EASES SN LB COXKBIC B TEBREHFU AN AT AROEAOEL 5 2 L5E
Brxn, TOBERRKAEBYATOBEE 2 LicL D 35 TEECE S 2 LAHRETSE 5,
IhSOBEERARBO ERACHFEVWEROBELIEEINEZ L EEKRLTVS, T48bb, K
Ho Rz LD HRT2EYMOBOEHUEHR L EWSEE L CoO@EKL AT ST 8l
ZEMOBAERUEELZ L ER LS o BEEOBRYSEENCEN I & 2 EE T 1
Fo L LTHHESRAFESEAL TR D L ERALTWA L ELSZ I LHTES, 0COK
Bz 50 Tllic 4 A 2 ABRAAL T U % - O RBS(LOET I EOEMEOSHRELEC,
BARENERIC (5 B FEHROBMADEK U b TRIZLR EELSNE, TALDEEFET
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# 21 AKBWEVBRTR

Table 21 Biomass in the stream

Water Influent Amount of biomass (g)
Run temperature BOD
No. °C) (mg+I-1) 1st 2nd 3rd 4th Total
1 10 2.16 2.11 2,08 2.08 8.4
2 5 20 4.43 4.05 3.83 3.67 16.0
3 50 10.6 10.1 9.86 9.10 39.7
4 10 2.05 2.00 1.97 1.92 7.9
5 10 20 3.56 3.46 3.27 2.97 13.3
6 50 7.86 7.13 6.80 6.48 21.9
7 10 1.62 1.40 1.22 1.05 5.3
8 20 20 1.86 1.62 1.46 1.11 6.1
9 50 2.08 1.89 1.70 1.54 7.2
10 10 2.13 2.13 2.08 2.03 8.4
11 30 20 2.21 2.16 2.11 2.05 8.5
12 50 2,38 2.27 2.19 2.13 9.0
- 40r
o
30F
n
&
o
E
2
L0
we 20}
Q
L
c
=
=]
E
< 10}
o5 1 20 30
(°C)

Water temperature

B 14 KEENAYEIEER &kl & oBER
Fig. 14 Relationship between water temperature and biomass in the
experimental stream
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= 22 BOD 50mg- /"' OFBABC BT KB E 4 = ANF & OBF
Table 22 Relationship between water temperature and biomass balance in
the experimental stream in case of influent BOD is 50 mg-{~"'

Water temperature (°C)
[tems
5 10 20 30
Removed BOD @
o 13.4 14,8 15.8 16.5
{g+d™)
Excess biomass
. @ 2.42 1.50 0.95 0.43
(g=d)
Biomass in the stream
39.7 21.8 7.2 8.0
{2}
Biomass conversion ratio
@0 18.1 10.1 6.0 2.6
(%)
Total number of smalier
animals 3.1x108 1.1x10* 1.7X10¢ 1.3X10¢
(N-cm™!}

2 H I HERNEORET 2R 47, F23FHA BOD 50mg- [ ' OERKICBIT A KB L4
A AWK L OEFRETRLZ O THS, 22T, R BOD &L iIfMAAELEKE ® BOD B
BoEr ] 470 ORERY 2HI THEE L 0T, ABWCERDAZHZ BODE%: 1 H
LD oERELTRLEZADTH D, £, RFAA 4+ AR BEBAREOEE 2 EIECT
SRR EYERSEC—ECED I RENE L TRREICER L o EYE S AR < Bk
FELAELOOERERBRUVABEKTICEE > TRELLE SSH0EREREOEEEL2 1 HY2D
WHEL LD, Thbhb lHERELLANA A v ABTH 2, # LTI DB BOD &z 50 %
FENAA AT AROEGUHERERETH 2, T HFREEE L ZEVBERICRN AN
EEYOI b EPMERCERIALLODED 2EETH S, —RCEDUHC ST IEE LWE
FIETEE RN S (RRIFERORENE MEoNE 2 L, MEHMROF NI L THE9, 20
IEHSEZ L EBRERENE T UESE LA EMESNEE > Tu b 0RELHSKED
BUERGETHE I EBHEBTE S, ThE, AEBSREBRIBWTHL IO LD RERFELNEE S
NEBTRBEROBELLEED, pOFWBLEPEoIZ OLEELLNS,

4 F&®
BT AGE E RAERIEE OB GHKBOEDHEOBE I Wk 2 BERRIZTHIED
BTRES S, 10, 20K UBCCOEEBARBLPAWTHEN 2Tk, TOBRH22DHRANE
Sfhi., TRLOARARUTO I IR L0aR S,
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@ KEFEEE W T BOD BEEE, CODBRERE, MERUVEEREREO LT LA
KRD EFCHECEZ L Z BRI NT, Fi2 CODBFERVERERERIC DV TIEINCDH
ABTELEZ o>, JRREMETRBEFEBRFABELET T 2 720 EYBPET i SRR
REDIHIE UHSE - FRRED I 2 CTHILL Z L BRT 2 b0 LEZ R,

@ FhIKEBRGTCBT2EMEEEBRFT L Lick ), KBO LRZHERT 2/
EYMOBEER EER A HCBARI R 2 L TREREEIRRELLTWAZLAHO M EE T,
COIEEEZKBCHERSNS Z EEER2BROEREEY 5 Z L0 D kEE{LEE
DRELIEEEIT TN,

@ 30COKBBWTREFHEFEESBEVWESOBEED & s h 5 FEHEHLENE S
URRAGAYHE B L T, ZOZ e oMRIbOETL30C°COKBETY, EHBAER
HERAEM 2 > b OOEYEREIFRSREORFSINTOI I HES NI, SOk
REBACRIBFERFZOFESTD s L O#ETYED o hE Z e B I e hi,

@ A AT ANE LD EAREBEOARE S TEHRERECE T 2EESTED N, &
DI ERARSBVE SRR > S OB REEREIRL, BHEESERINL I EE2TRL
Twd,

® D~@xH, KEOEFRAERMURERVCEPOREIINL H 50 55 THK IR
TR, E L5,
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BIAEMERMISS F1185 (R-118-'88)
Res. Rep. Natl. Inst. Environ. Stud., Jpn., No. 118, 1988,

-2 KEHLEICH T H7AINHRBRICRT- THRVNEDIRE!
Experimental Studies on the Role of Smaller Animals with Regard to
the Degradation of AOKO in Stream Purification Method

REARIEF - 6 ACHB? - HEER—S
Yuhei INAMORI', Norio HAYASHI? and Ryuichi SUDO?

E B

REACEMH ST TA L UHEEMBER LN ¢ EREh 2 M e ¢ TAER LS
H 2 HEo—owkiitbEsns 5, JoKBRbEIEEERkOaATERL, 7430
B L BB EEAOE I VIR ERET 5, TOBE, 7Aool TR
KEEYE T ERICHIRT 2 Y A V8 Philoding roseola RUEESE Acolosoma  hempri-
chi s FOR NS EBR L Twa EE2oh5, TITHMAEHELTIRODT 4 Y
H, FEHEHCEAL, tENRRUVRERRCETAFRRETOTF 20882 T
DEBRAEN 2Tl BoNBBRIFO LS BHaEN S, (DEEIL 7L I00E
2T IIERL, Xl 2ThbETnRGECT 2 ENEETH L, 2)HEDFH
i indb & T, P roseola o U8 A. hemprichi OEERT A a0 % B2 #5, (DA,
hemprichi \ZEBEEEETHL -0 BEROEESEE, 72 P roscola 22 BBREEBETH
B SEIROBREEA LB LEREY 3, (O EMOEERTA 20O EVSH
BHRofucEErc L, BEOSBCN) BREEEBOoRALIIsEIT IR
LEBRLAOAMEELEL CTOFAOHEBRHOEM L 28ELT 5,

Ahstract

Stream purification method strengthening the self-purification ability with large
amount of biofilm on the packed medium have been spotlighted to improve the water
quality. Purification ability of this method is not only for domestic waste water but

1. B AEWERR AREHERET T30 FEEDS QTN 2
Water and Soil Environment Division, the National Institute for Environmental Studies. 16-2
Onogawa, Tsukuba, Ibaraki 305, Japan.

2, BRSLEE EBEUAEHERARNER (RAXEAEREENTR  RE TERETTUREESR
B2 T280 FTERTEHEH2-10-1)
Research Collaborator of the National Institute for Environmental Studies. Present address: Office for
the Establishment of Prefectural Museums, Katsuragi 2-10-1, Chiba 280, Japan.

3. EIANEWEET RATEE T305 RME- L dmAEF)I16%E 2
Engineering Division, the National Institute for Environmental Studies. 16-2 Onogawa, Tsukuba,
Ibaraki 305, Japan.
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also for eutrophic lake water dominated with AQKQ. In this case, smaller animals such
as Rotatoria Philodina roseola and Oligochaeta Aeclosoma hemprichi contribute well
for degradation of AOKO. Therefore, we spotlighted to these Rotatoria and Oligo-
chaeta as smaller animals on the degradation of AOKO, and then some experiments
using these smaller animals in aerohic conditions with and without illuminations were
made.

The results may be summarised as follows. (1) The degradation of AQKQ was
promoted efficiently in dark conditions without photosynthesis. {2)Existence of P.
roseola and A. hemprichi promoted degradation of AOKQ under both dark and light
conditions. (3)Since detritus feeder A. hemprichi feeds flocculated AQKOQ, and filter
feeder P. roseola feeds dispersed AOKO deflocculated by A. hemprichi ingestion, co
-existence is much effective to promotly degradate the flocculated AQOKO observed in
the eutrophic lake. (4) The existence of smaller animals had direct and indirect func-
tions to degradate AOKOQ. Direct one is degradation of AOKO, and indirect one is
activation of total ecosystem through the food chain by increase of dissolved organic
matter with degradation of AOKO.

1 Lo

B 5 2 BRBIL LB CREB P07 4 2 LEIEh 3 F 85 Microcys-
tis BeBSHELE T OKOESWRE NS, CheDME TR 74 3 OREHEIT L 0 EEE
DIET, pH D LS & 5 AEEMOFALINT 2 BRY, BRE L SATERAOEE, 749
SR OBEBRERI L AAEDAOE, R CHIETHS P U 0y v ORENEDE
B EH L OBEM I sh3, TR, TASOWEARHRT 28874 2 2 HEE
HROSEHEEIND ZEBBRER D, TOTH IOHBIIOVTR Jewell & McCarty®, #
F 57, Stewart 59, BEB S RUMBLVDORELH Y, 74 IOMEC IS < OMEMHES
LTwd I bnfonTod, 5, 74 2 ONBE HRIC SN S EIE/ kAt BT
LEBOEREZZ L AR SN T 500,

AFR TR LEOACES, 74 IOBEMLBEKERLL, 7432 SREHRE ¢, KFH
HEEs o 2 HNE L TABSMEE R EE L, ABEYEC SR HET 28 MNEBYTH
L HEHE Aeolosoma hemprichi U7 4 3 88 Philodina roseola D7 4 2 Q4R R +1%E %
HERAETCRAT 2 ki Lz,

2 EBRHRRUFE

2.1 KBREE

H 1Al L RBEEOMETH 2, BEHICIAZE2mm, & &400mm 01,000
MIBAAY Y »F—Ffvil, CIETERFER» S FE LB > >~ B8 Microcystis
wesenbergii B FEBERERTHERL, Z0OBERL00m! ANTERY T/, M. wesen-
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Aeration tank

B 1 EBREEOHE

Fig. 1 Experimental apparatus

bergii IHIFEEZE 3 ~7 um OBRBHEREL 709 75 BR LA bOTARCBEREF TS
BT hL, HREI TRy TEEEBC I DEBESEBRL 2L BRI BE» CidA
L’C(‘ii?féﬁ")?’:o

2.2 TEREH#

BEEEILOEE, BERERUVEEMNMNREB E LS B BEI6RE» o2, Th
bt, #LORT &) CEBRIERER (4,000x) & REMROZDERESHTLDORELILD
W M. wesenbergii BBITBEH200me- I R 00mg- D 2R E L TIT>%, ZHheM@D
DERFEDENRERCDWT P.orosecla ZHEE L5/ (MP &), A hemprichi 2B L7257/ (MA |
%), P roseola, A. hemprichi OWEZFEREL1-F (MAPR) RUMEE LT M. wesenbergii
DADFE MFE) QOWEDODERETT o1z, BB, P roseola U A. hemprichi D) IREEREER
BERFRTIOEER/mI R 1EE/mI L Ui, EBCH L P oroseola BT A, hemprichi 13 LE
ket (Lettuce and Egg volk medium) #HwWTHMREREL Tz 4 O%1/750M V) BB
TLESMOREn e k2 2 CHRSFLILBER L2, &7, EBACEEL TS M. wesen-

*® 1 EEZEMH
Table 1 Operational conditions
Light M. wesenbergii .
conditions (mg- 11 Inoculum Biota System
200 Control {No inoculumn) M
Light
400 Philodina reseola MmpP
200 Aeclosoma hemprichi MA
Dark
400 P, roseola and A. hemprichi MAP.
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bergii RUFEBMAR TOE s EBCE L, IHIZEEL -8/MEEBILIAC b EEDH
BTRERENEZ GIHFAL T sBERNI2E T 2878 E T ot s EE s 5
HTH 5,

2.3 XKHESHHEE

EEbmnly, 285 Hi, E1268%, F9BRRVAEEHEDOSE 5 BT 21T o7, 247E
BRUCHAERZZUTECRTEBOTHE, LHFL, TEEUEORTEICEL TIdEABE S
#HZ AT 47—k (Whatman GF/C) T28L, ZOA@KEEM - L1z, TOC (&H#MY
RF) kU DOC (FIEAMERR) I ERMERESFE (BERRER TOC-1038), T-N (£2
) RUD-N (A[FEEE) 3SR FE0E (SEME T-N028) w L v AEL 7z, SS (&
BYH) RUDH @ FARBRAEDCHUT, T-P (£Y ¥) 3 EPA ORSHEEO L DA
L7z,

2.4 HRAFTAOMELE

KELSWEERIZZ 207 4 v a (Chl o) B, FREEBREEEDSEHR UM EHHED
HE %21T 72, Chl @ REHROLE LD S ETo 7, Thbbs, ZE0mIEF A7 401
# — 5% (Whatman GF/C) T3#EL, Z05#8%2AEEN% 7€+ 10ml @@L, Chl.a%®
i 2 SR EETT630, 645, 663KV 750nm OBEAXELHEL FNFTN% Eoos Eewss EecaX
UEs b LTERALDEHLS,

Chl. a(ug/1) =(11.64(Eess — Ers0) —2.16(Eess ~Ezs0) +0. 1{Ess0—Ers0)) X100

Fl, HEEEBFEMZOLBEIFEE 1 m/ 2HEAK 9 m! OA - EREFEK 2 DRBE
WANKET CHETEAE (25W, 24) Lk, WEERECEFRL, EEERET0°C,
J4HMFRESEE L e D oo =~ oMl L7z, %38, 13RHI2WTI05 105, 107OFREE
B L ST OBE L, 585 E, Yy — VDI 0= —EH0~3000MHAIcH D DI
WTEHL, TOREE»EHEBEEY L. B8, ZOo00BRBE T o= —$) F 0
HIZASTBER I 2 —BOZLWHFRERO L O RFENRE L,

BRI RR R R (1 mm AR AD AT A4 FZ 7 R020.05ml T L, AMET THER
BRE VBRI RS S EREICBIE L, $7, BREBDIC YL TIRHEEEES DR T2
AE 1l ml ERTEFRBADR T A P77 AT LEFHET o129,

3 BRRUEER

3.1 FARRBEOLEHERBUNEEHRCEIT SR
M. wesenbergti BBRBEA00mg- "1 BT 53EENRO TOCOZERE 2 TR+ 28T
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(M. wesenbergii B IEE400mg-[")

Fig. 2 Relationship between TOC and cultivation time in dark system
(M. wesenbergii concentration 400mg-/~")

H5, BREARES TOC G 17Img- ' TH - R BEESRI A2 ONTRTDRT TOC 38T
LTITL Z &0 3, BEF6HB B4 TOC i3 M &R T59.0mg: {~, MP & T32.9mg-{"?,
MA £T30.7mg-/"', MAP % T24.5mg- ! ThH D, TOCHFEL LTEZL L L M REH65%
THHOWNL MAP RTRAR I EE o1, ZOZ ERMINEITEEEST S 2 LItk VAR
VEFENEE L2 I EE2TRLTwS, $HM3IBRCL M wesenbergii BBWIRE400me-
KBITBRBHEAD TOCOELERLL D TH 5 . XEHETENERR LEGEL T TOCD
BREREEEZCET T2 e8HO Lo/, BEBHEZ BT S TOC id M & Tix152
mg-/!, 7 MAPRZT4130mg /' EwWETH D TOCBEEIZ M H11%, MAPRTY
#9% EBEM T, THid M. wesenbergii DSERIC L A RBEEXT IO THE, T4b
b, XEHERTREERR L AEOEBYBRENEC TV L LTLEO—FATHERICLEE
BYESHSTOREY, FORERBFLIBTLLLOEELONRS, £z M. wesenbergii
BEBRE 200mge T OHEEBER W DL T HRERR, XREFREFAFTRICDOWTIZERLE
M. wesenbergli BB 40mg- ' OERF L AFOERER LIz, ZhoO@ER2S, Ko
FECpLLST M ARCHAMINERETYEEEL 2hoRTHL I TOCRERLSRE
ZEBERTER, Thbbh, P rodeola o8 A, hemprichi OFERABREZOREC D&

— 43—



TR 4 K5 - ARE—

180

o 160

E
140
120
1004

g w

- M
80 Amp

N MA
40 + MAP
20t
0 5 7] 19 26

Days

3 HEHRICBT3TOC L K3 H#E DRI
(M. wesenbergii BBHEIAKE400mg-17")

Fig. 3 Relationship between TOC and cultivation time in light system
(M. wesenbergii concentration 400mg-{"")

ZZENTRENRS, TORIME > TREBYWHOETIRNE ZLiZT b,

M. wesenbergii BETBE 400mg- ("I B 2 REBHEDO DOC 0FELEH4 Ry L8N T
2, ED DOCBER IR T2EA2TLE, 28, BROSBICARTLILOTHL L
#Fioh3, THDOLBREL LTEEL TWLABRREIEBONE, MRERMERERTAZ
LR OBERORE: LTERRPcBEE Lot cERL T EEA NS, £, KR
B < M. wesenbergii EIBEL00mg- I~ B 1 2 XEKFFHD DOC DELERLLLDTH
3, I T DOC OEELETHRES N, KEHBRTIE M wesenbergil D4R EET 3
DOC O FRHBEC 0L, KERRTIREAS I M. wesenbergii DENHEITL TSIz
Lhbh ST DOCOLERENTE® s ot, THid, M. wesenbergii DR LD &ELUI:
DOC W4y pift Bt oM@ s VESKFIFAS W Lo THEEEL NS TR
bb, BEEREEFNEHCERS NI DOC LEMABI S b TH2 L£EL DI LB
TEZ, 2O LRBRTAFAHEERBHEOLEFE» S LN TH S, i, M wesen-
bergii MBTREE200mg- [T OEBFIZ K 1T 5 DOC OB b ARER, EMRzh Tz DWW
T IR LT M. wesenbergii MEWHIBE400mg: [ OERR L AROMWAIERL 72,
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Fig. 4 Relationship between DOC and cultivation time in light system
(M. wesenbergii concentration 400mg«/-!)
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Fig. 5 Relationship between DOC and cultivation time in dark system
(M. wesenbergii concentration 400mg- i)
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3.2 BREOABERRUNLENRCH1T 558

M. wesenbergii BEWIRE00mg [T B 1 2 HBEHRO T-N OFERRK 6 ioF T B0 T
H5, BEPEET T-NBEZFZZETOHEAERLTWEY, 207 ERREAOERDORER
UBDRAANE o le Z e RBLTWS, 70, M. wesenbergii BBIEIBE400mg- -2 5
FOREHEOT-NIE, TRV L MEBEXBRINERR LEERs 2E LR oni
Bofe . MBRODZ I EREAR4S Smg. -5t T-N #5326 212 1363.8mg I LS iz
BINL 7z, CORKORE L U T, BEP RGN THEML 72 Azotobacter spp.7s ¥ DIF R
HETSECSEAER VS v ERORERRL 8T X 2 R S S ERTESE L 5
ZEMTEDLNI I TRIEHOBEEH R, %72, M. wesenbergii W IBE200mg T 0 EE
R D0 T L AERNR, XBHBFAFRE OO TEROEARED &R,

8 13, M. wesenbergii BIBIREEE400mg I BT 2 0ERRO D-N oEbd =Lz b0
bHo, BREEETD N BEIEEsERE2R L, T-N BEZETER > L 2FE18b¥ 3
ET-Nzhe 3 D-NOEEHRHEE>Two Il edibirbd, MAPETIE T-N 2 5 2 D-N
DFEHIFEBARRICIZH35% 7 5 1o b OV ARIC K% I E THEE - 72, ThiZBE
ORRCERT2H0THseELZ6NE, COZELRMBREAMAR, MPRT, 351
MAPRZTD NOLABKEWZIEHSBETIENE, EREIIZRIUC ¢ M. wesenbergii ¥
EREREA0mE - [T B T A REHRO D-NOE{ERLEbOTH S, 2OH» O RBHAT
LbHEMRLFEZFICD-NXEEL Lidbhd, T2bb IOBRINEHBRTLHERRE

-~ T0
Z om
g ANMP
- N MA

80 + MAP
T
= 50

0

=
o 5 12 19 26

Days

6 XEWRI BT A T-NEEBEAKE OBIFR
(M. wesenbergiiFBRBEA0mg{~1)

Fig. 6 Relationship between T-N and cultivation time in dark system
(M. wesenbergii concentration 400mg-7-1)
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Fig. 7 Relationship between T-N and cultivation time in light system
(M. wesenbergii concentration 400mg+I-")
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Fig. 8 Relationship between D-N and cultivation time in dark system
(M. wesenbergii concentration 400nig-1“)
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Fig. 9 Relationship between D-N and cultivation time in light system
(M. wesenbergii concentration 400mg- /")

G M. wesenbergii DREHSTHRTWVWE I EBTBEL T b, M. wesenbergil BiBTTEE
200mg+ [NDEEBRICOWT H Z TR LT M. wesenbergil WiBTHEE400meg- [ OFEEFR & ERE
wﬁﬁ%ﬁ L/r:o

3.3 ZAR7 4 A0NBRARULERRICS I 558

5104z M. wesenbergti SEEBWBRE400mg- I BT 2 5EHED Chl. ¢ BOELETRLEY
DTHB AR D, ERHED Chl 2 REEUHD L TITE 2 L tsbh B, ZiE M. wesenber.
gii I, BAEBY R UMINEERDOES It LB I D 2 EE2TRBL T d, RRRTGEE
122,280ugChl. a+l'®H 72 & OHEEEIOAH1Z 13 M % T370ugChl.  a+-1, & MP %7200
ugCh, a+17', [l MA R U MAP R Cix20ugChl. as/~' L wih b o D SEMSETL T3
LR AR, 35, BEGHB I TRTORTI0ugChl a1 £ THEIETL I,

E11ix M. wesenbergii BRTFIBE400mg - WS BT 2 XEERO Chl. s BOZELERLE S
DTHbB, T ITHNERIZES M. wesenbergii DWHEICHS Chl. o DEEH TN B DK
W - BT 5 Chl. a BOWAEESEFCETL T Z bitbn s, MR UELYS
B 3 M wesenbergii DNFEREIAOBREICr2D ST MBCMP H<MA R
MAP % Thotze THbEIDI L, P roseola U A. hemprichi &3 M. wesenbergii D4
ARG EEARAEEE L I EREMTTBE, P roseola RUY A, hemprichi & M.
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Fig. 10 Relationship between Chl. 2 and cultivation time in dark system
(M. wesenbergii concentration 400mg-[~*)

{mg1-1)
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Fig. 11 Relationship between Chl. ¢ and cultivation time in light system
(M. wesenbergii concentration 400mg+/™")
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wesenbergii BT 2100 TE BB T 2680/ L Y0 A A A0OESE LR rSE5L
TwabDEEZ NS, %70, M wesenbergii BBRBE2me- IMOEBRROLTHI K
T L7z M. wesenbergii BEWRIBE400mg- [ OERF: - ASOEI S -7,

3.4 pH OXBEFZRUAEHRICE5E(L

120% M. wesenbergii B BE40mg- 1125 0 5 HBH R0 pH OEL 2 F LI b DT
Db, M wesenbergii DEBIC X VIHFBBE L MBETEpH B05 2 TE E -8, P
roseola % A. hemprichi F R LR Tt pHS.9~pHG 55 M B L &L 7 pH 0 L HIZE<
Mz oz, Thid M. wesenbergii RED X ) —IREEL P, roseola U A. hemprichi 12 X D
M aHTENns 2 i X VSRS EELNASRERSET LD THE EEL LN,
DI rid, Chl. e BTREN S K 5T P. roseola B A. hemprichi 3B B M. wesen-
bergii T HENET 52 EWERALTVWAREEL SRS, IO S P roseola iU A. hempri-
chi }} pH ORE LRGNV FE T 2 0 ENtOoEMOFEE LR bbb T b b #
Aot HI3RZFRIL { M. wesenbergii BiBHRIBEA00mg -1z 517 2 EHFE pH 0X# %
LirbDTHZ, XERRTEEERMBE WDz pH 136.5~6 0 b icBERI TR S
SOHEHERLEIT 22 LT E L, M. wesenbergii WBWIBE200mg [\ DEBBRICOWT

& e, J— -

S 12 19 26

Days

B 12 AEfRCBY SpHE SRR 0BG
(M. wesenbergiiEBEBEA00mg- 1)

Fig. 12 Relationship between pH and cultivation time in light system
{M. wesenbergii concentration 400mg-+{~")
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Fig. 13 Relationship between pH and cultivation time in dark system
(M. wesenbergii concentration 400mg+["")

b2 2R UT: M. wesenbergil WREIB K 400mg- [T OEBR L RROMERETRUL,

3.5 AHBOXRHSRRUCLERRICSE T 5FEH

®14i3 M. wesenbergii BEBEBEA0mMg- I B 17 3 XBEHRRZAOFRIEHERZAFHOLER
BEEBRARLOBEFRETRL LD TH D, BB M. wesenbergii DR EHEDE
N 2 ESRTWd STz, T M. wesenbergii BB AND Z EIC L DIBEH L BEEEEY
EHEESERN LML ERET A b0R EEIONS, 27, MRREARMORTER
BWREECEE -2, O L RMNEEBOFET S MP £, MARRU MAP RizE
T M. wesenbergii DR X 0 ERCITONBREEBYSBEHL, s lESHORYE:
BolhoTREZVHEELSNL, COZ ik TOCRUChl. ¢ BOERLS B TT ST,
HI5IEL ¢ M. wesenbergii BBTBEA00mg- BT 2 B ROFAEEBERERHO
EEMOELERLLADTHE, 22 Th M wesenbergii OMBCHEWEBRROBAT L L
HEF I NI, BRFHES HE  COLEROBIEEE R 5 & 5EMGIC 1 m/ 2720
SEBHL.IXICTH o7 & DAHFE S BRIz MK, MA R, MPRRU MAP RICBWTH
R TEATRL4XI10% 5.0X105 5.9X10°KU5.8X10° LIOBEMRTER LN .OHX
108, 1.3X10°1. 1 X 108 TFL. 2 X 108 & 7 - 72 o SEHRE R i L ~GE N # THEB OB 2EE
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Fig. 14 Relationship between viables of heterotrophic viable bacteria and
cultivation time in light system (M. wesenbergii concentration 400mg-
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Fig. 15 Relationship between viables of heterotrophic viable bacteria and
cultivation time in dark system (M. wesenbergii concentration 400mg-
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Ehol, Ziid DOC BB TIEML 220wt LR R TlEd L 2 & L Ems—
T 5, Thbb, SETIE M wesenbergli DA L DB L EEREEYEERPCE
BN LEETIMEESES I ENALERCZERL VDN EELSN S, O
OEHE LTIREBHZTIE M wesenbergli OXSHIER £ RBEDOEN, pHOLREE
Vo BESEEN A EERREROMEES BTl ckBELTw3 eE 2
N, BI6EUHEITIEFNEN M wesenbergli BBTIER200mg [~ B 1 2 S R R UEH
WFROEBFETNHOLERMT E HRAK L OBFERLELOTHD, JZTHHRD M. wesen-
bergii ERWIBEIOmg- [T OBE L AKCEASED o iz, L7 L, BRYOHRBRELLTO
M. wesenbergti DEIBEMMEWT O W HITTR U GERB TR, SHE20PBUECRERETER
ERT2EEHODETRESSRE SN, HISTRUCAREBSERTRASHKC & 2 B0 EEEE
D55 RPN EBERORREED S o,
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Fig. 16 Relationship between viables of heterotrophic viable bacteria and

cultivation time in light system (M. wesenbergii concentration 200mg®
I
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Fig. 17 Relationship hetween viables of heterotrophic viable bacteria and
cultivation time in dark system (M. wesenbergii concentration 200mg-
M

T Ui, BPEEBRIRRRIC I L 7= P roseola T U8 A. hemprichi DIEMNZ 1 Glarcoma sp.D #0380
BMETTHEINLFZDTh- 7o, BEPRTZ 2R, EEHBRCIIED b K
BABME M NMEEBYSEIRL TS, CHIHBBERHRD LB AV-Ic M. wesenbergii U
FRAFEBEIAPCRFATHRTERZVUIBFEL TV L0, IFORETEEL Tl
bOYPBREFHFICHEK R o b I ML TERDTHLLEL NS, BER{ToR
P. roseola B A, hemprichi (38 % (MA RERUMP R) RUHER (MAP &) OwThic
BOTHEH LUHEMET 2 Z EB8A[RETH o7z, P roseola SIERMOEMTH 2197 HILHMO
PR L - HEER B OB E TF 7oy 7 Sk M. wesenbergii ORI 2 S 8E L
LTHELMBETE 20 E2L6N2, A hemprichi & P. roseola P BT 2 L BEBHTH
BIEBNHLPIENTLAOC b b 5T A hemprichi DIFBEYIE L 7 5 MAEDHE T
o Tl LT ERR TN TOEEH B TEBET A2 8 TE, 48, B
MHFHBIZ LD A hemprichi DBERICBEOFELZERT LI L0 TEL, 2O LR A hem-
prichi 3 M. wesenbergii DR S -BRETHENZALTLE L R2EKLTwE, 22T
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KB BT 57 4 2 OGRICR A TR0 BE

= 2 M. wesenbergii BN BE200mg- [~ T 517 2 2 HHBREO £
Table 2 Biota of initial the cultivations in case of M. wesenbergii
concentration 200mg- /™!

Light Dark
Biota

M | MP | MA i MAP M { MP | MA | MAP
Coleps sp. ; : : : :
Trachelophyllum sp. :
Chilodonella sp. '
Paramecium sp. l ; ; i i
Glancoma sp. 20 ! 20 20 20 20 20 20 20
Aspidisca sp. ‘- :
Oxviricha sp. : :
small flagellata ,5 : ;
Peranema sp. i
Amoeba sp.

Englypha sp.

Philodina sp. g 70 g 0 : 70 i 70
Chaetonotus sp.
Nematoda ! i ! : : !
Aeolosoma hemprichi 1 1 1 1
Macrobiotus sp. | : : : : :

(Nemi=)

® 3 M. wesenbergii¥EBIBE200mg T T B 25E S HEOEYH
Table ' 3 Biota of 5 day after the cultivations in case of M. wesenbergii
concentration 200mg-{~!

Light Dark

Biota T T " T T
M | MP ! MA ! MAP M ! MP { MA : MAP

Coleps sp. g0 100} 160F 120 soi 1200 120% 120
Trachelophyllum sp. 240 } 280 ' 380 ¢ 300 160 ! 200 180 200
Chilodonella sp. : ; = - i k
Paramecium sp. :
Glaucoma sp. : 40 ¢
Aspidisca sp. : 3 ! !

Otricha sp. 800 120% 200} 160 0! W0f 8 80
small flagellata 2,200 2.200 : 4,300 | : :
Peranema sp. : : ;
Amoeba sp. | : : ;
Eughypha sp. : : :

Philodina sp. 280 | 200 L 360 | 280
Chaetonotus sp. ; :

Nematoda :
Aeolosoma hemprichi 5 8 | 12 : 7 7
Macrobiotus sp. : : : : 1 :

{N-mi-')
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£y 4 M. wesenbergiiEBIREE200me- I o B 2% 128 B0 446

Table 4 Biota of 12 day after the cultivations in case of M. wesenbergii

concentration 200mg={*

Light Dark
Biota X T T T
M | MP | MA | MAP, M MP | MA | MAP
Coleps sp. 100 | : 120 300 360 | 360
Trachelophyllum sp. 600 80 1200 120 200! o120 )
Chilodonelia sp. 20 40 P80 P60 200 80
Paramecium sp, :
Glaucoma sp. boo120 60 140 80 i 180 | o120
Aspidisca sp. 40 ! : : 100 60 |
Omytricha sp. 180 | 600 | 240 | 400 {240 L 480
small flagellata :
Peranema sp. 240 2400 360 | 360 | L 200 |
Amoeba sp. : : : : ‘:
Englspha sp. .
Philodina sp. 980 | 900 D880 | 740
Chaetonolus sp. '
Nematoda ; i
Aevlosoma hemprichi P R V11 '; T 100

Macrobiotus sp.

(N*mi{™)

* 5 M. wesenbergii S BITEE00mMe- T Tio BT 2522190 B 0 44148
Table 5 Biota of 19 day after the cultivations in case of M. wesenbergii
concentration 200mge« /!

Light Dark

Biota ; T r .
M MP | MA | MAP | M | MP | MA | MAP

Coleps sp. : I 120
Trachelophyllum sp. 120 180 P 200 60 i 60 120} 20
Chilodonella sp. os0 3000 600 600 300 120} 180

Paramecium sp. : ! : :
Glaucoma sp. 120 | L0 Pooe0i 100{ 80
Aspidisca sp. 300 4800 360 F 660 | 400 | 480 | 400 520
Oxptricha sp. 5 g 5 o100 120

small flagellata :

Peranema sp. ; ; :
Amoeba sp. 0 0] 6 208 0 60 80

Enghpha sp. 3 = ; g '
Philodina sp. L 1,100 | 1,300 {2,000 | L 2,000
Chaetonoius sp. 2 | 36 | ! 48 12! 18 ! 18
Nematoda 2 6 i 6! 10 4! 1 24 8
Aeolosoma hemprichi : boo220 % 180 ! P30 280
Macrobiotus sp. 14 : 2 2 44 1: 1

(N-m/~!)
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® 6 M. wesenbergii WEBWEIMIE 200mg- [ T2 Bt 5 5526 B o L9044
Table 6 Biota of 26 day after the cultivations in case of M. wesenbergii
concentration 200mg-«/?

Light Dark
Biota T . ‘ y !
M ! MP ! MA | MAP M ¢ MP . MA : MAP
Celeps sp.
Trachelophyllm sp. 600 60 1200 60 60F 1200 60 60
Chilodonella sp. 60F 60 i 24 240 180 36 24
Paramecium sp. ' ;
Clancoma sp. : : ' ' ' ;
Aspidisca sp. : 60 : 48 : 120 ¢ 60
Oxytricha sp. i i i
small flagellata : : ;
Peranema sp. ; : :
Amoeba sp. 120 | 240 | L 600 o240 F 840
Euglypha sp. f f : E § i
Philodina sp. L 580 | L 200 L 1,700 | L 880
Chaetonotus sp. boo120% 120 ] 24 60 | 24 § 12
Nematoda 2 1
Aeolosoma hemprichi § P10 52 § P23 100
Macrobiotus sp. 1 1 1
(N-mi-1)

*= 7 M. wesenbergii BEIBE 400mg- [T T B 5 EEEHBRO LY

Table 7 Biota of initial cultivations in case of M. wesenbergii concentration

400mg- !
Light Dark
Biota T : - . . .
M : MP ! MA ! MAP M | MP : MA | MAP
Coleps sp. : I
Trachelophyllfum sp. : ;

Chilodonella sp.
Paramecium sp. : :

Glawcoma sp. 20 20 - 20 | 20 20
Aspidisca sp. P
Oxyvtricha sp.
small flagellata

200 20i 20

Peranema sp. | ‘ : :

Amoeba sp. | 3 :

Euglybha sp. : : ‘
Philodina sp., Y L0 L0 on
Chastonotus sp. :
Nematoda L

Aeolosoma hempricki 1} 1 1 1
Macrobiotus sp. I
(N-mi)



TBREIET « 3 40 - HiEE—

£ 8 M. wesenbergii SRBFAE 400mg- [~ T B 2 15% 5 HHOEWHE

Table 8 Biota of 5 day after the cultivations in case of M. wesenbergii

concentration 400mg-!"?

Light Dark
Biota 1 H

M | MP | MA | MAP| M | MP | MA | MAP
Coleps sp. 200 wi o 201 40 00 80 60 120
Trachelophylliim sp. 1208 1001 8 100| 100} 120 180} 120
Chilodonella sp. ’ : | i | :
Paramecium sp. ; : ‘ : :
Glaucoma sp. 40 i 20 20 ! 20 | 40
Aspidisca sp.
Owytricha sp. 0F 40 6 6 80 ¢ 100 80 100
small flagellata 1,100 | 1,100 :
Peranema sp. : :
Amoeba sp.
Euglpha . - L
Philodina sp. 100 | 100 200 | L 240
Chaetonotus sp. ' ' '
Nematoda . '
Aeolosoma henprichi 6! 9 : 6 ! 8

Macrobiotus sp.

(Nem/!™")

= 9 M. wesenbergti FIBEEE 400me- " T BT 2 ERI2BH 02
Table 9 Biota of 12 day after the cultivations in case of M. wesenbergii
concentration 400mg-{™!

Light Dark
Biota X ! : ;
M MP | MA | MAP | M | MP | MA | MAP
Coleps sp. , 240 120 |
Trachelophyllum sp. 120 1 100 ; P20 1200 1200 200 60
Chilodonella sp. o400 2401 480 120 180 60 160
Paramecium sp. T I 600 200 20 80
Glancoma sp. : 40 120 180 | 120
Aspidisca sp. 480 1 600 0 480 | 880 360 | 480§ 480 | 600
Oxytricha sp. ! i 160 | 240
small flagellata : : :
Peranema sp. 180 i 120 g 120 60| 60
Amoeba sp. !
Euglypha sp. ; § g : :
Philodina sp. 640 Lm0 : 960 L 1,020
Chaetonotus sp. '
Nematoda 6 | 4! 4 6 8 2 7 6
Aeolosoma hemprichi 1 76 ! ag 1 80 ! 91
Macrobiotus sp. ' ; ; |
(N-mé—'}
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Table 10 Biota of 19 day after the cultivations in case of M. wesenbergii
concentration 400mg-{"

Light Dark
Biota T i 1 T T T
M | MP : MA { MAP | M { MP | MA : MAP
Coleps sp. 60 120 60 | 120
Trachelophyllum sp. P20 480 % 120 L6 240 240
Chilodonella sp. ;180 1200 120 | 120 60 | P12
Paramecium sp. :
Glaucoma sp. : : :
Aspidisca sp. 600 | 480 | g 30 480 120, 600
CQuyytricha sp. : | E
small flagellata ‘ ;
Peranema sp. : i 5 :
Amoeba sp. 180 | 240 240 180 | 240 2407 2400 360
Euglypha sp. 2000 2400 200 360 1800 240( 360 480
Philodina sp. L 2,000 | P 1,800 L 1,600 | L 1,200
Chaetonotus sp. 60 ! 64 24 24 | 36
Nematoda 2 6 | 8 | 9 4] 2 6 | 10
Aeolosoma hemprichi P23 180 Poo300F 240
Macrobiotus sp. :

(N*mi-")

#= 11 M. wesenbergii BEWEEE 400mg- [T BT 25EH|260 E OLYHE
Table 11 Biota of 26 day after the cultivations in case of M. wesenbergi
concentration 400mg- /!

Light Dark
Biota T ‘ - T " :
M | MP | MA | MAP | M | MP i MA | MAP

Coleps sp. ‘
Trachelophyllum sp. 120 § 120 P60 | 120F 60 ! ;
Chilodonella sp. S R 60 {60!
Paramecium sp. ; :
Glaucoma sp. ) ! i
Aspidisca sp. 240 | 120 g 60 120
Owytricha sp. ; E
small flagellata '
Peranema sp. : : : :
Amoeba sp. 240 ; 8401 4801 600 | 2407 480 F 360 | 600
Eugtyphe sp. L I
Philodina sp. P 1,500 | o2 Lo L8
Chaefonotus sp. 24 ‘ 60 36 | 24
Nematoda 1} 2 2 1
Aecolosoma hemprichi [ YOI 64 o {200 100
Macrobiotus sp. 1, 1} 1 I 1} 2
(N*mI-1)
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Fig. 18 Relationship between number of smaller animals and cultivation time in
light system through M. wesenbergii concentration 400mg+{~')
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U0.32d " TH ot £FAUL P rosesla 20T MPERUMAPZZTNEFNTO u i3HK
0.224 " CHot, TOX 5 P roseola R A, hemprichi 3EFL T b HEWOBELHEELS
bR I EpHLpER o, INEHEOBARBORVCERT 6D THLEEZSN S,
+hbb, A hemprichi 3F M) I AT 4 —F—THD M wesenbergii D7 0y 7 2R LE
BTLENEBLTWADIEHNL P.oroseola ix 7 4 V¥ —7 4 =5 —ThdlblE 7o w7 %
FBAETS2Z L@ TETFHEROBERUFBEO I L D AU EEEERYIC X DREL oM
BOLABET 2 OEEAYECHTIBELEC RO THLEELZHRE, 2O R
A. hemprichi i X 5 M. wesenbergii DR ALHEIRE TE 2w MP & Tik MA RicHB L AE
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FEHER D S FNTHORNEY 1 EiEL7: D OB ERE2BE LR 2547, 20EEY
RI2CTR LY, OFEAEER L HBREFREHTEDE LI LWL, FhFROEMET
DEMOED LEREFEERY - B/EEEHMICEE L THEEEBELLLONEIITH L, I
@@¢®k§é®ﬁwmi0E%Kﬁbw<ﬁotﬁiﬁ%tﬁ$&éﬁ%ﬁowf%ﬂ%n®
BRTPHEGEREED, EENCEWORTHBRHELL I LT240THE, LK, F—HE
THoTHEMERERCGEEFESEET 4L, FHEYEFROBLFELVRENZLOTH
0, a5k, A—FHOEMETH- TLAYRBICLD ZOEBERANCRRELENEEY L
EHBICEERETREAMSRAINTHNE, UL, JCTREELTHINERESYOREIEER
T 58, ZOFEER) ARERRIC L SHEECHENTHE AT 5 720 M. wesenbergii HIBHIS
B A0meg- e BT ARERBATOSER 1 m! Y ) OEEBMEEERIROCELE S
D, MEBEKAUMAP R TENFNFES HEIC2.6X10%cm?, 3.3X10%cm?, F120%i2139.0%
107%cm?, 1.9x10*cm?®, F19HZiZ128.7X107%cm?, 4.4 X 10 *cm®> R V26 iz i28.5X107°

= 12 YA ERBEE—E
Table 12 Animal body unit volume list
appeared in cultivation ves-

seles
Biota Body. volume
(cm®*<body~')
Coleps sp. 2.4x10®
Trachelophyilum sp. 2.0x10-8
Chilodonella sp. P 3.5%1077
Colpoda sp. L 6.4x107°
Paramecium sp 4.8%x107
Colpidum sp. 8.0x10-*
Cinetochilum sp. 1.0x10-*
Glaucoma sp. 7.2%x107®
Cyelidium sp. 1.0%10"®
Aspidisca sp. P3.3x10°
Oxytricha sp. bo2.7x10
small flagellata 5.2x107
Peranema sp. 9.0x10-?
Actinophrys sol 1.8x10°®
Amoeba sp. Y 2.5x107
* Euglypha sp. Po2.8%1077
Philodina rodeila 1.6x10-¢
Colurella sp. 8.0x10°7
Chaetonotus sp. : 2.4x107°
Nematoda P 7.8x10
Aeolosoma hemprichi 5.0x10-¢
Macrobiotus sp. 1.9x10-¢
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Table 13 Body volume occupation ratio of protozoa or metazoa in biomass

a) M. wesenbergii concentration: 200mg-/"}

Light Animal System Cultivation time {(days)
conditios classify 0 5 12 19 26
M L4X10-  2.5%107°  6.2X10~  5.3x107*  6.1x10
Protorea | MP | L4X107* 3.9X10° 1.9X10% 7.5%10  2.1X10°
MA 1.4x10% 5.9x10°% 7.3x10~* 6.6x10™* 1.2x107°
MAP | 1.4X10°® 4.7X107%  1.5X10 5.9x10* 1.5%107
Light
M 0 ¢ 0 1.4x107*  1.9x10°®
Metazoa MP LIX10™*  4.5X10*  1.6X10°* 3.4x10"* 2.5x10°*
MA 5.0X10°%  4.0X10~*  4.5X10~¢ 1.2x10* 6.8x10™*
MAP 1.2Xx10-*  3.8X107* 2.0X107 J3.8x107* 2.0x10°®
M 1.4x10-%  2.9x10°% 1.2X10% 7.1x10"* 6.2x10
protozea | MP [ L4X10 3.6X10°  11X107 7.0x107 1.2x10°°
MA | 1.4X107°  2.8X107° 2.0X10~ 7.1x10°* 9.2x10~*
MAP 1.4x107%  3.1X107* 1.7X10~* 1.1x10®* 1.,5x107
Dark
M 0 1] 0 3.1x1077 1,1%10
Metazoa MP 1.1x10~* 5. 8X10~* 1.4X107* 2.6x10°% 1.2x10?
MA- 5.0X10°%  3.5X107*  4.0x10™*  1.6x10"* 1.1x10°*
MAP 1.2x10~*  4.8x10™* 1.7X107*  3.2x10°°  1.4x10-*
{cm® + cm9)
b) M. wesenbergii concentration: 400mg+[~!
Light Animal Cultivated time (days)
conditios classify System 0 5 12 19 26
M 1.4X10%  1.2x10-5 1.8X10~% 1.3x10°% 3.2x10*
Protozoa MP 1.4Xx106-%  1.1X10-% 1.6X10—* 2.8x10~* 6.2x10°*
MA 1.4x10-% 1.8x10> 1.2x10—* 1,7x10~* 1,1x10°F
MAP 1.4x10®  1.7x10°%  2.1x10-* 3.8x10* 1,5x10°®
Light
M 0 0 4.7x10°7  7.7x10°%  1.6x1077
Metazoa MP 1.1x10~  1.6X107*  1.0X107° 1.8x107® 1.,2x10°®
MA 5.0x107¢  3.0x107®  3.8X10~* 1.1x10°%  8.6x10
MAP 1.2x10*  3.0X107*  1.6X107* 3.1x107° 6.4x10™*
M 1.4x10%  2.6X10°% 9.0X10—% B.7x10™% 8.5x10-°
Protozoa MP 1.4X10®  3.1x10% 1.0X10-* 1. 8xi0™* 6.3x10°5
MA 1.4X107%  5.7x107*  1.0X107* 2.4x10™* 6.2x10*
MAP 1.4x107®% 3.3X107%  1.9X10~* 4.4x10~* 2.1x10°°
Dark M o0 0 6.2X107  2.9X107°  1.6x10-*
MP 1.1x10°*  3.2X10~* 1.5Xi0~* 1.2x10™* 2.8x10°®
Metazod | mia ) 5.0x10°  3.0X10°  4.0X10  1.6X10°  1.2x10-0
MAP 1.2x10-*  4.2X10°*  2.1X107* 4,7x107* 1.9x10-®
{em?® + em™Y)
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Fig. 19 Relationship between cell volume of Protozoa and cultivation time
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DESCBREEOHCTEFHASOE THRET 2 AT EH L1,

Abstract

We investigated water quality of leachates and the clogging by land application of
water of Lake Kasumigaura. Five Kinds of soils, Kanuma soil, andosol, light colored
andosol, masa seil and sandy soil were filled into lysimeters, respectively. Lake water
was supplied at the low and high loading (50/-d~'*m™%, 250/+*d~'-m™?) . Experiments
were started at May 9, 1984, Under the high loading, light colored andosol and masa
soil were choked up after $ months, andosol was choked up after a years, sandy soil
was choked up after a year and 2 months and kanuma soil was choked up 2 years and
6 months. Under the low loading, masa soil, andosel, sandy soil and light colored
andosol were choked up in 2 vears. Kanuma soil was not choked up during the
experiment for 2 vears and 10 months. The water supply to andesol, light colored
andosol, masa soil and sandy soil at the high loading were started again after 6 or 9
months of the clogging. After then, andosel and light colored andosol were not choked
up untill experiment finished (for 6 or 3 months), masa soil and sandy soil were choked
up after 1 month.

Water quality was stable at all conditions. At the low loading, the average
removal ratio of COD for light colored andosel, andosol, masa soil, Kanuma soil, sandy
soil, ware 86 %, 81 %, 81 %, 79 %, 78 9%, respectively. At the high loading, the
avelage of removal of ratio COD for light colored andosol, andosol masa soil, sandy
soil, Kanuma soil were 82 %, 79 %, 75 %, 70 %, 67 %, respectively. At the low
loading, the removal ratio of T-N for masa soil, light colored andesol, sandy soil,
Kanuma soil, andosol were 34 9, 32 9%, 32 9%, 26 %. —11 9%, respectively. And at the
high loading, the removal ratio of T-N for masa soil, light colored andosol, Kanuma
soil, sandy soil, andosol were 42 9%, 36 %, 30 %, 27 %. —1 %, respectively. The
removal ratio of T-P was above 90 9% at all conditions throughout experiment. Light .
colored andosol gave the highest ability to remove COD and T-P, masa soil and light
colored andosol gave higher ability to remove T-N than other soils.

1 @dLaHic

BREW BITETAEOBEFOEETEL, 2EOERFEIENOEFTLIDL37%icZEL
PPEIBRTHD, TAHEOZHHIETCE, LRELUFRRLES, SHABES 20 13RAHD



8k 2RESRL (V) BN Y 2 B0 REER

FRICEDMET IRFM L EINT S, L LREFKOBS RGBSR, T0% ik
n, ANRUCEBEEKESAOREZETE 2D, KEOBLEE T WS, FHIREMHEKIZD
ANOF EFES e RFEa NG 2 EBEL, Thicl DRI ShIFTREOKEOENE
iz, #2aEAEERELTVWAERVEH It REGHB L &> T3, AR UAHNE
ABEOERELEHILET 2011, KOEEMENLETEY, DRUBRIEEYELZS S
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2.1 {EHAEERUEEARE

EEICFERLIZIA Y A—FHECRELL L3, @2 m, BRITE2 m, §52.5m, NH
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wit, IO SEES 2ET SR TA LERICH L,

2.2 WMAK

19844E 5 BB r WO EFAL TI0ED 1 ¥ A — & CERCHAZHEKEL, 198783 A
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T <EHL, NBOJELEY, #HiIZ&%20.9mg-i7, 1.2mg+]", 1.4mg- {7, BETRETITE
BER7L<BR7 <92 I <BEBELOEEZY, 3% %1.1mg /", 1.4mg+{-1, 1.6
mg+{7', 1.9mg-l"!, 2.0mge [k, BREAETRE, BERKGTREER 7 E>EN2 £,
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Fig. 27 Mean values of removal ratio of T-P {Jun. 24, 1986- Dec. 17, 1986)
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Table 1 COD and removal ratio of COD of leachates

COD removal ratio of COD
{mg/1) (%)

May 21 1984~ Jun. 24 1985- May 21 1984-  May 21 1984- Jun. 24 1985- May 21 1984-
May 211985 Dec, 171986 Dec. 171986 May 21 1985 Dec. 17 1986 Dec. 17 1986

condition soil

low loading Kanuma soil 1.40 1.30 1.37 77.8 80.0 78.5
andosol 1.32 0.93 1.20 79.1 86.4 81.3
light colored andosol 0.90 0.82 0.88 85.7 88.4 86.4
masa soil 1.25 1.13 1.21 80.2 83.2 81.2
sandy soil 1.46 1.25 1.40 76.9 81.8 78.4
high loading Kanuma soil 2.21 1.75 2.09 64.9 74.1 67.3
andosol 1.34 1.43 1.36 78.8 78.9 78.9
light colored andosol 1.16 0.93 1.10 81.6 83.1 82.0
masa so0il 1.62 1.36 1.57 74.3 79.1 75.3
sandy soil 1.96 1.56 1.88 68.9 76.0 70.4

< HE>BEEL>NMOEE %0, Eit&286%, 81%, 79%. 78%, BAMRFTIREEER
ZECERI >y L >EELOET, #ix&c82%, 79%, 75%, 0%, 67% &%k
T REHIIB I AEHLIOBREER, RLVBREROE, > L EEEORERR 7 IR T20%
Brof, A—01BCs2AFKBC LANBKEDRAHE TS L, SEHEOIEL S
BANOHBBRELRNEL -, AFNARIC X2 CODREROEOXEN L OIIERLD
NBLNBDBRT, HONESHoLOREEER 2 LD 4% TH» 1, BERDFVLLE,
&, BAFOZEWNEL, BREROEVDBZENRE, T2,
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F3EMTARLKER, BEE VORI s Q2w THEABOED, EAOEIEETT-
ROT, TECEDKREL Bk, RAFRET, BLSRCAWNTELORERLT, ¥4
A— b 0 225m?, COD i L T1450g BFT L, 980g © COD #BBETEL I L e 2, BAR
TRLATABOD L o7 5O, < H1T108m* T COD w2 L T697g AT L, H28g &KL
Fer b, ¥-BUREROE, - REOER 2 L TIE124m?, 797g @ COD ¥*&fifL, 660
gD COD RBRETERILICR D, J b, —FHBCEFA-MLVYLIRETELERD
DEEEZ LBEG, COD A Y ORFE LA, AFTELABK>LT LTSRN T 2LE
nhzeEZGNS,

(2) T-N

SEEEER LAY 540 3 ER D BEARD T-N OFHEER 2 R L, AR £ 2 T-N REED
BOTRZ LIBEEWTEAREHEL > LUAREEFTHECREELR L, BT~
+ERLEVEEEETL, BREANTRL% -BWETH >, BAMTHE, v¥Lico
WTHAERK Y T336% & BOBRERERL, BAEN%, NIB2i%Th-7, BR7 k|, &
BT ICEELTED SR, BER TR Y 134%, REEN 7 THE32%, 32%»IEIEE U
BEOREESTL, BELN6%LED0H -1, BEAHRELTrE, KEEKy 1R
Y RIFSEBEEELTRL, D EEFRLRRPE I E8ghok, BRYSEROEVER7 L1
TEEESFS>TWEEFRIC LY, MEXTOERBES P > TLEET I8 eh R
AN

= 2 BEADT-NRUFT-NEFRFE
Table 2 T-N and removal ratio of T-N of leachates

T-N removal ratio of T-N
(mg/1) (%)
condition soil
May 21 1984- Jun. 24 1985- May 21 1984-  May 21 1984- Jun. 24 1985- May 21 1884~
May 21 1985 Dec. 171986 Dec. 17 1986 May 21 1985 Dec. 171986 Dec. 17 198
low loading Kanuma soil 0.66 0.79 0.70 23.3 L.} 26.3
andosol 0.93 1.13 1.04 —8.1 —15.0 —11.1
light colored andosol 0.711 0.53 0.65 17.4 55.8 31.6
masa soil 0.65 .69 0.63 24.4 4.2 33.7
sandy soil 0.69 0.61 0.65 19.8 47.8 31.6
high loading Kanuma soil 0.64 0.76 0.67 25.6 33.6 29.5
andosol 0.60 1.76 1.00 30.2 —62.5 -1.1
light colored andosel 0.60 0.63 0.61 30.2 45,1 35.8
masa soil 0.58 0.43 0.55 32.6 58.4 42.1
sandy soil 0.69 .69 0.69 19.8 41.6 27.3
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3) T-P

HEELELED S8 3 EFOBREKRD T-P, T PREELEZ IR LL. S IEMOBEAD T-P
DOFEEHER, BREFEEFTOREBER 2 201, lug ™!, BEMEAEONDDS. 0ug- "' TH -
T2 BAT & SAWREOMIC IEEKRD T-PHEOERED oo, T-PBREESL +5]
TRIIHEG, RERR 7 LOMERH T7%, BAR 8%, v IEAR, EafT6%
ERVLERERERT LU, BEL, BR7 ZROB%EEOREELTRL, BULBREERDEN - 2]
WTL0RRDBEREER LT, TEBAEHEHAOL S BHEV) VBRBEOAKRLBLLES, 1B
O L6, ERBEARK LR N IEMRACO D RERWNUBLU EDOBRERE 2D
ZEDEAS M Tz,
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Table 3 T-P and removal ratio of T-P of reachates

T-P removal ratio of T-P
(mg/ ) %)
condition s0il
May 21 1984~ Jun. 24 1985- May 21 1984-  May 21 1984- Jun. 24 1985- May 21 1984-
May 211985 Dec. 17 1986 Dec. 17 1986 May 21 1985 Dec. 17 1986 Dec. 17 1986
low loading Kanuma soil 3.4 2.5 31 93.5 92.9 93.5
andosol 2.9 - 3.8 3.1 95.0 87.9 93.5
light colored andosol 1.7 0.5 1.4 96.7 98 .4 97.1
masa soil 2.5 0.7 2.0 95.2 97.8 95.8
sandy soil 3.8 4.5 4.0 92,7 85.6 91.6
high loading Kanuma soil 3.8 1.0 3.2 L 92.7 96.8 93.3
andosol 34 2.3 3.2 93.5 92.7 93.3
light colored andosol 1.2 0.5 1.1 97.7 98.4 97.7
masa soil 21 1.4 1.9 96.0 95.5 96.0
sandy soil 4.6 1.0 3.8 91.2 96.8 92.1
4 F&®
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RESHSATY, 2EEBEBLY S ORFAREBERRL Tk, 2EERAROLRD
Zn, Cd, Ph, Cu, Mn, Fe SR ZHFEL-HR, EELTCBLTH F 7 H0ERL,
DAFBEO B BWTAHF IV AREI L, ioESEBSRIC O WTIRAE LTI
ol B 1ERF1IERE L IEVPOMBREFRLHR, sEROTED
hTREFE LRSS OHEESEEL L, EX 7 AhoME e, 11 gL,
HEFEAEAI10~107cells, 7 % =7 BHE104cells, MREELE{LHE104~10°
cells, BHBEHI10~10°cells TH =72,

Abstract

We investigated the effect of land application of low polluted water on some
properties of scil for a long term, Five kinds of soils, Kanuma soil, andosol, light
colored andosol, masa soil and sandy soil were filled into ten lysimeters. Lake water
was supplied at the low loading (50/+d-!+m™2), and at the high loading (256{-d~'-m~?).

After 2 years, carbon and nitrogen were accumulated near the trench in Kanuma
soil, light colored andosol, masa soil and sandy soil at the high loading, and light
colored andosol, masa soil and sandy soil at the low loading. At the low loading,
andosol, light colored andosol, masa soil and sandy soil were choked up in 2 years and
water content of the andosol near the trench at the low leading was 98% of maximum
water-holding capacity, and light colored andosol and masa soil near the trench
became muddy. Porocuty of Kanuma soil which was not chocked up was 84.4%, while
porocuty of masa soil which was chocked up was 53.4%. Phosphate adsorption
coefficients of five kinds of soils were more than 1000 and they were not change for 2
vears. Concentrations of Zn, Cd, Pb, Cu, Mn, Fe in soils were measured. After 2 years,
Cd increased in Kanuma soil and decreased in other soils. Heterotrophic bacteria of 10°
~107 cells, Ammonium-oxidizing bacteria of 10* cells, nitrite-oxidizing bacteria of 10*
~10%cells, denitrification bacteria of 10°~10° cells existed in andosol after the land
application. The hightest number for the various bacteria was observed in andosol.
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Fig. 1 Schematic layout of the lysimeter and soil sampling points
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Table 1 Porosities and water contents of filled soils

maximum
; " . waterholding )
s0il condition porosity capacity water content water cl:)r?;n{/ maximum
R waterholding capacity
(o) G0 dY SO 00 dry soil) %)

point A point B point A point B
Kanuma soil low 84.4 225.0 176.2 171.8 78.3 76.4
high 201.3 186.0 89.5 82.7
angdosol low 77.0 150.5 147.2 121.4 97.8 80.7
high 72.4 85.6 48.1 56.9
light colored low 61.6 66.1 49.6 43.1 75.0 65.2
andosol high 48.9 42.9 74.0 64.9
masa soil low 53.4 41.3 27.3 10.2 B6.1 24.7
high 10.7 18.2 259 24.7
sandy soil low 37.9 26.6 14.1 9.1 53.9 33.8
high 9.2 4.9 34.6 18.4

sampling at Jun. 19, 1986
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7K#3f: F o 7R T, point A TREIMEIX97.8%icE L Tv>/z, point B D HBOEIAIEZ,
80. 7% CHEHIAFNCEL TV QIR M FOITLHEBETH >, BESDBAE bV Filt
GO L2 Es 6 LCEd > TERRBTEI TEI - b0 e ELGNE, BANKET
HEFEVDROOBERELELS A LAMNBEL TED, FBREE L CHRME RS0%EE &
GZoTED, BOEbYOTEEIA(EAL TV,

WEERY LT, BEAFGTH 7Y o4 ABCEHZEZ DO o, ERER
point A T75.0%, point B T65.2%THh -7, WIRAIICH point A fHEICIREFRDRY-E D,
THEERCR - TH Y, BRKCL ) EESMENLZELEZN T, EAMIEILEEZ IS
BIokOTREwheELoND, Py Fhe 20cm A RN 2 & HBEPERAC ZERL
HREEERY, BEE DRy F I ORETRE 5Tk, BRAERETR, A%
FIELTos 2 EEBALTED, FrFOEbL Y OHBRIARICIIEERL T,
BRI I74.0% TH - 72,




BRI s

YHETE, Fr7) VI ETo RS CEANRETEBWTLHBEVSELCTED, W
AKEE 20/-d ' m R B TEERTH N, P FHBLRAS T E o TREBICE ST
Wiz, point A OFIFEEIL66.1%TH D point B DRFIEEIZ24.7% T, bV FiEEOLENS
FADLBADADBESHTONT WAL I Lddbhot, BENEG TR, BAEZELEL TS
H8PAMNERLTED MLy FEBOHERKACEALTED, point A DEEFIEE25.9%
TH-o1,

Nk, BAHEGTEERFOLES MLV o FRUEOABY REHVTED, ¥7) ¥
THhoIrABKEREVMEI o/, MY F BRI L HEYORS o7 b O
HELTBY INEROBR E b Fhokabsni LT &, point A, point B D7R4EIR]
134253.0%, 33.8%THD L v rFasBA0KOBESHT SR T, BAMRGT
i, WAREEDSS SHERBABLTED, BRLTWA2S, FLrrFORNOERRRENZENL
BEED SR T,

KTALBOAS L, BHEEN.4%ERE, By L, REER L, <¥4, W
EEAL, NRDE37T.9%THole, TEBOF TR LEFE D EREILPT L, BERLY
RLBEZVEEILIc oo, BFEzVOBIVPTA LT EFOBRERS &, AT
EEOREOLIBOAVERZIVR2EI L OHEASDS I ESbhof, R4 LD
bLF BN S oo, FED LS RMELNFEEERLIBETHY, MotEE I
FHOELRFEEPELZ-TWwEIbDEEZ RS,

3.2 RREESE
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KD C/N HOFEHHE 8L Eho ol tDBEE L2 b0 EELEND,

By +iE4TCEE8]. Tme/g dry soil, N 285 5mg/g dry soil L B W-ERIEE 2R -

94—




i X AAEBE (VY BhO L HEMTCRE TS

§ Hanuma  soil andosol
- 100
5 80
o 3
o L)
£ Fy
7 T 40
7
20
o
E
v 0 :
L H
= light colared
F andosot
.
L]
o =
E. 4 30 masa soil
T
3} T 20
L H -
é, 1.0
v 0
L H
3 30, Sandy  soil
L -
\
g w0 F7Z] % months, point B
v o9 L " Bl 2 yesrs.point A

4 2 years , poinl B

2 HEoRRSBOEL

Fig. 2 Changes of the carbon contents in soils
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i point A DEFLITTH -2, |
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Table 2 Changes of the phosphate adsorption coefficient of soils

the phosphate adsorption coefficient of soil

50il condition (P05 mg/100g dry soil)
before influent Jun. 19, 1986
point A point B
Kanuma soil low 1000 1000 1000
high 1250 1250
andosol low 1250 1500 1500
high 1500 1250
light colored low 1500 1250 1250
andosol high 1250 1259
masa soil low 1500 1250 1500
high 1500 1250
sandy soil low 1500 1500 1500
high 1500 1500

e, 3 ETATEDCEC
Table 3 CEC of filled soils

. CEC
soil (me/100g dry soil}
Kanums soil 7.88
andosol 30.33
light colored andosol 7.50
masa soil 2.83
sandy soil 2.56

EMER L +EE, BR2 L8 E IS £30.33me/100g dry soil TH - 7243, fthed ik
B L, WEEE S 153788, 7.50me/100g dry soil % 7274+, JIIE512.83, 2.56me/100g dry
soil TH-o7z, CECORWLENT vyE=7ORBENE S, BFEOBEL, HEEIEO L ORYE
BHHHY, EEBICBLTIE, HBICL2FHKICE 2% E CECOMBRBS~A TR RS-
77e

3.4 E&R

JEL R 119865 6 HO point A ¥ point BD13Ed Cd, Zn, Cu, Ph, Fe, Mn OSFEXHK
4R LY, SHMOLEE s HIELLESBOPTCHEARLERICEATL, $OSRIIE
BLETLA%, BRI +76.7%, WMEBERAKXI +T3.5%, v+ T1.2%, W T1.5%TH-7,
EQTHFIZ bHENSRICEENTHRESRBIX, =¥ v EHEINT, w24 Y RERLT5]
ppm, BR 7 +T956ppm, HREEE S TL2ppm, w1 T322ppm, N T28ppm B ENT
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Fig. 4 Changes of the heavy metals contents in soils
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TH>7. ORI, B2 o7: 1044, 0ppm, B b %5 - 1<+ 15112, 5ppm T3
DEGNE P oTz,

BRC X ZEEBEROEE, 2EOEKTH P I VASEELOEAREETER, &
BEHEHTIEFHEOL, Mo 4BECHBTREL L, HoBSB > wTBaEEs +
W, Ty, HRE O TREOEASTLEMARKE Tz h T,

3.5 MEH

THEEHE OB FHRER T, BB TRLBOHESEs NI HEEERELL, B
FEHEOHBEOESFOBREDTFRER LT, LB TERL1E2 20 2 2HEKCE
BLILVD, REYFASF—E2PHTEHELBRACFES AP L LD, KEVA— LT
TIEBEIEE 5°CTI00 M E 213 3BFEEIRE S Lt b o, e 5 L HEBRERCS0W O
BEMHEE O, 308, 30T b02FEL, SX0OLBE*1/10x + A5, Egg 7
NTIVEMCER L, TORRRLEMULEROS » o &k, sEY 42—+, 3090
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FEERE D 21TV, ISWETHARK/10R L+ ASCERL 26D TH- o, SEO
A Zo&ERFRE L, IBEERE: >R 3 SMNETHAB LIS R, BELLEED
/VEEOEHSHREL, 05K 3R E O S0P BT HAE L S TR/ 6ME, BFEL
BExLOBSCR/BECEH LB LA ol, ERFECA - 2ThirokbDld,
E—&THELE 7L — MDY FBF L RED o7, BIC L 2BWIEHED &,
Egg 77 & VBB L7z b O 1/10R L & 250 1 HRECHROBEOREL H -T2,

19855 4 ARVFICA D LERORBFEHER P51, 7T oa7BIUHEHER6ic, B
T LR SR B 7 12, MEERER 8 R,

EBEFBEEIFRANCERD S 0B TEB T 2B THS S, HbrT L2, EBE
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BETERMETE. 0% 107cells/g dry soil, 10BD{EATRRAETL. 6X 107cells/g dry soil B &R
T1.5%107cells/g dry soll TEEL Tz, RLEBEBHEE O s 4 AT
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dry soil Thot, TEOEEMSRLEERBIREELEE T 5 =, CEEH81.7mg/g dry
soil, N &&»5.5mg/g dry soil » EEHIESROE, - B R 2 L HBERBHE S S TFEL,
IRy, v ¥+ CE&RBM 1 mg/g dry soil, N &&450.01mg/g dry soil Ko LE iz #
LIEEEL I Edibino 72, COD BREZE L OBE I 5 Tid, COD BrEZFLMLd L85
R, PRESTH-LEBL, DR ERRRAEORL P27, LirL CODBREROR
bE» o LHRARL 7 LORBREMERZICRET, BA7 L /IBORRETHD, HMEH L
COD BHEEoMiciz» 2 0 LZBEREIED S Lkh o2,
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Fig. 5 Seasonal changes of heterotrophic bacteria number in soils




BRfTS

1 4er.19, 1985 I oc: 0. 1985

log N,g dry soll
~

o

L H L H L H L H L H
Kanuma soil andosol light colored masa soil sandy soil

=] 6 o7 v ® 7 B{IEHEROSHEL

Fig. 6 Seasonal changes of ammonium-oxidizing bacteria number in soils
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HHC X B AEBML (V) Eko DS Rz RS

T e T7BREME, EHEERECERER, tBCmionn T 227 RFRNEEOL T
Bl T #hznEpeE, MEBECEERT 2B0RNTH S, 2/, REHEMEBRLERC X
DERINIHEEL, BELETTN, NOREZTARE PR T28THE,

TryEZ7EBEABIE6 TT L5, SEAEALAIBORTRER TR bSHER
L, 4 AD+ECEAY, BEFMFRESEL3.6X10%ells/g dry soil, 1.9%X10%ells/g dry soil,
10A D EETIE5.8 X 10%cells/g dry soil, 4.7x10cells/g dry soil FEEL T, —F, EHBL,
A, IR0 5 107 E L oTF R ¥, 2B L 3TFERDERRE -1,

HREEERCHE R 7 R £ 2, 4 ATRTRTOLETI0%ells/g dry soil BLEFFEL T
Wi, 107 IR £ NESANEAD U T 105~ 10381 4 o 72 43, EREER R LM i3 fth o i i ke
NTTEROEEROENNE o T,

FREEBRE 8 iR Ui, B Lk b HFEHDS < 4 AOLECREAT, BAENEY
£29.2X10%ells/g dry soil, 4.5X10%ells/g dry scil FFEL T Wiz, BES, BEEE7 £,
HIEIZ 2104 & 10%cells/g dry soil FBBE U HFEAER T, v L34 B 0B TREEENAZ (R
20, 4 AREAT, SAEMEEFATNL1IXI04 1.1X10Pcells/g dry soil, 108iX1.0>10%
5.5x10cells/g dry soil TH -1z,

BEROREKREL 7 = = 7REE, BEHBRECHE KREEOEER: BB S>VWTRAS
b, BERORTEORE oLV IEBE IAS OHEMNEREEL TV AR L, »
AoT7 »E227RAME R R ofz, v LOEMERHCHE o 18 - RRE, &
EFRHI 4R LI0HOENKRELSSEOER» S BHERK - EXOBRFEDECEETED2 2
3 TELRHT,

BERSTHET7 o 7TER(CME, EHEEBCE, REEOEEREOBRERSL &, SRR
BEO LB L TIMEBES o B Ry e 7 v 2o 7B & HEE o R ic s

*® 4 FAKE FEEKHOHEEK

Table 4 Bacteria number in influent and leachates

coliform group heterotrophic ammonium- nitrite-
bacteria bacteria oxidizing oxidizing
bacteria bacteria
(cells=ml-') {cells*ml™) (cells=ml-') (cells*mi~Y)
influent [ 1.5%10* 43 23
leachate Kanuma soil <1 1.5x10? <1 43
andosol <1 1.4%10% <1 240
light colored andosol <1 1.1x1¢ <1 43
masa 5oil <1 7.5%10° <1 39
sandy soil <1 1.5%x10° <] 23

sampling at Jun, 25, 1984
sampling at low loading condition
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TEIpaiz,

TMAKRUBEEKF OB IIE 4T LD, BAKRBCIEAKBERS6 cells mli, #/E
FEMEH.5%10%ells mi™!, 7rx=7EB{tME 43cells m/-!, FEHEEELHIE323cells
miTTFEL Y, BEATIR, ABEBEEDT e 7TBIE 1 cells mi~'5kil, (EEFEM
B21.5X10% 675X 100 A L Tt HMBEICAERER 7 LOEEKT240cells mi™!
LEL, fhoBBEKE OWTRAAKRERBE CH -7,

4 3w

TBAOE - WRAOREEARORER, BAFERMH (250/-dem™) T SBEEOLEIT T
CEFHEVBRENED SN, BEERETE, BEs L, gAERs L =HLO v rFO
ThYo ErEEL, BEL, BEEFR+, ¥4, BT v FEEO LB RE,
EFROERD, BRA2 L TRRE, EFR0bTokE sELent, 77 A1BE N OFH
WMOEHI, BELOBAH L RERF 7 2R E L, BAKDEERZHT C/N EE2EL L
Tl BRWEETE, 2EEKEOER 2 0O b v FRES0 B0 Ky & B gEHIE K
BIELTw, $0BEER L, w9 +0 vy FEEROHBREROKGEEATLE
BERE - TBY, FFERER X TEBODENEECEEPECTH 2 I e TFEERL, &
LHWERR 2T, P rFAERCEROERINERLTCEY, 6D M FITER
DHFEOTEIC LT, P FIBEOLELS LY OHEADKORENETFOoNT, H
FEEORENEILLDEEZ SRS, —AIIB TR M Y+ 2RUHCHEEMONENED S
i, ZOREDN L YFL5EEAOKOBERYT Cniz, EBLRBANEETE VY
FUTEERR RR, BROTFMIL GBKE L2 B0 BRARMCED ohholz, BR
L RO EITIEATAT ERHH L (KE <, FLiFsHoRswAEIEFEz 02 LK
WHEEOH B Z b s, EHLAEED) CBEIES TR L1000 LT VIRES
BRE,y HOBKEFEBEI R ESERLTHg-m?, BRS L2 T130g-m B EINL, 24
OEATY YEBERNFREC BE LR Ao B 4 RRAERE, BR 2 14330.3me/100g dry
soil T, D LH 8. 0me/100g dry soil R TH o7, EEBOSBEIEOLTE - b L5
&L, wrHy, HHSEENEBICSIN TV, ARHBC L3 SBOENRECERY
Ficiild6ppm EBBCEE R T, B IZ2ESFEOSROELE S F 3 v ABEELT
I~gfEclmL, o4 RBTCREDLL, UOESROSEIRBEAKCL Y RERELERT
o, TEPOMBEHIERYSESEO 4 HBRERTE L CEN - REHR 2 +iz, 5
SRR, 7 ooe s TS, EHEEERLHE, HEE: LKELL{EELL. CODBE
Be, WMETBERLAER-OMCIZo & LolREEn shtno i,

BlEDZ ks D3R 5 KT 28012 COD BrERE, EFBERGE, V riREEQ I icBEE
g OAREEREE R, HEZ Y 2L T 500 BB EBOTL &R P OERME
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1

EFEBEA R T B AREEBOET RN T 22000 L LTHELOFERE SN T WS,
Z OB Y U Tk EEY, KBE, 12 C0OBRIMeBEELERT 3 ik LIRS RE,
VRS EOARBBREERTAAEO2EN ST ONS, ChsOhs» TER,
BRI ED, SHH B AL HARC L Tid, SHOERMEETHIELE S L 3EssERIC -
TETWBY, HEBIRECAERBOD 20mg/! #HETE 2 5H0ER LS R THIE, BE
IR L 2 TV 2 S FH KR U ML U RIS KiC X 2 KEEBOETEIET 2 2
ENTREL D, L, SHOERLE L FARMCE LS 2 CRBEREOHTESNLETDH
&, ki, BB URBEEO S AEE2SHRAE T2 L20AREECRRSUETHEY,
BHAR, REGH, FROABOCMELHRRTILEDSHZ I E2ELD L, GHLERE L
BRCERXEZLEZEFEETEAVY, TR0 L, TAED 2 LEIAHLBERESTEL T
RO TR, AorONKERCL DB LEL-TL 3, &%, SEHEEARULREE

Abstract

Some of the treatment process to remove organic substarnces, nitrogen and
phosphorus from domestic wastewater are in exsistance. In these process, soil-trench
hybrid treatment system have been spotlighted as effective process using self
-purificastion performance. Therefore, soil-trench process will be applied widely in
Japan, in future.

The principles, meaning of application and problems on soil-trench process are
summerized as follows.

1} The purification of soil-trench process depend upon the biological
performance such as organic degradation by soil organismus and physical-chemical
performance such as adsorbance by soil particle.

2) Soil trench process have high phosphorus adsorbance ability. And it was made
clear that removal possible continuance period was 30 years by consequence of
simulation.

3} The economical effective simoultaneously organic substance, phosphorus and
nitrogen removal process was the combied circulatory anaerobic-aerobic filter with
soil-trench process.

4) From the investigation of field domestic wastewater soil-trench process, it
was made clear that this process have high purification efficiency.

5) Though the most important problem on the application of soil-trench process
is clogging, it was suggested from this investigation that the alternately doble trench
utiization and establishment of optimum survival and growth conditon for earth worm
as ingestor of bio-film in soil were important to solve this problem.

6) As NO;-N in effluent of soil trench is high value, these effluent have
possibility cause a NO,;-N pollution in ground water. Therefore, we have to apply
anaerobic-aerobic filter with trench process in future.

BLoi
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Table 1 Microorganisms appeared in conventional
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Fig. 1 Schematic diagram of soil trench
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Fig. 2 Example of full-scale soil trench process
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Fig. 3 Role of E. foetida in the soil trench
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MORETE 3 KIS ETRTHFEARTH AR R T L& LT B2 W EREITIEE T
BrZ3, Tibb, MEELREUAORET, +okMTEEENE*E T 2B DR TS
B, HOEHDTNEL -BSERKENOMTA, KiFEH, WHlFofiohs oy 54 TARE
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WREAELUCEE L2 LEBRBC ST, REFRCES Lw ISR EETRD
BEAADTVABETRTRELEAYRVOPBRRTH S, &6, G7H50EEOHUE IR
2T EBOTHE,

E, LR RS BHE 13 BT U R LR T 35 1 2 IR LBk O # TR =i

* 9 ERESHITEEAED LRSS EEORERE
Table 2 Standard of the Ministry of constraction on the domestic
wastewater soil percolating treatment process
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PEBCHBCHAL TEENET AMTREESS L FHEASEBEL TR L,

2 WMTEESRSE, BMFXIMERE BESTEEEOBEESLEVTE, P YFOEE #5154t

WA PR, D, HEFOMOKED» S OKEEEN02— D EOBRERITFL L,
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4 ML FEEEMAAEIEELART 0 ANES

TE N FEERERAT BN REAPEBRHIRTHONL LR THON Z OREIRILEL T
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* 3 BHUREEEC ST 3 EEELEKOS TRIEARNORB R
Table 3 Standard of the Ministry of constraction on the soil
percolating treatment of the biclogical reactor effluent
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Table 4 Recent application aspects on the soil trench process

in Japan
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AR b 57k, RULURR RS CREARELE v F TREL, TOAEK
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Table 5 Representative advanced wastewater treatment process
with soil trench
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Fig. 4 Flow sheet of the full scale facilities combined with soil
trench process
ES 6 TELL L FEHEARAANAEYREROBE
Table 6 Outline of the investigating full scale faculities
conbined with soil trench process
i
A B
HH C D E
TEREEAK LR, £iE#HK LR LR EFEYK |LRO 2 IRAERK
DIEAEA | O 2RABEK | @2 RNk 1 AL EiERHEK
NBENHAR (A) 51 120 60 5 5
mEr kR {m*/d} 4.0 6.0 3.0 1.0 1.3
Ty FORES(m) 1lmx 4 & 9mx 64 12mx 6 &< 6mx 24 5mx 224
TTATIE Bzt |ERLI+IVrA—| N4 VAN | BEBEXIE | BERLRY
SEEFEA (#/H) 57.10 57.3 54.6 60.6 61.5
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Table 7 Purification efficiency in fulll scale facilites

combined with soil trench process

7 2B FERBARALEA~DOBERO KBRS

O A B D
H B FAGK | ALk | FRAK | AL | FEAK | AAEEA | BRAK | LAk
BOD {mg+1"Y) 12.0 0.4 5.0 850 30.0 2.6 1100 1.0
CoD mg-i~) | 175 | 1.2 | 62| 1.2 | 3.0 | 4.2 | 475 ] 2.5
TOC (mg+{~%) 12.0 1.0 4.2 1.0 24.5 4.0 | 110 3.5
T-N (mg-{~1) 48.2 38.0 30.0 28.2 96.5 4.2 12.5 4.8
NH,-N (mg-{~1) 13.0 0.02 0.1 0.1 47.0 0.1 6.0 0.1
NO,.,-N (mg+{Y) 0.5 35.5 25.0 28.90 47.5 1.5 0 2.6
T-P (mg+{~1) 5.35 0.01 6.25 1,62} 15.50 1.60 2.3 0.01
58 (mg+{~Y) 10.0 1.4 5.0 1.6 2.5 1.6 — —
FIBEEE (N*mi™") 100 2 5 0 15 1 - —
# 8 HE b F REEAAAT EMROKEREEYE
Table § Detailed purification efficiency in full scale facility
E combined with soil trench process
EEE foe 51 2 s
% 7 ;
wicnmmy TREERAAL Ny g Ty B M
H 3] — LE L F
F A e o 1L I [ Mol | N BEHLEE g 4
‘ s SRR -
b FRAK Ve F BEAR b FRAK
BOD (mg=i™Y) 80 2 110 23 1
COD (mg+i{™Y 41 4 54 11 2
TOC (mg*i{™Y 20 3 k] | 10 2
T-N {mg+{™) 59 47 7 6 3
NH,-N {mg-I=% 45 4 0.6 3 0.03
NQ,.;-N (mg+!™) 9 42 2 0.2 2.7
T-P (mg*!™Y) 13 0.2 0.6 0.3 0.05
S8 {mg+I{~") 32 4 28 14 3
pH 7.3 6.1 6.6 6.9 6.8
FIBEEE (N-mi™) 1,000 9 9,500 2,300 Z

By, 2%, VrBaARCHRNCREsIRA I LIRS, BB, AL, ZHS, KE
5, (IS W EFRERENRE LT LB L OBEE oW TR LR ER I
TTEENTHL., BETEBONIERIA~ERRTESALEBREEBBLR-RLTWS
kb, T, CASOLE L X FREKRFORBEKIZI0E m/- L L RE L
B, OBEREIRTLAL LLRIE miUTTHEY, 2B v F I RBEEHE R
EhE EFSALKBERIBRACERTS) 7232 TORELMREEL TS,
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Table 9 Purifications efficiency in full scale domestic wastewater
treatment facilities combined with soil trench process

SRHEAD | BBULE LR 1 R A & BHAE LR % (6 MR A
WRRY [ ety ke | 2@k DRIEA | 2 RALEA
SRR 2m¥/d 100m3/d
m . m?
1mé/d bUvFES 4m b FEE1,000m bV B 5500m
" B mAk | mEA | ook | mEk | maok [ @sn | mAk | siEk
BOD (mg+l) | 140 08| 9.8 08| &3] 09| 10 0.9
COD (mg+I~Y) 114 5.7 17.2 3.4 - — — -
T-N (mg+{-Y) 190 160 37.3 28.3 — i5 1
NH,-N (Img+I) 180 51 10.9 0.03 1.2 .12 - —
NOy N fmg+{™") 1.4 100 22.44 24.93 1¢ 8.1 11 ¢
T-P (mg+{~H 17 (.81 .06 0.26 3.0 0.20 4.0 .34
55 (mg+I") 120 10 6.7 1.7 — - — —
pH 7.6 6.5 5.9 6.7 — — — —
KBS (N-mi™"} 260 30 — — - — (1,160 14
A *C) 14.5 12.5 - — —

* FENLPFORTALGHELTRE~y M 7 —FHER
* % FKTALE: KBH80%, /1—F 4 F10%, ME10%,
* % % MBAS: FiAA0.87mg/!, BFEK0.04me/!

6 THHLENRIES X SHORE

BB CEO RO THE N L FERKEORBEC B TN MPER SN TR, R
BuEbEAEELTWE E v RE, B2 VK LR MR URITARBERN LI L ILTE
LLTEYD EFohTwd, Z0XIZMEBEE2ELTWI K »2b s, FRYIRERE, Y
viaEeE, BEUEMEREESEO I, BINLESTEREEESTVELIRMERLTY
Brrhn, BUETLLL{AWLNI LI TETWS, ZOIHE v FEIIEHHD
ANEBEME TOBRRNETH 2 LT, BRBEHMBELET 2 HEE, ADFEESEMEO
WA TRSEERAOBESER L Z8FHENE, 20z, HEMN VFELERTZICY
o THBESEHOL L THEHTE 2L T3 LBNRBELEE, TORDIZEIENL >
FEOETAMBES L FONBELHBEC L TE b8 0Ee L5, LBV FEESHAL
ATEBIROBEAENE LT L COMEL L 2 ONRRUHEIREIET 2L B0 TH
%,

1) 2P vy FECBLWTAEREEBIETHS, AESEI > TONETEL L D KT
MU v F AR RBLCEGRASTEEE A LT ALENDHS, £, RV FREY
<3 IXZOBEHMEEANEL TS 2L T hid, TOBMHSHEORRE L % S MEND
HWEEEA L CEELLS SR I NG 2 Lk 20TIAS O HEBYPERTE 2 HIE
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TR L LEELL LS, '

3) TERFRERACHEBELTEY, NO,-N,, NO,-N#Z EDBRAF r@EEsIzL L,
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TAOMEBRBEOEIMIAE LB LY 205 0, BFACIEKE KD NO,.-N BEHSE
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FNLE N FERHMBRANBEEE o ARERT I ILBLETHEL I, kB, K
ETRRAN ST ROMNBERESARRBEELHEIA VLI LT 2 R EEORER
0.6ha L7: 0 1 LR T A2 L 3RTWAYS, L L, REECET S 1 FL4k ) 0BHiEi
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4) 2BV FERRUD T EERLBCB Y URREEMEY, FRERLEORED
BOD, £%, Vs oE o0z si 28 L, 28ttt swiRBES 7 v 7
Ry 7 ARBON TV L E 233D T A ENHNETHL, FOI LD, 18R
HERN LTRSS THAEEBELTHL 2 itk s 3,

5) HEBEFUUFREBLRENRE T ASETOLAERIRENRE T 2BETH, RESH
TORHHOELAYSBEENTHIEAARFEAERLI Lo s, REMEERCBII2H
DOHFLEEDFEM (U » DRFLEAFFME L &) P+0icfTbh TuRwOIRRTH L, TDI &
e, EAECHE N VI BRSO R AMR L T - 22 S ERTE LN
PETHED, COIIRBFEETIMATW 2Ly, 2B v o FiER#ERATEZHIAT
OFRREBFRRFREN T I 2R, BYLLBRAFELRLESRBAI RS 3,

6) THE L FEEREAAALHREIRE T 284, AR N LS OBE R R
BTsad, BER N FOBEENTLARTRET 2 2 LA TE PR EOERER
FHREE R B 6, LTFBERO—MEEKRTE ZHKOEERY, ElEsayr 7y 7t
AEREBATR S I EPEB TN ONL L DT 2UENES I,
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-6 TIRMIE & BRRELIR & # A S b ¢ 1o TEHKARIE
Treatment of Domestic Wastewater by Land Application Coupled
with Anaerobic Filter
A - BT - RIPEH  fERIEE - ARE—
Osami YAGI", Noriko TOMIOKA!, Takuya KENJO?, Yuhei INAMORI
and Ryuichi SUDQO?

E B

+HNE - BEEARABRLEASHE T, B, VCRUBSBEYRET 245k
OIME S A F L DWTREEMAL, Thbb, LRIGkEFIAUEETRRECL 2%
B EE—ROLE Vv FUE RN, R THERE EEEERKEESL
BEEARNEBLTLWRBECHEREE ROTE L FRETZFRERT LA, &
(iR AR SO BRI 2 D T-N O#90% 0 b2 hic, & OBk EEY
ELTHEEREAEMA, BEABETI L L OHTI%OER MR EENS, ZDHRE
AEBEZROTBAB U 25, T-N3.3mg+i-', T-P0.05mg-{*, COD1.5mg-i"%,
ORIFEAEBREELTE O, FAEL AT LA0KEEHTHS 2 EBHEEL,

Abstract

In order to eliminate the nitrogen, COD and phosphorus concentration in domestic
wast ewater, a land application system coupled with an anaerohic filter which was a
cheap constraction and an easy maintenance was constructed and evaluated.

The system was as follows. A night soil was treated by an aerobic activated slugde
method, and the effluent was treated by 1st stage land application to change NH,-N
to NO.,,-N. The 1st stage land application effluent was mixed with a graywater and
flown into an anaerobic filter to remove the NO,,;-N. Finally, the anaerobic filter
effluent was treated by 2nd land application to remove the phosphorus.

Each area of 1st and 2nd !and application was 5n% and the volume of anaerobic
filter was 1.5m¢. This system was constructed in a house garden of 5 person.

Above 909 of NH,-N of the activated sludge effluent was changed to NO;.,-N by

1. BSrAEWSEer KEIEREN 7305 FERD < EH/NEFINE 2
Water and Soil Environment Division, the National Institute for Environmental Studies, 16-2
Onogawa, Tsukuba, Ibaraki 305, Japan,

2. BAGEE EUNEHREFREHER (BFAFLEETHT T2 TEEESFHRAI-2-1
Research Collaborator of National Institute for Environmental Studies. Present address: Engineering
Division, Nihon Univ., 1-2-1, Izumi-machi, Narashino, Chiba 275, Japan.

3. EIAEWRRET HAEE 7305 FEE- < EHANEFIINGE 2
Engineerifig Division, the National Institute for Environmental Studies, 16-2 Onogawa, Tsukuba,
Ibaraki 305, Japan.
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1st stage land application. And About 70% of nitrogen in 1lst stage land application
effluent mixed with the graywater was removed by the anaerobic filter.

The mean concentrations of nitrogen, COD and phosphorus in the 2nd land
application effluent were 3.3, 1.5 and 1.5mg- /! respectively. It was demonstrated
that this system was very effective to eliminate the nitorogen, COD and phosphorus in
domestic waste water.

1 Lalic

BERUHWE - WEFOMSERAEE AN OHNTIIc B TE, &8s L TAEEE
BETLTEY, ZORESNAEEBLECER S S WBEER e ESEkcER T
5:tﬁ%ﬁénfwéwoﬁﬁﬁm*@,Q#Tﬁﬁ%éﬁﬁﬁkﬁ%m;omﬂénmﬁé
NBEZENHE LV, TREDERES, 37%EL, ot tEoRE I8
BLEIELDH, INOGEELEHEDIERTER Y, TIT, Ihbflb Y BLHRFEERE
5T, /WEVEL L2 RFRKENE SN IRERIOKOUEBFES VS0 5 s BT
L3, ZDL D RMEBEOPTHIENEE, tHEREBR T ZLESSZ 00, BRETELF
BKEHBLNG Z L TESHTRAIATL S, HIBAEI, HFE: Y ofEL BRI ITEE
PR R L THECREREFL Tw 3, SEOBREFENEL, BUABEEREES
WER L U HBRERCEATLE 55,

HEBEER ORI kT OELRIE, 10mg--'THY, LEOHFD, 0% DOE2BATE
N, EBEERIREELBEESD S 2 LS HTAPOBBEBEE Y Ay bEI—LT 3
PRAEEELHETHS, LidioT, £EHAE DEAET 258, BREBETI 8
PBErRD, BROEMC L 2HBEE, REEO L OEBEERVACT 2HEERA2ERT 2
ZESNEHTEY CORIGRBREG EEEYELE L T2,

FHRIE, TEO L ORHEELSERBECER T <L, HELE c BIEARUEEEAS D
TIEFEHARLEY A7 4%, BXRBRAHREC Y — OB L D RBRETETOBAESE
KREL, FABY A7 LADER, ARD, Vo BOREBRRICOVWCTRE2MAZ D TH S,

2 IBABIBRRMAKRLBLAASHOE AR AT A

TN BRESKOB R T LO70 -5 1R L, 2T LR BEEBESRBRS
ROBEMLUFFCETLET S, NEAEE—RIE N FNBEICHEE, BB TERLE
NH,-N % NOppo-N b 3¢, BERORFRE & L TEBEIEA R N URENE 2 KRR
LTEZRYHREL, TOMERFEROLE IV FABICHEE, Vr2BRET50THS,
FEM L F ORGSR 2RI, Bk, BT b Y o F R AME W0em OoE E DL
72O TESImTHY, ZORBECELT AL, BhoLiu@s e, zolci@lviEIL
B EsEREANNMERE CEHLRELELOTHES, BRI rFReBEKRRTIL >
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Domestic wastwater

. }

Kight  soil mnry,_g.;
Aeration tank

[ sedimentation chamber |

I'Ist land application

Anaerobic filter

[20d and epplication |

Effluent

1 HIEE r S EAE P HAS DI AR LE
Fig. 1 Flow of land application coupled with anaerobic filter

a) x‘—i
| \ X \\ i 1
A B [+ 0
b { [
I i 1‘! 1 1 i .], 1 l‘%\ﬂ : 8
T / b
— 500 1
100

@J IS
c o
B (em}

M 2 :EtrrFolEE
Fig. 2 Structure of land application

FORBllcE=— Ny — A TED, B2 brrFhlo—Ny— b HA - T AH—I
HEATETERBEABTER W B— v FidFEt L D 40~50cm, B b v F i65~Thcm
DEIACRENERINATWS,

BEMAKEBE LRI TR, FRRMLS TIBIR-THY, WIFh bR AHNET
ABZNTOS, B—K b b FHAKE EFEHAOES L, JAMESEISHAT 2.

FEBL S AFROBNFECHB SN2 OTHD, BRES Av s HBERAELS I,
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tilter (em}

B 3 HKESROMEE

Fig. 3 Structure of anaerobic filter

3 KBHLSHIEAB

EERR 1 » B &> SHEERAEMT 21T o, LRSS LEAEROKBRBEO LBS (B—
REBAOERAK), Bk TBOERLK, £EREHEK, W2 R (5 R FBALHTT
AK) BUBITRFBUHETHAD 5 »pRroke#AK L, AR, BER6FE7H28, TH
22H, 8A5H, 9H30H, 11B1H, 12ZB10HTH 3.

KBTIk, pH, BE, EFEA A4 BE, S5, COD: (£ COD), COD, (%# COD), TOC,
(% TOC), TOC; {58 TOC), T-N, NH,-N, NO,.;-N, T-P, PO,-P, KEBEH % #FH~
7z

3.1 ka4~
Ty b INEERO UC-4BOF Uy LEREA vy A—F EBELTHIEL R,

3.2 COD
100°C30 BT 2 Bitid~ A Y BA Vv sk v/, COD 27 BFAKET Y by
GF/CT3BL7:58D COD ThHs,

3.3 TOC

BRI R R TE TO-10B % i, FEE ITREERSEE L 72 CO, 2 RN R
WETHIET 24D THD, CF/CTAELA%KD TOC # TOC L7z,
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3.4 T-N

EHCHEIEMOCSBREMTER TN-02R2Hn, FERERLESYE NHao L, WL
e NH:2EBBBET 2 75T, RACBENES OB R EY F A4 ¥ —TH—IC L BISWF
HEL 72,

3.5 NH,-N, NO,,,-N

NH,-Nigf ¥ F7x /=T, NO,-NBAL T 7 =T S FERIGSRTERT ST Y
{LEYET, NO-N e F7 Y TNO, NEZBIL, wFht 7 7=a HBIF -7+ 54
H—THE Lz,

3.6 T-P
BTREE A ) 7 ARFET CEAE 2TV, U &1 %E PO,-PicL, TAI LY VBESHER
Busdxz )77y ERAEBERICLD, A —FrF7F 519D E2T 272,

3.7 XKiBEBY
RICTTFAF v a— LB AOEBR S EREEEIC Lo, 35°C, 24RFf0REES
fTo7z,

# 1 KIBHIRFETRUB B

Table 1 Medium for coliform group

Peptone 10g
Lactose 10
Na-cholate 1
NaC(l 5
K.HPQ, 2
Na-Citrate 1
Fe-citrate 1
Agar i5
Bacto-neutral red ¢.03
Deionized water 1000m/i

4 1THEBOMEOEY
EREEHEAROIBNE I L HEHEY~OBEELRAL Y, F—RUEIRLE L
#D35~45cm, 55~65cm, 75~85em DEE DL BAR T EHRB CHmML, EEFEEE, K
IR0, THERES, FEREERE, MEEOIBEDOETEREPAS, £EHKELE B L RET -,
LEREL, UTORABE2TOHE LT, Thbb, E1H4 g 2 EEA200m/ i BE
L, AF =5 THaRELIH, 20 20mi 28U 7 ARG €Y+ 4 F—T+aoLBRFEH
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BT 2. ROTEFELEE 4 21T, ThEREKTHAERLATR2ARL 2, HFE
0.1~1Im! BRI LS| 21T o 72,

4.1 TERRBEE
ERHEREHZ/I0CERL DAV, ERER 2 WAL, B R ER R R
2w, 200CT 2:BMEEL, £FFT 70— 25 L,

4.2 PE-FPHECEE
F 3T A SHEEE I AN, IHIRERMKEEINL, 30°C, 1o AEE% Grices DFHH
EEEHIL, ABREEL-60% MPN BicETsHHEL T,

4.3 TRINMAMHLARE
Fe 4w EFAZRRE CHRBEEML, 30°C, 145 HUEERE, Grices AFE &M
Z, EAOLO% MPN Hiz X DE#LT,

= 2 RERAFBHMEFERE

Table 2 Medium for Heterotrophic Bacteria

Meat extract 0.5g
Peptone 1
NaCl 0.5
Agar 15
Deionized water 1000mi
*z 3 7= 7 bR Uk #z 4 B
Table 3 Medium for Ammonia Table 4 Medium for Nitrite
Oxidizer Oxidizer
{NH,1.50, 0.5g KNO; . 0.006g
NaCl 0.3 K.HPO, 1.0
K.HFO, 1.0 FeS0O,-TH.O 0.03
MgSO0,+7H.O 3 CaCl, 0.3
FeS0,+7H,0 . 0.03 NaCl 0.3
CaC0, 7.5 CaCo, 1.0
Deionized water 1000m{ MgS0,+7H,O 0.1
- — Deionized water 1000m{
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# 5 IRERFH A
Table 5 Medium for Denitrifier

A solution
KNO, 1.0g
Asparagine 1.0
1%BTB in alchol 5mi
Deionized water 500m/
B solution
Na-citrate 8.5¢
MgSO, TH,0 1.0
FeCl; 6H,0 0.05
KH.PO, 1.0
CaCl,*2H,0 0.2
Deionized water 500m!

) A¥i:BWERAET S,
Mix A with B solution, pH 7.0~7.2
4.4 MEH
§ -5 LERRUHBREICR S T Giltay O£ A N, ThEEFREEML, 20°C, 2
BEEET 2, NO, OBEELLBSEHE 7L Ve VBTaE R 2, BENEUES
2, BOELLFARFCERO N, W ABSREL, 5528k g2, AOELEA ARLEDOR
Lo bOEREE: L MPN B L DEHT %,

4.5 KEBEHHY
7 TRLEFERRHCTHE L,

5 BRRUEE

5.1 4MIBKEH

1) AERUpH

FRBUEZROLHE v o FRAARULEA (—R RV ZRFAK, RULIEA L AR
T 35), LEMIKOKE, pH 2R 4, K5 RRLE, —RMAKIZ 8 C~2TCOMTEIL %
B8, —UALER AL, WAKHARRERPREL, FEPOFOEERLE, —R vy FOlEIR
40~50cm OFE S BB 41, R M F OBEIZE5~Tom DESCHEBS AT I, »
THOFAK, WHADEZ NS T,

BCOMBAKTH 5 —IRTRAKD pH 13 7~ 8 DEBHTHI 7 4 Vi TH 208, —RLEA
6.5~ 0P DR B oz, THIBMEAD NO,,,-N OEBESRMEDE RS D EER
STy T MU FOBESRBEIEAHRNER L hRBA LS h 2 @FE i nwic s,
RIS pH RIERTIEE T L,
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pH

(*c

Temperature

or o—3 158t stage Inf.
o—e st stage Eff.
»—-8 Gray water
a-a 2nd slage Int,
44 2nd slage Eff,

201

101

0 . N " N N s

1985

Jul  Aug Sep 0Oct Nov Dec

Date

4 AROFEMEL

Fig. 4 Seasonal change of temperature

o—C 1st stage Inf.
o—e 15t stage Eif.
m--a Gray waler

LR &—5 2nd stage Inf.
A4 2nd stage EIM. ‘f
7.0
6.0
50
1585 Jul Aug Sep Oct  HNov  Des

Date
B - 5 pHOZEZE L
Fig. 5 Seasonal change of pH
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3% 0—0 Ist stage Inf.

o—® 15l stage Eif,
m--m Gray water

300 a—a 2nd slage Ini.
a--& 2nd stage EfL

250

2001

{mg -17)

Clt

150

100}

SO

1885 Jul  Aug Sep Oct Nov Dec
Date

H 6 BEWA A4 OFEHMEL
Fig. 6 Seasonal change of Cl~

2y B|EY A4

B6 4, SE—ktBOEERUE R IELE BT A A L OELEFRLEbOTH S,
M LB AD B A 4 > BEIZ120~308meg /' BVWELE T L, REMMESEOEE I
168mg -1 T H - 7z, —IRABEADIEEA 4 > OFHIZ, 123mg - TH D LHNF L O
B%BBEE NI L RERED, ERIBIBOBETRADOYY 57mg- 1!, LEBAOFG
id 3Bmg- -1 TH Y, TOBE bHABOBRERSED b, BRI R EAR T
BEWOT—HOBTFAMBATAIEbHD, 0%F0LOBNTMOBERLE LT { L,
BE—RUETORVEEZL 2 LB 4 v s BESAILOLEL O, SHISKELIR
T 2REE Bbh,

3 SS

SSOELER 7 IR LI, —IRWAKD 8S it 52mg ' 5 HRL L L, FEE 15mg- !
CRY L, ¥R 2meg I TH 5 fre —WILIEAI 4 2 ARTIZ 3 mg+ /AT £ 90% U LB
EBS NI, §HHDSPPH < & AEANED 5, LI 10mg DT THo %,
ZRFAKIRIO~20mge [ E % D EVETH B 28, ZIRNEAD 5 mg T BT 2, 21
FAOWEE 3 mgsl~'E SSIEBL LBV D TH o2,

EFEMHERD SS i35.3~66mg- [ L EBIENA S LI b hb o T, B IKAEKE
15mg- I HETRIZ—ETHY, BEMAEKLEL SS ORFLORERNTHI LV B,
4) HEY

COD OELERE 8 iz R L 1z, —RFLANKIZ24A~TImg- T OEENTD & itz 58, —RAEKIE
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70 o—0 1st slage Inf.
o—e Ist stage Eff. ]
p-m Gray waler H
cot a&—a 2nd stage Int !
a--4 2nd stage EIf,
— 50
T
o 40}
€
W
wy 301
20y
10}
RRTTTI——
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7 SSOZEEEL

Fig. 7 Seasonal change of suspnded solid

180r
y o—0 1st stage Inf.
I e—e 15t stage Eif.
1801 ;) m-m Gray water,
T a—a 2nd stage Inh
i a4 2nd stage Eff.
140f P
1
1
1)
—~120 '
N 1
- :
o 00 H
£ p
™ o} !
O 1
o !
O sof 3
1
i
401 L '
& ISR =
1985 Jul  Aug Sep Oct Nev Dec
Date

8 CODDFEZAL
Fig. 8 Seasonal change of COD

BXTH 6 mgelTH ot —REAKOTEGH 4lmg- I TREARO TG, 3. 9mg- 7' TH Y
COD OB:EEIZ90.5% & B WEsE e nlz, ZRBBAEOTRAKD COD iX, 10mg- /A& T
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by, BEEAFRMNE I L0 CODBEL {EAHL T35, ZAEAKETES] Smg-l' &85
WIETL, BERFRI%GTHD, —RILE L EHKOBESNE LA,
TBUEOBE, ARHESETTHNIE COD ORERFI—HCORULST SN G, SEDEB
L B RRUTROTBABORESE, ImX5mX1m=5mTHY, $R5AFKETH
B Ede, —REBUEAOTRAKR DB CBOLEADAD 50/ A-dx 5 (N)=2500-d &
25, 5 m@TEiR 2500 O LREEERLAD COD BREB+23EHTHLEFT LD,
&xE#HEKRD COD i3 5 ~178mg- 'L FL WEBHBED S iz, OB L WEENL, £EHEDE
ROHEE S N BOEBAS NS wite, +7) B EEABEEFERL TWA I bk

bod, SSHMEALTLEILDEEDbRL,
913 COD,OEETR LS DTHS, COD & CODZTBUE o ATEEFALCLD

Z2EE) AR, CODi3 COD DT0~B80%TH -7,
TEMEE 55 TOC OELERIN R LTz, —KHELAKIZL~43mg- /O TEHH L 7248

—RALEAIIBATY5. 6mg: [~ TH U TIRTIAL20.4mg- /7", ALBEKHI3. 2mg 171 T84%
DBELERER L1z, ZOMIZ COD D90.5% & D 2{E W3, TOC b COD b iFIER URERE W
29 BIWMEOBE, FIAD TOC OFHH9.5me- /", MLEAKOFEHH] . Img- [ LFRE

ENBUUTHY, TOBEL COD LERBEILERTH -2,

5 # %
EREITERTRELALBREINLLIEIRES AT B, Ky X7 AFERDKRE

PHEELTWD D, BEWHEL, NO,-N, NH,-N, T-N, D-T-N o>E&) DWW Tk &0

180
0—0C 135t stage Inf.
+—» 15l stage Eff.
160 ® m-= Gray water
I a—a 2nd slage Ini.
t

J " A---4 2nd slage Eff,
]

coDf{mg-L™")
3 8 B8 o

[l
Q

40r

201

— e —

Aug Sep ©Qct Nov Dec
Pate

9 COD,mEHZEL
Fig. 9 Seasonal change of COD:

0 1985 al
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2T,

B4z NH,-N OZERER LoD, —RFLAKD NH-N 1333~68mg- -1 L B{E L, B
S D EGBED NH-N SFH L2z, Zhs 8083 2 & NH,-N 21.5~6.7mg- I~ 2
DL 72o NH-N OEFIZ83~98% THHI% LB CHETH » 7o, Z OME iz LB ORLEE
BHFEFLEHAZEETRLTHED, ERBESNTHB3 LD LALBRMES N,

Ns5¢ '
'l
F
= g:
i
40} .
! 0—0 Ist stage Inf.
H +—e 15l stage EN,
i m--m Gray waler
, &—a 2nd slage ind,

'
\
a
\
]
|
i
\
)
; \
0} { H A--+ 2nd slage Eff.
1
|
t
\
1
.
]
1
1
\
1

TOC {(mg-1-")

a . N .
1985y Aug Sep Qct Nov Dec

Date
10 TOCOHZEHZEAL
Fig. 10 Seasonal change of TOC
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Fig. 11 Seasonal change of NH,-N
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BIREIBEDSRE, BEMESROBERE IV BEERESIRD D, ZRFAKD NH,-N
i31.1~53mge 7 EF L B 2 B4, TIREUEAIZ0.01~0.04mg- I TH D R ERIZO8% L L
THRERMELL 2 ThES N,

BREARAETO NH,-N OREFREFA N L 23, BRUELZEADOTRA KT —RAE K
CEEHFPKORELI-LOTHY, URALEARE EFEETOROME L] {3 eai T —RINL
HAD NH,-N OFH3 . 9mg- 1, £FEMEKOEN0. 6mg- 1" ThH L0 6, AKD NH,-N i3
1.4mg+{~'k %23, BEEAZROFHADFEI3 . Img- I TH 545, NH,-N RS ESHED
TIREMTAEE24L9,

NOzs N BRI AR L2, Bl 0K I AT TREBED 2 mg- LT
Lo BN B~12B i3 T 20mg I E EWEERLEY, ChARBE—RIBLET 2 -
~Blmg+ I L E LS BWEE B oo, —IIAKD NO o -N OFH138. 9mge [, — IR K
DFEEIIAL . 8mg- 1" ThH D, MBI LD 4B EOHEE R o/, 2EFROEREFIJCTLE
, PR EBNEDFRA KD T-N OFEHi258, 5me- - COBEAGEKIZ46.8mg- ' TH D,
F—-RAENER LD T-N Q20%5EEsns, E—RITEBLEFAKOD-T-Nicx+ 3
NH,-N, NO,,,;-N OLEIZ81%, 16% & D-T-N DiE L A X435 NH,-N TH o 7243, —kOLA
KD NH,-N, NO,.;-N OHHIZ 8%, R THNIFEAEHN NO,-N o T,

BEMLIKRNBTOERORERRELTAL L, RAKDESY T-N B—RINEAKL. 8mg-
It EESEEROFENT 2me I TH S I L H S AKX 17mg- [ 2 E 2 5 h, AIBAKOEY
135.5mg [T TH D, BREFISUELDVEVETH - -, AT >KLBOFERIINL . sm*TH
DEARBOEEHKESR | m®-5A-d' e T2 L HEARRHISE LY COd#THrRD
RIFRBEEENF SN,

@on
5 3

»
" (=]

st stage Int.
151 stage Eff,
Gray water
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Znd stage Eff.
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NOz+3 =N {mg-1-")
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[*]
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M 12 MR UEHEREEROFHEL
Fig. 12 Seasonal change of NO.. ;N
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Fig. 13 Seasonal change of total nitrogen

HTREBNBETO NO,,-N OZEENL, MI2ZERTEHEHAL mg BT EELS, —HT
-N OEFREIZICRT & 3 185.5mg ' TH -1, ZIRAEAD T-N OFEHi33.3mg "' TH
DHI0% DIREHTED 5 11,

liaetz &5, REFAOBIRADZWBRTTY, LROKEEML - HAE Eig{gT
WEL, H60mg- 'L BBREOSERFANHE s T, HEAE LD E2iciEb LN
ARICAEFEHEREKEPRAL, HREARLET A2 &) T-NZ5.5mg s TETL, HEL
HAET 5 L T-N id3.3mg- N E TET T2 2 epBomiiol, LitdoT, £V A7 4
BIETAD R BB TH NOoy N IC L BHITABEREMIET 278 L LTAEE R AL W
k3,

F %% 6 ENBERIC B S ERBE L ERIRE, BEFOFHERL 2, B COD,
Dz owT bR LR,

6) U~

H1412 ) » OEBOEALERT A, B RAEFAKD T-P BEIX5.5~20.dmg- [ THo 7z
B3, WUEAIZ0.6mg- " BLTFTH o7, T 2 L FHAKIZI2. Img-/~1, A0, 2mg- [T
ERIFBUYTHo e TRAEBDBSHAOFHBEIL0.26mg- /7 £ BV, LEAKIZEY
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= 6 FB1RNUE 2 REBARBKOTISAKE
Table 6 Mean values of water qualitiy of influent and
effluent on land application

porameter 1st land graywater 2nd land
application application
influent effluent influent effluent
(removal) (removal%}
pH 7.3 6.1 6.6 6.9 6.8
Cl-{mg-i-%) 168 123 57 57 33
(2n {42)
COD{mg-{-") 41.0 3.9 53.9 11.1 1.5
(50) 87
T-N(mg+{-" 58.5 46.8 7.2 5.5 3.3
) (20) ' (40
NH,-N(mg+{=) 44.6 3.9 0.63 3.1 $.03
{18) (09)
NOz.a-N(mg=i~) 3.9 41.8 2.2 0.17 2.7
©en ()
T-P{mg-1-1} 12.9 0.20 0.59 0.26 0.053
(98) (80)
PO,-P(mg-{7) 11.1 0,021 0.13 0.032 0.005
(100} (84)
o0 1st stage Inf,
22 o—e Isl stage Eif.
20 m--m Gray water
18 s—a 2nd slage Inf,
' A-—4 2nd Slage Eff.
16
_'_—'l &
Lz
o190
Es
f:- [
T -
o8l - -
08f 4™ ‘ : -
0.4 )
02 -
985 Jui  Aug Sep Oct  Nov  Des

. Date
14 2V vOEHEL
Fig. 14 Seasonal change of total phosphorus

0.05mg I TH Y, U iR HEAIE X DFEL (B LS PO,-POSBE EFIST AT, —&K
SLBEHH KD FHI20.02mg- 1!, ULERFIHAD FH0.005mg- I~ £ iR IZEECRE S R,
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Fig. 15 Seasonal change of PO,-P

v O0—0 Ist slage Int.
o—s Isl slage Eff.
n—8 Gray water
10* *

&o—4 2nd slage Int,
.“ A4 2nd slage EM.

Coliform (celis - ml ="}

Date
16 KIFE BSOS
Fig. 16 Seasonal change of Coliform group

7 KBEH

H16ie ABEEOBE £ T 148, B—REUCZRLEDHAKIE10°~1048-mg- 7T H % 25,
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BATH-T,

5 HEREM~ONE |

SRR LB L 2 BE 0, THHEYADEEEEND D, E—RR TR L
B USRS 35~45cm, 55~65cm, T5~85cm DEES O AMAR L, EEIRME, K
IR, 7o = TRIGE, ERNEEEE, HEEEKL,

5.1 PEERBPEME

Bl itBEEloE s AaOEhE T Ui, B, ErTE, dEigheng
BREHERE 1 g+l 8~8. 810 AOEHETH Y, FEYk BN & 2Ry
WEAOBRBRZIBEAERVLD EEL BN,

Heterotrophic bacteria
(calls-g=' dry soll)
107 108

55-65F

Depth {(cm)

75851

o—0 tont.
a—a 18t s!age_
a--a 2nd stage:

XM 17 ZBRPORBREEEEER

Fig. 17 Heterophic bacteria in land application soil
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B 1 g I I29~300BEEL THY, M rFOHIEABNLPEL ALEARRLL
P, MELELT, L LTHEVBELRIZL IR EEZ SR,

5.3 PrE=-TH{LHE
7V%:T@k%@ﬁé@ﬁﬁ@%k%ﬂmu%bt;ﬁﬁiﬁTu1g%i%tﬁ&jxwz
~2. TX10METFLE LEE S 2 B 2P 7 2{RE RS &7z 88, B—URALE T4, s+
BOVBTNOE A O2NPEMT 2 @[50 5 hic, B—RKAETBICRTREDT >~
EZTHBRMAT 5720, 7o 7TERICHBEHSEEEL TwE0TEAZVH LB SR,
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Coliform (cells g'dry soil)
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Fig. 18 Coliform group in land application soil

Ammonia oxidizer (cells-g~! dry soil)
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Fig. 19 Ammonia oxidizer in land application soil

ERRUBIRNBLEDERE EACES Sk hol, LpLEOSNBRELE~ND L
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5.4 EiHEB{LE

IR ERO X220 T UL BHEBREEINELE ] gt dc7.9%10°~7.8X
0MBTEEL, B 2323 2B oni, —F, E—LELE, o keEt
BTRBOFTTHE L EREREEL This, BuFTHYRIERD shnd ol EiFHK
DA L DRI TH|MP L B0DTREuhEEL SN,
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Nitrite oxidizer (cells-g- dry soil)
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Fig. 20 Nitrite oxidizer in land application soil
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Fig. 21 Denitirifier in land application soil
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-7 THENEBREI-ET 5 ) OFEEE{L

Fractionation of Soil Phosphorus Accumulated in Land Treatment Processes

MRIERT - FRARIET - kR
Masaaki HOSOMI', Yuhei INAMORI! and Ryuichi SUDO?

£ g

HIEMBERRE BT ) rOEFEH AT A D, RETEFHOLEEEREPE
iz SR T AR e A e AV e HEER R T, EBFTRICBD 3180 Y0
B b W TS L7, SHESAHOY SIRESERS 2 27 —FREEATH
BTEt, UrRAEEREFETD Al Fe, SIZOTHRAE L O HEMENZED s
Fro FEEENCERE L7 U Vg, AP & LT, 48-79%, Fe-P & LT, 11~41%EIX
n, COEEFIRELY vOoREE DL, 8RR TRERAS L HENEERLEL
MR AR T L 2 EAVREE T Y, EBRO LBEENDO T-P Oy & ZIP 08
M BEBh—HL, S6BREINLY v, AIFP$H50id Fe-P E LTEIRE R
fro THEMBERIC BT AIFP/BREY BT, REEERO A-P/BREY LB Agd
L, M Fe-P/BEV BEWINL, C0k3 &, BRECHL2 HBEAMBRTIL
T, UwDBESS LT OELTw T e nmBanl,

Abstract

Design of the land application system and development of model considerations on
phosphorus behavior in soil require information on the different chemical forms in
which the accumulated phosphorus prevail. Phosphorus in the soils was fractionated
before and after phosphorus adsorption experiments and wastewater treatment
experiments using various soil columns. The form of the adsorption isotherm for the
soils and bottom sediment followed that of a typical Langmuir-shaped curve. Major
clements extracted with 1IN HCl were correlated with adsorption maximum of
phosphorus. Adsorbed phosphorus in the soils mainly consisted of aluminum-bound
phosphorus (Al-P} and iron-bound phosphorus (Fe-P). Accumulated phosphorus in
soils treated with the synthetic wastewater and the effluent from wastewater purifier
{(small scale domestic wastewater treatment facility) also mainly consisted of inorganic

1. ErNERSRE AEIERET T35 REES CEWHAEFNILGE 2
Water and Soil Enviroment Division, the National Institute for Enviromental Studies. 16-2 Onogawa,
Tsukuba, Ibaraki 305, Japan.

2. ERCAVEWRAT B TI05 R E/NFI6E 2
Engineering Division, the National Institute for Environmental Studies. 16-2 Onogawa, Tsukuba,
Ibaraki 305, Japan.
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phospherus forms. These inorganic phosphorus are particularly Al-F and Fe-P; thus,
indicating the dominant role of aluminum- and iron- related réactions in the
phosphorus fixation mechanism onto the soils.

1 RLsic

HHUETI, TE, FHEOET I CBEEERL TEBIK, FREFEAR NRBEHIA D 15
NEBMREF AR TS0, LENETE, FRYUO 20T, 2PV Y RETEE5%, LD
b gy v EEPRINT SEANKRE LD, UrOHBNBRESEEL NhD, Ll
D5, HEKEHD Y Yy ERL Sy, ELEOLISLTEECRNEA TV Dh, E5ERR
SRRV CRBURHE LY wak Y vOEBNI DLW TR ESNLEREEAE R, &
T, VrOfETES BT HEMBERIRC B2 BT ORI DL T
Ui, BERICE, Tk 2E8H% ) YBREREC DL TR, SELER AW RER
Ec kD, it - BHEGR Y VERESEI LT, ERCER T AR CERITAR B
MEEERIC LY, EBRMEBCBI31ETO ) L OBBELREHESMIZL,

2 EBFE
EYAEHRFENERRR TR - BOWKELBEL T 2 ENL, 1B, BEL, BX7 L,

Sandy soll

200+

Light colored andosol

100+
A
Kanuma soil
\\‘\—‘ﬁ Andosol
—— N .

———T—r———/ T
1 L 24

PO4=P {mg/l)

Iy
17 £ 3

Shaking time {hrsf

B 1 +E—WK () RED) BBV VAR EEE S E oMK

Fig. 1 Phosphate concentrations in the solution vs. shaking time
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THAEGIRIC B A Y OBEEL

BEERZLE2ERE LY, 2 EFRETHERLR, n—2+EBoEH LY, 258y
FHOERLESZEFEME L, ZhedBEHEOWT, DTV YBERB L To 1,
5 g % 100m! BH7 ¥ 5EHLFiCAN, e CBERES SIm/ N2k > T35, —F
B, Bl T LEBHEOY Y BEXRET L. )V rofllER, TAIAEYB—E) 7TV
BICHEM L ESONEBEBO T, M1 RT L5, PHERTE, s L12
BRI IER L skt 307, UTREERTIE, B BB 19 : Uk, —8oE3E
22w Tk, IN HCI CI7TRRIR : S L, ICP K X W &BEORE T -7,

wi, REERAEOE LERRC W) YOREERERA T ) Y HERHER S YOFik
otz TRbs, €U VE, EREY >V, AHMEY JiZoEL, 35CHBEY % NHO
WY >, Al-P, Fe-P, Ca-Pizfp@E T2 (H2),

TEIEREER Y, Hbd, IR, BB, BRsL, REERIL0LES S5 A (¢105cm, B
E36cm) ETERRL, B MV FARTERTA (BOD 200mg+!~', T-N 27mg-/~', T-P

sediment sample 9.3 - 0.5 g {as dry weight)
1M NHacl 20m1
shaking 30 min, at room temperature

tentrifuge 8,000 rpm

precipitate supernatant

0.5 M NH4F {pH = B.2) 20w

shaking 60 min. at room temperature
centrifuge 8,000 rpm
precipitate supernatant —— = Al - P )

washing twice by NaCl solution
0.1 K NaOH 20 m)

shaking 17 hours at room temperature
centrifuge 8,000 rpm
precipitate supernatant— ... [ Fe = P )

washing twice by Hall solution
0.25 H 32504 20 m1

shaking 60 min, at room temperature
centrifuge B,000 rpm

precipitate supernatant —————={ €a - P )

M 2 LEHROER) rOSEERE

Fig. 2 Inorganic phosphorus fractionation in soils
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Synthetle wastewater
E
E
o
S
Tranch
E
E
o
©
© Soil eolumn
Glass beads
Effluent

B 3 hEIEERNEEOHE
Fig. 3 Schematic diagram of experimental system for soil treatment using
synthetic wastewater

S54mge "N BHRASEL(E 3 ), BODEMIZ 5 ~40gem2d-1& L7z, HEHEMER, 5 HTH
%5, MEEEYR, &1+FLTL%LE, B, THESY, LERFEEERLE:, Zas0RMID
WL OESEREIT, 8510, B, v—>atBEOronTi, FE S LS Tom, &
X S0cm) LERH & 83 L R m A% 1 H 1 |, 10ml-cm ' THEA L, EEMME 1 ET
ha, ERETHR, 1EEH2) JEoERICEELS,

3 EBERRUEE

3.1 mERER

—FE LT, H4BrAERCHTEI Y27 —7uy bEFRT, 20X I KELER
Broso 727 -RHoSERERTHATER, LMo T, JITREIHEO Y v BER
MES a7 —FREERNTEHE L, 2OERER1ICRT, B, EB, IO ¥RX
Wiz, 0.012~0.17mg-g ' & KIUK L ELR O . 14~4 . Tdmg-g 'KHA, @5 »IDE 0, T
BMOBARERE: LTE, 0.1~2mg-g ' OEN L (HRESNTWEW®, Bk r 4+, v— L1
BIEEICU VRBREAVBKEVWEE L 2, sRRERA I ANVF — BT 2 ELE, 0.05~0.4%4
[-mg'T% »7z, McCallister 592, BARER L T OER ESWHHEK H2 L LT 1EH, £
1 OFERTIRE S LEREREL s kv, s d, BARERLERREO Y 4 FP Al
Fe r OB 4Bz, H2 & IN HC THE L -REMNETHEE R L, AL Fe 23U EL
TETHEL R OFABER L HPIBFEHED S h b, /-5 600°C, 18E)HE, IN HCI
TEHME L EIRRCOWTH ZZAKROEESED o iz,
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200 Sample : L. Kasumigaura (St 9)

150~

{agil)

1001

y=0.55x - 986
r=0099

cl/xim

50

0 S - | 1 J
o] 75 150 225 300
C (mgl/l)

B 4 BrEERE2EBLLAEIII2T—-7ay b
Fig. 4 Langmuir adsorption isotherm of bottom sediments in Lake
Kasumigaura

= 1 2073227 " FRBREANOHEEH

Table 1 Langmuir isotherm constants

Adsorption Adsorption

Soils maximum energy

(mg-g™") ({*mg™)
Masa soil 0.17 ¢.080
Sandy soil 0.06 0.052
Kanuma soil 2.56 - 0.051
Andosol 4.47 0.274
light colored andosol 1.14 0.075
Sandy soil (Nagano Pre.) 0.02 0.153
Loam {Nagano Pre) 4.45 0.494
Lake sediment 1.85 0.054

(Lake Kasumigaura)

Wi BB L) »OBRBICOWTHRE Lz, Y Y BE% 200mg- /' & Lo HE
Wi BT A SEBEY VOERRE ) VELLTIRLEOHEITHL, WE VOB (&
ERREY ORI, ZIP) 2 REFHBE» RO LBE ) L RTRL TEIREERK D, BINEZ
72~147% ko0, U VEBREROD L OERHII0% 2B L Z kb o, i, TIHHEE
EPEBE L OEMNS S CEULRELEZ NS, SEERFCTRELLY i3 AP
XL T48-79%, Fe-P £ LT11-41%E & h, ZOMESWELLY v OREEED R, THE
R2WRLLE I, wIFhoRk e b Al Fe 0RO TR ICHFEHICRL, 2hoD
b AR ORE TCORMFERICE D ) U BEELah b0 L Bbh 3,
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= 2 1IN HCI7HH & s g RO ICRERE
Table 2 Al, Fe, Ca, Si, Na, and Mg concentrations in the soils
extracted by 1N HCI

Al Fe Ca Si Na Mg

Soils — (mgeg)

Masa soil 2.0 1.1 0.5 1.4 0.08 0.3
Sandy soil 3.2 3.7 1.1 2.1 0.15 0.7
Kanuma soil 83 9.8 1.2 26 0.26 0.3
Andosol 98 35 8.2 45 0.29 2.7
Light colored andsol 7.2 7.2 1.6 3.7 0.20 1.1

# 3 REERAIEICEZAIEEY yoEng
Table 3 Fractionation of phosphorus accumulated in soils during phosphorus
adsorption experiment

. NH,-Cl ALP Fe-P Ca-P SIP Recovery®
Soils . -y

mgrg 7 (%)
Masa soil 0,054 0.129 ., 0.024 0.005 0.212 111
Sandy soil 0.013 0.075 0.021 —0.006 0.103 147
Kanuma soil (.006 0.847 0.0246 0.113 1.212 78
Andosol 0.002 1.23 0.256 0.673 1.535 82
Light colored andosol 0.014 0.557 0.293 0. 040 0.904 72
Sandy soil (Nagano Pre) 0.008 0.035 0.013 —{0.007 0.049 98
Loam 0.003 0.917 0.175 0.431 1.526 78
Lake sediment (L.Kasurni.) 0.024 0.216 0.117 0.028 0.385 87

*Recovery . The difference of inorganic phosphorus concentrations in soils before and after phosphorus
adsorption experiments was divided by the adsorbed phosphorus estimated by the difference of
phosphate concentrations in solutions before and after the experiments.

3.2 L1mArEsEEs

AR TRERMARELER TR, BE+L, EXrt, KEERs 109 VBEEHFSY LY
R EE TS, ERD1IE80%, JIIRPIZS0% LEVLEETR LY, Il P BEERERE,S
FHEhEE, —PELT, BERKRZ LOTEY 4 LS, T, THCBLT, LEER
R BML &) YESERE5 R T, 20X, FLEH S AL VUBERBOSEY
BEE, TEASLEHSROLE L, BIARKEY LR, 28, IIWPERLRA S L THE
DEHUNE o, TITR, HEAZALEOLEENS L LT, NEERITRICETLE
Y OBEERREV VEELTRICTT, T-POMENS & SIP L B85 DMET 255D
hah, BBOR-WLULERBEOINL, 28H 52 THRESAALV VIZAI-P, Fe-P LT
REShBFENBOI D brd, LREESh30R, BEXRBTO AI-P/IEY VB
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Fig. 5 Phosphorus concentration accumulated in the column of light colored
andosol treated with synthetic wastewater

= 4 FEBUEEERRI®RICEITZEEY) ONE
Table 4 Fractionation of phosphorus accumulated in soils treated with
synthetic wastewater

. NH.-Cl Al-P Fe-P Ca-P zIP T-P
Soils ; n
img-g )

Masa soil 0.001 0.033 0.018 0.018 0.070 0.063

Sandy soil 0.002 0.028 0.017 0.006 0.053 0.080

Kanuma soil 0.00 0.136 0.069 0.076 0.281 0.292

Andosol 0.00 0.223 0.090 0.049 0.362 0.397

Light colored andsol 0.00 0.120 0.162 0.030 0.312 0.273

~BE, UEERTO AI-P/REY VES, wTFhoBER LB L, Rbo T, Fe-P/BREY »
BOBEHEL 2L TH2, BB Rs L (%) T, Bs5kRLA L3, Fe-POD
FHAI-P kD b EL o7z, Beek 5943, S0FER b o> TETARY BUEL T2 WE T H
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B0V EHELED Fe d BSEAFER AV LERBOU/S5~1/20EFFE Pt wnlid
LEZIoND,
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BINS ¥ 2UBIZ—H Lz, 2O SIP O¥Ms 284 5 A~ORAY VR ERED Y Y BA5KD
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Table 5 Fractionation of phosphorus in sandy soil (Nagano Pre.) treated with
effluent from wastewater purifier (small scale domestic wastewater
treatment facility)

Soils T-P I.p* S[P** NH,-Cl Al-P Fe-P Ca-P
{mg+g™—

Before 0.13 0.12 (.128 0 0.002 0.009 0.107

After 0.22 0.22 ¢.224 0.001 0.048 0.062 0.113

*I-P | Phosphorus conentration extracted by 1N HCI for 18 hrs
* *ZIP | NH,-Cl+Al-P+Fe.P+Ca-P

s, MEEEED Al-P/EREFEY v EMEL 2D, I Fe-P/BEV YEVEE ok, I
ORI, R 2 LEIEERIESWT, VrOBESDLF OBl T & 2T8
LTwnd, §t%, LBV YRERFZC»HDIFFEHC SLIFHMICET T2 b, R’E
el ) X OBRERBUEET 200 2L T ERNICRE T 208N B,

4 # B

SR H O REERC RIS TR BB A R Bl H BB ER 21Ty, £
BAEBRCEG 2 EEh0 ) v OBERLEEs s L, BohLREZENTELLUTO
LR B,

(1) BFEREO) YREGERS V7 27 —SRRETHBETE 2,

2 UrBRAREREEDD Al Fe, SiZOTHRBE L OMCHMEMNED S,

(3) HEWFREhcWELY »id, Al-P LT, 48-79%, Fe-P = LT, 11-41%EIR&H, &
OEEDRE L7V ORERE DIz,

4) BERTHRERASE HBABER DR EREAKSFEMU L I BNRERETY, R
DI FHE RO T-P O8NS & ZIP NS LB BBLHA—FL, & 6REENLY »iF, Al
-P &5 4¢ Fe-P & LTEL S L7z,

(5) THMBEENZB S AI-P/BREY VB, BEERO AI-P/EEY yBICHERESL,
@iz Fe-P/BED v REEMLE, COX3 i, BICH: 5 HEMEEREBLT, Yo
THEHD LB L T 2 EBFREANT,

O

Bb, O— sk R R L CIE 2 BEFRE A AN Bl R AR R, £ 72, ICP 4
e o0 TEIGH A U 2 i b R S A S0 B R A THE SR L3 1,
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TEAGDMBRUSREKRER IS T 5 TIBKSFHEMBROTE
—ERTNC & B HERRT—
Soil-Water Distribution and Leaching Flux Depending on
Hydraulic Characteristics of a Soil

—Numerical Analysis by Means of Nondimentionzal Equation—

ZRERIL
Suehiro OTOMA'!

2 5

A S EHES A O PRBEREC S L 5B DWW, BRIEAER
TEEFTEST L /-, van Genuchten D& FA-% 4 iz, HERKOb 2o AN F—RF vy
ABEOHISETHE L 25 FHEKEME, SMOIHoREdHRC O LW TR,
2 OfER, LBORESHR-> T Thonrkrkiiff) B8L S Fiig & e 5 1|/ TRK
SORESHTREN C THRE S, HBMALRERREELZZ I EbroT,
BRZC I52IBREDrial—Ya YERE L5 L, RESHES—RTRIFEH
otz i M T RMET < oIERA L T S, 5 THEVESRTago
T~ LB  ABEDERZ ot L, »WTFhoHsh, A0 TAm~RBEL
WH L DRABENEOETFE 5 ZIRTRBL R TH -1

Abstract

The equilibrium distributions of water content in a water-unsaturated soil were
calculated by using the van Genuchten model, which can represent a variety of
soil-water retention curves by assigning adequate values to the model parameters.
Having a soil-water retention curve with a large curvature due to a biased distribution
of soil particle size, a soil retained a larger part of water in a deep layer near the water
table and a surface layer of soil were apt to be dry.

A process of rain water leaching through an unsaturated soil was simulated by the
nondimentional differential equation. In a case of a soil-water retention curve with a
moderate curvature due to a uniform distribution of soil particle size, a saturation of
soil with water proceeded from a surface layer of soil to downward successively. [n the
other case, rain water moved down swiftly before a surface layer of soil was saturated.

1. EvnEWER SRans T306 FEE S EAhEreE 2

System Analysis and Planning Division, the National Institute for Environmental Studies.

Onogawa, Tsukuba, Ibaraki 305, Japan.
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Whatever shape of water retention curve a seil has, a penetration of water from the
unsaturated to the saturated zones began after most of pores in the unsaturated soil
was filled up with rain water.

1 &Lsiz
TROBEPLEREF MR L > TELCRR S, LicdioT, BEYIav—v 3 /BT
FoT, 74 —NFBDFZLEANIOSMHPRERRD TR AT I B, W&, #ERFER
EORRKNT 2L CBETAILHBERETH LS, —F, HEBEHKO—MHEE 2T
THEE, £OLCEBCAT LD, M RRRESER L BB LR BET 35S
LOMRNEBEL DD, I THEAT AERTERC L AT LFERO—REEIERNT 2 -0
FETH 5,

THREREEL I T 2EHEE2H 29, PTHLBOSARLASBS EOBFEERT L
BB HAROE K E WY, # 2T, &2 TRESEASEEHRE L 0D, FoBRuHE
BHOKRGAHCHAKENDREABRICED L > ICHEET 0 2R T 5,

2 HEKSESMERE
TEARSEM R (DF B BN TORRCRENMIC & > TRET 22, —B9 s
KREEF12O &5 RBERICH 2, MEAHLS—ROGEVBARETOOO L Skl ot
BB, R R ESEE LREM I EORCEECETT 388 R@O & 3 CAK
RSFHMEE %D, 27, BUAEFERERIISEO LHEAMSEEED &5 12, SKEOF
HEETSFORAMINIBEEE S TwEDR, BONS LI FOLESERIC PR nizDT
Hb,

& Kk =

% 5 &=

{a) poorly-graded soil
{b) well-graded soil

1 BRSO —RIER

Fig. 1 General shape of soil-water retention curve®
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Brooks & Corey®, Ahuja & Swatzendruber®, van Genuchten®5 13 13K 3HT | E % &K
EOBEKTERRTAEFNEREL TS, BT, 2 2 THAL KA van Genuchten 7
/i3 Stephens & Rehfeldt®ic & » C&EOHECERA 2, TOEAEHIL TV S,

H=—A(W-u¥ — 1) 1
Iz,

H CREHES () TEKTLS i LB E

14 DHERE (mw/w)

w DA AE (emPrem?)

w; D HIFMATR S KE (cmfrem™®)

AMN  EERTAZA-F
CORRBWIM=1r7%L Ahuja & Swartzendruber DEF L E—BFT 3, L L, van
Genuchten B2 1I/N=1-M BT 237 XA—F&F e L THERLL.

H=—A(W-" — 1)  g<M<] (2)
ZOFEF AN EASSER S T R EROEENESEEHBEL T3,

H=90 at W=1 3

H=—-x at W=10 (4)

H2OESHIT A=1+ LTRQEEELEZHDOTH S, HPOEHE Brooks & Corey €7
TH D, S kECB T AERERE) 2B LT nd, EREETCREIOT T AEIE—
T 5,

RRQDEFNTI, 37 2A—F ARTBRIFEHBOENEEIXET A7y — VT 77
F—THD, FA—F MESFRRBOREETRHTE7 775 -Thb, INH6D/T7 A—
5 REEBRNT 2 > THEEL LB 1Bk dR 28R+ 2 2 &8 TE S, BT
BEERRIC LBt hEDAT A—F OREERBT 5,

3 Zmst
WMEETIRIHED SHTRE S COKTEIE T, TOBTL cm & U, £/, LI
B—THEOLOEBREOME TR ERELR, M3RIITHIFOBARTH 2,

3.1 ARxs (REHE)
AFRBREETC BT 2y —H - EEEOR, (continuity equation) & ¥, HEFTWO—K
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Fig. 2 Soil-water retention curves represented by the van Genuchten model
(solid line) and the Brooks & Corey model (broken line)
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Fig. 4 Permeability coefficient of unsaturated soil (Eq. (17))
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Fig. 5 Soil-water diffusivity coefficient (Eq. (1))
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Fig. 6 Equilibrium distribution of water content in soil (M =0.5)
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Fig. 7 Equilibrium distribution of water content in soil (A=0.5)
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Fig. 8 Contours of average water content depending on parameters, A and M,
in the van Genuchten model
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Fig. 9 Equilibrium distribution of water content in soil (W, =0.5)
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bﬂ.j:—Co,j:(Do,J"{"D],j) /ZAZ ) (37}

G =P— (K, + K ;1 /2 (38)

I=1/AZ (39)
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—a; by —a; 0 s e e e 1Li+1 1.4

0 —@; by, —e 0 vt Wi s;
-------------------- - = . (40)
............. 0 1 Wiin d: ;
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Effects of Daily Fluctuation of Hydraulic and / or Organie Loadings

on the Purification Efficiency of Anaerobic Bio-filter Process
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Abstract

The purpose of this study is to reveal the effects of daily fluctuation of hydraulic
and / or organic loadings on the performance of anaerobic bio-fim process for domestic
sewage treatment. The results obtained are summerized as follows.

1) Daily average effluent TOC, COD and BOD values observed in operations with
varying inflow rate and strength of wastewater (variable [oading) were similar to those
of constant loading {no daily fluctuation of inflow rate nor strength of wastewater)
with equivalent daily BOD and hydraulic leading.

2) ORP values and methane gas ratio in prodution gas observed in operations
were maintained about —250mV and 60 % respctively which need to take place acid
fermentation, methane fermentation and gasification successfuly on both vaiable
loading and constant loading. These results were supported by the effuent pH and
VFA.

3} Great amount of anaerobic protozoa such as Mefopus, Urozona, and
Trimyema were recognized on both variable loading and ocnstant loading. Occupation
ratio of these anaerobic protozoa in biomass was about 20 % on maximum number.

4) The shape and density of the contact media was not an influential factor in the
treatment of wastewater on both variable loading and constant loading. But, it was
recognized that the purification efficiency became to low in the reactor packed media
extremely high density to be occurred short pass.

5 By the facts from 1) to 4}, it was made clear that the variable loading of
anaerobic bio-fim process was not an influential factor in the condition of hydrauric
retention time (HRT) 30h and BOD volume loading 0.16kg/m=3-d-1.

1 @Lsiz
AN S KEIHERBEOBEEH KL B AV ¥ EBYARET A LFENELT
1960FRBE¥ 0 CRREMED SN TEREYLBETH L, ThSOMEMBOMESE, Young
5", Plummer 2, Tamblyn %%, JennettVs12 X D BOD 1,000mg+ I BEOHEEMEREKE,
FRAERSTY, SLR-FFNC £ D BOD 200mg- /- RE O FEEEKIC AR EASERETEE 2 - & 4388
SEPEENDEIICE>TEN, IOWIBARBRRICHACTE TA SNEMY LIl
M EVROBEEMETOBE W L D EREIRERTR T 2 T 2B E 32 HET
Y, BPETHRIEEOEFEEMMUERERCERL 22053, LoLids, HELZBEL
TREPEELLBELZE L0 OBRNE 2 KEORFEESRIIZ N2 CRE-TE 5T,
BEEASKOBLEV VAR IRFICIVEEEZT L0 2L TOMRA ST 2 LOEHR
HHEH AN Tw L, BREAREOSR ST RIZTRERTEL TRV 2hHIF 5N 348,
7kif, AKEFHFHERRE (HRT), SREERM (SRT), BOD FHAR, FLA BOD#EEIZoWL
THEBIWTOIUTE Y, ThUAOCBBELRERT L L TAREEYBIA TS, =0
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BHTEOEPNB ORI RIZTREC D TIIFEEREMOB X 2B F L - EER
ERUEMEE L L TOREMREENRE LA TRESh T B4, BRERENOE =
FEALFBEEASREE DLW TRIEEALREINTESY, RRCRHT s 8BS
Twd, %5, @, NEEOESHARLERESR TR s FREZOOKRE pkE, KEE -
BB 6, JORMEEC SV TREIGENOKESNSEREIESo—c s TERES R,

79, BOD AW RBECE THEIA 2 &h0, COL I RATWEE IR iR HLE T2 K
ERERCADLOLEZONTYS, TAK, IVHEER CHAMESRELEHL T LT
3, Zhs0kE - RBEOAREESSHEIE SROB BV L L 3EELERETOLMNHES »
angithidiszn,

Tk LEoACEA—EO BOD BHARRAF T BT, AREB*S52 R WEER,
AWNEE Y52 2EHROMELHET 5 2 Lo o ANEESBIAM RO LA ik 2§
BERFTHEOWTHSHIZ TS L2 EME L TERINICHE L.

2 B &

2.1 =BREE

AEBRICAOREERIR L CTRT LI, AEKETEE (A), BEATHAEERH (B), &
SHAE (C), MAKEREERFE (D, E) oz s, BREAREI 7T 2 VABETES
hi:E#shEM4 | DABORIGETH Y, RISBOES» oA Lcdoky Eai TOE 3
tetg, BEOA — =7 0—34 FHoEAE LTHE TS LSl o8, BEAEsKR
BREEE 52 2BE, BRTALLERMOERR UK TAEESELE 8 S RITT a8

Lo i

Fig. 1 Experimental apparatus
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2 BEEYMIHOEK
Fig. 2 Kinds of packed media

1 : Thin string 2 ! Thick string
3 : Raschig rings 4 : Rectangle type net
5 . Ball type net

HHEZ ol ERMOBEAUVETAERS*EA 200 2R & 5w S EHEHOR
DRE-LDEBW, 5, MU LIRS TEBAFIC288cm 9em X 32F), KU v RE
AbF T A2 175ecm (35em X 354) RFETA L, 7 v ¥ EREBADM Ti40M, MEREM
#7450, BB TIRINAR F LS ACTETALR, £, BEMAKROLETCIRTAD
HEEFEAZLOCEIRART LI R AHER L ELORICHE EHCIY T, FREIL
WCOEREMICHRE L 2,

2.2 fHEHK

EHRIEKE LTRFFAMNI Y, ATFR, XM CEERSET2ATHREAVERZO
MRRRICTRTEBY TH B, &8, HATKSEHEATIAKIT TR FAEARRFRAED K
EAREHAOEZN 7 (D) LEBATHKERAOERF Y (E) 2R THIAEIKE
HiolE, I TEERKOESRYBE LREETHS BOD 200mg- "2 5 L) CERKE Y
FORBEHEEE L, 7212 BOD 200mg I MR ELIBESORAHAOKBETRTLEZHDT
H2, &8, BEATHAIBREE CDRLICTISNMA — 2 v —7 L ®EH L,

2.3 REBREH#
ARERC DL TRAREAKECERL, kit - KEE b —TEHOBEEEEER L LTAK
BEH - AE—ERUCRAKRES - KEEBOBESEEEHFRE L, EBRFHRIERICTTE
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Gas sampling point

Triangle funnel

K _J' Test tube

/

Saturated NaCl

Anaerobic filter
¥ 3 AAWER

Fig. 3 Collector of anaerobic produced gas

#® 1 ATHADER

Table 1 Composition of synthetic waste water

Concentration (mg+*/~*)
Composition
BODZ00
Dextrin 30.6
Peptone 65.4
Yeast extract 65.4
Meat extract 74.6
NaCl 6.7
MgS0, 4.0
KH,PO, 18.6
KCI 13.4

B0 rhb, EERRULHAE bic, HRT % 30h, BOD AM&R £ 0.16kg-m=2-d- - BE L
TEELR, k8, RAKEEE, KE—E0EHRC B TiFHAK BOD 200mg-{ & LR
MR rEb b h 3 KB -7 L 8Bh—RT 3 L) C12BM% 1947 e LT 9B EF
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Table 2 Influent quality

Influent Concentration {mg=-{~")
BOD 200
COD 66
TOC 105
T-P 6.4
T-N 27.2
#* 3 EEREH

Table 3 Operating conditions

Run No. | Inflow rate Strength Packed media Fl?w Influent BOD®**
ratio** [ {mg-/7")

1 Congtant Constant Thin string

2 Constant Constant Thick string

3 Constant Constant Raschig ring 1:1 200
4 Constant Constant Rectangle type net

5 Constant Constant Ball type net

6 Variable Constant Thin string

7 Variable Constant Thick string H : 200
8 Variable Constant Raschig ring 1:6

9 Variable Constant Rectangle type net L 200
10 Variable Constant Ball type net
11 Variable Variable Thin string
12 Variable Variable Thick string H:275
13 Variable Variable Raschig ring 1:6

14 Variable Variable Rectangle type net L :50
15 Variable Variable Ball type net

* Average HRT: 30h,Average BOD volume loading

0.16kg m—+d-!

® % 1 cycle: 12h (1; 6==%h: 3h)
% % % L: Low loading (9h), H: High loading {3h)

HAR, IFBEEEEARD 6ERERT IO LE, RAKEESH - KEEHOLER TIE12
BEAS % 14 2 v & LT KB OERS S L5 9 FEIX BOD 50mg: -, FEHARD 6 Fo3HG
22 IEFRIE BOD 275mg- [ B E L, B8, EERIC OV T2 1 94 2 A+ OT TR
AKEBRUKRENELT B i AEAKEBERCERT 270 T BRI ER UAE L

BEEOWED S RUEE LT 2 2 iC L.
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2.4 MEIEH

HEHH I pH, ORP (BLBicELD), #HE, SS, TOC, DOC, BOD, D-BOD, COD,
D-COD, VFA (ESttE#RE), T-N, T-P, 7A% UE, £¥8, YAEREL, chero
WITHH, BIER{To/, AR OB TH TAEBREYR U JISKOI02Mc B U TIT- 72, REN
ABRUZEB{LRFERTAZa= 574 —2HOTHH LI, 28, ALK TAHEL TR
BERUAT Y HAMMIOBEE LV F25 -V —75AFTLRE 2 m), “BMERELEAY >
HARWMOBELVAYN (A7 6E53m) BHVE, £, F¥ U7 —FRELTRADY
NEFV, PR 30m/ minT, REFII20CIEBREL TITo 7.

I HRRUEZE

3.1 AEBERHCRETAREDORE

BEMAROBEEE I REZTANEHOBSI>w Tk, AFNEEO R LEE T TEE
BEMTZELL L RBERL T SEMEBENT2 L5 L, &8, BUESEELLOT
EOWTREREARORE KD TOC #BHAMCHEL, ToHEE» SHIFL L, 2 2T,
BAM S K DB CRENEE LSS CBo N ER» STHE L 72

(1) BHED o sl ABEHNE ‘ ‘
EERRUERRC B 2ABABORALECRUZOFHEAE4~T7, £4a, b, i
TLIEBYTHE, INSOEEER 1 BECHE S 2 NBKEEREALE— I, {ITA
LB L TR LD TH L2, FER Run No. 1~5ic8 3 2 I kERFE4 acRmT e s
NThHs, BEMMOBREVETABEOEICIDIE L A EE5FEYD 504 BOD, COD, TOC
BwuFhb&269mg-l, 85mg-i!, T.lmg+ "B TH o, INERERKCET £ BOD T
1397%, COD Ti387%, TOC Ti393% L% %, &8, EHERVWTRE BV T LB B A 100cm
BETHD, SSbL1mg " BETHT,

hEEE - KE—EOFEHRI BT S Run No. 6~10DLEAEIZFE L DR TRTEED TH S,
EEREBELTREZANEOEFH IS o d, BOD, COD, TOC 3& 4 58ir4 8.2mg-
7Y, 10.1mg-/7Y, Timg MBI TH o7, BB, IHIEBEEETIE BOD T¥%%, COD T85%,
TOC TB% Lk %, FLEHRC BT 5EFERERIOTHICBOT L 92em BETH D HR 0=
AKBBoRTWiz, LHL, SS ik 4 meg ('#ikE2TL, EERCHRTEFEL L2EMCH -
h A

ki KEEBOEEFRIC BT S Run No, 11, 154 A# K E i BOD, COD, TOC T#h
FTh 8.7mg-", 11.0mg-/"", 9.5mg-[~'iijtk, FEZEi; BOD Ti396%, COD Ti283%, TOC T
291% % 7 LARER) - KE—EOLMA L MRES R LA S RREBD s vk (4
), BEHERUSS i Run No. 1RG5 B0 T b 224 100cm, 2 mge I HI%ThH D EH
RERELRZITED SN2, B8, FHRCIEMHEBOZETSBELFELEIINT 2
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S
©
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Fig. 4

TGC (aa+iv'y  TOC (01"} TOC (ag-1"')  TOC{aa1"*)

TAC (174}

E 5 ERJEUCEBRCBITLAEKTOC (O), DOC (@) DEHEL
Fig. 5 Daily effluent TOC (Q), DOC(@) observd in operations with variable
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RHEET S

#z 4 BEEFRRUEHRC BT 2FEATLOLEKREDFHE
Table 4 Daily average effluent quality observed in operations
with variable loading and constant loading

Run No. EBOD COD TOC 55 Transparency
(mg+{" ¢ (mg-!™9 | {mg-7"") | {mg-i) {cm)
1 7.9 8.7 7.7 1.7 100
2 6.6 8.3 7.1 1.4 99
a 3 6.2 2.0 6.6 0.5 100
4 7.3 7.5 6.5 0.7 100
5 6.6 8.8 7.8 2.0 91
6 8.7 11.7 8.0 5.0 92
7 9.0 10.9 6.9 4.2 92
b 8 8.1 9.5 6.8 4.7 92
9 7.5 8.5 6.3 2.2 100
10 7.8 10.1 7.3 3.6 87
11 6.7 12.7 10.2 2.2 100
12 7.0 8.4 8.1 1.3 100
c13 7.3 8.9 8.8 1.2 100
14 8.4 10.0 9.8 2.7 95
15 14.2 14.8 10.6 3.8 9

EBEAPEED, HRECERcHT ABENBNET T 20 Clkuh eEz s, Fiik
ERWERZTL I L Rd o7z, L L Run No. I5QEMMOFETCAEEOED THVR TR
g - o 0 BEEOCH{ESED S hiz,

(2) 8BEEikrss7okEEY

ERF - KEEE - KE—ZERUVKE - AEEFOLEER BT 3 UBAEORRELEVE
DFHEEIIR 8 ~12kTUFF5a, b, CKRTEBITHS, JOEREERTRFHI L
4, EBHFTRHIEATORMEC 2RI L 8 H, HARORMEIC 1B I L 6 BULE
KEEKLTHELBONODTH S,

EHERCBTHNEARRIRS aXRTLEEYTHY, BHAEMOBELERTH -T2, KB
ZE « KE—FEOFEEFRICE TS Run No. 6~100NEAEIRFS bITRTLBITHL. BE
WHOBEGLEAFROBE L CRETTHEBENE o, TOCKBEBL T4 % L BEAR DR
Mg AL, BAFORFUHCETT2EMCH 2 2 ebhol, L Lads, GEMD
R BT b TOCBREEBUSBONTE D, AFERIC LV ESMEMED OB L, H
L{HtF 22t R0 Edtbhot,

ki - KBEEHOEERICHE TS Run No, LI~1500EAEZES CEFTEBYTHE, BA
T ORRE - BAN O TR S R TWHE OKE 2T 5 & COD, TOC, SS, & bitiEal
@Hﬁ?f’éﬁ%a:%6nfcmfj@m@jﬂﬁ%ﬁﬁ@%&ﬁ’%mﬁfohf:ﬂﬂiﬂ(; DaE»ok, Zihil, (&
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5= 5 ENARUVEBROEREC B 2 UIBAEOFHME
Table 5 Hourly average effluent quality observed in operations
with variable loadling and constant loading

Run CoD TOC 55
No. {mg-{-1) (mg-{-4 {mg-i-%)
1 8.5 9.2 4.6

2 9.1 9.7 34

a 3 10.0 8.0 3.0
4 9.3 8.7 2.5

5 10.9 10.7 3.7
6|L* 1.1 9.4 5.9
H 11.9 10.6 4.5

7L 9.7 8.2 6.2
H 7.6 8.6 3.5

b 8L 13.8 8.9 4.9
H 9.7 10.2 4.6

9L 8.2 8.2 6.1
H 7.5 8.0 4.3

10| L 14.6 10.0 7.7
H 12.6 11.0 4.8

11| L 12.8 12,7 1.8
H 10.6 12.1 7.1

12| L 10.5 12.7 3.4
H 9.2 12.1 2.9

¢ 13| L 14.2 13.0 8.4
H 11.2 11.3 4.2

14| L 13.6 13.7 7.5
H 11,1 12.6 4.3

15| L 18.0 14 .4 8.8
H 12.2 12.7 6.2

* L: Low loading (9h), H; High loading (3h}

B kBEHOEHROMTREREDRWI Ebhalt, 7, Ny CH, COON AKHRK
RHEL7-HE, ERRICBVLTE N, 4%, CH, 54%, C0,2%, EHROKE—E - kBE
Bl B\vTid N, 42%, CH,56%, CO,2%, K& - KB—FBWwTid N, 35%, CH, 63%,
C0,2%, Lt wiHENBeNT, COBRIERTAFTOR S VY FAORRIAFERNRIIBLT
EERIVOLAEE-TVLAIEEERLTwE, 202 L RANEENL A 7 BB PHE
TAERICRESRVIEETBL TS, &8, ¥AHRCERSAnSRIHmEaEhzZE
2o T OB EE & TR vt Kobayashi' M iZ iR 2 R 8L THEH A DI0%EE R
BHRATHoT2 2k, 2, TRREAPANDERER MY v EX I BRE ZRATE LML
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B S REOBRERE R T AFEROEE

BEaRRLAS yRBESETT 20HELBIEREARR SN Ty, pH BERRR UEH

Frb T~ 0EMIH oA, THEEHRC B TERBIHRO A OERENE £ ) B

B (HETL, A7 v REBESEZEIARh >R ILERBLTWS, 2Ol RVWThO
FiB»Th VFA L 10mg- I EE 2R LERBIEBE S MEr >t 2 b o b BT o i,
%%, Run No. 15128\ T VFA DEMF OO RBMHAOR TABEYE T £ 00 akE
D, BENMEHO A Y CREREYETHES N s EZ NS, VFA BER R L IEE
LTEBO S s T ARBMEO S THNT 28Mic b oo, 25 REEEZEE T3 &
SRBEFTHEELZI LR,

¥ 72, B15~2013KEEE - KE—ERUVKE - ABEHOEERIC B 5 BHE{LOAEK
BEALOTHL PN EEAROMESH - BEEFOBEHCBVWTIELACERBD N7,
e OF AHEE, ORP, VFA K Uf pH DR » & EAFET, BIMEAED A 5 v BEHECK
EREEBARIZTIERZVWTHAI I s d R,

# 6 ERBEUESZOEAEIC B 2 0EADVEA, pHA
URIEEANOORPDFEHHE

Table 6 Daily average effluentVFA, pH and ORP in contactor
observed in operations with variable loading and
constant loading

Run VFA PH ORP
No. (mg+1-") (mi)
1 1.4 7.4 —1233
2 11.5 7.6 —257
a 3 11.5 7.1 —244
4 12.2 7.7 —268
5 12.5 7.6 —249
[ 11.9 7.7 -231
7 i1.7 7.7 —257
b 8 11.9 7.6 —228
9 11.3 7.5 —227
10 12.0 7.7 —258
11 13.3 7.9 —241
12 11.4 7.9 —252
c 13 13.8 7.9 —248
14 15.4 7.7 —254
15 19.8 8.1 —249
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= 7 EERMUEBROBRL(C 51 5 0HAVFA, pHDOF
HiE

Table 7 Houry average effluent VFA and pH observed in
operations with variable loading and constant loading

Run VFA u
No. (mg-{-1) P

1 11.6 7.7

2 11.6 5.7

a 3 11.6 7.1

4 12.1 7.8

5 13.3 7.7

6L 12.7 8.6

H 11.5 8.3

71L 13.6 8.6

H 12.1 8.3

o 8|L 13.1 8.6

H 12.0 8.1

9|L. 12.7 8.6

H 1.5 2.2

10| L 13.5 8.6

H 12.2 8.1

1L 19.5 8.3

H 19.2 7.7

12|L 12.9 8.5

H 13.7 8.1

c 13| L 14.9 8.5

H 15.1 8.0

14 | L 14.7 8.5

H 16.0 8.1

15| L 20.5 8.4

H 20.8 8.0

#L: Low loading (9h), H: High loading (3h)

3.3 4PHCRETANEHOREE

mEMsRICHET 2MEY L L CBSESER N FSEOHBESE LA L EED D,
Ui l, CRUACESHEREHTS LELESRCHEET 5, BAE2RCHET 5 HEBHY)
r LTid Metopus, Saprodinium, Urozona, Trimyema, BUNEERFREBHTSNDL, Ih
5 OBARERERICRT EBD THE, InsOBRAKREESNORE L L TROEHRE 2
HWATs EERCERLEERES s I it kY, REAKOBHERM LEE L, RURERRE
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(&) Trimyema (b} Metopus (¢) Paramecium

compressum Sfascus caudatum

) Saprodinium {e} Caenomorpha

dentatum medusula buetschli

B 21 EEEAIRCHRT 3 RESHOLRE

Fig. 21 Characteristic of important protozoa appeared in anaerobic bio-film
reactor

(1) Urozona

# 8 TRREUVESDRIZBD 5EWMEDEME
Table & Smaller animals in bio-film observed in operations with
variable loading and constant loading

it:)n Metopus Urozona Trimyema Small flagellata
1 8,600 2,500
2 5,700 300 700 300
a3 4,400 2,000 400
4 1,700 2,600 200 400
5 2,600 1,800 200
6 4,900 3,200 5,700
7 3,600 200 100 20,000
b 8 4,000 16,000 7,600
9 3,700 6,300 200 4,000
10 1,800 3,300
11 7,700 700 700 1,800
12 2,300 200 300 500
cl13 5,600 9,900 1,700 43,300
14 2,400 450 - 100
15 12,700 5,400 8,700
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I1-10 NREHIKNE Y 2T LOBRBBRUEERIIO>VT
Cost of Construction and Maintenance of Small Scale Domestic

" Wastewater Treatment System

HHEE « RE—K?
Shingo TAI' and Kazuo MATSUSHIGE?

g B

PR OB & B R ORI £ o TN RO EE LB
BERBECPEATEY, FOMEORITR T4 ERUERMAE L B> Twd, L
mL, ThS5OTIROMEERIFLWETHIVEHBOTKE2*0EHEATAZ L
Braiy, BRETL OB OB ERHERAE Y A 7 APERANT LY, £
DBEFR L > TREFNIEARCEETH 5, /DEEHKNE Y A F ADBRERE, #
FEEBRUZOMBEWw D TR 20, MBS G ULETLAEY AT 28R
too e, HEKNEY AT A (BR) #EXARETEI LI - THREERL, B
R rEECEs I 2TELE,

Abstract

The pollution of the middle and upper stream of rivers and the eutrophication of
lakes take a turn for the worse by the discharge of gray water without treatment and
effluent from household black water disposal unit. Hence, it is necessary to construct
as quickly as possible the municipal domestic wastewater treatment system for the
small cities, towns and villages where lie in the watersheds of these rivers and lakes.
In choice of optimum system from the various small scale domestic wastewater
treatment systems that were proposed by the Ministry of Construction and the Japan
Association of Rural Sewerage, the economical point of view should be regarded as
most important. In this paper, the comparison is made of the sources of revenue of
these systems, and the cost of construction and maintenance of 93 small scale systems
in operation. From these data, the functional relations are made of the cost of
construction and maintenance and the capacity of wastewater treatment plant. As the

1. ENAEHE AELETES T05 FEE-O EIHNE16% 2
Water and Soil Environment Division, the National Institute for Environmental Studies, 16-2
Onogawa, Tsukuba, Ibaraki 305, Japan.

2. EuALEFEPER W T35 RRE D WTNEIILGE 2 :
Engineering Division, the National Institure for Enviroumental Studies, 16-2 Onogawa, Tsukuba,
Ibaraki 305, Japan.
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result of analysis, it is presented that the small scale domestic wastewater treatment
facility treating gray water with black water is very high in the cost of construction
and maintenance, and a cartain type of sewerage system is of advantage in respect of
the source of revenue of the construction cost. And, it is shown that the system using
pressure sewers, in comparison with the system using conventional gravity sewers, is

of advantage in respect of the construction cost.
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Fig. 1 Various domestic wastewater treatment systems
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Table 1 Subsidy, bond and financing for construction cost of domestic

wastewater treatment system
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Table 2 Length by caliber and quality of sewer pipe led in fiscal
year 1975 and 1984
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Fig. 2 Domestic wastewater treatment system using pressure sewers
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Table 3 Comparison with cost of construction and maintenance
of domestic wastewater treatment system using
pressure sewers and conventional gravity sewers

: E #1 7 & BT T AR
f= 50
HBTHE (X754t | 140,600 234,980
ERI TR 42,030 51,280
& Bl 182,630 FH 286,260 FH
BRHEER
% B 7,899 917
JLEEIE 6,022 6,450
= &t 13,921 FF. 7 7,367 FH &
54 744 7B (204)
BRI 338,230 530,153
HERETEYE 278,420 147,340
& &t 616,650 7206 | 677,493 T, 206

ERIBZIEELTwE, BRERE AT A 3,558m (¢30~150mm), EXHFRNLLE
< 3,618m (#75mm & $200mm) = LT\ 3,
EEARBIFY:YOERERNRVWIIY, BRBCHD 2EBRBRBEVIAZWEYART
THAROFEBEFNITH S, 7z, H> 722y b 2220 L3R THET I LiC: > TER
ERBrEBROESEEBLBR T2 M TE5, b, EEAAREENCENTHS 2
LD, MR SERERZ HREL S—EORESCERT 2 L MARETHD, BRE
MERRET 2 2 E03CE, ST ACHFBADBALERT 2 LENE VD, MBHH LN
BLTHIENTEZRYONESND 2,

3.3 IR

JLERAEER 1 F N E N OB THLSEELEMES B 2 I EIHEE L Vic & » T—E DR,
BfiAED L OBFHENTWwE, YOI I ZNELR, BEDLOTHRETE5HITIRY
{, MEMHERI OB FEORBIHES LD TRTRIEZSZW, BEFTAFLOST
E#TRARATLINBEARIEURNEFTINERTH D, BEENLEEIEELAED
e CIKERBEshTWwD,

(1) AETAE HFERERSOHTAE

REFISOMEEAR W B2, QUEERES 5,000m®-d RO/ NMEE T AROBEBOMEARIIFR 4 0T
Lz 9, EEEEREL FOFE (R v —v e Vi, 430 F—varFrovd
B, ATy LT Vv—va vk BRITV—Y 3 kB, EoREME, a7 2 bRy

—198 —



ANFBGERIEE S A T AGERBERUERRIC 00T

# 4 HERALERHERR OO LI 5 AR R E A
Table 4 Numbers of small scale sewerage system and rural sewerage
system by various wastewater treatment processes
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Table 5 Functional relations by various wastewater treatment processes
between cost of construction and maintenance, and capacity of
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Part 3. Species of the subfamily Orthocladiinae recorded at the summer survey
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Part 4. Chironomidae recorded at a winter survey.
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stream in June with description of 15 nev species.
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1% Man activity and aquatic environment—with special references to Lake
Kasumigaura—Progress report in 1976. (1977)

2% Studies on evaluation and amelioration of air pollution by plants—Progress
report in 1976-1977. (1978)
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2 A comparative study of adults and immature stages of nine Japanese species of
the genus Chironomus{Diptera, Chironomidae). (1978)

4% Smog chamber studies on photochemical reactions of hydrocarbon-nitrogen oxides
system— Progress report in 1977.(1978)

5% Studies on the photooxidation products of the alkylbenzere-nitrogen oxides
syste?. and on their effects on eultured cells—Research report in 1976-1877.
(1378

6% Man activity and aquatic environment—with special references to Lake
Kasumigaura— Progress report in 1977-1978. {1979)

7 A norphological study of adults and immature stages of 20 Japanese species of
the family Chirononidae(Piptera). (1979}

8% Studies on the biological effects of single and combined exposure of air
pollutants—Research report in 1977-1978. {1979}

9% Smog chamber studies on photochemical reactions of hydrocarbon-nitrogen oxides
system=— Progress report in 1978. (1379)

10% Studies on evaluation and amelioration of air poliution by plants—Progress
report in 1976-1978. (1979}

11 Studies on the effsets of air pollutants on plants and mechanisns of
phytotoxicity. (1980)

12 Multielement analysis studies by flame and inductively coupled plasma
spectroscopy utilizing comouter-controlled instrumentation. (1980}

13 Studies on chiranomid midges of the Tama River. (1930)

Part 1. The distribution of chironomid species in a tributary in relation to
the degree of pollution with sewage water.
Part 2. Description of 20 species of Chironominae recovered from a tributary

14% Studies on the effects of organic wastes on the soil ecosystem— Progress
report in 1978-1979. (1980}

15% Studies on the biological effects of single and combined exposure of air
pellutants—Research report in 1975. (1980)

16% Remote measurement of air pollution by a mobile laser radar. (1980}

17% influence of bucyancy on fluid motions and transport processes— Meteorological
characteristies and atmospheric diffusion phenomena in the coastal region—
Progress report in 1978-1979. {1980)

18 Prepazation. analysis and certification of PEPPERBUSH standard reference mate-
rial. {1930)

19% Comprehensive studies on the eutrophicatior of fresh-water areas—Lake current
of Kasumigaura{Nishiura)—1978~1979. (1981}

20*% Comprehensive studies on the eutrophication of fresh-water areas—Geomorpho-
logical and hydrometeorological characteristics of Kasumigaura watershed as
related to the lake environment—1978-1979. (1981)

21% Comprehensive studies on the eutrophication of fresh-water areas—Variation
of poltutant load by influent rivers to Lake Kasumigaura— 1978-1970. (1981)

22% Comprehensive studies on the eutrophication of fresh-water areas—Structure of
ecosystem and standing crops in Lake Kasumigaura—1978-1979. (1981)

23% Comprehensive studies on the eutrophication of fresh-water areas—Applica-
bility of trophic state indices for lakes—1978-1979. (1981)

24% Comprehensive studies on the eutrophication of fresh-water areas—Quantitative
analysis of eutrophication effects on main utilization of lake water resources
—1978-1979. (1981)

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

26% Comprehensive studies on the eutrophication of fresh-water areas-—
Determination of argal growth potential by algal assay procedure—13978-1378.
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Comprehensive studies on the eutrophication of fresh-water areas— Sumpary of
researches—1978-1979. (1981)

Studies on effects of air pollutant mixtures on plants—Progress report in
197%-1%80. {1981)

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

Part 8. Species of the subfamiiy Orthocladiinae recorded at the summer survey
and their distribution in relation to the pollution with sewage waters

Part 4. Chironomidae recorded at a winter survey

Eutrophication and red tides {n the coastal marine environment — Progress
report in 1979-19480. (1982)

Studies on the biological effeects of single and combined exposure of air
poliutanis—Research report in 1986, {1981)

Smog chamber studies on photochemical reactions of hydrocarbon-nitrogen
oxides system—Progress report in 1979—Research on the photochemical
secondary pollutants formation mechanism in the environmental atmosphere

(Part 1).(1882)

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

The development and evaluation of remote measurement methods for environmental
pollution—Research report in 1980, (1982)

Comprehensive evaluation of environmental impacts of road and trafflc (1982)
Studies on the method for long term environmental monitoring—Progress report
in 1980~1981. (1982)

Study on supporting technology for systems analysis of environmental policy

— The Evaluation Labolatory of Man-Environment Systems. {(1982)

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

The development and evaluation of remote measurement methods for environmental
pollution—Research report in 1981. (1983}

Studies on the biclogical effects of single and combined exposure of air
pollutants—Research report in 1981, (1983)

Statistical studies on methods of measurement and evaluation of chemical
condition of soil—with special reference to heavy metals—, (i983)
Experimetal studies on the physical properties of mud and the characteristics
of nud transportation. (1983)

Studies on chironomid midges of the Tama River. {1983)

Part 5. An observation on the distribution of Chironominae along the main
stream in June, with description of 15 new species.

Part 6. Deseription of species of the subfamily Orthcladiinae recovered from
the main stream in the June survey.

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

Smog chamber studies on photochemical reactions of hydrocarbon-nitrogen oxides
system— Progress report in 1979—Research on the photochemical secondary
pollutants formation mechanism in the environmental atomosphere{Part 2).(1933)
Studies on the effect of organic wastes on the soil ecosystem—OQutlines of
special research project—1978-1980, (1333)

Studies on the effect of organic wastes on the soil ecosystem—Research report
in 1979-1980, Part 1.(1983)

Studies on the effect of organic wastes on the soil ecosystem—Research report
in 1979-1930, Part 2. (1983}

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

The development and evaluation of remote measurement method for environmental
pollution—Research report in 1982. (1934)

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

Comprehensive studies on the eutrophication control of freshwaters— The fune-
tion of the ecosystem and significance of sediment in nutrient cycle in Lake
Kasumigaura— 1980-1982. {1984)

Comprehensive studies on the eutrophication control of freshwaters—Enclosure

experiments for restoration of highly eutrophic shallow Lake Kasumigaura— 1380-
1982, (1984)
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Comprehensive studies on the eutrophication control of freshwaters— Seasonal

chang?s of the biomass of fishes and crustacia in Lake Kasumigaura— 1980-1982.

{1984 :

Comprehensive studies on the eeutrophication control of freshwaters—Modeling

the eutrophication of Lake Kasumigaura—1980-1982. {1984}

Comprehensive studies on the eutrophication control of freshwaters— Measures

for eutrophication control —1880-1982. (1984)

Comprehensive studies on the eutrophication control of freshwaters— Eutrophic-

ation in Lake Yuncko—1980-1$82, (1984)

Comprehensive studies on the eutrophication control of freshwaters— Summary

of researches—1980-1982, {1984)

Studies on the method for long term environmental wmonitoring — Outlines of

special research project in 1980-1982. (1984)

Studies on photochemical reaections of hydrocarbon-nitrogen oxides-sulfur

oxides system — Photochemical ozone formation studied by the evacuable smog

chamber— Atmospherie photooxidation mechanisms of selected organic compounds
—Research report in 1980-1982, Part 1. (1984)

Studies on photochemical reactions of hydrocarbon-nitrogen oxides—sulfur

oxides system—Formation mechanisms of photochemical aerczol —Research report
in 1980-1982, Part 2. {1984)

Studies on photochemical reactions of hydrocarbon-nitrogen oxides-sulfur

oxides system — Research on the photochemical secondary pollutants formation

mechanism in the environmental atmosphere(Part 1) —Research report in 1980-

1982, Part 3.{1984)

Effects of toxic substances on aquatic ecosystems —Progress report in 1%80-

1983. (1984)

Eutrophication and red tides in the coastal marine environment —Progress

report in 1981, (1984)

Studies on effects of air pollutant mixtures on plants—Final report in 19%79-

1981. {1984)

Studies on effects of air pollutant mixtures on plants—Part 1. (1984)

Studies on effects of air pollutant mixtures on plants—Part 2. {1984)

Studies on unfavourable effects on human body regarding to several toxic

materials in the environment, using epidemiological and analytical techniques—

Project research report in 1979-1981, (1984)

Studies on the environmental effects of the application of sewage sludge to

soil—Research report in 198-1983. {1984)

Fundamental studies on the eutrophication of Lake Chuzenji -~ Basic research

report. (1984)

Studies on chironomid midges in lakes of the Nikko National Park

fart T.Ecological studies on chironomids in lakes of the Nikko Naticnal Park.

Part I.Taxonomical and morphological studies on the chironomid species

collected from lakes in the ¥ikko National Park. {1884}

Analysis on distributions of remnant snowpack and snow patch vegetation by

remote sensing. (1984)

Studies on photochemical reactions of hydrocarbon-nitrogen oxides-sulfur

oxides system—Research on the photochemical secondary pollutants formation

mechanism in the environmental atmosphere — Research report in 1980-1982,

Part 4. (1985)

Studies on photochemical reactions of hydrocarbon-nitrogen oxides-sulfur

oxides system—Final report in 1980-1982. (1985)

A comprehensive study on the development of indices system for urban and

suburban environmental quality —Environmental indices—Basie notion and forma-

tion. {1984)

Limnological and environmental studies of elements in the sediment of Lake

Biwa. {1985)

A study on the behavior of menoterpens in the atmosphere. {1985)

The development and evaluation of remote measurement methods for environmental

pollution—Research report in 1983. {1985)

Study on residents’ role in conserving the living environment. {1985)

Studies on the method for long term environmental monitoring—Research report

in 1980-1982. (1985)

Modeling of red tide blooms in the coastal sea—Research report in 1982-1983.
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No.

No.
No.

No.

No.
¥ No.
No.

No.

B2%
83
842
85

854
B7%

89
90%
91

92%
93%

96%

974+

984

99%

100+

101%

102%
1034

104

105%
106%
107#

108%

(1985)

A studies on effects of implementing environmental impact assessment procedure
—With particular reference to implementation by local governments. (1985)

Studies on the role of vegetation as a sink of air pollutants—Research report
in 1982-1983. (1885)

Studies on ¢hirononid midges of some lakes in Japan. (1985)

A comprehensive study on the development of assessment techniques for health
?ffecgs due to environmental heavy metal exposure—Final report in 1982-1984
1985

Studies on the rate constants of free radical reactions and related spectro-
scopic and thermockemical parameters. (1985)

A novel retrieval system for identifications of unknown mass spectra. (198§)

Analysis of the photochemical secondary pollutants and their toxicity on

caltured cells—Research report in 1978-1983. (1986)

A comprehensive study on the development of indices systems for urban and

suburban environmental quality O —Environmental indices—Applications and

systems. (1386)

%easuring the water quality of Lake Kasumigaura by LANDSAT remote sensing.
1986)

National trust movement in Japanese nature conservation — Trustworthy or
illusion?(1986)

BEeonomic analysis of man's utilization of environmental resources in aquatic

environments and national park regions. (1986)

Studies on the growth and decomposition of water-bloom of Microeyetis. {1986)
Studies on the environmental effects of the application of sewage sludge to
$0il{ 1) —Research report and papers(Part 1}in 1983-1984. (1985)

Studies on the environmental effects of the application of sewage sludge to
50i1(II) —Research report and papers{(Part 2)in 1983-1934. (1986)

Comprehensive studies on effective use of natural ecosystems for water quality

managenent( [ } —Drainage and flowing down of pollutant load— Research report
in 1383-1984. (1986)

Comprehensive studies on effective use of natural ecosystems for water quality
management (11 ) — Structure and function of the ecosystems of 1ittoral zone —
Research report in 1983-1984. (1986)

Comprehensive studies on effective use of natural ecosystems for water quality

management{II) —Self-purification in stream and soil —Research report in 1983-
1984, {1986)

Comprehensive studies on effective use of natural ecosystems for water quality

management (IV) —Development and application of wastewater treatment technolo-
gies utilizing self-purification ability—Research report in 1983-1934. (1986)
%ffects of toxic substances on aquatic ecosystems—Final report in 1981-19834.
1986)

Studies on the methods for long-term monitoring of environmental pollutants in
the background regions—Development of highly sensitive and selective analyt-
ical methods for measurement of pollutants in the background regions—Progress
report in 1983-1985. (1986)

Experimental studies on the effects of gaseous air pollutants in combination
on animals. (1986) ’

A review on studies of the global scale air quality perturbation. (£1986)
Technological assessment of electriec vehicle from the environmental protection
viewpoint. (1987)

Studies on chironomid midges in lakes of the Akan National Park. (1987)

Part I.Distribution of chironomid larvae in lLake Akan, Lake Panke and Lzke
Kussyaro.

Part O.Chironomid midges collected on the shore of lakes in the Akan National
Park, Hokkaido{Diptera, Chironomidae)

Formnulation of the dynamic behavior of water and solites leaching through the
field soil. (1987}

%ppraised landscape and thier environmental value in Tsukuba Science City.
1937)

Studies on remote sensing for spatial and temporal analysis of environment—
Research report in 1984-1985, (1987)

Studies on the role of vegetation as a sink of air pollutants—Final report in

— xvii—



No.
No.
No.

No.

Ne.
No.
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No.

No.

No.

k.

104+
110%
111

112%

113%
114%
115#

116%

17+

116+%

1982-1985. (1987)

Studies on environmental information system for regional environmental

evaluation. (1987)

¥0de1ing of Red Tide Blooms in the Coastal Sea — Final report in 1984-1985.
1987)

Application of X-Ray Photoelectron Spectroscopy to the 3Study of Silicate

Minerals. {1987)

Study on the Organic Aeroscls in the Photochemically Polluted Air — Studies

on Formation and Behavier of Organic Aerosols — Research report in 1983-1986
(1988}

Studies on the Organic Aerosols in the Photochemically Pollited Alr — Final

Report in 1983-1986, (1988)

Studies on the Assessment of the Hazard of Chenmical Substances to Aquatic

Ecosystems — Progress Beport in 1985-1986. (1983}

Experimental Studies on the Effects of Gaseous Air Pollutants in Combination

on Animals — Final Report in 1982-10986.(1983)

Comprehensive Studies on Effective Use of Natural Ecosystems for Water Quality

Management (V) —Drainage and Flowing Down of Pollutant Load— Research Report
in 1983-1986. (1948)

Comprehensive Studies on Effective Use of Natural Ecosystems for Water Quality

?anagﬁment(\ﬂ)-Lake Restoration and Ecosystems— Research Report in 1983-1986.
1988

Comprehensive Studies on Effective Use of Natural Ecosystems for Water Quality

Management{VI) —~Use of Self-purification in Soil and Stream, and Development

?f Bi?logical Waste Water Treatment Technology — Research Report in 1985-1986
1988

in Japanese

“out of stoek
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