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EXPERIMENTAL STUDIES ON THE PURIFICATION OF
FISH-POND WASTEWATER BY TIDAL FLAT SYSTEMS

B S, M RO e, S B
Kai-Qin XU*, Noritoshi FUIINUMA* and Ryuichi SUDO*

ABSTRACT: Wetlands in estuary areas supply an important resting and feeding place for migratory birds.
The preservation of these wetlands has been focused in recent years. A simulated tidal flat system was
established to evaluate the treatment characteristics of fish-pond wastewater which was rich in Chl-a, SS,
COD, nitrogen and phosphorus, and was directly discharged to the wetland. The results from both batch and
continuous experiments indicated that the removal of suspended substances including SS, Chl-a  was quite
high, and the removal of organic matter, nitrogen and phosphorus was simultaneously recognized. The
removal rates of COD, TN and TP were found to be 180, 120 and 18mg/m?¥day, respectively. It indicated that
sandy sediments of tidal flat played an important role in purification of fish-pond wastewater. However, if the
tidal flat sediments are disturbed, the purification ability such as denitrification will be dropped significantly.

KEYWORDS : COD, fish-pond wastewater, nitrogen, phosphorus, removal rate, sediment, tidal flat

1. {TLshic

TEE, RO AICME L TR D, Thik. BELRELERL THh5, BFIcLsT
WOBMOEL, BHRICK AREOHEX LIS, Bl S OBKOBA EZNITES ERlEoHs. £
EREOUERE FEMOELORE SR TS, FE LTS EYICE >TIRBLWERETH D,
o, TRl . BB TREREBERIC. KRETRBMUNEI EHEBICREDLNS Z LT3,
BHROBEIICL ZKPFNOBEOMLL. THICLBBRFAOBEOML. HLOEBICL S A
FOBAEY DT & 70 5 BROEFE. BAFIPEIRIC L 5 FEERCH LU 3 8B LAY, %
FEFOWR I ETH S, EWITE > T TOXIWARILEMIT, Lk Uiz A+ ZBRAHMH -
THIEDHBENZBY, T, TREEREDEELL LT LAREOERELTHSNTE
b, FRAEYOERLSEBEFHESX | REEO L, KoL, WY OME, B8, SO
., BREORENABICEELRELTRI LTS, UL, 20 &5HEREEIZI950EKOEE
FEENS, £ OTEMEDII TSN, 4H CRRFHOTREBOHIEEL TS, 20
o, FREEFHELTOHATHY FOTKHEP 7 Vv EZ0 - ORES AN D EELI D
L. EBREN S TFROBERIEMIN/I . RETREBEORED X 5 LEUNOZEI S
LFEOEBEUIIEHINTEY,

HAbHIR ORI RE T A4 TRIBZHACS I 2HKOVF « F M EORSEHE LTS
NTED., UHrbiEFHE, BREITEBEEBELTHAZ LS, WhyARELHEOMNESE
ARG ENL 5 Thb, ZOLIIHETREBAOHESY ., FRNGEAEACERBRRTH L
DI, MELEHRIHELTOBREDETFNELTEREDAESTIL 2ENSHBEINTE 2,
CDEINEELH > TREEADOLE LTI NV —T1E1 97 0FHEL DBEICELE T
REZE, W%, YRR, (L%, KEFZEOZHEIC DI - THE - BEE2EDTEX LY, BEITTF

* B KRS - T4%F Department of Civil Engineering, Tohoku University

— 273 —



B LUB. IVE| B RedUiEERROUER - ZALD A /1 = X LI DU TEEI S WFFEEAT
Oy YF - F PYDBTRICIRET 570 HD5MAE LT, TR O DIIBEMAP LB o3,
%o DU TH & ICAETY O E G, RABH &2 5 TROMBTSEEL | AL TRICiMahs
B OHIK R OB, FOEE L TTRATOKDOTMENC & - T, TRAMEICEFRL L,
ST DHEFEREED € DERATWN L F « T+ U OIFEEENIE » TS 2 &R L,
—73\ BUEDTHAETROMES L UTIE, M TROREOAHMIE I, WARDUER - &L, 3
VIEDEY H Uy KR OB, EEBWROLEDRET o b, O LDIT, BREOUMENE
IFEICHER 9 5 70DiTid . KO IR E U ORIEICHIE UTL il ks & Tk &L oskpr %
K& U BOBREEBE MR D EREFIC, &L, 2 VEORD L, MKDHERE. KEHH
RCAERY. KEESEOBEOHRLEMEITE I LNARTRTH D, WO - RFERO BRERRIC
S BIREHALBRAEEHERT . TEMT 570 DFIEE LT 51013, TR DK EEALAFE ORI T
EEZOoND, EESIWHETREIEE TRENFICENLB N T, REAHIRDITROBHE
HEFSICE A SENRE NI &, WEHTROKBEOE MO FPENTS Z &g &5l

PWETRER AT, TREFNY 2745 (BUBEER) ML, RASIIKORADEI
12k B TRDOKEBARERIC DO THRETEITR S T & &F 5,

2. EBSk
2.1 HEHSHONE

BB O Z T E IR ILE BIChi 3 5004 Sendai Bay
FERTH D, Figd IKRTOWEARLTNHE, :

A FRL BT 04 A5 T3 5 L dem Jids
BB ESCHDOOERIIHEL /230had /h
SHFKEDOTET, HRICEY2HED Y+ - g :
FhUHOMIME L TSN TS, N/ TNt
TR R SHEK DG IR Ot A2 Bk r— ~
MoK EZFANTE O, HROEFTL _ Mw .
DOHLTRTH D, THROBRHTII00 D PO GRS ot
TN H DL T 7,000ton/day DHEIKAN FHEIC
HERTYB, Fig2 IWUIRETRORAOS Mol I sl U S a0 st
Yﬁ%ﬁ:\' L/flo E’Héij\‘% < @E\ (@‘JEE\ (}EE\ A'rro’ws,sht;w the direction of tidal currenf::%:;gd li:cfons '
BOEEH LIS oh, BEERIREL AL

BERLTHS, AOKKANWES ATRIDEE

sampling station

0 100 200m

|
200 Om

[(7] sandy sediment ] sandy/muddy sediment [I] muddy sediment EA black soft muddy sediment
clay € 2% clay =2~20% clay =20~ 30% clay »30%

Fig.2 Distribution of composition of Gamo tidal flat sediment

— 274 —



HoTEHE . BOREI3EaBHkOBALSMIE TR, BEMEBKIEEIZN > THh5EY,
22 HBREE

FRERIZEH T2 —MTH OB O ERYE OFE) B0 L A HBEYWE OB AR5
FedICEFIVERER LY (GEOISSER) 2R L, BUBBERBEII TE AU TFROMM
FHOIFEAET D L SN EREBELER Uz, Figl3iidsZBEROWME SR U ic, EBRAKM (
30x40x30cm @ 7 7 VEUKFE) AL TR

B, WHERE 23 v T THFIC — Timer + Pump
JEN S 15cmE THEE i, KD —iid T i
ST n ®°f

KON SITERTE B L DIC TR A Lighter 12-h cycle
B, MHOTHOREIL <A 7oy (1800 lux) |
TES AT - TERRTEETES &5 IH A—
fHlizo ?@@iﬁ(ié’%@z‘)\f&@m (1%) wastewater
AR h, EEBEIEH012mAE L, KR :
IKA D 7 & T i Dk E(12em) 2 R L
T50mYmind L, —HIOM (68H) KiFIC
AT AEAKDEIFI8Y » PIVITH - T
5o JEEMEZ1H 1285 MBS E 7 A < —
THIE U7z, EERIZ1 B2EOM% O T
W& 12 BRI A HAD WIS Sk 1o » CTRIBLE
FKOWATRE BRI DRAR

F/o A8 U magok ORI 100 O
EEMNT, BHEKEDOY A7V

-

Sediment from tidal flat |’

30x40x30cm simulator tank (90 liter)

@: return to original tank {system-1)
:dischange to another tank (system-2)

Fig.3 An outline of experimental systems

ERDB L. ENH B OIRTHN 80
DHIFFORE TR ~T, EIT
BOKEAEY, 7L FROK 60 s

AL GER BRI U 7, o, AR
U 7B JE IR O RLE 4 f i % Fig. 4
R U7,

o
(@]
TN

Percent finer by weight (%)

i)
23 BRI & UG 20 b
FERIISEUBLIEEREELHO fo
T H5EBR & EERD 2D 47 - 0 QEAOHG
7 0.0001 0.001 001 (0.1 ) 1 10
= article size (mm
(1) [E153 525k (System-1) Fig.4 Particle size distribution curve of sediment used

[Esr £ I3H 5 —EWRIC B

BT BOKE ZAUFEEE B35 12D _

fTotco TEIMNSMENC NI TIE. (LB #EREKS v 700 R Yy TICk > THEKEET N
FERANCAE Uy 38 S TENC S T CRT#R) K ok R UK Y » 7 ICRS &9
12 U7ce SERRIABITILEIRY v 7 OREEE IR ODITIT > X 5T 70, i, BkBEER
KRB — B BB TEK Y v 7 OKEEME Uiz, HEB/KICODWLTHI, BKOBD R (
CASE-1) | #AIBHIKOHME (CASE-2) #HE Ui, & ARaEHkITFRICHA LGS,
ZLONMTS o7 P BA-TOE I ENS, BUBEORSERTIE. #EGEHKEABLI
BEHAREDHB BT - 7o TSI, ERIELE LT 5 R EERI—EFWIZBIELL 7220 ik
T 572010, 2HHORUBEEBEOR HFDREREI ZRETHIL Y, ABOFKERNTTRD

— 275 —



LI 52 2RI LT H S
EERTHA~T, fAh 0)%%;’1’; & B K Table 1 Experimental systems and conditions
7 7 DUGEIKIZS4Y » VIS

Lo Run Symbol  Water used Experimental Conditions
System-1  Case-1  Lagoon water Batch test
(2) HEEKER (System-2) Case2 %?s%sggnwda?srewater
HEEER T, FoEROKREL System-2  Case-1  Lagoon water Continuous flow
3EAT, FRO—BTMWIET 5K e bad wasiewater

HBOEAERBIDIIT> 0 15 TS

T S WENZ T TR (RT#IE)

WREK T V2D ORyTIL - Table 2 Characteristics of fish-pond wastewater used in experimental systems-1 and 2
TETFINVEBKEIMIA UL #8  Tem pH SS  Cika COD TOC DOC IN TP NH.N NO,N PO, P
PSFECAT T (FiFElks) mn 80 12 200 10 50 42 12 05 04 01 005
KEDKMHMD Y 7 (K max 85 141 980 38 149 85 55 15 25 26 11

y :/7 &ﬁf;é y ‘/7) &:ﬁhé mean 8.3 52 540 20 11.0 7.0 25 1.1 1.0 1.2 0.6
x 5 121 - ThA Unit: mg/l except pH and Chl-a (ug/l)
- o

TR T th 12 BB G 2 S 121K

B&E TOTFR—Y 1 7 IVDEIC, 0,
3\ 6\ 9\ 12%%ﬁa®ﬁ7k%ﬁﬂ f:o

30 g —
BRK B 01T BT 5 720, UK ik o4
57 NS TEF IR, EloEF e T ' 1
VKBS VI~ B | (Brpond vasovae) 3
THi» 7o KBRBIEETE (O RERIED FRN: ]
K Y 2 WOKE, LT g1 ;
s (3EME) oeFLkiAok 5 =
. WA (6B ko S ] ]
KEL FRERS OBEE) Wk o 5 _Tidal flat water 3
WA SHEH 7 v 2 ICH A 72 8 S A . o A ~C
DIRDKE B L R DOFEINIIL 5 % 3
T (2FHE) OBRY 3 BHAOT s T
IO KD KB AT L Te ZOFT 0 20 imethousy xn
PR L C RIS RIS TS - 70 , o ,
BRI KBRIC & > To #UKOD e s " O the

AD% (CASE-3) | HARBHIKAE—
EDHA G LU7:% (CASE4) i
ﬁ}U’ 1‘9“‘((1\50

EFIVERICUR U TRIEROEES/KE (W.C) LHMBWE (LL) BThE£h30% &2.5%
E T3, ERIIEBERS EFNVEREBICHEFEDIH, BCFE THI1» HBBOEK Tl
FINCERE U TH S, BE U7z, EBIRIZ19944E7H L D 19944 12H £ TE Ui, KBB4k
#:(FTable iR Uiz
2.4 JWEEHEL LU AL

I H 3 AKEEH 3k, pH, SS, Chl-a, Hi#4 (COD,,, TOC), TN, TP, DTN, DTP,NH N, NO,-N,
NO,-N, PO PEHETH B, L FARRBRIKICEE LTI » 7
3. SEEREER SER

— 276 —



h—O——— 10—
0.00
0 2 4 6 8 10
Time elapsed (day)
3.00
S 2,00 g s
2y
g
%
5 1.00
0.00 &
6 8 10
Time elapsed (day)
3.00
«g\
g 2.00 e
&
z L
9" 1.00 > D\X
(0 ®
0.00 b——1 — -
¢] 2 4 6 8 10
Time elapsed (day)
12
1!\.__‘
S 8 p/\"
&
8 O IEmm——— ||
O 4 [
O 2,
0 2 4 6 8 10

Time elapsed (day)

0.60 - -
'
0.40 |---d OO R
g e s
oo H H
£ . ’\‘\,\./0
0.20 : h
— O ——0——
0.00 b— ‘ PG B —
0 2 4 6 8 10
Time elapsed (day)
3.00
S 2.00 e e
oo
E
Z
o
Z
Time elapsed (day)
0.60
o 0.40
%
&
iy
2 0.20
0.00 R T . .
0 2 4 6 8 10

Time elapsed (day)

= : case-1 (without fish-pond wastewater)

~@— : case-2 (with fish-pond wastewater)

Fig.¢ Concentrations of TN,TP,NHa-N,NO2-N,NOx-N,POs-P,and COD
during the experimental period in system-1

— 277 —



B2k Ll & & | JKER20°CoEIRE
AT RIS /K D pHIZ7.8~8.2
DRI DOEEEILS5.0~8.0mg/ DI (IF&ige)
&1 - T, SRR EEHIKDIKE dTable 2
IKRL TS, TORNSFEEGHKICEER
O TS 7 b, BERY. REENGEN
TWAI EDHANTH B, FicFigsiTidras
Pk &FBEUKD BT Hiitt A+ < L7z, BOD
Tester}Z J 5 #ABHOKOBEBEIIA ST
BEKELYRENZ Edbdv- T,

3.1 BRUBLESRE: - [ RERDFER

Fig 61 EN T NEABHKDA » THEH
% (CASE-1) ELFEHHKDA 7% (CASE-
2) IZE 1 B EBEB R OTP, TN, NH,-N, NO, N,
NO,-N, PO,-P, CODDRERZEALER L Tinb, 3
BEPEIKDA > TOENRIZE N T, TG4 H

TIN (mg/n)

Time clapsed (day)

S 0.4[ TR
BT L TOBFUKDBEBIE S, FRYZ & .
70 E OIFHRICE LTS 7ot WElSE o L .
BEEBRNT, ZOMKEEEOAZTEME  © 0ofwi] ~O- Dltubea || 3 1 Y7

mER NI INoToe —F7 . BRGHIKDA - || | —@— Undisturbed
R TS B PHEOERIC L - T, §XTDK
HEEICBOT, FRYATACLoThES 00— i

NTHWE I ENED SN,

NH, -NBEZ, EREEBISSHE £TIEZ
BN W L Cid UCinie, 8 12 Bifr  Fig.7 Anexample of variation of TIN and PO, -P concentration
B (F) BT EERE (0.12m 2) Wz ﬁz/}\ under the condition of tidal flat sediment disturbed
Ui GRA L7cisig x EUEUK (54 » b
) N 5 EH9230mg/mP/day I278 5. 5 B HEBIZ0.10mg/IIE L2, FhicHil T,
NO,-NIZFHEIZ & » THWM U723, NO,-NIZL U AR BANRED oz, JHUETFEICH O THL
EREPFERICREI o T AIENEBEZONS, TNOEENMSATH, ERYIEF4.6mg/10 S
20mg/Mid Uy 562%DMERER Uice B3fiF i3 BANIGMEATFBERE % 0 1TE 5 &8
120mg/m’/dayll?8 5, TP,PO-PIREIL, TNENZAOHE & HITHEIE0.5me/, 0.6mgl. 108 HiZ
FEL2028mgt , 02mgN&fED, BRERIT44%, 0B TH -1 TOBOBRERTITFNENY
18mg/m*/day, 11mg/m%/day T -7z COD DAL LILAEE LN T, FH R F 2 £ (3180mg/mYday &
TH. WD 4 BEOKREREII240mg/mYday LA 5 7,

FAZITHERLAEV, BEGHIKEABLICRET I THOROERLD ., AHOHMEIC
P od | FKEHHOBEOENRS DD, BEHBENHEDOBICENAS N D -1
ZEMS, L EIEREBYPKOSSEIMAE UTH A MM L » TITOIL T B3 T,
FEUTTFRERIZABLUTOAMERITL - TITHON B Z EGh - 72,

FELS NI TRIERIRDOVKE A LIZ E DS BAS T 2 0% LA fodis, SEBUSEBRICEL L2
JEJR A FEERBIET AHNC . 2FICHE L. BEL L TOR LR EOHIRER AT - f, ZOREE
D—FI(TIN, PO4-PY&FigTm L7z, HELLICR EZ D THOREL~NB &, TINEPO,-POREHIL
ZNENS2%, 82% L 16%, MU LIT->Tind, ERAWHITLELEHRLY VOBRERMET T
CEPREY oI, Licd T ERMHEILSW A Z&ICE > TAEMIZAShoR LA, K

Time elapsed (day)

— 278 —



B LD IR T 2B Eed S B 2R Uiz,

ZDLHIT, TRICHEAT 2 EBY-PRIEEHO L 5 WERWE 3. EEUTEWERICL-T
FMKAERE REDET 2BOMELH. ABICEDBRFEESNE I EDH -1, T HLEERT
MTOWRE. AT EOHUMLFERL L E, 5. fiIRE G LD E UBEEY DT 2L
— MDA EN BEYFIRIREDN, AFITRbNTE/EEZL SN S, MAETRICK 2RAHHIK
®Viﬁﬁu%bkmﬁi“¢&umémSMm6m®w&&&&HUﬁE@ﬁ&aoto?%’&
B35 B h iy guE RO BEEREOUNT, A LA BYOME. BRETAEEHEZH- T
A5 EIHIEETEI,

32 EHUBLGRRR — R OMR

MBI, HSEBROBREINEZL T, TRO—MTIHICK T 2K EOZLERERS b
1T - 720 Fig8ITidZHZHCASE-3 L CASE-4IZH 1) B KB IE F DSS, Chi-a, TIN, PO,-P, NH,-N,
NO,-N, CODDRERZEER L TinB, Tl S, Elmmh o HiciEs Grizikei) M, 4t
Wy S ERAR L ICE - THEBRAMA, £ EBRKM L DL LT O RET, #agPk
% A - 72 %(CASE-4) TiISS, Chl-a, CODEDKEEHEIZKE (@A LTHD, TIN, PO4-Pizo1»
THHIER (CASE3)L D@D LI &b onics —F, MBRTEBARENRNHZOD
BPINZInotee 2O EDG BEFRTHREERS 28 A TO 3 BRGHIKMRA L7125
A BOTMW OB CHRBERSNTBERICE - TREI NS I bhol, ThoDREDIE
WA LB IRBYE S EE @R U BIciga i icd £ L ohb, $RHERES THD
TIN, PO,-P7s & & FIRHCEAEHUKDA - e R TRIBA OB ER Lz, fBZRTRIZEA EE1L
Dot —MITFHMOMTHMLPRERSIRT » TH5 I LB S,

=TT C2EY  7 ) DR
PRk OIHE N O kr R RE RS &
Table 3;:7]‘: LT3 & Id"o‘ D -—C% %, ?’f{.&iﬁz Table 3 Ac\gggii:lirg;niovgl (;feﬁs_hipgg«: \jzaslcwater during one cycle of
HOKD AT %R CASE-4ICH VT, NH,-

. . . Items (%)
NZ'30%. NON#'19%. NO,-NA21.6%- COD NH,-N NON TIN PO-P SS Chl-a_TOC
PO,-PA%40.5%. TOCH41%LCODA44.4%. Removal 444 30.0 210 220 405 72.6 846 410

SSH372.6%., Chl-a2384.6% &1L 1, CASE-
3L D REUMERER Ule, FoRER
IZH T NH,-NAY0.436mg/l. PO,-P430.089mg/l & FRHEKICH UTH BERNENTN224%.
302% EHBTRICEODTHEHED LB ITONTH B I ENIHNZL 5, FICHEYCOD,
TOCOHL LB, B HEY D OFEREREIRNE . 2100, 680mg/m?/day 75 »Tc, i
TIN(NO,-N+NH,-N), PO,-P, Chl-aDFHEHEITZN ENT5, 48, 120mym*/day &EEN T EDFED S
Nico THEETRO boKEHLEZENT EXFWR L., BETHTRIEELET TV 5%
BSOS Z TS RKRO—DEERL B, :

PLED & 5 ICEBERERYOKOWRAZZT T3 TRIPEEREHW T, BURSEREECT,
RGP TR OKE OEEIZOU \Ttﬁﬁ LT &7, TOHE BREAVEZTEN TS
BBPKP TR AT LMSHA LIS A& Ty A 7V EBCTTRIERICE > ThHEI N
CENHSNIE 50 EBHERESTH SHP0,PILESFRRKICEAHBIKDA - 1cR TREL O
AR Lic s, SRR TIRIZEA EEMADED » Foo —I TROB T b MLPRESHE T
TO B AR S Nic, TRICHA T 5ABY PREERO L S WHRWHEIET, & UTHMHE
NS & TEREKPEEN @B 2 OWE R, HBICLVBREEINS L -7,

FLPEHTRICEOTIRMAKNEENEZBT Lo | HRYEOBE . SHHENEZ 584
DRECETFHENG, 4%, WHTEEHPOI, TREEICHETSMAEYOET . #E5HK
PHRICEZ 3BEII ODOTISIIKRHT 3L ENSH B, Ko, HELL A TRERBRRELELK

— 279 —



NH_-N (mg/)

TIN (mg/l)

" COD (mg/)

0.6

e
KN

o
)

0.0

0.0

20

36 48
Time elapsed (hour)

i i i

12 24 36 48 60 72
Time elapsed (hour)

i i i

12 24 36 48 60 72

Time elapsed (hour)

i i i

i2 24 36 48 60 72

Time elapsed (hour)

Chi-a (z g/h)

NOX~N (mg/)

PO,-P (mgfl)

0 12 24 36 48 60 72
Time elapsed (hour)

0 12 24 36 48 60 72

Time elapsed (hour)

0.6

¢] 12 24 36 48 60 72
Time elapsed (hour)

={ J= : case-3 (without fish-pond wastewater)
Q- : case-4 (with fish-pond wastewater)

Fig.8 Concentrations of SS,Chl-a,NHas-N,NOx-N,TIN,PO+-P, COD
during the experimental period in system-2
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