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Abstract

Water pollution in the public areas such as lakes, inland sea and revers in urban
areas is increasing. The reascn of this phenomena is significantly due to a large
amount of discharge of the untreated grey water. The grey water should be treated by
sewage treatment facilities. However, the sewer system covers is in creasing at only
one % 1n a year. Therefore, cheap construction cost and least work for maintenance
of treatment systems are required.

Streams and soils have high abilities to purify the polluted water. The present
studies were conducted to clarify the purification mechanisms and to apply the natural

purification process in streams and soils.
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The Importance of Stream Purification Process
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Abstract

Water quality in public water areas such as rivers have been improved in Japan
recently. But, water pollution is increasing in closed water hodies such as lakes. These
phenomena is due to the discharge of the domestic waste water. Essentiatly, these
domestic waste water such as gray water should be treated by sewage treatment
facilities, but these polluted water is not able to remove before the diffusion of
sewerage system. Therefore, low cost and easy maintenance treatment system have
been required in the areas such as non-urban areas which the sewerage system is not
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provided.

The stream purification process with packed media is one of the effective domestic
waste water treatment system. This process is composed of s¢reen, sedimentation tank
to remove sand and refuse, and reactor with packed media called stream to remove
organic substances by biological film.

In recently, pilot scale and full scale stream purification process have been operated
in Japan, but it was made clear that this process had many problems such as decreasing
of purification efficiency by clogging of packed media, occurrence of harmful insect and
so on. To diffuse this process, it will be necessary to develop the newly type process
such as aerated stream, in future.
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Table 1 Environmental water quality standard of Japan in the river
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Table 2 Comparison of water guality between before and after occuring
water pollution in the Tama river
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1955 1.0 24.3 385 8.75  1.55  0.023 0.067
1964 5.9 3.2 8.8  35.1 208 0.16 5.13
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1955 3.86 48.6 112.9 13,030 16, B0O
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* A7 (mg/d)
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Fig. 3 Self-purification in the river
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Table 3 Example of protozoa as index organisms of organic pollution

& i) # SRS RYE e —hRERIE BRI jo R s
Cryptomonas , +++ ++
Binobryon stipitatum + 44 +
Eundovina elegans ‘ 44+ 44
Chlamydomonas + + o+ +
Fandoring morum +++
Trachelomonas +++ ++ 4
Euglena 44 4+ 4+ +
Oicomonas + 4+ +
Chilomonas + 4+ +
Peranema RS +
Anthophysa 4+
Carchesium polypinum + 4+t
Vorticella microstoma +++ +
Vorticella convallaria + +++ +
Epistylis plicatilis +++ 4+
Litonotus fasciola +++ +++
Tetrghymena pyriformis +++ F
Glaucoma scintillans +++ +
Colpidium campylum + -+ +
Faramecium candatum +++ ++
Cyclidium glaucoma + +
Stentor polymorphus +-++ A+
Shirostomum ambigum +++
Aspidisca lynceus + +++
Stylonychia wivtilus +++ T+
Amoeba + 4+ + 4
Arcella vulgars + 4+ + 4+
Fuglypha tuberculata + +++ +
Actinosphaerium gichhorni F
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Fig. 5 Effect of water quality and water current speed on biota in attached

biofilm in the artificial stream
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Table 4 Composition of quality and quantity of protozoa in the biological film

13 H H % 5 G

i P 4, ; 5 ff iﬁrf% . i fr;} . - ¥ .
Chlamydomonas 620 36,000 70,000
Trachelomonas 180
FEuglena 2,000 880 1,800 840
Astasia 1,200
Peranema 500 160 80 120
Monas 1,600 280 11,000 26,000 3,200 2,500
Colpidinem colpoda 1,300 1,600
Paramecinm candatum 160 400
Amphileptus claparedet 600
Trachelophytlum pusillum 600
Litonotus faciola 280 140
Uronema 220 130 160 320 1,300 780
Episiviis 600 800 300
Vorticella convallaria 700 2,000
Oixytricha 800
Asprdisca {vnceus 400G
Stvlonychia 500 400
Stentor 300 2,100
Spirvostomum 400
Tetrahymena pvriformis 160
Chilodenella cucullulus 1.300
Tokophrya 400 240
Cyclidinm lttomensum 250
Euglypha ' 550 130
Difflugia 300 220
Amogba 600 400
Avrcella vulgaris 1.800 800 500 400

WL 1982 R H, %02 1972 AE12K, B ik em? TIRL 2
Tk K OkiEI?C, BOD O 0.9ag/d), % {kiB10C, BOD  2.2mgll)
FUBFHE 5 (Kil27C, BOD 3.8mg /), % (AJ412C, BOD  12.8mg/)

T (kid29C, BOD 5.2mg/d), % (kigl12C, BOD 9.8 mg/!)
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Fig. 6 Self-purification process in the stream after addition of organic waste
water

QAEHE L L LInmA L 28H, ) a X 0fEERIIEE L L (RS NH,-N —
NOQ,-N, NOy-N, 4 » B &3 SEEEO ) v o4y VoL, SHICHEMWCTNAEAT
BT 5, @EMEConTIE, AR L 510, HSWBESE, BEBENKL-EZ A
ME, A7, A IXEFEBL, ARBBESEHL LETFEROBMLZE 2 S22
N AOHBeEBRT A2 L i), BEliiban Aoy, by TS kR R
TEE9II%5, LEVEBETES,

2 BHETIERERWEOSEHLFINEOE L TR T0L JicBEb T2 2 8080, &b
RHZHAL T3, BRI LOARE L OEESEMESRATS &, THRICBEIL T <
2T, &= - - fEREER L 5 T TEEEIT LB ESEERL L Tx (G, FRIIZEY
T pidd & U THBRFEN DA, 3 TERFRL ISR RS IND - 2B E0HEHD
SRR VERLEEOREZEL TW3, T4hb, 4TEH, BALLHBWEILLE, FBEiE,
Y, BB E N L~EORT L S WWEAERT S, 22T, Ly 12 BOD RS EiE A5
roadd, by by bow (Bl2IY, BREEWEORASAGLICRET 2 I X75), b, (B2,
BRI SET A TEEE) 2 BODES &% b, Thibbh, bonk b 3TN TNHRTGEYED




KERIZ BT BIRLE T ER

WA #

t w o™ ta ts

¢ RKPORITH . £ LRL ~EEE RN

2, -h-EERRA ORI S THEEI N TEN
L2 RITSETMONAII L - THERS N ek
2,08 - M S NKDIZRET SES

£ - MR RAMGUIHRE N BH

FH 7 HRERSEOWTERES E O¥iE n T ERE
Fig. 7 Relationship between removal of organic substances and distance from
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Fig.10 Permeating treatment process in river
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Fig.11 Flow sheet of submerged biological film process packed stone in the
stream
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Table 5 Structure of full scale stream packed stone as media
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Fig.12 Influent water volume of submerged biological film process packed
stone in the stream
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H5H%, 100m & Tix Vorticelln, Euplotes ¢ & Ol O =M IEE o EIE 12 M 2 [H 4
EpAaler S i, £/, BAKIBMIZIEIZRA N A, Fa vtz SRBEES R, Fh4eD
B mi PRETF 2 7o 10MERK, 20 A SR TH D, s TG L CKE AT I RECT
2 OA R L,

LROENERITAKEBR L BOD A&7 /57— LTE EDNLOHT2ITH L AR L

N, KB bETERVEERE RIS A 0Hici, BASISEEL RN LT 2 £,
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Table 6 Biota of bio-film in the laboratory scale stream packed string as

media
AL Bmgﬁ(ﬁ 0 4 10 18 30
a Xv(;g/cm) 919 270 31T 268 138
& 4 ({E/em)
Aeolpsoma . 310 1,570 1,490 490 1,520
Philodina 590 910 1,150 2,280
Nematoda 160 1,960 490 1,310 610
Nais 500 30
Aspidisca 890
Colpidium 7,040 3,600
Paramectum 1.410 1,120 1.180
Spirostomum 400 3,900 700 4,400
Cinetochilum 11,300 33,500 39,300
Podophrya 2,230 1,180 6,600
Peranema 4,320 21,200 7,640
Small flagellata 59,000 61,000 62,000 59,000 5,500
Beggiatoa _ ce cc cc cc
co BT H Tz B (£ AKBOD 100mg/! PH{r)
TR

® U biktgma e

R T ki Gom) [ it
T U HHEMUE []J_“'r’j
i TUT S

U skiEmn
AXPLUMEERIALD
£ MEXK
EHAIAT — —
#1500m PR3, T g
KIS 4R ' EHWrERER D

X 20 FHATKHDT7o—

Fig.20 Flow sheet of pilot scale artificial stream
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Table 7 Water quality in the pilot scale stream packed string as media
P % B 1 *E L5 2
KB 1 K 2 KRB 1 ki 2
¥ B ok Bk
30m 100m 30m 30m 100m 30m
KB (mi/d) - 1.9 — 3.4 - 1.7 — 6.7
K (C) 22.1 22.9 24.0 22.1 20.3 18.8 18.7 19.3
pH 6.8~7.4 7.0~7.6 7.2~7.7 7:1~7.3(6.8~7.1 7.1-7.3 7.2~7.4 6.,9~7.2
IERIE (cm) 12~18 27—41 1H) > 25—~35 10~16 16~25 84~100  12~17
COD tmg/l) 28 18 7 20 33 25 15 29
BOD ( » 04 30 5 44 9 41 14 90
T-N () 7.6 5.9 2.9 6.3 7.4 6.5 5.3 7.4
NQ.., -N (mg/d) 0.02 0.05 0.84 0.92 0.0 0.0 0.1 0.0
T-P (mg/l) 1.4 0.96 0.85 1.1 1.6 1.3 1.0 1.4

i) KWE 112 100m, ki 2 (d 36m

E{E‘

8 Wi ATKER O il o0 o M A

Table 8 Biota of bio-film in the laboratory scale stream packed string as

media

T B OBE Om 15m A0m 60m  100m
Small flagellata 470 2,800 20 540 250
Paramecium 20 100 90 30
Colpidium 30
Uronema 680 370
Spivostomum 60
Vorticelin 620
Englypha 270 700
Amoeba 250
Beggiatoa c cc T
Niteschia 1,100
Fragilaria +
Euploles 250

AR 1 mg sho A
ool BT ERUIMEBL o R,
+ 0 ESAICHEL o bR
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Fig.21 Comparison of BOD removal between laboratory and pilot scale
artificial stream under various BOD loading
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7z, KB E LT, B 7Z 2 F o ZHRBM F R TA LRI LATHN T %5758, 4%
RERVITRTEBNTHE™,

s okBEEikE, O AKE30em LUT, @ ##E10em/s ELT, @ k30~ 100m L oy
BMREMFETCELLNEEZ LNE, L, BELLHREOONR A5, #HEEH RHE,
BESMR, MAETEMNELS, EHLTELETRRL ZET ATV ES WL 2 b,

Lilb, HEfEREFEMT2HEC O CTHRTELD, WRYA F o FTimiliciiiAdT s
LIBIOAKEE TR L EIET 20 Cid 2 CRNE b e LT, MK R RSk et 24T
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Table 9 Purification efficiency in the artificial stream packed wave type

plastic board as media

o . 2 5 MR K . L2k kA
K7 Rl e ¥
WAk o mm | i HedE A a s PR
BOD 20 BOD 150 BOD 30 BOD 37
BoA& X H mg/l T—N 2 T—N 18 T—N 119 T—N 3.65
T—P 1 T—P 4 T—PF 1.14
BOD 3 BOD 30 BOD 17 BOD §
BOH oK B meg/! T—N 0.5 T—NI11~12 T—N 68 T—N 1.0
T—PF (.1 T—P 3~32 T—P 0.4
Tt P # m¥/d 20 110 200 10
WA ‘
o m*/m 175 71 129 129
ANF OB A m? 4.3 h7.6 51.8 2.7
T 3.4 (s} k)
A3t 2. 2.7
K s o W 3 100k K B 6
WommKE _ 19 (rhoekEs) . ]
m,
B oD % 2 26 (Ol K )
* A bR RS i K
0 4 8 12 16 20m
L N A T KL bLk
km 46 r '\ -

Nt

LS
- k
F ok A |Fxmegx | FukE) AE@ Eig 1ol E {0t
2xe1 ERAPS)
. im) (i) imie -m) m
e T N B R R 33 8.2 .
=128 | 1930 2.3 1.38 1.2 B2.6 S
rLt-FR| W | 240 | 1> 3.0 B4.0 '
rnF=~A 1832 325 2,82 £.7 1293 [
rreE-74 1949 2.80 0.% 1.4 2.5
Hoo22  ne— LR ki

Fig.22 Reservoir in the area of Rubr river
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Fig. 23 Relationship between BOD removal and HRT in the reservoir of the
area of Rubr river
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Fig. 24 Purification flow sheet using natural sand filter process
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II-2 IKERIZ 31 5 £ & KBRS
Relationship Between Biota and Characteristies
of Water Purification in Experimental Stream

TRARMESF -tk KB - AEERE—!
Yuhei INAMORIY, Norio HAYASHI? and Ryuichi SUDO!

£ B

BRI HERM 2T TA LU SEDER L3¢, BN 2 S 4 TREmE
2D DL HEO—DIIKBERLEYND L, 20k 5 REBANICIIME, #E Raod
e EEE T CERER LML RE (RBL TV 3 L vhilTvb, L, %ip
HofE & KR bREE S oBRII W ToMBi b v, 52 THRIFFETIE, EBKE
THABRBLLZREL D RAED, HTAKD BODBEE 410, 20, 50mg/! & 3L
fEEHTARBICE T R {LEE L EYIENE R VR ENBEEZHE LI T 200 M %
Tote BONTHRRKOEEN THE, OREREETE, EFETTEEKET-
THMT 2BEOFDIREFBL SN L E Y, HIGEM T b v, O
EMELAmMEEEE20I20L, FATRBRBREIRCGEETIZprgE Ly, QRAH
BRI AL T AHILERIE I B LA, LR L £ T o bER L oz
WEBEEOSH L bbbz, D P 2T KEPOFEERDBEA - L E0EEE
MTHzaE0hbRTWES, 2O EiEE vy THARAEHBE R B2HB
22 b sH-OT L, Gk BT A M BB & D LI R AT HRIBE
B L BidE, F£2o, BiErRLET A EEST - 22d, ZOBE, HhULLE #®/
E£H, BUROVBEREFES» -1z, .

Abstract

Stream purification method strengthening the self-purification ability with large
amount of biefilm on the packed medium have been spotlighted to improve the water
quality. In this stream, bacteria, fungi, protozoa and smaller metazoa contribute well

1. EEAEWEA KEHHEEEE T305 SRR SRS W AbE I 168 2
Water and Soil Eavironment Division, the National Institute for Environmental Studies. Yatabe-machi,
Tsukuba, Iharaki 305, Japan.

2, BRMNSOHEE  [ESE AN EWRRTICEAGE (M s T274 FERAEETZW)
Research Collaborator of the National Institute for Environmental Studies. Present address : Biological
Institute, Faculty of Science, Toho University, Funabashi, Chiba 274, Japan.
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to water purification. But there are only a few reports about the relationship between
structures of biota and characteristics of water purification. Therefore, the relation-
ship between characteristics of water purification and qualities and quantities of biota
in stream with and without light at the load of influent BOD concentrations of 10, 20
and 50mg/! were investigated in this paper.

The results may be summarized as follows. (1) It is necessary to shut out the light
unless the effective utility method of algae produced in stream is established. (2}
Efficient of the purification in stream was promoted under low influent BOD. {3) High
nitrification was occured under low influent BOD. And then, there was proportional
relationship between nitrification ratio and the number of nitrifying bacteria. (4)
Cladocera are known to be an indicator of low concentration of organic matters, This
was supported in our results that Cladocera were not ecognized in high influent BOD,
but appear in low influent BOD. (5} Lower the influent BOD concentration and more
the progressed purification, the higher was the smaller animals such as Rotatoria,
Oligochaeta and Tubellaria.

1 @Laic

BRSO EESE S L EK N R KB ERT 5 & BT T 2, JHEEEHGE
B EENZLDTHY, E& L TRORET2BRIKRPOFEWE LRI MHE L oY
JEEHHEN B LEMT 2 2 2ok ) EEYOERL, RURESTRIC L 2 K8, 5 o580k
FEHTbNE I LicFEIWTWE, T4 bh, BHRER X IZ—RIICE B RKEIC v TR Y
Hh ko i, R OWE L ZOERI L NEKEL TR LTEREINTHAY, ZGH
EERIC I, ENFRECEYREEO ATEBROEE TL K - ML FOEREEROSS
TH BPLESHIRR L ~UL i, B S EWESEEIR L~ R B Bk A dhi 7 & ol
B AECEBL Tyb b Ty 329, Zhil, ARER2RMICTHLE 2
SO RS H RBRIEMIC 2 AW L L A EERINEL (BT E AR RET S
T EHWMEET S,

T HBERFERMCRES Y, BhEMgRIeTREeMEEEE HHEO—2E L TK
kD h B, T KRR bk, AR S M S 5 oI KBS NI 2 T A LT
HEMER 22D 2L BB LERE L Tw2Y, Lo L, Kbz B 2 8mn'E
RO, T4bbEWEOERE L NOTENFE, WAKOEHIM L X opibie & B FRT
&E%tmﬁﬁtowfmm%u@mf&&wo&ﬁﬂ@#ﬁ%ﬁﬁ?%tﬁﬁ,ﬁtmﬁﬁ#
LTIEMICE A EMHOE L LIS L, TAEADENS BB T 2B L HET
ZILHEBETHL EEZ LNAOT, EWENES S OB LB LS NG, F2T
R TIE, KEBEOWHE, {LEEEE2 LI GAO S MAOEE & KBS & o ME
REATL, Bl A b e s ETHREVRTAHLAIITE I L L0, EROKERGED
BEEG RGP T A # B0 L TERABICE 2B 2T 272,
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2 EEBRVHRUAFR

2.1 ERKBOBE

LIZAMRICEA L EBRKBOBRETH S, KIEIZE2150cm, 186 cm, S 4 cm ik
W77 ONBOLOTHLY, ZOKBPERICAFERL2LNEERBKBE L2,

REAPIFRCIE, LB () v 7 L2 BT HEIC 2 A ETICETALE, o
LRREBIMERE2 ot & B, Hbe=) FrEnGREITRE N My 5t 0L RicEEe
2TV LOTHL(HE].7, S EE0g/m, FHES 1 om, EEHEO.3m/m).

TE, EWHEOBE, SYEEOMNEFITO Lo, UL HKERE KBRS om BE
AUEMTTRED & ok L 22,

FREREBRKETIL, BESL,000 Ix 0454 7 10kBE - FTCEXELHEL 2. —F,
FEMARER K ISR FBERTRECE - GERL 22,

Pump Pump | |

Concentrated Tap water ]
artificial [ ’

waste water ’ Stream
Effluent

1 KEEAE

Fig. 1 Experimental apparatus

Side viaw Sectional view
2 D LREEMH ()L —2)
Fig. 2 String type packed medium (Ring lace)
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EBKBADWAKL, BRATIOKBEHOER E> 7 KBRS AOER XL 7128 D,
BBWATHAK S > 7 (05 RUAKEKIER 7> 7 billvi, %8, SBE 7ORR TS
LI XIZLD, MAKNEBHBELETLL2 L L5k,

FEBEEIL, 20CHHEBRICHEL L,

2.2 KERKEOERAE

2.2.1 E&EEH

FEKRIL, ROFBRURAEEMBEZTLI L6 RHErL5 2, Thbh, E1CH
T & ITHEBKEL, MBAR 00018 HEBRTRD Z0ickE A, o2z onTRA
HHHIIL & BOD 710, 20RU50mg/ ] im2fb & T L /-,

2.2.2 WAHEK
WA E LCUE, R2ZIGHRTT v, BEI XA, WX 2428975 ALHK%E A

P5 1 R
Table 1 Operational conditions
Run NO. Light conditions Influent BOD
{mg/!)
! 10
2 24hr. Light 20
3 50
4 10
5 24hr. Dark 20
6 50

¥ 2 AR 7Ry

Table 2 Composition of artificial waste water

BOD 10 mg/!

(mg/1}
Dextrin 1.53
Peptone 3.27
Yeast ext. 3.27
Meat ext. 3.73
NaCl 0.34
MgS0, 0.20
KH,PQ, 0.93
KCI 0.67
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Wiz, BRIZWAK BOD 10mg/{ iz 81 2 ATR L2 L TH Y, iAK BOD 20 R UrH0 mg/
[DBEORAKRIZID 2HERRFSERNEL 45, &5, BOD Wmg/! NFENHEAKE
BERIICORTEEN THE, 272, EBORBICE T 2 KEYRHE BHIZ40%, #E!E15cm/min
s kyllELR,

# 3 WmAKE
Table 3 Influent quality

BOD 10
coD 3.3
TOC 5.25
T—N 1.36
TP 0.27
(mg/ 1)

2.2.3 M4

BB AGEY I BT SRR & L TiL, 4 BEKhOFER B0 W, #BH TOKBEOME
EE R CEERREO £ MR B N EYE A B —IcBE L 2V RV, SEBUKEEICHE
L 2O RBR R BRI RACRT EBEN TH S,

2.3 KESHHE

EROKEN 4 FEAE, KEAFEROBRKIE L Ui, 2 HidRAS S SRS IR L T150,
300, 450% 600cm Wi T L7z ET 5, KESATICEEL TIEIRKE, ELIZAr727 40
¥ — 24 (Whatman GF/C) TABL, £#OA5@K#REE L7z, BOD &M EERR)
R COD (fbmMeRERE) 1k, TARRBHRICHELE2 YA v 2 7T 2kt b ) 7 a%ik
BULOCEETIC B 2@er o8By ) 7 Al L BRIEERE, T-P(&) )4, EPA®
HAREE, 2o NH N7y 7THER), NO-N (HibEEEFE), NO,-N (i)
MU PO-P UEH) VB 1, 770y — P THFI4 Y- o THti 21772, T,
T-N (&ZF) 1220w, 2EFaHMET (ZHk T-N 028) i XN EIE#1T- 7,

2.4 A FT20AEHRE

REFAF DG & MBICEBKC BT 5 4 8 s R R £ L, S ORIUL,
K 4 HEETEE 6 cm, 185 cm D30cm?KENNFHEHELTLCIE (S EL I LIS
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Table 4 I[ndividuals of inoculum biota (N/strearm}

Aeolosoma hemprichi 2,800 Cingtochifum sp. 7,280
Nais sp. 700 Euglpha sp. 82,300
Nematoda 3,920 Centropyxis aculeala . 23,800
Philodinag sp. 21,800 Entosiphon sp. 3,920
Rotaria sp. 6,300 Stentor sp. 700
Chaetonotus sp. 2,100 Trochilia sp. 700
Monostvia sp. 74,500 Chilodonella sp. 4,900
Lecane ludwigii 2,100 Vaginicola sp. 700
Colurefla colierus 2,100 Hypotricha sp. 2,800
Spivostmum sp. 700
Monas spp. 16,800 Stylaria sp. 700
Trachelomonas spp. 8,400
Chiamydomaonas sp. 5,600
Pleuvomaonas faculans 15,100 Microcystis aeruginosa 182,000
Chicomanas sp. 15,700 Anabena spirpiles 4,200
Bodo sp. 2,000 Oscitlatoria sp. 5,600
Peranema sp. 3,360 Lyngbya sp. 129,000
Ameeba sp. 5,880 Phormidium tenue 2.800
Vahtkampfia limax 400 Scenedesmus sp. 47,600
Trachelophylium sp. 2,800 Ovcystis 5p. . h, 600D
Litonotus sp. 700 Navicula sp. 393,000
Tokophrya sp. 8,960 Coscinodiscus sp. 104,000
Coleps sp. 2,800 Melosira granulela 168,000
Colpidinm sp. 600 Synedra acus 336,000
Euglena sp. 1,200 Nitzschia limax 1,000,000
Vorticella campanulla 700
Vorticella alba 27,400 -
Vorticella sp. 7,000 Beggiatoa alba +
Epistvlis picatilis 14,060 Zoogloea sp.
Aspidisca lynceus 15,700 Sphaelotiius nafans cc
Aspidisca costata 7.700 T




AR BT B A e AT BRI

ENATo . MU 72488, B—oaf2 08, 2SHEREHoER Lz, &b, &R
B OBESHIIFAHDSS (N4 A2 BE T mg/l) EHEE ml) DRERCRE 1 mi L7
Do EEEOFEAITIZ L), SHWIE L mg 5720, &5\ 37k 1 em? 2 D O EFE
LTHEHL -,

2.4.1 PR

T XE (S, SE 8 S35 M (Heterotrophic bacteria), HREEET (7 2= TELAH | Ammonium
oxidizing bacteria), WHEFE (HISEERE{LANE | Nitrite oxidizing bacteria) R 2

(Denitrifying bacteria) {22\ T, $HHE L EEL /29,

EREBEECEEL T, AYEBREROEMImI 2iuh L BT A (25W, 24 L, 40
B A B —IC RS ik, 10 AREIC L D101 TERBIAFRET) Z 2 k0, EEEE
R L A DAL

(1) fEmAIEMME

EREEEE M s, SEANEHSE 1 m] 2 ERERLH (£ ba) £ HWw-T20C, 14HMHFE
WIS L O o~ L5 ML 72, %k, 1ZEBHCDWTI0, 105 1080 FMRELR = & (-
SHETOMEREL iz, BEEH, Lo —L O T2 =30~ 3000FHHMNIZH B LDz oW TR
L., #OFE» L EEE 2B L. AB 20O BEE T o=~ LEFHERAICA - 7
BEld, 30— S AHFRERED L oL EMEE LA,

(2) MERHERE

WREREE B, MPN i (RS Ic8 U CHlEE L o, FHEuEHIS, ik s L Toa%ki
ERMEHIE L CORBEA N7 LD A - RBE ¢ RRH Lo, WIHEWAER (R5b)%
SmiFEALCHEEL 2, WHEERO EWHL, EWERERRE L ml £ 5805 A - 2R
BICAN, 30C, 0AMIEEL S, A7 7 =0T 3 F, VB N-1-F7FnadL 27
I TIRERE A L S RARE (RSC) FETLRELELLSE, RURGBLL{(TL
BHRFGEHELCHGICREFZELLLOOWMELREE L L T MPN #2588 L 2. Iod, &
BEHOE M L k-0 5100, 107, 105, 104 105 105, 107, 1080 8 ERPEOFAREBEIL W T,
ENFNLSFT 2ETHEOEEF 1T - 12,

(3) THEEH

THEEE S, FHEEE &R C C MPN SBICBE L TEEL L. &8, HMBRIHROGE L oM
B, e L TIHERR MR (R 5b) # Fv 2 2 &, EFEHMA0C, 60BM iR (a2
ERV, BHMBRCRELETL CLREEFRE Db~ LnEBEHELT LI THN, 2
O THBFEEOBE LR TH- 7,

(4) Big

PR EEIT, EWEEMR AR LR < MPN EiIcd e Tl L 72, BEEOFEICBRL T
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(3, REENICHESEAS (F£5d) 20 mi AN, SLICINEMICF—7 ARBELILHL
th, FRBAEL T CAWENEASH L m/ 23EHL, 30C, MAMOEEPT- 72, BN
bR, ST AERICRIESLEBNT, ThEBEEHEL T MPN #0545
PEMLA, b, EEERERREHC-O X108, 104, 10%, 105, 107, 108, 10%, 10, 10Y'¢ 9
BEENRHFBEIZ >V T, FNEFNSETOEHAENLEL T - 12,

i 5 BN
Table 5 Medium for cultivation of bacteria
(a) {2 FER I

{ a) Standard agar medium

Standard agar medium

Tryptone hg
Yeast ext. 2.5g
Glucose 1g
Agar 15¢

/ Distilled water 11

pH 6.9—7.1
autoclave
(b Eﬁfbnﬁﬁlﬂmm%ﬂ.ﬁ N Co) %t
v Eg/;eciurrg for mtnfymg ( ¢) Color reagent
KH,PO, 100mg NH.C.H.SO,NH, 10g
EDTA—Fe 6mg H,PO, 100m/
MgS0.-7TH0 50mg Cioll, NHCH,CH, N H,-2HCl
CaCl;-2H,0 20mg 0.5¢
NaHCO. 200me / Distilled water 11
# 1 (NH,) .50, 6mg as N
# 2 NaNO; 6mg as N
/ Distilled water 1/
# 1 for ammonium oxidizing bacteria
# 2 for nitrite oxidizing bacteria
J
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Tahble 5 (Continued)
(d) REs gk
(d) Medium for denitrifying bacteria

Giltay's medium
— NascsHSO'I'ZHzO 8.59,’
— KNGO, 1g )
_ Mg50.-7H.0 1.0g
A Asparagine lg .
B FeCl;-6H,0 .
1% BTB T 0%
o ) KH, PO, 1.0g
alcholic solution 5mi

CaCl;-2H,0 0.2¢

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

Mix A and B
pH 7.0-7.2 autoclave
2.4.2 # M

EMHBRERRRN L RAR (I mm FR)AD A 74 F772120.00ml BT L, BMST CERE
BB UHERMEARR £ BB L2, SRR 2 T8I, SRS EIRC RO R 2 DRE 270
SERMICFHETE 2 52U,

2.4.3 fielEntn

Wl atn, AHHEZARARERAR (I mm AE) AN ZF74 FZ7Z22020.05mi BT L, B
PR T THEMA R N AR L ERCREL Y, o, KEI IR, TIFNT, ALY
AL EDBREBWII O TRHBERE S 2 (T2, HHHAEHERN 1 m! #H2E R
BMANDAT 4 ¥ 7 2THTL, 52T 7,

3 RRRUEER

3.1 REP LAt

% 612 BERBOKBOKE B LA 2R+, AFEK BOD R or BOD BeZ:ut, iAo BOD it
B, 10mg/l HABICEWTE, ERERTEL0.Tmg/l, 93%, HEMFRTE21.2mg/l, 88
BTH-7zDIH L, WAKD BODBEIEE 050mg/l 1245 &, XRBHHZTE211.1mg/!,
T8%. JEMRT21.5me/l, 57% E{ET L7, £, BEfbEug, HAKO BOD BEH10me/l @
REIZEWTId, RBHRTIX, JEMRTIZT90% L BV RILESI S N DR L, AK
@ BOD iBEAS0mg/l 12 5 &, KBRHFRTIN, FHEER T 9% MLRIEL CETL
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Table 6 Effluent qualities of the stream submerged with ring lace

: N P
R Light T BOD cCOD -
un Influent T-N NH, NO, NO, Nitrifi-| T-P PO,
condi- BOD Removal Remaoval -N  -N -N cation -P
No ., ratio
Bon | (no/i) (img/D] (%) |me/d)| (%) limg/Dimg/Dimg/ Dimg/D (%) |tmg/Dmg/ 1)
1 10 0.7 93 2.0 39 0.50 0.02 0.08 0.40 96 0.20 0.16
24hr
2 20 2.5 88 3.1 53 1.24 0.52 0.28 0.44 H8 0.41 0.38
Light
3 # 50 11.1 78 8.7 47 1.52 1.23 0.10 4.18 18 1.27 1.20
4 10 1.2 88 2.2 33 1,00 0.21 0.09 0.70 79 0.26 0.21
24hr
5 20 2.9 36 3.9 41 1.71 1.58 0.02 0.1 8 0.52 0.49
Dark
6 50 J 21.5 57 8.9 46 2.21 2.02 0.01 0.18 9 1.31 I.23

o, ThoOERIE, ROBFECKHILL T, BRAKDAHRSBEK- KBTS BOD BRESE,
LY S oXERLEOEE L 2 &, 22, A—RAAEBYREORBIIEWTL, LRESR
DRI FAE W T K & B L TH W bREA B oD Z L 2T T2,

33, AKOEEMERE - BOD REERUHEFELOBEELZ O LDOTH L, KRS
RTEWELREH TR N z0lg, ik 200 MM, @8, EE8iR oM R g b %
LEYENEFRESFAEMAOKBIC~FL (REL, 272, BHORERTRETIBHES
WEEE, Mol EE TR RO S it oI B EE SO Sk~ o RpEELa e D
NEZBZ LA T, BEBKEEE L, BOD ka3 @ - izt L, COD g Hbgid ks -
2o THhbh, ALK COD Ky COD iR, HAKS COD BEH3.3mg/l DKBiCB
T, BERERTE22.0mg/l, 39%, KEMRTEHL2.2mg/l, 33%F 12, Ak COD BEH
16.5mg/! kEICH VT, REHRTE28.Tmg//, 47 %BIEMRTE 2. 9mg/i, 46% & v
FTICEWTL BOD & B#§ 5 EREfETEr -, CHEERL 2 ALK MRS, 7% A
FY>, 27y, BEIXZ: VoA FBEN L VWABME IR L L TwB o THS
EEZ LD, PEN, KBERT T8, £HoBLLTVEBMIES MBI TR D,
FO—FTHEDFES I CUHEYTEREN T 0L EL LRL, 20 ki, BOD/
COD tons b it 3 BIBORAKSMIK TIHO SHIRIC A > T A I b LE T LA, 2
B, Wbz, 2% (T-N)BECHT 2 EMEEEE (NO, -N) BER UREREE (NO,
-N) O R TIEHti L 22, ZoOBbRELK T OBiRsTR Lo M4IThHE, 20l
E NSRBI T ERRER A 23 EMET 22 BB TE DY, Zhidigmd
HAEEBAKBICSY LA FVCEBRE A L Tz, TRLOEBER, BEkErEHE LT
(R LR O RERERG 1 % 6 B ML E T Z L2 FK L T b,
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Fig. 3 Relationship between BOD removal, nitrification ratio and.influent BOD
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3.2 £44

3.2.1 #HEHE

EEAKBIZBWIERDOSBCESTIMERII SHETET 547, F0560HMEE - HER
WEOBEIZEIRICEEHLIHSERTEBNTH S, BLTiBYTiE, InsOMEBEENE
B ARt s ORI DWW TS Z LIz T B,

F T3 AEBAEOFRTIES D & OMEFIENE, hEEE, RN OB EE OB E YR
B ESL ) OEEBERL L0 THE, INLERTHRE LB OMRTEL
RONHEThE, ERFTEME R, SERABELHASMETRL S CHTLELOETE
ELITRD L, EIEEERIE, AW THRATERBICASEEEEH S N b 2hs, THEEE
i, RAMES SHE T2 2R TERNT @IS -z, ZHeniFRIR, AKX BOD %
DERFFEIITA L ERCERREMARIIERE RS T 20 L, BAKPOFHERIG
AR THBRIEME L BHT 3 /b7 22T IThN 2 LI e b Z L 2ERL
Twd, ZOZ ki, RTE#S EDKEREFEr L LVETTLNS. B, KERICO-T
(3, SEBAKES AL BRETOEERIZKE LS <, EE S TR L DM
HEZEH LI LI TEL D -2, R, REEHAVEMNEES G HESEL BT T8HFI L
HEELEE L L TR AN EZET MM OB TH 24, KESOBEE MRIEHREMH

Jrganic nitrogen frganic carbon
{ Oxidation ) « Heterotrophic bacteria — { Oxidation )
Ammonium nitrogen He0.COg

( axidation ) «— Ammonium oxidizing bacteria

Nitrite nitrogen

{ Oxidation ) — Nitrite oxidizing hacteria

Nitrate nitrogen

( Oxidation ) « Denitrifying bacteria

Y

Nz gas

M 5 HHHEROERM

Fig. 5 Biological metabolism of organic substances
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RRL, BEMEET o TREESR + BEERDOBRIICA ML, BA0EET TiILbHNESE

3 R O AR A RMLRIGICHAT 2 2 A TE BT, HEHOEHBREIZE
THEEE+*HTENANHEE LI TR LR LIEEEILNL,

72, Run 4, 5 DEBKBEORLEEE Run 6 12~ D & Ed o285 THUSEWENCES

6 (B LTy mEEE, BERCBT S Aeolosoma J&, Nais J&, Dero BR ¥ Pristina &%

*= 7 E{CEMERT S ) DLW

Table 7 Number of viable bacteria in biofilm of stream susbmerged with ring

lace
Light Influent Distance Heterotrophic  Ammonium Nitrite Denitrifying
Run c;)idi- BOD from the bacteria oxidizing  oxidizing bacteria
NO. Lion inlet bacteria bacteria
{mg/1} {cm) {N/mg) (N/mg} {N/mg) (N/mg)
75 1.0X10° 4.3x10¢ Rty 4. 3% 10"
| 10 225 2.5% 108 6.8x10¢ 9.6X107 1.9x1nn
375 2.9x 108 2.0x10° 5.5 108 3.3%107
525 2. 7108 3.3x 108 [.4x10° 2.9%107
75 1.9x10' 5.1x107 1.8x108 5.8xX 10"
) 24hr. % 225 [.2x10' 2.3x10° 1.8%x10° 2.3x10°
Light ) 375 9.2X10° 2.0%10°  2.0%x108 1.2x10°
525 1.0x10 3.9x107 1.7x10° 3.4 X107
75 5.3x 10" 2.5x107 2.5% 108 3.7x10°
5 " 225 4.4 10" 2.8x 107 4.2 108 1.8x10°
2
375 3.1x1e 1.2x10% 4. 7x 108 1.0xX 10
525 35X 1 1.5 108 S ety 2.1 00
75 4.5x10° 3.3x10° Hodx i’ 5.5x10°
4 10 225 5.0X10® 5.5%10° 4.0x 108 1.8 10
375 1.1x10% 1.5x10* 8.5x10° 2.8 104
525 1.8 10 7.1x10P 3.9x10° 1.1x10"
5 1.4x10" 1.9x10¢ 8.9x 10! 5.1X10"
i 24hr. ” 225 1.4% 10" 3.8%107  3.8%10° 5.6 10"
Dark 375 9.1%10° 14X107 3.4 10° 3.6 10°
525 1.3x10%0 1.9x 1Y 5.8x10° 3.2%10"
75 3.610" 3.6x10¢ 5.0x10° 3.6X 107
6 225 3.6x10" g 4x 10 9.1x10° 3.4 10
50
375 1.7x10" 2.3x10° 1.0 10° 2.3x10"
525 1.4%101 3.6%10° 5.1x10° 5.4X10"
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Viable nitrification bacteria
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Viable heterotrophic bacteria
3,
o @
a s

0 50
10° ¢
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Fig.6-a Relationship between viable Fig.6-b Relationship between viable
heterotrophic bacteria and nitrifying bacteria and
distance from the inlet distance from the inlet

DI L 2, s F Fie s T b b ERT AL (TR EiITL 0, KEFD
EHEER Y EWEATICER L, AEENEE MR ERLEEED AL EEL LN D,
LaL, Run 6 @k 2k 2 XOHERL & WEBOKEE L, 28 L - BHBEREA
VEFRHEEATRL 2 Lk, BREEKESER S R REV T Lz b o b fiEE NS,
S I, BAHEBFBEEFETLESNREN E 2T 2540 TH 2 AR EME O
Beggiatoa alba A5 EBNCEFTHEML T2 25 8T 6t, £, ARMEE
Sphaerotilus natans VW 5B £ X7 i3, Run b D BOKER I RANBERE L 72, 20 Sphaevotilus
natansid, GEMEOUERTH IV RETHERERRL, £OBERMICHEEL LR &
DERTB/NERERETRT A EHLNT S,

Sphaerotilus natans i3, LA Th CRBO L ) wRAKBTHBEREFFE SRS
BUHEBEESTET AR E LT AW TH 20T, Run b DEBKE TESILL
IYHERTE A, 0L IS, FMETT TRETE 2 RRKEOME Th S Beggiatoa alba 7 Run
b DHBETFERBENEAEEAKIENERIKIRIZ, £ 7 Sphaerolilus natans 7 Run 5 ) - K




AYEZ 500 B L E KB R

MWOERKEEIZHIRT 5 2 Edbh o2, THLOEER, HROMBLEF T LOTH S,

3.2.2 &

FRIIEEBAKMOFTHERM L 0BREOEER L 20 BRENELER L2 LN THE. &
FITHBEHAROKBIZOARRL, LEMZOAKBITIILSARBERL T -7, JHT7HE, FEBOK
%WWTE%:kmiﬁm%mﬁ%tDmﬁﬁ%ﬁﬂﬁﬁ&mTE%tWM%%ﬁLtbmfﬁ
bo B L, FiAKD BOD BEH10mg/! # 520mg//, 50mg/l LB E 212 o0 TEEOEE
BL10° 10° W EeEmELI Lobhb, Z0E I, RABEEBIE S VKT S S90EIC
HEHOLHLEEPEE - TvaEOIR, KEdo) »r, SEBREI-TFAOKEIILEWTLEH
KTFEL TwWe 2 2 oF LT, ARIBEE I L ) IRRT 2BEEs L2 2 &, 172,
FALS W OE 2 & DR BT 2 BRI E AT ST L2 & 2 DI HE
TEBECHIBO LTI L VeI EHL BB TELZ LN EEbNE, T E, ALY
LRI B D THBHOREAET L L L Aadh s, BRI O TR L T
Wi E, AL S BN L 2SR, VL OB ETEEERE L T
WithThbsEEZ L5,

BRI RSN BRIz 0w TA 2 b, RATESREOEY: Run 1 NFERAMK T

¥ 8 Runl, Run 2 KU Run 3{- BT 2 450 ke

Table 8 Comparison of flora between Run 1, Run 2 and Run 3

(Run 1)
Distance from the inlet (cm) 75 225 375 525
Total algae (N/cm?) 73,000 150.000 26,000 68000
Cyanophyta
Oscillatoria spy. 30,000 6.000
Lynghya spp. 3,600 3,600 1,200
Phormidium sp. 1,200 1.200 2,400
Bacillariophyceae
Svaedra acus 54,000 3.600 1,200
Sviedra ulna 48,000 11,000 2,400
Nitzschia spp. ' 12,000 48,000
Fragilaria sp. 1,200
Achnanthes sp. 2,400 1,200
Chlorophyta
Scenedesmus spp. 2,400 1.200 1,200
Ankistrodemus sp. 9,600
Cludophora sp. 63,000 2,400
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Table 8 ({(Continued)

(Run 2}
Distance from the inlet (cm) 75 225 375 525
Total algae (N/cm?®} 846,000 1,100,000 870,000 780,000

Cyanophyta

Oscillatoria spp. - 660, 000 60,000 570,000 240,000

Lyngbya spp. 12,000 12,000

Phormidium sp. 60,000 24,000 42,000 12,000
Bacillariophyceae

Synedra acus 72,000 170,300

Synedra ulna 24,000 110,000

Fragilaria sp. 36,000 1,000,000 140,000 250,000
Chlorophyta

Scenedesmus spp. 12,000

Cladophora sp. 48,000 24,000 12,000
Unknown algae 12,000

(Run 3)
Distance from the inlet {cm]} 75 225 375 525
Total algae (N/cm?®) 4,300,000 3,300,000 2,300,000 764,000

Cyanophyta

Oscillatoria spp. 12,000 600,000 360,000 450,000

Lynghva spp. 24,000 24,000 12,000

Phormidium sp. 12,000
Bacillariophyceae

Nitzschia spp. 24,000 54,000 180, 0H00

Fragilaria sp. 12,000 200,000 36,000
Chlorophyta

Scenedesmus spp. 24,000 36,000 36,000

Ankistrodesmus sp. 24,000 12,000

unknown 4,260,000 1. 800 000 1,600,000 420 000
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Fig. 7 Relationship between total algae and distance from the inlet

(&, 4 @O Synedra acus, Synedra wlna, Nitzschia spp., & 12, BB Scenedesmus spp.7e
ENHBMMENE N L I A HUESBELENCHE L, RAFERBREOE Y Run 3 DEEK
BT, TR Oscillaioria spp X Lynghya spp. 7 & iBiic U Ot # £ 2 2,
B BT R B DAl b L7z ZEM # B4R & LT Synedra spp U Oscillatoria
spp.NEHRE & T BB OBEF L A L 7T A TRLADHRE Th b,

o iz, WRTZ2BHOEMIZEBKBOEROREICLVRLLZE bl ol

3.2.3 ol

F ORI BERBKBORTIER 2 & o REBYR UM MR st 0B E, BT L2240
Thi, L0, Sk Eu T, MEEORE2HET 2 ELpE L
THYLHR TR, 22T T, KgoE{LiE s BB L 22 vl By & OBEL &, Kigod
WORE BT 5 2 & 2R 470, 20E, DR AKDH IR IEHIE KT Trackelophyl-
fum sp., Paramecium sp., Glaucoma sp., Spivostomum sp., Amoeba spp., Colpoda sp B ¥
Blepharisma sp, QW ANRDHEEMBEIIE XS T, Vorticella sp., Lecane sp., Colurella
sp., Monostvla sp.. Cephalodella sp. BU¥ Cypridopsis sp.(#4 1> 2) 75, BWEETHET
b, @QWIROKERT LSS ILH, HICRATRDBEN KV RS (LB L o

_51 —
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Synedra spp. Oscillatoria spp.
300,000¢ Run 1 600.000 Run 1
200,000t 400000
100,000 % 200,000

o 3 {m} 8
300,000r
Run 2 /
200000 Z
7
100,000
0 3 {m) 6
300,000 Run 3
200000
100,000
o} 3 {m) o

8 HAMAHEBRADBECEITLME L BT EME:OME
Fig. 8§ Relationship between algae and distance from the inlet on each influent

organic concentration stream

& LT, Litowolus sp., Aspidisca sp., Philodina sp., Pristina sp., Centropyxis sp., Euglaypha
sp., Macrobiotus sp .} UF Planariidae 7% Y L6 2 &, 7, @FREROEDH LN -2
ix Cinelochilion sp. }o X Nematoda TH 5 Z EHtbhh iz, Zilb AL, EEROHEko L
BECRLATVRIEREEE TR L0 TH D, U, ARMREOEV-EIHTENLLA
Paramecium sp. iz, v d 25 TEELL 72 Cypridopsis sp. R UIEEHRDRBH SN - 7
Cinetochilum sp 22 H LT, 2 L O EEE X T IEM - OB+ B A EYREERIZR L2
—@Hy, FhEndo-a, 9-bRFI-cThd,

BB ERIC I TEOEEAREIZ OV TIE, REFOKE : SENRABOTERE
g4 sl Lo LB L, BRICDWTOMNBERENHEIZEIICTT EBN THD,

AELD, AOFBECHAESEOEREIIFL CEREEH LD 28, FRTLRESE
fLaEA:, BB RICHAEBEROEBRKBETHGCAELZTL 2o, BEOTET L RHENR
KFBIZ T, FRECRERERE, RAEBMEUBUNEEE L SIc bR E SN HBENER
HMoOEERIE VG N L 2 20 LD BENEETH S 2L 0NN G FmE 1,
ek CEibANEfT L h bl e E L L RS, Fi, ZRoobv i, BiROEELIZ LK
5 EEET LI LA, HERO SRR, SHSII I N T A I A G, KEEELEIIH VT
Lath ARt A X9 5 LTI, B ELTET A 2 EAUETCH S I EFLHILE, £
U, & ikid, KB B TOREDR B S LT 5 &0 2B 0T LD LRELS S,

—hZ2—
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= 5 Runl, Run2, Run 3, Run 4, Run bR URun b KB 36O |

L33
Table 9 Comparison of fauna between Run 1, Run 2, Run 3, Run 4, Run 5 and
Run 6
(Run 1)
WOF B % (em) 75 225 475 575
Biomass (mg/cm?} 12.1 11.6 1.5 10.2
Biota (N/cm?)
Trachelophvtion sp. 360
Chilodonelte sp. 720
Pavioneciion sp. 180 120
Uranema sp. 1,100
Culpidinm sp. 300 360
Cinetochilum sp. 3,600 2,500 2,200 2,100
Cyvedidium sp. L. 100 720
Spirostomiem sp. 480 ann 60 360
Aspidisca sp. Z.,200 1.100
Euplotes sp. 300
Euglena sp 360 1.400
Small flagellaia 12,000
Planariidae 3 18 9 k]
Colurelle sp. 60
Philodinag sp. 60
Nematoda 420 2,600 840 540
Avafosome hemprichi an
Netis sp 15
Pristineg gpy. 6} 2] 15 Y
Crpridapsis sp. R 600 1.100 900
{(Run 2)
weor WA (em) h 225 375 525
Biomass [mg/cm®) 14.7 12.1 11.9 11.1
Biota (N/em?)
Cerdcps sp. 9
Trachelnphvifum sp. 1. 100 1,100
Pravamecium sp. 180 a0
Cinetochifient sp. 7.500 1.800 160
Varticetla sp. 1,160
Spirostnnm sp. 6,000 13,000 2,400 4,600
Aspidisca sp. 2,900 2,500 4,700 1,800
Euploles sp. 60 3,600 360 450
Euglonu sp. 720 720 360
Entosiphon sp. L.400 1.800
Small flagellata 5,400 2.200 3,200
Amocha sp. 11.000 2,300
Centropexis sp. 3,900 7,500 4.500 2,200
Eugivpha sp. 2,200 3.600 2,200
Planariidae 420 600 6 3
Philodina sp. 1,800 o)
Chaetonotis sp. 10
Nematoda 660
Nais sp 60
Pristing sp. 1.200 (] 210 1
Macrobiotius sp. 120
Lupricdupsis sp. 3 6Y 360
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Table 9 (Continued)

{Run 3)
WP OB (em) 7% 225 375 525
Biomass (mu/cm?) 257 24.9 23.7 2315
Biata {N/cm?
Corleps sp. 360
Tracheiophviiem sp. 2,500
Parameciom gp. 900 1,200 3,000 1400
Colpidiem sp. 360 7,900 39,000 22.000
Cinetochilum sp. 11,000 360 6,500 1At
Spivastomum sp. 23,000 10,000 26,000 6800
flepharisne sp. 720 360
Aspidisea sp. 2,900 720
Fuplotes sp. 1,200 1,000 1,900 1.200
Fnglena sp. 1,100 1.600
Entosiphon sp. 300
Small flagellata 2,200 2,200
Amocha sp. 28,000 21,000 17,000 22,040
Centropyxis sp. 2,500 1.400
Planariidac kit a3 180 11
Philoding sp. 0o &0 300 240
Nematoda 70 300 60 360
Pristina sp. 24 120
Cypridopsis sp. 21
{Run 4)
weoF BB (em) 75 225 375 525
Bismass [mg/cm?) 1.5 N6 0.4 nz
Biota (N/cm?}
Coleps sp. 45 45
Trachelophyilem sp. 3610
Litonotus sp. 1.100
Cinetochilum sp. 4,700 5,400 1, T
Varticetlu sp. ki)
Spirostormum sp. 6l 45 120
Aspidisca sp. 1.100 720
Euplotes sp. 2.900 240 300
Eniosiphon sp. 720
Small flagellata 3,200 4,300 8,600 4,300
Centropyis sp. 5,100 6} 2.200 1.100
Planariidae 3 13 &
Colurefla sp. 60
Phitoding sp. 60 120
Lecane sp. 60
Cephaladetla sp. g k]
Lhactonoftes sp. Jon 6 12
Nematoda 120 180 180 45
Nerls sn. {2 I5 12 3
Pristina sp. 6 3 [
Cyupridopsts sp. 160 15
Sphaciotifus natans +
Filamentous Bacteria +
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Table 9 (Continued)

(Run 5)
wOF OB 8 {om) 75 225 375 e
Blomass (mg/cm?) 4.4 1.8 5.3 1.1
Binta (X/¢m?)
Coleps sp. 4,400 §.600 1. 1040 360
Litowvotus sp. tan 60
Colpoda sp. plit]
Fartmecion sp. 1860 400 840
Cinetochilem ap 5,400 4.y T
Spirostomum sp. 1.300 4,000 5600 5.500
Blepharisma sp. 1] 600 606 Bl
Aspidisca sp. 360
Euplotes sp. 6l a0 600
Entosiphon sp. 3.600 1,100
Small flagellata 3,200 2,200
Amocha sp. 1360
Cendropysis sp. 26 2,500 1,804
Phriloding sp. 420 60 120 2,900
Chagtonofus sp. 120
Nemaloda 2,200 aon
Nty sp. 120 31 111 8
Macrabivtius sp. 60 120 300
Beggiatoe atba +
Filamentous Bacteria cc o
(Run 6)
Wor # B (cm) 75 225 375 H2h
Biomass (mg/cm?) 8.9 6.4 5.0 4.1
Biota (N/em?®)

Litonotus sp. 420
Colpoda sp. 1.100 120
Paramecion sp. 300 420 1,200 600
Colpidinm sp. 2,900 2,500 2.900
Cinetochiliom sp. 5. 800 1,800
Claucoma sp. 1,400 2.200 1,800
Splrastomunt sp. 300. 600 3.000 3.00n
Bicpharisma sp. 1. 100 300
Small flageilata 2,200 11,000 12,000 17,000
Nematoda 540 360 420 360
Aeolosuwma lemprichi 12 ] 3
Begglatoa afba cc ce ¢ ee

3.3 M #A72E

FE103 BLEB KSR TS L 0 EMEOHGRETLELOTHS, JiUE, U LIRERE
Mo 5 cm KB RG240 % 50 4010  BES B T E & 2ok, BRI 1 LA
BOBEATHL150em A7) O:WEHERE L GRELLLOTH L, KBAOEHER (3
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Paramecium sp.
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(b) Light Dark
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Fig. 9 Relationship between smaller animals and distance from the inlet on

each influent organic concentration steam
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Cinetochilum SD.
(c)

Light park
10000 Run 1 10000 Rund
5000 5000
0 3 (m)6 o 3 {m)s®
10,000 Run 2 10,000, Run §
5000 5,000
] 3 {m)6
10000 Run 6
5000
o3 3 {m)6
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Fig. 9 (Continued)
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Table 10 Total biomass of the stream
Run Light [nfluent 1st 2nd 3rd 4th Total
. ROD (0 ~150em)  {151-200cm)  (301~450cm) (451 ~600cm) biomass
NO.| condition gy @ (g) (g) @ (%
1 10 9.83 8.69 7.90 7.65 24.1
24hr.
2 20 11.0 9.09 8.60 8.33 37.0
Light
3 50 19.3 18.7 17.8 17.6 57.6
4 13 1.1¢ .45 .29 0.18 2.03
24hr.
5 20 3.58 2.88 2.54 2.3 11.30
Dark
[ 50 6.66 4,80 3.71 3.08 18.20

4 A2 R)(E, FAKS BODIBEH, 10, 20, 50mg/l D3, LBHROKEI B TIEX
34.1g, 37.0g 57.6g LEMFROARICH Y Tidg~2.0g, 11.3g, 18.2g X% 0, MAKDHR
WA KERE & B, F R E-RBNIC BT Y, RASRMEA L S WT LT
AHERT T B IR L, TR, BT T 2T o IS LT L S N HREE
BALFT A LTI AVhEEL SND, JALNEERKBOEBEREFR W FER: D
G, HICmTEBNTH,
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Fig. 10 Relationship between biomass and distance from the inlet

F2AEBKRIIBT AEEERME L KB M SRR EOMRETRL 2O HELLTH S,
SR e AR, KBRS T ~5Tg &, BENRKEO 2 ~18g i L (%
mofz. T, ERHERKBCE T, BEOEGRICL I —REEITHOR T WL LIEE
Bz ond, LRI, KBEKBOREIEZELL 2 BEOMERE R <4 47 ZZHA
LT Thd, 20, RAFERDRE LMo GEpBENES, EWEICE
WENLFEBERS L, £, BBWHEE L TUIEORORE L2, w2 B 2 KBHOE
W R A EIECHITET AN AR (S v s A2l DG S F w2 i
ELTz. Thbh, RE A w22, KBEERNOBESRTFRS —E & L 2BSIET
LRSS N HEMRO D £ ERT B, Bh. ABAERRAEC LD D E e R
Wi akEsnESEEAE, Bllrsbd sk diz, KEERT0~20%, NEHR TR
WO%IEEET & - 72, KBHATHRENFRO 3 ~ 5 ENEIERL NN, AR L 2ES Do
WMEEETCLLHBEROBEEIIT LN S 5 TH L TEMFRTL% & HAIVNE D - o,
KEEN O S RDEWIEIC & 5 HOBL L BB TEICL D RYESI R LB I LI L BIE
B ANE—OEEENRTH 125 TR TP EFEL LN D, S THAKRDY BN
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Fig.11 Relationship between organic uptake and biomass surplus

ThMEE ) S EER, FLAK BOD 10, 205 050mg/ 1 OB R OHGERRICE VT
VHREREUTHET L S EIEASFAENG, 24, 6%HEHA, 3, 3% &% Run 1 LR
B THRA BOD img/! OF AR L) Y BEIEETITHNTVE I LA LAE, FITIO
Run 1iz>nwTY YINE2EML Ta5 &, mAKD T-P0.27mg/{ 1234 L THMFEAD T-P 0.20
mg/l, DF ) ZDFEN.0Tmg P/IHRNNEREICHFIN ok b, 72, #1125 Run
LizE 2 HE S 2204, 1.30g/d Th o722 L% b05, o34 47 ARRHA S T HH
EDLTHY, 00 1 mg THRESIMg HEEI L EEET L E, 2054 F e AR
i2EWT, 26mgP/d Y A ERNIATHBEI EICh B, THIAIKBHEEISY /A FHvTIEERY
5 E£0.067mg P/L &) U U EREBEREACKRE 5, iU, %00.07Tmg P/T X ) Rk
FREIEIL TS D Run 1B wCid, SEMAEICE S ) v ORDALPITOL Tz b
Mt hstz, ZOM Run 2, Run 3 TIZRAHBMBESSE 512011 V) rBREENMLT
HREH LI, O bEi e 2iid A s u e T 4 e FERECET 4L LB LR
foo Bl Z b, RBEBLBICSYTRRBOY v 2 BEd2 2 2 28T 4 LT, K
B OWEFEICHER AR ML TRICKBAOER S HE BT 5 LB TEL
EEZ LA,
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Table 11 Mass balance of the hiomass in the stream

Light Organic uptake Biomass surplus
Run - Influent
) Influent Effluent Sloushed Excess
condi- BOD organic organic biomass biomass
Na.| . compound  compound
ten  (mg/i) {g/day) (g/day)  (g/day) | (g/day) (g/day)  (g/day)
1 10 3.24 0.28 2.96 0.35 0.95 1.30
24hr
2 20 6.48 0.81 5.67 .37 2.54 2.91
Light
3 50 16.2 3.60 12.6 0.40 3.15 3.55
4 2ih 10 3.24 0.39 2.85 0.30 0.003 0.30
24hr
5 20 6.48 .94 5.54 0.35 0.015 0.37
Dark
6 50 16.2 6.77 9.23 0.38 0.52 0,90
4 MEEFER

B, ROGEOHE L RATRREOE VD, ERKEOEWHEOEEIWr L D8
W BT I DN TR L LOTHE, TOFERDL 22OMEIRLNT, TLOHA
4 b C T, BREACEIEECEDT S 5, Fo%E#HE (Trophic structure) 4 5 M
WK E R RO R ERICE T S B O MERRIL, 1200} 5 iR EN D, TH
b, FEEFOKECE T, FAAEDEAENICIRE S f, MBI E IR S 1,
o ARPOESR, ) RO AOLF - R FIR LTS L 2 WA, AR, e R T
Bt 2k REIRED, MEEEME, SCNEMOMIR TS L 2 BB A 2 BN AT & v ) B AT
s, 27, FEMAKBISOTEEEREEL LT, HAGHEDEEERCEREIA
HIEEA BN RSN L vy, OB WERSAITORLZ IR, 20k 51,
ST DAL, ERGOEEEI ThI, ROTELZVEEE, AREDSEDHIE
TTeI il b,

B, mE 1 mg A L EERI0mE, V1 mg A S ERI0mg SEEER R AL, TOWEE
Lotk 2 AN LA AR T 2 kARt A s BB THEEL L Th b, L, B
ICBWTRBEEENABRRODREN LHEESRWIZE N T v ize, KBTI ENRT
2ok, DEN, KBRS INASCEECT AL AWETHEEEZ LND, 0 R
AATHEEIRTE & (L R KB b1, KRR bEodhE S H L3 5 BT, AR
(Eva: 5 258 DROTHB I L, RU, RAAEYBRELITHCEE, KL LDRCHIHR
WTh sl A LA E L aiz, 48, RREROEBOKBOEWE G TEL - 20z, K
VEME RN T TR D A - F 0, R T AE & N oo TARERR S, RSN
OEM FAICEBRL oL EFI LN,

—B0—
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Fig. 12 Interactions between bacteria, algae and smaller animals

H AR T O RO KE T, SREE IR L ~ Lk BRI T & B R A BEL,
R S AR SR D EAEEIT A b EHFO KT, BRI AT L 0 B
LIRGEERNMENEN, L0 .—s?kw\wmé%f FLRELHERTLLONLLEHFILILL,
SOk ST, EYESERKL LR A S R, RO SRR L, RIMEAIEMICL

i3 pBERiziEL, KEZHCHEGLER L )ICLdEEZ L5,

#H A
ATRGROEITIZ M D, FEGAEET 5 HITEE & 1 b - 22 TR B A WA i A ER
SEPFEEREETEE, FMFRIRSEECHL, JZREBATEROELRL IT,
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-3 KB CHERET s NMEERMLL LE
Philodina sp. M ¥&REEM
Effect of Environmetal Factors on Growth
of Philodina sp. Appearing in Stream

FRARfEEr - AR A052 - JRAkRE !
Yuhei INAMORI, Norio HAYASHI? and Ryuichi SUDO?

E B

BTG, T, R, RNEER Lo SRomEY S B L ALIIRE
CEHBEL Ty, 72T WrMa e gy ST sk L ~ s hE L, eSS o e
THE 2 NEIER T L THEIEGT 2 2 &2 b 2 0ET 5 L ToBEE L IREE
Mkt 5T d S0 b LIRS Philoding sp.id BIRSEEE A7l TF BRI R,
RUSRWEoEE T roBEL LRIz AE(CEEBLTEN, BhacELEE
OB OEEBE IO TR T 2 e LT a, L L s, Philodina sp.
ORI DWW T oM B BSTA T v, BIRTE, Philoding sp.oyBRSEEIZ R
FTIBRTOBEIIDW T I EHREFFEG T TR (u) 218E L L TREETVWRD
B &G,

Owinizst 4 2 /EKRENCTTH L, @ BREL) v ERBHRRBEL L0261/
50M, pH i35.54 &8, 3B 5 ORI I L TR L BIT S %, QBT i a
P BEL 72 THIROME OV T LR L TRT & IRRAEOMANRED THS,
DRI, CRABRECL VITEAYEELS TS, &WBE L Philoding sp.9) u
L NBFEE Monod 2B L THATL 247, mra R UK B & L CHE &84,
FRAFN0.44, 8.dmg/l, HWHEBERE £HE L Loge, FRANR0.30d, 139mg/! T
Hb,

Abstract

The purpose of this study is to reveal the characteristics of the growth of Philodina
sp. appearing in stream. The effects of various environmental factors on the growlh
of Philodina sp. were estimated from specific growth rate (u ). The results may be

L, B KEDEESE 7305 RIS mEET 164 2
Water and Soil Environment Division, the National Institute for Environmental Studies. Yatabe-machi,
Tsukuba, Ibaraki 305, Japan.

2. BRAGOER [FEsr AW RALERFAE GRS RFREEMER T2 TRERE =W
Research Collaborator of the Naticnal Institute for Environmental Studies. Present address | Biological
Institute, Faculty of Science, Toho University, Funabashi, Chiba 274, Japan.
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summarized as follows. 1) The optimum temperature on growth rate of Philodina sp.
was around 30°C. 2} The effect of phosphate buffer concentration (0 -1 /50M), pH

(5.5-8.3) and share stress {100-3,000rpm) on the growth of Philodina sp. were not
recognized. 3) Philoding sp. is euryphagous smaller metazoa, which ingested seven
strains of bacteria isolated from biological treatment process. 4 ) Maximum specific
growth rate {umax) and half-saturation coefficient { K, ) of Philsdina sp, were 0.4d77,
84mg/!, respectively for activated sludge bacteria and were 0.39d-", 139mg/ !/, respecti-
vely for sterilized activated sludge.

1 BLsic

KBz B T BiEbid, FOEBMCRBECTERE NS EMECELL T2 2MOMH, B,
BARECH N EESIOBEC L L 220k E v, ZTRHDEMEPICERT 2 HEHD
R B R R AT T2 RBPOFHRMBIERTE L LICERI NS L bl TwaY,
Bz, FES SPER SN EEEHKASRIVAA, +aEROFESIKRPICHFEL, »o8k
FHHS R AN AT ORI R ENLKBETEIEPEIIRETH L, J0BE, WBME
MO - BIZEKEFET D o0 S WEELEEFIREY E 0L MBEREROSEIZEHET 5
ETHB,

Znd S KB HRT Adob T, YOBPRLICEBRT A2 0w Tl s A
AR TR, Lal, WDrnKBoEWHOEEZ L 3 &, I EEEYO LT LED
Philoding sp. 0B GBS L T2 & SICRIFLLEXRLNL Z EFREZ N TP, Z
¢ Philodina sp |1 =B R FEEBROVWTRIIZLERFCHET 2y, £ 2T 7wy 2RED
1R, BEHENTFELFOBEICL), BLITASLTRIEIRLLTWHLAEEZ ST
5%,

AFIFE T, KEgicEE AT AN OR T L, BEDSHABERR TKRERbIcKE
CHEKL Tvd %2 515 Philodinasp 23 H L, #OBMSELHL»cT 52 2 HEYE
L THEBEHRRT 21T - 12,

2 ERHAE

2.1 #EshosRE ,

FEIZH 72 Philodina sp 2 £EEEKEMEL T 5 BB EOMTERES SR L 72 b DT
HAD, KERLUCERT 2B EE—DLOTHE, 2 Philodinasp. 2hT LEIREL, &O
K & E13300~500um Tk B i3i3a CEBIZ ATV, HERC A S BTR TR KKEEZL,
AWM THLME L S A IER LAY 2, BEII RS EBETHEE (2K 0RWR» Sl ET
5) L. ERmmsELL 2BE, BMESBICIVELL 1EEDH,- SEFFEL, SRT5
FEIRL N FWEBE L OO LI (R 2T S, ERBESRIFICL S & 0%
A HEATRET B,
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N &) Wt R F T b Philodina sp. 83, 20~ 100(E KM T CHHE, Lo i) H)
MrHAE L e B 2 THBMAKTE VR U IRE T 252y P BB TIT- 2. 40k, SPBEL 72 Philodina
sp. Iif BN S BERIEEE & L THERA L v S LT 3 LE £21#0 (Lettuce and Egg  yolk
medium)iZFEMHIRMBE & BES ¢, T EWRE L THRERL-LOSEB ML 22,

2.2 EEmEH

Philpding sp. N REREIZ DWW iz, MAICHEE L TS EE LK FTH 580, pH, a4
ELTOMBENHEBERAVRECHEL TEBREZT2, Zo%e, BB - TopE s L
ThE, W o BRI A o M8 S 0 72 B I 5 IR R OF LE B pleh (o S5 S - i IR oo W &
i, EREERRUTIERT B THS,

O RFESEFEREEILS, 10, 15, 20, 25, 30RUISC O TR L CRIEEL, fsen 4
L DE R BEE AT 9 2260102 Arrhenius R E DO THENIL A L F — 2 Kh 1,

@ pH: 3o pH iz Na,HPO, & K,HPO.#iR& 22 {h3 w22 kick ), pH5.5~8.3
DEEAIZFRE L TREL 22,

@ JHEE © pHE.5ICEREEL 72 ) BRI DI £ 0405 1 /50M D #EIC 8 e L TR L 72,

@ AR E L COMENHEE | EEBRS Lo L 22 7 OB % & 2 30°C T8I FIT
EAREE M THEIE L 72 B RBIBIE 48,000 rpm T 5 #MhE LB L, Zoikiins 1/750M o) B
BT EEEL, 1/750M Y JEHEEHICRR A TERE Y L TR, B, 2O
MR, BEEOMEILERE (gna) 218503 £ 12300me// 125 E L CHESEL 72,

® PLBABE —V—BIR: S BEHEV T A (B A4S 0 ~100rpm DHIE TE
BEEEL A,

BT BWIE S L TIEMSIE S ABEL 22 M & IR A T 2, MO
N Philoding sp. I BT T RBIZDw L, M F L D EBOBHGIRIZIE DT 372512,
AR, SEE L 2 TREOMBETESL, FOBEEL 0 ~50mg// ORFRCHE L THEEL,
WA (g ) & AR OBED 5 Monod R 0 e, KFBH L2, £/, HiRRED
Philoding sp. O BAFEIZ B3 TR\ i3, EFEHA 2B T 2 RSHBRAERGREN
EEBIRL A — 7L —7TRHBL A%, 0~15,000mg/! OBRIEHBIZL L L2012 1/750M U >~
FEER TR L 2B RESETEEL, NFEE (p ) L BRIBE - 0BMEs 5 Monod R b
D fmax, K FEAHL 72,

%8, Philoding sp.iEsElt, O~@izEA 3 cm -2 F D ILISIERES 4 miich b L IICA
HBE T TEREL, @~@E50m! Fo L AU E SR 10m a2 & ICAMRE ST T
L 22 DLANFRICE T ARSI 20CIREL 2D ~® T Ri2 BT L Philodina
Sp.O) MIHBE R RS 2 20/BHA/mi & L 7z. o ds, AR BT s EEkIzEREBEULLE
EEEL, SHEOFEEEFEHL, THEMEL L mi SN IBREL TRH 2.
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O~Oiz 1T 2REBRE T Philoding sp.iz Fid 388200 T HBTREEE (4 ) 7 5 5FH L
2. Wk, pidRR LNk,

_1\6
ye 2.30310tg_t0(N ) (1)

2T, N ¢ HEBEOBEEE (N/ml)
N, 1 0 HHOEEE (N/mi)
{ (EFE+HE
L D EEFE0BH

F 77, tmax, Kol 2vCiE, Monod 3

S
M= Hmax K. ¥S (2)

RERLAKIRLD

LK1, )
M HMmax S Hmax

ZIT pman - BEAIEAEEEE (1 /4)
S BRI (mg/l)
K, T RfiER
1/p % 1/Sitf LT 79y b (Lineweaver-Burk 79 » }) LT, #OEMOHEETS (nax)
EZHBE{ K ) bRz,

3 BRRUEZE
K IR 2 8o, Philoding sp.# BN E & L-EAER, F1LiIoFT L9
2B, BA KBTI B T LT OHBEEENSr -2 EIcE DTV T v A,

%1 KM BT A EE A HT LM

Table 1 List of importance Rotatoria found in stream

Philodina
Rotariz
Cephalodella
Colurella
Lecane

Lepadelia
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Philoding spAtZ NG DRBTELENCMBE L2 L 30K bR E . L L, 29 Philoding
FEAENCEAE R 4D &R

sp.OBIERME I OV TREETI TO LI ABLNMmAIR LY <,
Philodina sp.o) ¥ & &35 BB A MR TI23

Lo & T Ievy, IR BT,
BL, #MMOBRBEFI DS THELAAREEBNL D LT 5,
Philodina sp3:BE W AEETHAT 54, 20CIcE T2 SUE L WA E iRt & b

DTHD, QBB L15AHE TIHERM LA RS S ZOERTAERMNIZ BT 2/ 25 ¢ %
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Fig. 1 Growth rate of Philodina sp.

O KiBNEHE
EhEERETZBEOBEELVRELAYTH S hmf“?‘) BEHEE
T, KE#5CH 63 CTHEBTEZ Tu DMEIT- 12, 7
CTHHFELLLOTHY, BEMEMEE~OIERIZIT S Tk
FEIZ R TIREORE % Arrhenius 72w F L2 L ThH 5, Philoding sp.?) ¢ 1330CTRK &
NISCTHAMICET L. &b, 15CE0CHoEBRMENE S Lz Ff 51T 5 gaic
T AWML AL ¥ —(217,900cal/mole(Q,, Tii#y2 . 5124BL 4 5) TH - 72, Z i, Philodina
Sp.OFEITIRIEC L D REHEAZHE I L2 ERL TV 5,

@ REFERY pH D528

EW AT ABA, BT OERER Y pH (38 77 RS

S LR E RITY AT ow
r B, o THIW 7 Philoding sp.i2
o @213 Philoding sp.a i

WA ITHERELHT
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ELTEZLNATVR, 22T, £ 3 CBEERREL 045 1/50M o TELS 21254
@ Philoding sp.? p %W~ TOETORGERY T T oH £5.50 58 30w E (L2, Philodina
Sp.OREL BT ¥ pH ORI DV TN,

F213 ) B RRE L Philoding sp.9) p EDERETR L LATH S, Philodinag spli v
FTHUOBETLREL, BN T 2 EF SO TE eI &b,

F /o, pH 2EAL S Q880 Philoding sp.o) p (S BITT 833 3 1R T, pH5.5~8.300H
T g LIS ST, Z O pH i3 Philodiva sp.0 ¥R B8 L RiTViEEET - &
S Eibhior,

@ HHE L LT oo

Philodinag sp3 A & 2 MTEIR TR EF R L, FHIAOMRE L Ui/ e~ A B R
FIBETLABMEBRTHE, L L, Philoding spr@¥iE s L TOMEREIE L - 254,
BAERE D X DL R R T L P oW TIIBEL Iz E N T, £27C, LHOBEEEs
oL THEOMEE A TEECEATIER 2T -4, T4 RERCHV B EE
FE ez aThL, BHLLEEO 2EEY T B, SBHBET, To=—kE,
HE, AL Re 2L Twie, £S5 INE THEOHME ICNT 2 Philoding sp.o) & # 158
EEFBELLTHLNTHL, AFRL Y D&, GO g 0. 16d7"8ITR T, £oilor b ¥Rz
Ao d®, Philoding spld o Foiifis bIBEE L TR LWL ik o7, Z
D &g Philodinag sp 0 IEEETHL S E2EW®RL T, BERCERMEGT THIT S22 &
FRTEARIHELNETZ L LN S,

@ L ITAREDFW

KEF & IZHEBMOTTA SN/ E Z AT, MELERNIIG O TEDECIMBEAHMET 4 b
LA AREIMNb S, 2ok 9 CRAMEICH L T Philoding sp.oMFaA 7 B
BEITA L, KB BT S Philoding sp. EIER BRI T 2 BIFEB 252 5 2 THET
hb, OTABENHEG L —V—AHRE S HFHAY, BEES L CEEBREFML TT
o lz, FOEERER 3T, HIRBE %100, 1,000, 3.000mg/{ @ 3L nnwThHIzE
WT LA BAREOREIERS TAEL, LA CRABEFSZ I EEARRILEE
=7z, T I kL, Philodina spidd i D i#EO S HBETLESRRE THL UMMEHREL =
EEBHRLTHA,

® &pEE

Philoding sp iR UEREGOCTASLEEL TERATEAREENEWTHAZ LT
ERIVHERINT VA, £20, BMRED » T TEEICOWIHE L BRI FROWEE %
Pl TE~ 7, MBS g 12 TRE W T B L 72 THRHOEE + SR¥DRAL.,
R AT 0 ~500mg/ /127D & OIS L 2, o S WEREARE R B 413 Philoding
Sp.OVTYFEIELE X MBI - DR LT LALOTH S A, o & HHEIBE L oIz S EED
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Fig. 2 Effect of temperature on growth rate of Philodina sp.

¥ 2 Philodinag sp. ORRIZ KX+ % 3
) BEREIETIO IS
Table 2 Effect of phosphate buffer Table 3

solution concentration on
growth of Philodiana sp.

Philoding sp. DIGEHZTT
pH &%

Effect of pH on growth rate
of Philodina sp.

Concentration of b rate Arowth rate
phosphate buffer growth 1 it wfld™)
M uld™) 5.5 0.27
0 0.29 5.7 0.28
1/2,000 0.28 6.1 0.25
1/1,000 0.27 6.4 0.28
1/500 0.27 6.9 (.29
1/200 0.28 7.3 0.27
1/100 0.28 7.7 0.29
1/50 0.29 8.3 0.27
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Table 4 Characteristics of bacteria

Strain Gram stain Color of colony Cel
Shape Mobility
A Positive Yellow Coccus Presence
B Positive Yellow Coccus Absence
C Negative Red Rod Absence
D Negative Orange Rod Ahsence
E Negative Orange Rod or Coccus Absence
F Negative Creamy Rod or Coceus Absence
G Negative Red Rod Absence

& 5 Philodina sp. ORI KIFTHEOHE
Table 5 Effects of bacteria on growth rate of Philodina sp.

growth rate
wld™)
0.37
0.32
0.24
0.17
0.33
F 0.33
G 0.16

Strain
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— Structure and Mechanism of Lysimeter —
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Abstract

The lysimeters were constructed in Kasumigaura Water Research Station to
evaluate the Jand application of polluted water, The structures of lysimeters were
described precisely, and filling up methods of soils into lysimeters and influent supply
methods were also exhibited. The size of lysimeter was 2m by 2m in dimensions and
the hight was 2.5 m. Five kinds of soils, Kanuma soil, andosol, light colored
andosol, masa soil and sandy soil were filled up to lysimeters. The Kasumigaura lake
water was continuously supplied to lysimeters by feedback control methods at the
water loading of 50 and 250 [ + m~2-d~". ‘
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Abstract

Land application of polluted water was investigated using lysimeters. Five kinds of
soils, Kanuma soil, andosol, light colored andosol, masa seil, and sandy soil were filled
in ten lysimeters. Half of them were supplied with the lake water at the low loading

(507 - m™ d='), the others were supplied at the high loading (2507 + m™ d-'). The
water of Lake Kasumigaura was used as a low polluted water, Water qualities of
influents and leachates, COD, T-N, T-P were analyzed to evaluate the land application
of the polluted water,

As a result of experiment, the land application exhibited a high ability to remove
COD and T-P at the high and low flowrate. The anual averages of COD removal were
64-84% and the annual averages of T-Premoval were 81-98%. However, the highest
value of T-N removal was 33%.

At both the flowrate, the light colored andosol gave the highest ability to remove
COD and T-P. The annual averages of COD removal at the low and high loading were
84% and 80%, respectively. The anual averages of T-P removal at the low and high
loading were 97% and 989%, respectively. The masa soil gave the highest ahility to
remove T-N. The annual averages of T-N removal at the high and low loading
were 24% and 33%, respectivery.

The COD removal at the low loading was higher than at the high loading. There is
no difference of T-P removal between at the low and high loading. The clogging was
observed in the light colored andosol and masa soil at the high leading after nine month
operation,
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Table 1 Character of filled soils

Class of soils sampling point C cont. i N cont. i
(mg/g dry soil)  (mg/g dry soil)
kanuma soil kanuma city 1.23 0.067
andosol yokohama city 70.4 4,74
light colered andosol kasama city 0.83 0.068
masa soil kasama city 0.13 ND
sandy soil kinu river 0.23 ND
2.2 WwAK
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BliiEEROSGwL HbETITH 712,

T-N E =3B T-N #C THIE L 720 NOgue N 2207 7 = VB, NH-N@3 A - V7
2 /=i PO-P e 7R VvEBELHACT, FT72ard—+THIAF 0TI L
T-P (2:8FE: A 1) 7 45088 PO,-P *E#icHlzE L 2. TOCZBE TOCE2Aw, EEEIL
1.5% HNO, i & L 721877 e RAEFRIFT 2T » 720 FAKD NOpy,-N, NH,-N, PO,-
P, 4 ERUTEE COD QEIFEIZIT v b= GF/COLlFFEAL L,

3 HRRUBE

3.1 +EHSWER

FRALEAOCERIL(ELD), BR7IH»FL (&0 dmg/git, HEL, BEERI L0
hirlcaal. 2 me/g i, 0.83mg/g®t, =, NEMIIEAESE 4o, NBR
LCoo LRGSR, BR7ET4.Tdmg/gtct, AL, HEEKRS170.067 mg/
g -, 0.068 mg/g ¥k, =4t NENI0.0lmg/g Mt LITFTh 70 MARI 7 » ARD 7
Ao A—s—ih-LBO CEoRE2ICTRLAEY, KEeRKR 7 icbyw s, KERL.77 mg/g
B AT T 79 mg/g S & AR TR L 22, Mo BEIZ BT, ARIETE
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Table 2 N, P and water volumes of soils
{10 Dec. 1984 sampling)

condition soil water C conc. N conc.
(%) (mg/g dry soil)  (mg/g dry soil)
low loading kanuma soil 61.6 1.20 0.06
andosol 51.4 4.7 4.68
light colored andosol 19.2 1.77 0.17
masa soil 16.0 0.13 ND
sandy soil 3.4 0.23 ND
high loading kanuma soil 62.8 (.89 0.05
andosol 52.2 75.8 2.42
light colored andosol 25.8 1.79 0.17
masa soil 19.8 ND ND
sandy soil 8.6 0.32 ND

Ehdmarzs NERLVREERZETH, SAME LI, 0.17mg/g L ERMARNZLL TR
L T HBTIRELIRD S L h 72,

3.2 #HEARUBREXKOFHEL

(1) 7k iR

WAK R EEROKBNEMELFEARNEEKC YW TRE 22, BAFHREEKIIOWT
FR3ICTR LA, KIREHE L & LICBLL, BEKOKBEILEIILAERI I VESLA
¥, HFE3ICTHLICHOMT, FRLHRAKLECTHLIVCOMTHRL 22, FHL THAKSI R
EREN, LTCRESHTE -2,

{2) pH

AR EERS pH oZFfE{kl, K4,50m L7, AKX pHIZEHIZ R, pHT.6
25 9 OMTERL 7, 3ERe pH REBWMES L 4 2B HIEEI S L 5 - %, £ DHBIZE
gL, —EMEFEHLT, BELEAR pH6.4, &AM pH6.9, BXK 7L pH6.1, pHE.3, iRE
FK 74 pHE.0, 6.4, <+ pH6.4, 7.1, JEpHT.1, 7.4Th -7z, HBHIC L) BEAD
pH BHZ#AHEAHLN, BR 7 L ERBRR 7 2 EWESRL A2, o LT, T84,
5ESEK AR OB, BAKDO ) > FoABAEIC L 5 EiEKD pH O, il
WEEIZHE S NO N FORINASI 2RI pH DR T4 X582 GiLh, 372, ORI

—89—




iRy &

30

Influant
- kanuma soil

***** andosaol

T} R )
o 20 fﬁf — === light colored andosol
St Wy

A ¥, -« masa soll

& A

g} & == mandy solil i
a
E 10
@
=

MAY JUN JUL AUG SEP OCT NOV DEC JAMN FEB MAR APR MAY
1984 1985

2 AKRUEEAR RAT) DKENFEEEL

26 Fig. 2 Seasonal changes of temperature of influent and leachates at low loading

30
influent
-+ Kanuma sail
————— andasol
a ****** light colored andosol
-~ 20 - masa soil
""""" sandy solb
d‘ 101
E
o e, -
N‘%:"I%‘-\} P
R w?
0 1 . N N N —
MAY JUN JUL AUG SEP OCT NOV DEC JAN FEB MAR APR MAY
1984 1985

3 WMAKRUEEK (HAR) OKRHOFHNEL
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BwWT LEERREMI Y By pH 2RL 72,

(3) DO

AR UEEKD DO OEELEEEG, TIRLAA, &K LTDORERIZETL,
iz FRU. HAKNDOIZ5.1~12.0mg - DO TER L 2. BiEke DO FEHIZIE,
FAKEILTEI L TH-72h, B ERFIREER 7 Bz oW T ERCHL (EFL, B/F
7k AN 8 mg- 7, EARS.Img /7, KEAKR S HKATR3.5mg- /Y, BARI.6mg-
g T L A, Mo 3 BBz vTiE, BT LRIE DO S B EATE.0 mg - I &A
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#15.2 mg - [, wHEEANS.0 mg - [, EANL.T mg - L NHEHEA®E.2 mg - Y, &
A6 1mg I ETLATPLT, BMAKEINLESTH-2, 2L I CEMTLEEADD
DOEILTEY, LERIILEK: L TRFICHFRNERCEZATWREFEZ LS,

{4) COD

He AR COD LTI BINT 2 HH 0, FME4.1mg- 7'2512.0mg - I O TEE)
L7 (R8), MAKOEEE CODiE SS &% COD Ic e~ THEH L% (, —FlzELT
31mg- ' s6.0mg - (MaHTH ST,

BiEAKO COD KL AR LS MARB» bREL 2HEERL (R 9), BHILEEL T 4 mg-
F'252.0mge I, BRZET0.9mg- D' b2l mg- [, MERERIET04mg - i
51.7mg: 7Y =HEC0.9mg - bl Tmg - ML NETL.0mg - A b1.8mg - T
MITHB L 2. S AR EBOREK DO COD R ARBHEERLSECEL T L2245 4 2 1A
Lz B XN EErLh (ot (H10), 227250 S oiEdll 0 EEL & #o COD iz LR
MAESLNE, BATMTELELZKEIBLATYE L0, MERE 27 L BR7ATHY,
HERE 7+ CODA0.9mg - [ s1.7mg- 7, BR 722 BRVT0.9mg - ' 5
1.8 mg: DO TH -7, wH LG UHEKRECC0.T mg- T 452 1mg - MOMTHY, &
B LN eeEn iR L, BIBEl dmg - M 630 mg - [ .3 mg - s
3.3mg - T EEBL KXo, ZNE CODDBRERTHENT S &, (RERIO L O, Mt
BeEAE (e aic AL T, 4B 5w LEEL TEDLET L% Lokfds 7
LTwad (H1). SATFOLORRABEKI»ATRELEOTETLT0% L LokmEF LT
rhi, 6 AR S 82 RIS T TEBLE NI B TKRERSETL, —E&B 25
B0 ~60% DB EETREL T 5 (M12). BR 7+ & kEEKR 7 i3 iy scm L T80%
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Improvement of Water Quality by Land Application (1)

— Reduction of Trihalomethane Formation Potential —

RANEHY - RHEMT! - RRRICOP - A — 52
HAEE - JERERE— - ARARE S - A
Osami YAGI, Noriko INAGAKI!, Yuhei INAMORT
Kazuo MATSUSHIGE? Shingo TAI', Ryuichi SUDO!
Yuji NEMOTOQ?® and Tokihiro SASAMOT(Q?

E B

EAROEHNELZAMNE L, KUTFA L A—F—2AVT, & rliodEkes 80| 7
BEOKERLIZ O TRE MLz, FBERK TR - Twd b Yot Fy
BHEDEILIZ W TFA~ S, B L THEL, B 74, BELR &, BHE, N
D5 & Ry, DO 250! mr Ao 2HEOKEN AR THEHK AT 2,

MAKIES9~8Yug ' b Yoo A R E R L T, HERBTI I
FU oA 8RR L 38~ 80U A S L LA TER, P o 27 o BEET, %
BRI TORBTW R TRAMEL R L 2, DBABERERGOREICRERRATHY,
e EtEd D220 )0 2 2 i LT Lz, Sk Rkl e~
BREREZZU M)A 7 DERBIATEL (K o2,

Abstract

The improvement of water quality of Kasumigaura lake water by land application
using lysimeter was investigated. The control of trihalomethane (THM) in drinking
water is very important. Therefore, the reduction of THM formation potential by

V. ESAEMFER O AE-RBIMET T305 FM R SURE o W SRAT NI 164 2
Water and Soil Environmental Division, the National Institute for Environmental Studies. Y atabe-machi,
‘I'sukuba, Ibaraki 305, Japan.

2, BENEAERA AW T305 308 5K ER S HERET /8T 11 167 2
Engineering Division, the National Institute for Environmental Studies. Yatabe-machi, Tsukuba, Ibaraki
305, Japan,

3, BRENS9~604 R [H AFMEMEEIFAR (KRR RS REa T30 RBEYOkPFHEEI4-1)
Research Collaborator of the National Institute for Environmental Studies. Present address : Life and
Environmental Division, Ibaraki Prefectural Institute of Health, Atago-cho, Mito, Ibaraki 310, Japan.
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soil treatment was measured. Five kinds of soil, Kanuma soil, andosol, light colored
andosol, masa soil and sandy soil were used and the lake water was supplied at two
different conditions, high (250{-m-2+d) and low {50{-m-* -d"*} loading.

The THM formation potential of the influent were 59~89zg/-'and the reduction of
THM formation potential was 38 ~80% by soil treatment. The highest reduction was
observed at the low loading condition of light colored andosol. A good correlation
between THM formation potential and COD of the water was observed. The ratio of
the chlorinated THM to total THM formation potential decreased significantly by soil
treatment.

1 BLsis

S E H M TEB R NS AGERAK E L TR BN T v B, KO RE BRI BB
HOERRH#AZ L HEBIC AN D255, FICERBILL ZMEBELEKIFE T 254, WL
RENILLDABEE, BRREROBELTESMEE T - Ty ey, BRiLIREErHL &bl
ZbHesa Ay AT THM T OERRE RMBE L 4 - T &2, KiEAkdhe THM i3
EARDBEER B TIRNEALERE KPR > ORIETERE N, L LI b,
FERDAREDEA Iz KR a8 ML, HERAKAEN DL E T > TW A EESR S A
TALATEEOEPHEEIC L - TETW 5,

THM b # 2 22evicid, HWmEN2 THM #%B%E32 £ 04, THM &@oREE 2
ZHEARMOARERET L 2 E0EMTHZ, ARMOBEREE L TEpREE, SHER
i, BRI & AUREE, EEABEESEZ LN TV, HER BxiF—ayi Ry
SEHLVWHEFEEIN TV A,

TIRIREID & 2HRONBILIEE £ ORHNE, BHFEEOBFESSS,r 5 A ST 249, 2
N TEREHKSLEET AL FORENRBENHRORE S WTRRP L SN TELD,
FOEE KD & 2 I GEHD L % EREBEK~ DGR B2 %,

FITEHRLIL, KRESKONER S L TKEBROMITL Ty 3 &+ #H0lik e Bvw {13
MERC I N KE S DREER{LE L0, FRcfREKE L THRAT 2SS CHMEE D P
o/ aERigicAiE L, FoREbEIC W TR 2N 22,

2 RBAEE

2.1 TREBEBREEOME

FHEIZHFRALAFA L A—F I3, W82 m, BTE2m &F22.0m WHE7FATa74 =
TSR T, B NEES2 P EEEH 2 mETALLZLoTH ), W0ETH LB
HRENT VD KR Ecm D b L FERGTHRKRS A, BEKEETBIRREs N %
AFIZHH L7z,

FA4 L A-g—iz, BRift, BR74, WERKRK 7R, Wbk, NEOSHEREENFLLE
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Fomh, —HidHKES S0 -m -4, MHZ250/-m -4 E LIEATI : BAHO 2 ENE
HTERLT- I,

ki, TEREEBEEE FTHCHRERNAEEAGEARD L) 2EAB KSR 2, 118
MBRIEKTH 5 G W BiARIT, TR RET 37 2y e A R S B B o P& 150m, KiE
0.5m ALK LIZLDTHN, IAFIFEMICENZHF A L x—F—i2is L 72,

okt 198445 A218, 6 H21H, 9 B20H, 12A20E 3 4 B%47- 7.

2.2 KEZW
— A KE S HIER
COD, (&%, &k, WFEEREG ELARBETICERL TF- 129,

2.3 THM £ REEDRAIEEY

EORO—E R/ I AKE20C, 24 HOBMFIERSH 1 meg- ' 2 23 L5124, 0. 1NaOH
Xl 0.IN HoSO, TpH % TicHEET 5, TN R 200C 0 H R M T24RR MR L 224, 10% ) B,
0.5%WmEET )7 A%z, BERLETrA 70> b 77 79T E—2Z7HEEL D&
# & sz CHCY, CHCLBr, CHC/Br,, CHBry 2 ERBL, 5 O&i 4+ L - T THM diplife >
L7z

HATaw I T7ERFIILTOEE ) ThD,

¥ B HM063B A 2 7= 7% 7 ECDft

7t T A Bl DC550  20% silicone/chromosorbw  {(AWPMCS) 60--100mesh

#7074 Glass ¢ 3 mmxX 3 m

17 LRIE D 100°C

A EIE C200C

R © 230°C

N, 7 ZHE - 40 m{/min

FLEBRICEHERAKE LTA 4 s EEKE 2HEBEEZL, 205MEHL2LnL, HEK
ELTHEMEMBRAOREIERE S P ) 7 2050 CHREFEA10%) 25K L, AMERREZY
L.000mg - I E Lz D& Az, BEAX VLR, KELOWLE AW,

3 HRRUEE

3.1 KEDWRER

COD, 2%, #, Cl=, BroicH+ 2 AHUSIEE &R LIZRL L, BKO CODE, 9 AH7.7
mg- T EEELE G, RWTIZBT, 5H, 6 BIEM4 mg I LR TH -2, ZAZ &
LIEARDCODRRLEVI AV RLEWS ATHIEREN DL Z b5,
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*= 1 Bk & MR K KE
Table 1 Water quality of influent and leachate

Loading COD Fe C1 Br
Sample (fom - d) Month (mg. 1) Color (mg-1Y  (mg. ) (mg. [
Influent
May 4.1 15 0.13 - -
Jun. 4.0 25 0.16 - -
Total Sep. 7.7 2% 0.35 - -
Dec, 6.5 23 0.54 59.0 0.18
May 3.6 - - - -
) Jun. 3.1 - - - -
Filtrate Sep. 57 ~ _ B _
Dec. 5.5 - - - -
Leachate
May 0.4 0 0.05 - -
50 Jun. 1.5 0 0.04 - -
Sep. 1.2 0 0.08 - -
K . Dec. 1.6 0 0.02 56.2 0.18
anuma soil
May 1.8 0 0.04 - -
N Jun. 1.7 Q .02 - -
250 Sep. 2.1 0 0.02 - -
Dec. 2.6 0 (.02 57.5 0.17
May 1.6 ] 0.06 - -
50 Jun. 2.1 0 0.67 - -
Sep. 1.7 0 0.02 - -
Dec. 1.0 ] 0.63 56.8 0.16
Andosol May 2.2 0 0.06 . .
Jun. 1.6 0 0.02 - -
250 Sep. 2.0 ] 0.02 - -
Dec. 0.9 0 0.63 56.8 0.17
May 0.4 0 0.07 - -
50 Jun. 1.4 0 0.03 - -
Sep. 1.1 0 0.1 - -
Light colored Dec. 0.6 ] 0.02 57.0 0.18
andosol May 1.7 0 0.04 - -
Jun. 1.5 0 0.02 - -
250 Sep. 0.9 0 0.02 - -
Dec. 1.3 0 (.02 56.1 (.16
May 1.1 0 0.06 - -
50 Jun. 1.6 0 (.03 - -
Sep. 1.4 i .03 - -
Masa soil Dec 1.3 0 (.03 57.4 0.17
May 1.3 0 (.05 - -
Jun, 1.9 0 0,16 - -
250 Sep. 1.4 0 .01 - -
Dec. 1.7 0 0.00 55.7 0.15
May 1.3 0 .07 - -
50 Jun. 1.8 0 0.04 - -
' Sep. 1.6 0 0.02 - -
. Dec. 1.8 0 0.00 54.0 0.16
Sandy soil May 0.4 0 011 ~ —
Tun, 2.2 0 0.02 - -
250 Sep. 1.7 0 0.03 - -
Dec. 2.4 0 0.00 58.6 0.17
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AIEK COD %, FPLEMSN -m2 -d > Tad s, WFRAOATLEKRLD COD
it ¢, LMz k2 COD fmnBEIRBH b, F12, HKO COD izhri & T FEKD
COD VW FNoLBIIBEWTLL.omg - /A EIHT—FETh -7, SAM0/ » mt - d
DOTLEAR ERIL 2 402 245 RBoBEICL D COD NTEAERATN LD ReEFEx
L7z,

X 1 i3k R Bk COD OEREE R L2 LD TH DL, HAD COD T FHT5.6 mg- /!
Tholz, MEAKNTBETEDFHCODIE, RLED -2, BEL, SAFO2.1mg- !
T, MUK - LORIRERF 7L, KA. 9mg - [T Tho 1z, BRfEvicE 3 COD®
#=id, BigL, REER7 LTI, BAFOEHEG COD 2R 240 BR 7L, HEbL, N
TIEMNBIZL A CODDERIZEAYALN T -T2,

o1 2L oFH) COD BERIF/L G - 20, RARK 7 £083% Th » 22, &tk
Tid, EATTIE, 68%~83%, BMABTIE, 2% ~T2UOHETHY, KAWOHIEVHRE
FETLLZS, WTROBEL» L) EVRERELITRL, BBk LI LFBEN L wKICE
WL, CODEaEHDBETLIHEFEH LT,

F RO TR & 2 D R W RE L #ic oW TEE #0 2 Az, BB RO T10E 28
BETH- 2 MBI L D AEKTETNTO0EThH- 2, $ITFOKTIZ0.13~0.54 mg « [~}
Th - AR TIZ0.00~0.16 mg - [PV THA HBRES L,

—H RN OEFRIRIE(E59.0 mg - I CHFRAKIE54.0~58.6 mg + [T T & A & ERIZ ISR RS
ENhvineEZ LN, RELKEAEKOZRHTH2THN, EFR BRI TBICREL
wohbLDEEL LN,

7 Loading {1.w2~1.a7 ")
6| ] so

—~ 5l 7 B

g

A1 lamn

0
Influent Kanuma Andosol Light Hasa Sandy
Total soil colored 5071 5017
Filtrate andosol

b RARRFLEAEKOFE COD
Fig. 1 Average COD of influent and leachate
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3.2 THMERGCREFTCI 1+ - BEOEE

1984412 20 1 1280k L 22 ok, HEEERE AT, EHRIBED THM iz 23§ I
SGTHEN, ThhLEERICESS 5 ~50mg - PRI L 24 RG22 R THM o4
HUgE R, FORRELE 2T LA, BRBEIEATZIC O THM SEREET &< 20,
WFENDTEIZEARDHE L0 mg- N TIHIRADERE £ RL 72 2 BREAOHTRD COD
OEINTEO S AT EE, EFEH20me - 7T THM OEKEEF104ug - [ EBHRNIBY, 5
mg- {17 THM 1358ug- 171 £55% Td ), COD »EEROT TRIENMKATNKRERK 7 1o
B4, HEEA20me - 10 THM 1323ug - [P & BKD88%, 5 mg- [T Tl2ug - M1 E46%TH
atre SO L T REREROEAIL, b mg- [T OEEBIES RN TEAOHA0%FEED THM
rHEEENLLNEVZ LT,
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Fig. 2 Effect of Cl- concentration on THM formation
@ Influent O Masa soil & : Andosol & : Light colored andoscl W Masa soil
1 Sandy soil

3.3 THM 4R RiZ ¥ RICKRBORE

12BORAKIEE S50 mg - DRINL 298, 7B THM oS BE 8~ HcHEniEs
s EEBE A IZRLAA, T HETIHIIEARES THM £ EKT A EH L2, 1
HoEmTo THM o HBEEAKII L D BIFEH L1155, RKD8~-86% L, 2
ORI T1E76~92%, 3 BORETIHIS~10%NERETH -2, 1 HORIETRRAENIL
(FT0% THM AUER 2B Lok #FZ Lilt, Liehi-»T, MHEROERE TIIREERL 1 Hik
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3.4 BRAKRBUNIEBKO THM £ /LEE

F2IZFKRUEEARO THM w4 7 L7z, Foke THM $£Eid, 5 A 8ue/l & &
L, WeTI12A T, 6 AR RIEM60ug/! SIZIZRLTH -T2,

Mk THM R T D BEAD THM R L D L8 ¢, BRI L 5 THM ik
ROV Y AR L, THENEE THM ORILI AR CHh D 2 & atb i~ 12, 712 FK THM
fEEoOEGS B, 128(3mmKke THM £%E L 6 A, 9 Bicl~NT@wiEx il iz,

H4 koo THM i igan AEbs R L 2. BREGUTORIZ L -7,

N mEkey THM AR5
THM EsbREF= | 1 - i gk | 0

BREA B THM ERi R, KAM TIE31%~87% TR AR T1L25% ~ 8206 N EilH T

Y, EEL6 ANEAT, HREREXS TRUEN LTS T, Bt 12ZAOFEAN, N
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Table 2 Production of 4 kinds of THM from influent and leachate

May Jun.
Loading N (e S . .
(w2 - d CHClL, CHCLBr  CHCIBr, CHBr; Total | CHCl, CHCLBr CHClBr, CHBr, Total
I[nfluent - 25 29 24 1 29 22 16 1% 4 61
50 {4 -] i3 12 37 1 4 5 4 14
Kanuma soil
250 5 8 12 15 10 1 4 5 3 13
50 4 8 17 32 6l 11 6 7 3 27
Andosol
250 4 9 12 12 37 1 5 6 3 15
Light colored 50 3 ] 4 22 30 0 2 2 4 8
andosol 250 2 2 1 8 16 1 4 4 3 12
50 3 2 5 17 27 0 Z 2 4 8
Masa soil
250 3 4 1 6 26 1 5 7 3 16
5) 7 8 15 20 50 2 4 6 4 16
Sandy soil
250 8 12 15 13 48 5 I 13 [ 33
Sep. Dec
Influent - 21 19 18 1 59 32 21 19 5 77
50 1 5 10 1 17 7 11 10 3 31
Kanuma snil
250 4 12 17 4 37 11 15 17 5 18
50 1 9 13 3 26 4 7 9 3 23
Andosol
250 2 8 13 1 24 4 7 8 3 22
Light colored 50 Z 2 5 1 10 2 3 5 2 12
andosol 250 0 5 8 1 14 3 6 8 3 20
. 50 1 5 9 1 16 5 8 11 4 28
Masa soil
250 2 8 12 3 25 6 10 13 5 34
50 2 7 11 2 23 6 10 12 4 32
Sandy seil
250 4 13 18 4 39 17 17 16 8 58
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7z,

(X5 2442k THM ERGEOERIREHL T L 22, (BRI S FHREEII53~80% N
@HEATHY, BERRILHSFELEC, oL, BEiEL, N, BX7ZoMTH-0. —F,
FAMOEAIE, FEREFIR~BROBETHD, REBR 7/ RLE ORWTERER 74,
2iht, HiBt, NBOETH 72, BR7LBEAT CRFHTL LERERE L2470 O
MUBTELO AR 2220 Th ), B RS T3 2RENE L 2HEmL RO 5
o =M, WMANTEENR Hiddh i N EWBRES G LN, KEETHC L) RE (420
7o ZORMHE L TERZLAABRYESCEUIETH L, TE» LOFRYOFENAGE
DMz DT e EZ Lb,

3.9 BEARRBRUMNIEKO COD & THM &pEEEDRAR

6 12 BUK R ke COD & THM REQEFEERL 2, I 0RS S M=K E L FLo
CODTh-Th, #0 THM £ L N DREL > TWA I ENbhhd, JHRIHEILY
ki s CODBAOMENRLZOTIE b EF L HR 5, Lo L, &A1 COD & THM
B IEOFM A TL CH Y, HEEEIEAT T r=0.721, AT r=0.632ThH 12, =
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%<, ik« T CHClL,Br, CHCIBr,, CHBry®»MET® 5 2%, MAFEK T2 CHCL AR iz 4 L T
72 CHCLBr, CHCIBr, Lidi L T 24, £0#413 CHCLIZ & Tid e - 72, 272 CHBr,id,
BKEMBRKCEFDOREIZITIEAFRLETH 2, SOMIAIT TN TORBIZDOWTEDL L,

B 7 2 FOR R OIEA S & o0 THM BB OFEFEEE THM 4 San kBt TRL 7z,
BT, CHCLO#IE L&, £Rni0% % ST izhy, MR T3 CHCLO#EI &
tTEBEFELCEHAL, BE %50 THM K% Th 5 CHCLBr, CHCIBr,, CHBr, o El&4< 30
Loz,

£ I C1IRZANDFEARBEUFMIENKI->WT, KBOREA A > BREENL 2EEr 50 THM ~0
AR AT L A, EFEROEREII0.34%~1.T% Th 557, BEOERH4.5%~16.4% L 1EH
NEWRE(ZHA~AMIES (, BRICOEAEITL ST D EH L Lk,
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Table 3 Ratio of chlorinated and brominated THM to total THM from
influent and leachate

Influent Kanuma soit Andosol Light color- Masa soil Sandy soil
ed andosol

50 250 50 250 50 250 B 250 50 250
Loading (/.m=2 « d71}

THM-CI

S X 100 1.7 053 0.81 0.3 034 017 028 0.42 050 049 1.1
ﬂ%gihm 16.4 88 147 82 7.2 45 7.4 95 131 11 106
(%)
4 1o

(1) FAGERAKE L THRIS ATV EE BBk L8O L 28R, Bk THM Ak
59~80ug- [T EIET A - 2%, BEBAMIC L 0 £ 025~ 8T% ke S, LB THM @
EALICEZhTH D Z L ABBL A2,

() TELLCEBRL, EX7 L, RBER 7L, AL, a5 EEs A5 et THM
MERENFCLDIRBERR T TNTIR TH -7,

(3) AR kA THM SEeoEikibid COD e Th 2 OB RCRR L0 EE 2
(S LA

(4) EMERAK T, BN TREZRL T THM &K IR oz, T LER
I L DAY RS L, BEARDERIC N, KSEE A oRTFERE TH L RFA A
vOEBI T A RENE ko EFE L LN,

51 B X

1} Rock, J. ]. (1974) . Formation of haloforms during chlorination of natural water. Water
Treat. Exam. 23, 234-243.

2) Bellar, T. A, J. ] Lichtenberg and R. C. Kroner (1974} . The occurrence of organchalides in
chlorinated drinking water. JAWWA, 66,703-706.

3) b T A BT ARHRICOWT (1981 BAGKGER S [T ak ). 12-39,

4} BIACEATE, IB4056E 3 A58, KEICEITL M a Xt FAEERHEIIoWT, BEhdkE
W imaRfaE .

53 BR OF CFAIEHEE (197T) L HAROLEHREMR, EERbe ¥ —, 211-254,

6) FrkmBiE (1978) @ BHAREAKEW S, 174-175, 234-236, 313-316, 335-337. 398.
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Res. Rep. Natl. Inst. Environ. Stud.. Ipn., No. 97, 1586,

II-7 T8I & B HKDBRFLE
B{LRBEE HTE NIV
Natural Purification of Wastewater by Land Application

—Purification Capacity and Clogging—

M HACIE"? - - FEE R - EEE R —3
Mitsumasa OKADA" Shigekazu TSUCHIYA? and Ryuichi SUDOQ?

g B

TBRENONLA T LI EBREUNRE LTARWEFETAL, ALTKPHRAZSYD
28 > THIRAD ERE LRI B 2 ERER BT 2 1T - 72,

BonBERRkantENTHD,

1) dERCHK (EEHERKL~L) 2REASWES, FORLEEE L THRASD
IO (Wem BIT) ¢iTbn 2, TRREBETDCEFEL TL, o080 ekA
SHTLRETH S,

2) HEREMBIIRAS G s S aERTA-TEN L, BAHNOT GIEETREL
L,

3) IR LT, RGBS B0 FE ML rEART (, nEKRL RET
Th i,

Abstract

Synthetic wastewater was introduced into laboratory columns filled with natural soil

or quartz sands to study the natural purification capacity of soil system.

The resuits obtained are as follows !

1) Purification capacity was noted mainly in neighborhood (less than 10cm) of the
point where the wastewater {domestic wastewater) was introduced. The same
phenomena were noted both in surface application and subsurface infiltration.

2} Biological clogging tend to happen only in the neighborhood of the inflow point
if wastewater was introduced in excess amount.

1o B9 D BURERILRPEIES T184 AR &M rhi] 2-24-15
Present address : Department of Chemical Engineering, Tokyo University of Agriculture and Technolo-
zy. Nakamachi, Koganei, Tokyo 184, Japan.

2, ENLERREET EATER T305 RMRULFIE G EER] B 165 2
Engineering Division, the National Institute for Environmental Studies. Yatabe-machi, Tsukuba, Ibaraki
305, Japan.

3. EHELSEFRA AFCBIREET T3I05 RIS AT M AERT BRI 167 2
Water and Soil Environment Division, the National Institute for Environmental Studies. Yatabe-machi,
Tsukuba, Ibaraki 305, Japan.
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3) Natural soil showed better performance in the quality of effluent than sands and
also better in nitrification.

1 L

Bk S BANRTTIE, LB L DHREEEN 2 LA L 28kinBo—hkr L GEEEH
ENTETWE7Y, Biot@E@mxick ), BOD, S5S3@H TRFIZRFE S h, Wi mnEikdy
Bofdll, g2V L0 EAEPRMBEREINEZEDVMLENT VD, HKOZ &4
L, CRA, BRL YOI TEL 2D, B UEEREN NS LNBETHS S,

Lo L%, TRABIIKNLCEESETI L, o088 T, fikihansi
SHEWHOMTAGEL, BTAKFRL5ERBITRRE DL A EPMOEN T3, £
fo, TEOBRBRENE ER 23 S HREBRICET L A, MEKESMET L2, s
Hogh &I L THAIMECIILINBEI 445, EHELCETEEBENETE ) OM
BRICEHL, BOo2VoBERE LT, 2RO LES, BESE, 11 oFER0L - 4
YRR, +F)7aRICE S5 BBOMRBEO L AL ERL S 55 FICBANO g
MBEBIZRSNGEOTNREFE L CEWENBERICLID EEZ LTV E, 2, Hiokeg
DU EEERIIZ L - THEABREL, LERTREICAT S A7 ERT2 2 LBkt 5,
FNEARDFIZBEETH L LONMIELE L WIFHICTLERNTORITZ £ L85, ki
FEREFELAYTOHRE 23, 22 TRIOI I RBER BT 2 MERoMEIC L AHTF
DIZHEL, 2o EEL IR E2MA52 808, TEOFDHREEDFHE 2 4T -
b

2 ERBBERURE

2.1 HEHT L

VidAERIEH L 2B 7 4% RT, 77 L3 EBIEC W TEEH10cm, HE0EKR
(Fa#)5 cm) 2 (ESH10~80cm TH b, BEEAFAOKEINE LIEA T L EOMIZIEA
Trv Ao sy a2 EE, ZO LITFHRRZE 3 mm ORER E0.5mm OERL L2, 2
D= A LI B L QAR ERTA L, BTALALEEL L QI OEMDOFSIED ~65
cm DM TH L, GBI LEE 9— o4 TRVPEO S ENBEBRHHITRRENL L
Tab, AEMITHERZEI Imm oL OFB Wi, R B X L T4 FEEOR T &
HEZLhlw, HBOWE, A4 TRGORELIHET 2 2o B & L T8A, =
NEOH T LT NTAE2CHERSICHE L TERBICHL 2,

2.2 HkHE
TEAEIC A REC THOKARA L2, BTS2 HEEMSE), RuotLr Tz
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X 1 HAEs 7 L EBREE

Fig. 1 Experimental apparatus

WY, 20 A TEFEAL THPCBER L R ENE 2, REBTLIKOBRH F B
FEEA & MD BT AW T N TIT - 72, RERA Tld 4 7 o8in 80k 4 2 BEICTE AR Y
Bt b ) IE, BERE, FNERICL - TEBRELEL 2, P EEFR T
TODATALRBRENem & 4L IRl BIEETLEIICHTLANEZIZLE ST
B L RIEICRAZ I,

* 1 M7 2ND & — R HORARE

Table 1 Depths of ORP sensors and wastewater inflow in columns

TR Y Fi % 35cm I 45cm B 85cm

-+ 3% 35cm & 8 4Bem i 8 65em
AT LCKH AT AT LEE AR AT LER AR
PO A s OHIEE FEA SO A

TEATFR AN 5cm fcm 15cm Gem 35ecm Ocm
TrigvAi—F— 10cm — 5Scm 20cm — 5cm 40cm  — 5cm
ORPHS (1) 3em Zem 13em 2cm 33cm Zem
ORPHME (1) llem = 5cm Zem  — 5em 40cm  — 5cm
ORPEM (F) 20cm  —15cm 30cm  —15cm %0cm  —15cm
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WALZZHEKIE T X 2 b)), ~F by, 29RZEA, A 2523f84 L+ ATTFART
ha, TOHERUKEYE2IITRY, EBCRERCTELZLOOUEBENALTAELS R
B, £—F 7L ~—7(1200C, 155 ) %, KEKCTERL LI LA T LCHAZEI,

AMBIIEESEE L wWEeEb T2 888, 2 gBODm™d™!, 10/ -m-2-d'#&& 2L, 8
TENARILST (T E28, FRIINIVEREAANEL L, T4b5H, BOD &ffitl6g -
m=2-d7, KEAFHII0/ -m - drE L,

Eed 2 NIDT KRR RE

Table 2 Composition and quality of the synthetic wastewater

N i S 4 oA H
FEARDr  28.8 mg/! BOD 160 mg/!
b 61.3 TOC 100
I7RI¥A 61,3 CoD 58
Ar ¥z 70.0 T—N 22
NaCl 6.3 T—Pp 3
MgSO, 3.8 pH 7.0~7.2
KH,PO, 3.1
KCl 12.5
BO D 19.7g/m? - d
AFLLRVOBODER  0.155/A7 T4 - d
b, S AR LR 40mith

2.3 &KE - LEHIK

ME AU D TIHEREMES L 0 1AM 189> TOC (TOC &, H#E10—B), NH,-H,
NO,+NOs-N (LA NO,,o~-N EHEEET 5 ), SS ZF0 ot (TAEREE) 217 - 72, JiUdEH'
DL TEERPBLN T (b TIEL 2, EBIZ ORP 22— LBR O ( DR
(Z2#mW) 2yt L, BUENICEZ FTOORPOELERHEL 22,

Bz Lakizsa?L2BEHMC L ~5 am ZricadlL, TEORE D L oGO ER
KR F A~z Firicid CHN 2 — 37— (BERERS) +Hvr,

3 BRCEE

31 REAHKFHR

Uk A LEL L RAELTLCEN L, BTENICED T THORBKE S BRI
ZasE ) 2, F2 3 icidiEE K TOC, NH-N, NO,,-N =2 &, EERiE» 5 BoF N Ii2E
LW O EHHE R B EE A R, 48, B0 N ARl 5 TOMMIZE RS 7 4 Tids140
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3 AEOKH (P )
Table 3 Effluent quality (average + Std. deviation)

77 ALTECAELE TOC(mg/{) NH;—N(mg/!) NO,,s—N{mg/}
1% 5em 14.06+3.67 9.8543.65 3.41£3.00
& A% 20cm 13.14+3.82 8.63+4.80 3.63+3.02
g A% 50cm 5.72+1.06 2.1343.77 10.944.34
gy +4 . 5cm 10.205.31 8.1743.00 6.3745.04
i 44 20em 2.28+1.45 3.19+2.60 7.87:4.83
& 38 7 50cm 0.87:+0.63 0.03::0.02 10.03+6.02
3% ¢ 35cm 11.4454.30 16.70=1.56 1.06:1.47
2% 98 45em 11.2543.18 15.6541.20 0.650.63
5 433 1 65cm 8.70+3.90 15,9040, 14 0.50£0.50
i £ 35em 2.71+1.77 2.50+2.15 19.30%1.90
;é 148 © 45cm 3.01+1.94 0.79+1.31 19.20+1.69
4R ¢ 65cm 3.26%2.14 0.080.05 18.30£2.34

R, HE% 7 A THHBEMTH -2, ZOMEEEL TRMKEIZERELESF RS 1
Motz BTE DRI, KA E BRATIZI0~20% TOC #* LAT &b H o7, L
T2hi> TREDTEEOFHHICEE L T, BARRBLAZ 30 TOCIEHRAL Twd, ok, 22
T A7 A0 GE)ETIEKL, KEF2omblhich -2 342852020, #ika
NG | R A

FHEUMIEARE AR, BRI T A L2, FDEEFKRECEFERIFTH -2, TOC &
ftizsnl, s 2w Td, BEIRE I ELCETLA, LA L, BiERESE LT 2D cm T
LA TOC 8% L At as &8 iz, L7t TEBIC B2 &bz Hbk i A HLE 0 = R fs
TEDKEGHPETL T DL EEZ LA,

Boz a2 s3anh 7 AROFRREOFHEE 2 ICRT, AROFAIZIE em LITT
IE0 &40, 2EAGE, M10em LU Tl EEAR OB ERRICL - T b, ZOERL
AR TR AR LR BIc B Twa EELLNE,. ZHIL, AT L5
cm F TOERETRAFBYNII LA PREINLZI L ER—HBLTWE, 72, BEHEOAE
ML T Z s LR TE 0 @ARADATEL T eE i bld, BE, KLEwn
EWAH EHYEN SR L, BUikaA TR icBETA L 2 in ko,

3.2 HhEmER
FRRCATTT A ORRIC L B &, R BCE e L TERT 20 RED 5 cm TH 1, 20em
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G.] 04 1 Lo 1 1 d
* Aéé
#3
= -10 0 5%: Scm  -10A
=4
Za A TE:20cm
Osﬁ:sﬂcm L O +#@: S5cm
= . A tH:20cm
-20 . 2 -20 +9:50
i) O 1M:50cm
5:3)
<&
v -307 * -301
©
-~
-} IRPOCETHE
B _and —anA
;3 40 s 40
{cm) =
-50- {cm) _gg-

F 2 A A 7 AN ST
Fig. 2 ‘ Organic carbon accumulated in columns fed with wastewater from the
surface

TUL TG UABAREAROND Z Ehbd o, ZOLS, MPRAEARTRIEFEREL D TD
B 7 L0RE (REHEE) £30cm & L7, FEHREORERHL T, FORES
5 cm, 15cm, 35cm, @ 3EEE L7z,

M B | 72 FE, BEA 7 20B-0% Nid36em, 66cm # 7 A4 TIEET0E, 45cm A F AT
IF40BLUF TR 2 » 72, ZHuckt L, 35cm, 45em 184 7 4 Ci, H-OoZF DICE 2 F T45200
HEE L7z, 72, 65cm DA 7 4 TE208 L oflHOF N 2RI & hh i, 20k 512118
AT LIZEEL THESZ L CREAMCEYEN 2ES L2t O BEIATTHTH L, BT0F
NIZE S F TOLBKTRMEEM AR EFERICHFEFICLELTED, B0E 0B 008 LT
ST -t EEHIMTh O MBUKE OFEHEE FE 3R, 1B S 7 L 008Ky @ TR
W&oz wfl, WHES 7 LOMBEREII B, 72, AES T ATIHITEAFIEES
EITL oz, B, WGIRER 5 ~35cm GEIATH 24, ZoficinBEndE U
B VizELMMOEITITIEAFED LN AT,

HM3RURLBENFTNEES 7L, TEATZLCETAERN(BAFEELY E2 cm, T5
cm, lhem) @ ORP RIS R4, HokogFges: L ORP A ENMETHANTH S
SEETRLL, AEATLOGE, HRNEEHEICL 2O S THIEAHITL Ld - 203 3
Wl NI EA FTFREY, TOMMLANCHIEF N #2LohntEEsng, 2/, B3
FHEFRITEMIE/m 2740 E2 cm ZREORPETL, s k-7, ZHEHD
FNHE-TATLPFRBIIBGANC b Dl bbb,

+EH T LA L BUERBEIFRN TS - 200 EAEEL Y L 2 cm @ ORP A#90K 2L
THamanl iz, BECMBEATCT » 3o THEERIDLLRETE L 3o, B2
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Fig. 3 ORP values in quartz sand columns fed with wastewater into the column

+W:36am

F ' wr

-1004 10 ?0 130 ___1_4_th____0

-200+
-30049
-400-

400

300
200

0

NS AAEBR (B)

-100 4
-200 4
-300 A
-400 -

400
300

200+

Too ] A‘ﬂ____‘b—ﬁ——&—ﬂ—-—ﬁ—ﬂﬁ-—_____ﬁ_\ .A—-—<—_D——D

a

j ti:idScm
100 4 ;’)g % E :-E
IBD

NSLBEBN (B)

1l:65cm

1004 1o 20 30 40 56\ }LUO——-O
-200{ ps Q 2cm hSLNERR (B)
A

-3004

- Scm

-400-4 O ~-i5em

(X

4 MHEch T3S 7 49D 0ORP

Fig. 4 ORP values in soil columns fed with wastewater into the column
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B2 &b Bit@ I RTOEETORPIIE L 40, 7 7 A &M@ Rl o, L2AF
- THEF O ORP DET, 7 v T = THEROBRE 4 & LEPoBA Lo Emid E4rEn 4 B
TENICELREEEZ LIS,

25 (335cm, 65em DFAFEA T LAEITE N 2RI L 0 HOAWREEOFE S HEOFHE T,
CFAOHBE LKA RAREMRCARYRO— 2 b o, L L, 10em LUEEIC 3z X A
ERMOENEA L (, ROBAOEE & BRI, RAMEETCIILASBIEATEATE Y.
BoIFNLENHETET AL L MES AL, 4, 65em DH T ATERASE N L, FiC
A7 LFREIEESOEESES LA, JHEEYEN CELEME T HMICEEL
), ZOZHRAKYEZ T LEFEIZLEEL Tvhanto bifEEna,

C/TEE -mg
0.0 .1t Q.2 g.3a @,4 0O.85x%
65 ] l 1 PN
_ GRNSLRE
50 (B&:65cm)
# 50
=
£ ap -
= EENSLARE— |-
o6 '1E§:35cm)‘;’J
= 0T TUATFAEAR
©
o 20 &
=
= 5 o
(em)
Osz:35¢em
0 = OF=:65¢cm

K5 HH#my 7 AN GRTERS

Fig. 5§ Qrganic carbon accumulated in columns fed with wastewater into
the column

3.3 WEQX

FEEERG A 6 H-OFE 0 T2 2 TORA, WM TOCER UGS 7 AMCERLU L RER LD, dk
NLBEECETAABMONE L F EHTHRELRLTT, EHRAHRNSEE, L8, 6
Y LT~ i mES Rz, Larl, ARERDOGEICEBRIDE AL ZDIZHL,
TETEEET A EEIEEDS S A,

turh s GO SE, FERRRANIICETL, FEErRedkmmLsz, Lal, 180
WhHETE 0 ERI LIS, LdTRIEAR S, BaRE S L TIEER
ST E L N ETIL Tv b, F72, B-0F 0 BRI 2 FmE0H & it U T 5 HREOH B 7
SARIZERL Ty, DEORINFC L ruE, REECH B rEnaic s, 2T
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Table 4 Carbon balance in columns
AR i T A FHhidie
Vip s Scm 12,4 3.9 71.6 4.5
5
- 20cm 12.3 21.8 74.7 3.7
e S0cm 12.3 6.6 89.4 4.1
i tum 5cm 7.2 10.3 70.5 191
s
x 20cm 7.2 1.7 79.2 19.1
50cm 7.2 4.7 77.0 18.3
EH 35em 6.1 13.1 66.4 20.4
Hh
th 45cm —— — — —
# 65¢m 6.1 1.2 34.3 54,4
i kg 35em 18.7 3.5 32.1 64.4
5
! 45cm 18.7 3.6 42.5 56.8
BN
65cm 21.0 4.6 35.0 60.4
* OAATHR SRR &
* % JARIIHTLHE, %

HOWMEOTMTLHZE Y 2R Toizi L, b TR AESEITTA L LICZED

EWMEEHMLTCLE T OB IV weHiEE N,

4 F®

TIRECARA 7 oMt 2RO AEREERICET2ER YT, TOE, £Bh T
PERD GBI BRI AT D 2GR (Wem LIN) TERELTIThbh a2k, 2LHTENLED
MaTRINPT v EHES Iz, &b, LBITEELREE TR, TBOH LY EA%
T B AR AR S i,

51

B X ®

1) B (1074) | REOBE L BLER, ELAARES, 291p.

2) LRI SR (1983) - LB, £HER L ¥ —, 352p.
3) HEETM (1984) | LRESEIC BT 2 59bHE. FK A, 26, 13—8.
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I1-8 RSB 2 BEASIHFRET L
EvIab—i g
Model Simulations of Water Content
Changes in the Field Soil

LIRS « ARH @
Suehiro OTOMA! and Toru KUBOI?

E 5

REff, FEEL. BHEIC L - TEILT 2 LBAS L TFHT 200, FEORS L HEM T F
WAEAREREL, B ZBIZ o TwaET7 =L FEEBALL, €T E 2 TlASS
WOERYL, EROLn R 7,

ETNL 2L~ > 0RICLBE, BB miEBT 3 EEARE, BREOE
PIIERBECLARE(BEENL D b o, £, HEOME T, THRMEKR
LD LIESIEARGHMBOBLIZ L VBB SR Z Edhd o,

MEPEREREL, TOMEEEec L&y 2L —2 9 Tit, BROBHET
LR THLHT L m KRS, TOFHNE TIICEZ 2003, BRI CBEEY < %
RG> G L HEThH-72, TOZEpbh, LBEI—FRKEITEL, ST EHA
TEEETLRIOKEC Edthir o7z,

Abstract

A discrete mathematical model, comprising phenomena such as precipitation,
evapotranspiration, and infiltration, was developed to simulate changes in soil water
content, and applied to the two-layered field soil. The time-varying distributions of
soil water content calculated by the model were in good agreement with the measured
data.

The simulations revealed that the amount of leachate from | m depth soil depended
not only on amount and intensity of precipitation but also largely on intensity of
evapotranspiration, and that it was sensitive to changes in suction-water content curve
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machi, Tsukuba, Ibaraki 305, Japan. .
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Water and Soil Environment Division, the National Institute for Environmental Studies. Yatabe-machi,
Tsukuba, Ibaraki 305, Japan.
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rather than those in unsaturated hydraulic conductivity.

Some simulations were carried out under a situation that precipitation continued
constantly at various feasible intensities. The results indicate that the secil can
temporary hold and buffer a huge amount of water because, regardless of the
precipitation intensity, it takes as long as almost one day to change the flowing
direction at 1 m depth from upward to downward.
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Fig. 1 Water pressure head versus volumetric water content of field soils
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Fig. 3 Equilibrium profiles of volumetric water content
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Table 1 Statistics of volumetric water content at soil depth of 75 cm
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Fig. 4 Initial profiles of volumetric water content used in simulations
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Table 2 Estimation of parameters ¢ and & in the function of hydraulic

conductivities, and degree of agreement between calculated and
measured water contents
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552.9 12.9 694.7 14.1 0.0110 1.963 0.787
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Fig. 5 Estimated hydraulic conductivities of field soils
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Table 3 Water balance for each case
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Fig. 7 Effect of change in hydraulic conductivities on amount of water flowing
through at soil depth of 1 m
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Fig. 8 Effect of change in pressure head-water content relationship on amount
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