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PURIFICATION OF COASTAL WATER BY FILTER FEEDER USING THE GRAVEL CONTACT METHOD

BAFIR® - BREHE - EBBAN* - IREAFE®
Kazuhisa FUKUNAGA*™ - Yukio HAGA®* - Keisuke OJIMA*** - Morio SAKATA®

ABSTRACT ; As a method of improving water quality in enclosed coastal seas, the gravel
contact method is highlighted. Recently, this method has been applied to the purification of
river water, still more the study of coastal water treatment by the gravel contact method is
going to be at an early stage. To compare with river water treatment, coastal water treatment
is extremery difficult because of existence of attached organism and filter feeder. Although
these filter feeders have an adverse affect on the apparatus, they can also be expected to have
an effect on purification. In this paper, the purification rate was calculated from the pilot
plant test data. COD purification rate and oxygen utilization rate were expressed as a function
of water depth. And they were compared to total purification rate and total oxygen utilization
rate including the effects of microorganisms.

KEYWORDS : Enclosed coastal sea, Filter feeder, Biodeposition, Gravel contact method,

Attached organism, Purification rate.
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Table 3 Water quality and environment in sea area

Lunimous

(Lx)

intensity

temprature

¥ater DO COD

(C) (mg,/2) | (mg/ 0)

Salinity

(%)

1m 5,920

26.3 2.5 6.8

2.

2

2m 3,981

26.2 3.1 4.9

2.

8

Sm 2,098

24.2 2.8 2.8

3.

0

4m

Sm 969

23.9 2.9 2.1

3.

0

Table 4

Cover degree of filter feeder

Pilot plant module

Sea area test column

inflow

center | outflow| 0~lm | 1~
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2~3m

3~4m
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2e)
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Musculista senhousia
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Mytilus edulis LT H X4 4 A

Limnoperna fortunei kikuchii
AU ATenRYHA

Grave]

woim| N ||
o |wl oW |w|w

Crassostrea gigas <4 X

Balanus amphitrite
g TVeT7IVR

Balanus improvisus
ER YNy RS

Hemigrapsus penicillatus
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Serpulidae

AV IHAH

|-

SEDENTARIA  sE7EH

Bugula neritina #3247 AY

Crepidula onyx  ¥?A/97#i4

=R s R Y P

Mytilus edulis ATV XA M4

jssAR==R i)
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aaLy AT HA

Crassostrea gigas <H'X
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Balanus amphitrite
amphitrite
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Balanus improvisus
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Ciona intestinalis
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l 4

|

R

X) cover degree

[5:81~100% ] 4 :61~ 80% | 3 : 41~ 60% | 2 : 21~ 40% | 1 : 5~ 20% | R :

~4% |

—334—




*Z N2 OHHLBET QUGG PHWG Wp~G) g WY ‘WE~.g) THWE ‘WG~ G THWZI Ml YT WI~GL0 “pBT 6 Hdr0u] X

wagg X Wagg 3

(10u) JyBTOY

wIGE X WIGZ / “SPUT ; SIABAU UOTIE[NdO] (3TUf

500 | ¢ 20 L o |9 01’1 |1 Sep1{nS|oH
0921 |1 TR B[aRIg | sEprjakig
61°0 |1 821 |2l 6% |12 45 BWOT) sep1uo) YROVIQ108Y
200 |L snSiaoldmt Sfueleg | eepiue[eg YAOVISMHO
[r | 1 gummhﬁmmzcwn w:.:_oom(_ﬂw& Sep1]091a18d
S0 |1 Gnreqdd [ (Yd sederipny | 9Eprdausy
6L°¢7 | 72 §e313 Toljsossel) | seplalysg
oLt |11 8IS | S 0L°LT |68 180 |01 1978 | 2l 022 |11 THERAD| [eUni0] euTodoumt]
200 |1 AE €09 |8v 0o |1 2T | 08°S¥2 | £8L 02045 | ¥81°S SITRP3 SN[134K
690 | L 179 |6 80°9L1 | 687 BISNOYUSS EYSTInosTy wmvm_mahsg <_>4<>mm;
1m0 | 0000 |1 120 |11 oep!{ndIsg
0o |1 20 |1 SIsu30z3 SopToIpAY
700 |¢ SUeF3]S SSPIOIPAYTIG] |  sEpl|ndaog
010 |1 oep1]1oqes |
N |3 =0 |2 ) sep1{aqadta]
o (¢ ) ds S[aqeR] | o8t )oqade]
e |0 - TeI1de0 o[{2170%) | Fepi]|a41de)
900 |1 €IE[N0RIUGY ETBIOJTLIT) | SepY[nIELIT)
0070 |1 800 |61 00 |g 09 |1 "ds IopA]od
0070 |1 'ds oldsololld |  eepluoldg VIAYHOA10d
Aumkv WLQJE_:: G.Q.—v w._wnsﬁ: A.«mhv SJagmnu Aa.wsv w._wﬂss A\«wkv MLQQE_.E A#mkv w«—wnﬁ:c Auakv sJ0GEnu A#ka B19GENY
W3 Ley B IoH 8104 W81y w134 48134 W19 WB 104
40]J3no PCaliEDb] ho:—: B G w ¥ m e w N w 1

njapom jueid 10114

umn|oo 3599 eale €A

J9pas) JS1[1] JO sdequnu uolje|ndod ¢ o]qe]

—335—



IniE, M5 0BEHICH2 L7 XA A BRROH

>

—336—

ERTw28)IniEEH 3, BL. MERDOLT Y X4 H

R
ERY

*

oA

Y

910°0 | 6702 [€80°0 | SE°8T | €IT°0 | 0022 Lyl €20°0 6¥1°0 {61270 |L¥V'9T 9578 X 23BJAAY
S00°0 L8070 [ TP0G°0 EV'T 89°0 Ur/"8X96°1
ST0°0 GL0°0 | #IT°0 |86°¢C 68°1T NS Uoljelasp prepuelg
8 3 ¥ ¥ 4 ¢ L 0¢ 0¢ 0¢ 0¢ 0¢ U sJaqunu 3Ul|direg
(3) | () ¢ (3) § (u) y (3) | (w) (us) (2) (2) (2) | (uu) ) (uw)
Man | Ppod | MK | Vnod | VRIS | Mok | TEod  lasol PR3 ysett dow | MlToue | TR | iR
Fhupsprs Hiutrad a5 TTEGET] E1E) 1ded YHELMALYATOLE
sepl|ndiag ELISRELESEY e[[e11de) (wgz) TTgeNYTY Teun3yjoj eUJedoumtis
820°0 é81°0 Gvio 0S°L1 1978 01070 620°0 L5070 00°11 SS9 X 9FeJAAY
50070 660 0 ge0°0 68°0 L8270 800°0 L1070 9200 88°T 60°T U~/"SX 961
¥10°0 080°0 290°0 Lv'e 20T 12070 Zr0°0 S90°0 0Ly 1L°% | hS UolielAdp pJepuesg
0¢ 0 0¢ 0¢ 0¢ ¥3 14 72 14 ¥g U sJequnu BUIjdueg
(2) (3) (2) (o) () (3) (3) (3) () ()
LEIETY 1YSTe4 | ysIoM Y2194 y18uay PUEIETY JysSton | 1Y2r194 1ygray q18uaf
Use1y Ap [sai} dom 112ys L1eys 1[3Us  [solj Adp Uso[] ea 1194s 11248 11eys
Yoarxd ¥ YRV XHET
(MOTJUT) BTISNOYUSS BIST[NOSDY (#0[ju1) ST[nps SA{134K
G200 Sy1°0 031°0 €€ 91 66 6 0€T°0 66970 15870 03 °9¢ ey 61 X 93uIAAY
§00°0 1€0°0 6¢0°0 61°1 69°0 ¥80°0 £91°0 80270 1673 681 Ur,/"8x96°T
S10°0 980°0 28070 €e’'e 16°1 ¥80°0 9% 0 61670 eVl %9°%y | 0nS UolielAsp pJepuelg
0¢ 0¢ 0¢ 0¢ 0¢ 14 ¥é ¥2 v 44 U sJaqunu 3Ul|dueg
(3) (%) (%) () () (3) (3) (%) (u) ()
e o M I B e e e B I
YV b £T ¥ & 2
(wg) ST[npa SNIT3AR Se312 BaJ]1S0SSed)

Jopad}] 493 [1] JO F[NSal jusudinsesy g 9{qe]

Tk, CODBEDHISHIEIGHE T
ADYA RN, MY F TN ED Y KE VD, HighesDBEL T3 AT X444 DBRE L BER L

> -

HA D>, FAREHF0~210me fEE F, HHRWEIGERES, CODMBT, 5~2u g a5

ThHoletBWEL T3,

FHFEABE LT, 30ml, EHE g BOEEHEL Tvwa, X, #I5' k. BRENO~5mD LT+ XA
DR 2 WTHIEL 72, Hughesd %



SHEL3m D) b D DEEEEHH20enZ D2t L. P Y Y PN OBR10mD b DDOMEETEH 1 e TH 3,

T, Mo OBWET 2 HEDIEDUEE 5 ~22u 8 /EE DR RIELS. 5u g SEEHi21 20%
#HiF. 1 B9 0EENEE BT, CODMET. 1 EF Btk 3,

(3) AHAB—a 90z A7) HA

AR HT7EeRYFTLIZonTE, BERIAEB WIS, ATHXA VA DRIETHREZE S,

(4) 41 HAB - Kb FXIHA

NS 'Y, R FXZSAOFEDEREREE LT, CODEBET, 2.1~2.2us MEME e LT
w3, SHEIE. ZohRE2. 15u g SEE FofE Ry, 1HH0Y) OERYEIGEE CHEEL ., 3.1x
JEE BEf 3,

(5) BREWMERMEERY

FI5% 13, £R10~26mH > R vOFHFABEL T, 708 AMAE BCh-TeWEL T3, H
BLERERPOREEREHHREVED, YORTORIBER2RUEEYL Y officBHRL TRV, 7
NeHFKRBOBEICHCIBRYOLEH,20mEitETH 2, BE” PBEEL w2 0RrnER Lk
BOBFEACT. 2OV Y TINVoBERRHEIT s, W3 sBELEXLNS, 22T, Rs0oHE
HZBVERY L YOBEE &, 23.3¢ "gBER "He% 3, w¥, P-COD#%2.2m¢ ¢, o0
Ry DFAKBOEMDIRRELN%BE T2, P ORYOEMDEIGEEX. CODBET%E g BE
B /H:%u 3,

(6) 7VVRM -3 —gv 7R

7RI, BT ABCERTLEI e, IS IhhDI -0y 7 I VRDOKELRBIEL
Tohwv, BEER 7EFET0.03s (1M@EFH4.38) Tho Iz,

MNs"2 @, A77Y7ROCODRMTAIEREREE LT, 0.1~0.2u0 8 /HE HoE&2HEL T
Vw3, -1y XTI VRIZOWTR, SN RL. ZOAT 7TV ROEEH WS, BL, -0 vX
TIVVROFRBPRYRECID, A7 7V ROBUEN P IIE). 156 8 /MEE % 4EL. 0.6u g,/
Bk &L, ZoER 1 B8 22, 23—y 7Y RKoHMYEREEIZ. CODBET
0.86mg, {EixH&% 3,

(7) 2EW@EER

Terebella sp. * 7HTH AR - H UL THABREFENZEREEB oW TId, HETGEE ICHET
PHEHASLLT. SHEBRL 2B Z NI ELL ho i, HMEBIROFENCIZ. BBLEL -T2,

4. 2 FEENSMOEBREEERE

FEENEYOBRHEBEE 2HE L LMD 2w, BRKETERERENS S cihid, v /xoBHk
HEREZ1.98X1078X % %%°%¢ (g /sec PREE 5, tRBAKEBTC) TRLTvw3, EFKER25CET
e, RHXOMBHEEEIR, 0.403mg PNEE g R &% 2, Shumway s '® i3, FEES Y IRHEo
W0 147mg PRI R 5 B OBMBEEREELREL T3, X FEL'T I3, #EREA VI H o
wT, 0.2~0.3mgPREE g /N BREREEFELHEL T3, ZHHs0HET 513, FHEUE
S BUETH o1z, > T, SEEBEVHFOBIETH 50. 40 'PUHEE ¢ 152, RENLFBEETY
DERETEEHEE L TR 3,

4, 3 FHEANEYMCY 2HEIRER

Table7, 81%. 4. 1 THEL LFBANEHY L ES2 Y OBSMIEIGEE IC, PN RETCE >
HEHEHIELE. FEENESMIC L 2CODMMEIREFRBEL LD TH 3, Table7i3. BEARY
LB BERE. Table8id, BELBMEEM IV PCBIIRELBELLLINTH 3,
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Table 7 Organic matter consumption rate by filter feeder ( sea area test column )

Test column

1 m 2 m | 3 m | 4 m 1 5 m
MOLLUSCA PELECYPODA #x{%Eh¥Fq _#{H iR
Mytilidae 4 %A% Population numbers
176 85,216 12,688 80 16
(Mytilus edulis. (Population numbers/ ni)
kimnoperns fortunei Oraanic matter rate 176 | 85,216 | 12.688 80 16
kikuchii) (mg/ni/B)
Crassostrea gigas Population numbers 384
< H X (Population numbers/ ni)
0 t
rg?3$§u$3t§3ﬁ rate 9,600
(mg//H)
ARTHROPODA CRUSTACEA Population numbers 119
Balanidae (Population numbers/ i)
0 t
B BFRRET U AR | acumation FEIP %
m
PROTOCHORDATA ASCIDIACEA Weight(wet) (&/ni) 19. 20 248. 00 22.08
simple ascidians Organic matter
t 499 6,448 574
FRDYPIERE R EE CONSUPHION og )%/ 8)
Total (k%%éﬁﬁﬁﬁfae/a) 9,776 | 85,312 | 13,187 | 6,528 590
m

Table 8 Organic matter consumption rate by fi

lter feeder ( pilot plant module )

Pilot plant module

inflow center outflow
MOLLUSCA PELECYPODA #x43&h¥nMd —#E#E
Muscullfta senhousia Population numbers 88, 866 9 163 385
KM PXAHA (Population numbers/ m)
0 tt
ren e matben (ate, 275, 485 6,705 1,194
o/ B)
Wtili e ;
ytl?ldae A ?‘4*4 Populatlo? numbers 30, 162 3,276 660
(Mytilus edulis, (Population numbers/ nd)
Limnoperna fortune] Organic matter  ate 30, 162 3,276 660
kikuchii ete.) (mg/ i/ H)
PROTOCHORDATA ASCIDIACEA Weight(wet) (g/m) 22.27 28.43 2.75
simple ascidians Organic matter
t 1 579 739 72
BRI SR CONSUmPLION e/ %/ )
0 t
Total e et ien rate 306, 226 10,720 1,926
(mg/ i/ H)

Table 7 & W AKEDIE T & 2 HEYIFLEEH D& 5Y,

AoNT2m TRLE 858, 0 H (CODHE) 2R L. ALA /1 BH»EH»>%3mN138ni/

H., ©7%X5%pofclmDl0g. ni /HHPEZHE Tz, Table82 5, BEEMTAIEY 2

< ohs, LIVXAHAFOATARIEL

DEEE_EDBFROE I X 2HEEBHLENOEL B DY 3, K FXRTA R ZDMDAL HARBE D -
feAOfNE, 3068, nf H (COD#E) T, PR - HOLHBL T, ERBCED > 2,

FRABETHEMNY 21T RS AT A BV 2-ViE, EREBENIEL2R->TE 57 EBH
RHEHBLNREYDERIT, THXTHIE. L7VXAHATT~8r ARBELHEEN S,

B3 EE v,
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INHABEMORRICE - T, BRYBREERNIE, SBEBCHEAT2 0L TSN, SBRLFIEHE,
FEEEZMEL T BEXH 3,

4. 4 FiBAEEMCL5CODHERUDOEENFEE

FRENEHML, BEDLEDRLENCODLaF T, YoiE, CODMLIZFLEL T 230D,
X, WEPLIEDLE2BODOWEENF T, ENEE, DOWBBRFEL w202 2HET 5.

MWRIER T X PSR (Table8) &Y. TRAMYI v b AORS, FHR - HOSIH T, HEHER
EHRESBDALTV2Z D bh 2, NI ABEVOEE Z 2BBIPAOMERECERT 2445
Pk - T, KEHSEREN, PR HOPERTFT 318> T, BEMBEIRY . EVEBEIEIL
T2 DEWEENE, ZD2>DT - oA eRD 2123, BEHH2HZ 2 TR KENEZE
K2 HNT, AR tR . PCODBEIRIVERET S LREL., Table8DAOEHO2EFRTHE
e ibB RV Tablel D AD - HODCODBED 5. HigPELE o 2 EHERCE I RO 2 &,

(6) Nick 3,

a1 (Ccon) =0.14Ccop* *7 (g/ni/B)----+- (6)

X, DTy P LIRURERD 20 EHERS 54, KREOELZRD2ENT, HRP7 LT XM
R 9kFEHECHT 2 HERIHMLBOZIL L, KELTn GRNY 2miuBo kiR) FitgT. 2o0504
B EREL. ERERIC L D ROIKFERERKY., (7) XTH2., h=175mOKEHERBIC
Wik, In (BIEME 0.75m) &onGHIEME 1.75m) DEL Y. h>175mDHEIC> T3, 2n (HI
FEME 1.75m) 3o GAEME 2.75m) . 4nRENE 3.75m) Sn(RIEMNE 4.75m) oL Y EHEL 1.

A (h) =0.124h* ™ (h=1.75mNBA) l 7
As (h) =16.5h™* % (h>1.75m DHE)

FEAENEMICL2CODMER acon(me/ni/B) 2. CODBEICET BN (6) K&, KFHET
ZRBER(7) REMAADLEBIZ LRI, RETES, Thbb,
acon(Ccap, h)=aq1{Ccon) * A1(h)= 0.0173Ccon® *" - h® "*(me/ni/H)(h=1.75m)
acon{Ccon, h)=a1(Ccon) * A2(h)= 2.31 Ccon®* *7 - h™* *®(ng/ni/B)(h >1.75m)

DOBEEBRIC>»TIR., RENZFEEESHOM COD purification rate (g/m’/H)
FWHEEEMBE LT, 4. 3KEEHL 20, 4me/e/05M 0 200 400 600
DiEEMA. CODMLRNBERM, Table 50HE ‘T
BRI EREEE M HbE. CODBERK

1 T

KRR UVSGEEHS AR EZEE, Cho2lagbE2Z L
TEHL . ZOERZ (9) ATH 3,
dpo (Ccop, h)=0.0041Ccon® °%- h® 2
(g/m/H)(h=1.75m) (9)
avo (Ccop, h)=0.0464Ccop® °% - h™5 °2
(g/ni/H)(h>1.75m)

Fig. 3id. COD6mg/ ¢ icB i 3MEMIZTOR
WEY - FEREEBY -5 0 CODRERNIEE
SAR e FEAENEMIE T CODMERSE M HE L
BLEbOTHD, ERE, BERBERT XN 7S
Vi oBeNCODHLEEREKE. HIKH T L

m)

water depth (

10 f ™,

2.0

4.0

5.0

30 |

Micro organisms and
filter feeder

PoBONEDOWHEREIVEEL WMEMEFE Fig.3 Comparison of COD purification rate by

BHEMF - NOCODEETH 2, WaE. £ filter feeder and total COD purification rate
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A REHR & XEES 5 RO FIBREEMIE GO CODBERETH 2., M. DOWERRIK ST, &
BEESMIZTODOWERICHNT, HEY - RBEMSMF -2 VODOHERIZO OB Lick Y.
FWIREBEERL, ZORRICOVTR, SHREIRETL T Efw, Fig. SR LsNBHRIC, KE
lm# 5 Smaiiz, COD#LRIZ, FEEMEMOKRE LY~ HFET 2, 2. FERHEM.

TOBRERERLTHHLHRETH S, X WEPOFE L FERNEY EDFERI~NB &, B4 -
FELT, REVER R, —FH. MEMIEDL - N CODHHLRIZ, BLhr Rl TIZIZ—KIC
DAL TV B, ZTHiE, WERIKEPHKFCZTNZIEEELE T, KEHRK—KRROHL T30 TH
%3, X, SEHAKEARIZDOPKEBEOETIASAZTNIIELZ LV ERP ERDbN S,

5.% &
FEEEEMEFTCE2CODMEERVDOWERE. KEE T AP L T2HERNTEHL., B
MHEDRF—INDCODMLRUDOBHEDMEN M L LB ZITR > . ZOHER. COD#LIBEL
THREROFE L FEEMEME DFS2HE~N3 & BEA—FL LT, KELERLH - 2. FEANEE
Mcown TR, AKFEInhb53moEIic, CODBLBRIAERY-IHHEET 2. —FH. HEHLZOR
F=Z VD CODHLRIIL I A RMBRTITITREICHR T 2RRE B o2, THUT, MEMIUKERR
ZFIz I EPEET. BEFRAC—RBISALTw s EEI NS,
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