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Summary

The minimum temperature of the coastal waters surrounding Cheju
island, even winter time, is 14T, the highest in Korea. The average,
year-round water temperature is approximately 16-18°C. Taking advantage of
such natural conditions, inland aquaculture began in 1986; and, as of 1994, 96
farms were operating.

The coastal environmental contamination caused by the waste water
discharged from such fish farms has surfaced as an important issue.

Accordingly, research into the application of biofilm filtration process to
the treatmert of water discharged from inland aquaculture has been
undertaken and, as a result of examination of the effects of varying
operational factors, such as processing characteristics and headloss of major
pollutants, such SS, COD and nutrient salts, the following conclusions have
been reached:

1. The physical characteristics of the porous plastic media used in this
research represented specific gravity, 059 roundness, 0.73; porosity,
75.0%; permeability coefficient, 588cm/min: and specific surface area,
9.92x103m’/m’; and that this media was the most suitable to the biofilm
filtration process, as compared to sand or scoria media.

2. It has been verified through filtration characteristic comparison tests that
plastic media offer the quickest filtration times, and best SS and COD

removal characteristics.



3. A pilot biofilm filtration system utilizing porous plastic and scoria media
was installed in a inland aquaculture as a field experiment. This
experiment demonstrated that at a filtration rate not exceeding 400m/day,
major pollutants such as SS, COD and T-N were effectively and steadily
removed and, in the case of headloss limit being 1.4m, continuous
filtration time was approximately 13 days.

4, The field experiments showed no significant difference resulting from
filtration rate variation with respect to the amounts of total SS and COD
removed per unit filtration area during the effective filtration at different
filtration rate. The total average amounts of SS and COD removed were
calculated at 14.16kgSS/m' and 5.97kgCOD/m’, respectively.

5. Marine diatoms are the dominant species in attached microbial flora, with
the exception of bacteria.

6. The discharge from inland aquaculture is characterized by notable
fluctuations in discharge quantity and quality; extremely low average
discharge concentrations being associated with excessive discharge. It
was demonstrated that the biofilm filtration system utilizing porous plastic
filtration materials in clustered layers especially developed to effectively,
economically and steadily process such discharge water offered
outstanding field potential.
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AFe FEHde FAZS AT AYFY HAASFLo] $3 YddA 7t
F & 14TE fA3lR Jow, A HAFLo] 16~18T FEE FA3}L
AoIA ol2F AQAZA-E ol8F §F £24 WA FAFo] 1986 RE 14
5]7) AEste] 19949 @A 9604 Ax7E 7HsF U

olg} e B F34 FAugdel AGAA JFa 4] el 7]
ol upyl & Aol AMdolArt FAR wiEyol AF AL FHLAEA =
g ¢ EAAYE dFHL e At &4 £24 9x FAF o)
24 3 £%o] s, 29EA WiEEre] Wi Ee] dd’d Ade
59 AFRAE 5t 7|E9 FHAQY B, 33, YEIFHA AFAHYT
Wl £9lo] Ao Bt 542 7HAR Atk 53 A%k, dEF FR/E
g gReke ALY A F2 ol§HE AP S B2 AH(F
L FAHAA vAFE RREAL FFAF A EE e ARG A%
Aoz F2 AAZdM FHE QA &3, F3 Foll ol AL A Al
Av £t 4039 3ho] ool FAE nAET o FARE T GF
B 7)o 7128 T3 UT(E T, 1992)

a2y £F1979)E 43 Al Al F24] Alojge] o dfaidte] Y
oA pazFY FRAFo] FTHA FAF EFolU &F4l Je AL HF
& 53387 He Aol BRI, EF oY HEFFAEC] B AFE ARFA
g 2% ARG Mol BRI HE AFUd] BRMud ball)7} /=
71 A9 ©AFZBreak-through) d4o] AF WAL AANEF BA o
oA 4A)3te] g2 gty Rl vk

EF #7014 LHAEEE UF AT s HeYs AAMe 2T o
FAEdhgo] YutHoz AHgEm gloy FAHSHAYe R FAHe AP
4] A 2]y (Suspended growth process)olv} A LAWY, JAAPY T &7 A



21} 53]y (Attached biofilm process)e] 7Z¢-= WEIAH ¥g4re] FA=
A B FAG w25 Ao HEAF7de A BErbed Ro] AHdoln

g # E(1990)9F b (1991)2 ol9} e AEHE FA AEY A3
¥ (Biofilm filtration process)o] THE Aol vz} F3lFel 733jA BOD F3}
F 1~10kg/m'-doll A 227} 7Hsse Melae] o] nfg- A3 Kt
i ek £ WASH BE(1992)% AET iyl JAAAZ Ededtn FA
2 va3 & 5 AolM FASAYT v FHuvt ks e}
Fedl fA#7E goldltta Budta Ao

wald B d7ME o2y 5L e AR AAYE §4 F24 9
kA A wiE:mo) Helo] H8AA SS, COD, YFAFT FR2AEHY A
JEAT SALTTY AR Wsts Hotsto Hkn
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1. 429 ofntyel 53

WA e} BER(1992)54 o5 AJE 1+ o 319 (Biological filtration process)2 |
2o nx3 P uge A 2Hoz Ay MY sdEA Y39
o dE B3 GAE F2AF 99 w2 oA FAld 22" PYEod oF
ABHA A3lel BalA oAHE FAld e 5L /MAL Jdn Budn
k.

Characklis(1981)&= &=+ 32 vl 23} n)AEEo] Eulg &2 HF32
2 T4 Aed, dfde] FaAde] A A2 A3 Glycocalyxehe A ¥
AL PAI AXY BAE HAFEA J1AL B3 € AA%NE Ve
#3371z dn, Axate] ¥R Aol FAYol F3n sldn FAx
Aol wret WztE 4 Uty B usta

agln AEE P e AE JAGL G Bl RaAF4
A A FAd FEUe] g HEZ, AX Bde] FURel fEHT
Wi s = @€ 5ANh3-Z(Suspended growth reactor)oll A o= @ i1¥Ee AE
Fo] {27t 7hEsn FaE e A sy ol gYsa, AFAZMMHRT)FH 3
#Bglo] H]Z4)4 % (Specific growth rate)7} Yoo g oJo &@x9 wAgo]
3 He EAE Zx Utk T vIYE Fole wubREd dAAE PeAel =
< Zo] A= AEHo= ol T F¥ol Hoh.(HWEE, 1982; BJIl, 1988)

H 9l AJE9HL Biotechnologye] &80 93] B2 7l&ldo] o]Folx
He £aYElime)Tte e Fage] A8 = Utk olg vk YYo=
e 7129 Ar4o]¥(Trickling filter process), 343 (Rotating biological
contactor), 3 A oA (Submerged biofilter process)so]l Aom HTL nE Ay
oA Hg3te o2 g oAxpfo] ML= Yok F, 1992, 1A
o} #)l, 1989; Yuheis} 7, 1992)



BR)11(1988)2} LLE(1989)= WHE-EUldAS mAESY FrE FAY vEEA
o wlaay] dEel e Py vadte vPEFEE BA KA F
3lol BOD §-A33 1~10kgm'-d A= nF3AME AdE & & Yok 3
T Uk B FEQ190)E GY wHEE oA AEEA A3t Eeld o3 e
Al ggo A EHEd] e FFH Ayt oA B ol A
zZ7F B¥EAIER AXFNE 2 & dvkal Easpa ok



2. 429 ofnpyel Y& HAHUE

714 BB o BARAIE BAHo 2 Jebd o] Fig <2-1>¢]th(BR
JIl, 1988)

WaEe] 718 2 A, Q T2 g EXse v B AF Ai
ZAHENA)N AHE ) Fig <2-1>014 BE upe} o] AETS] wkgo] 3l
AME FE GUdF 24Ut AFao] @

METe] Aol ALEHol 1 FAZE FulsAl =R AVt dEue] Wi
o FE3A RaA Hol FA Fo) YALD AEx wiFAe ol YE
gt glolAle AdwrE oz A Fo| EAsA gk o] dEo] AETL A
& ZA3A =54 oA Fo] FUisln #7189 AR A [7]4ko]
U g35AS)7 A 37 2AEVIE @k gl ol &l
AYeld QBT HEYZRE ¥ ey 42 B2 FAPH 7t
71 A1zt

+~—— biofilm —

bulk liquid

media anasrobic agrobic
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Fig <2-1> Diagram of metabolism with biofilm



27174 AEHAM /7189 3714 dALE 33t FEAHSE e o
# ol vehd & Slrh(ol F, 191)

(C.H,0), + .NH, + n(x + % - % —~ 5)02 -

(CsH;NOy), + (X — 5)CO, + %(Y — 4)H,0 -1

= #71EH AAseHEC] A4 EA oA PAEAS @l B2
Qe 123 FAE nAdEL ddde] A HE g o] nAE
ANE AgA7IE HAT RS A €t

CsH7NOZ + 502 - 5(:02 + ZHzO + NH3 2-2)

A= Yote] AAE o1 ). (Benefield, 1980)

gl do] Ead frldae dREUH] AA9 AN U2 RIE
Aol dAFEd dojuh= €oltl(Deamination)yt-g-o] dRF o]2-E WE
dh g@uae Qe A%z P49 ooz FAHE ¥R {715
FHEolth. ofmieAte 17]9) B2 Fo)l Amino7] 9} Carboxyl?]| S FAlo| zte 3}
FEIM g Hoz vehdch

NH; — C—-C00~ (2-3)

o 7|4 RE Q72 4A(Amino acid glycined] 21§H)ul, CH,SH(Cysteine) &
< 17T84ZE PAEE g87]olt. giAE 57 At o2 go) Hy
= 4% @k



—C—C —N—C—C —NHj (2-4)

HE= 32 ofd ojmjiite] a-7t2E 4719 thE ofmeite) g-ofu]ie 7]
2o kel st A= BHEHBVA Y& uixdoz ALgHrt
aulde T2egE A2 (Protease)?] FY3lolA TR aiEo] ofmicite
HARroz dd.

AR ol e dolniztso] 4 (2-5)9 To] YRF ol W2
g dubHo e o FAstoA] AR Ut ¢RE o]olth uwatd @
WAL R Heed JERH AAde YAFHoZ AL URF o]
o] EAFA HEz ¢RYoly Asu ztd Juo] AANFHEQA op
4 Aav ddg Ar2A £33 € 5 Q.

COOH COOH
| |
H“‘f —NH, = $= O 4+ wNH; @-5)
CH, CH,
| |
COOH COOH
Aspartic Acid Oxaloacetic Acid

Azt Ze AFFEL AU dRFA SHIES 249 FY2 w2 .
vle] 84w SdolAl(Urease) 471 Fol2 288l whE LA Az U
of 7t 5ol g4l ¢ ¥ F(Ammonium carbonate) 0. 2 gt}

ta



NH,
|
C =0 +2H,0 &€, (NH]), : CO%~ (2-6)
|
NH,
olglF wrg o ANE YRFS A (27), @8I ol 5714 A9

A EsHA Abghukgol o3 7 AMsh(Nitrification) #4-& A NOs 2 gt}

INH; + 30, Nitrosomonas 2NO, + 4H' + 2H,0 ()

Nitrobactor

2NO; + O, 2NO3~ (2-8)

olg} o] AMAE NOSE TAl 8714 AulolA Pseudomonas, Micrococcus
T e ghAe FLEoR 4] (29), 2-100F #2 kg 93 N2 7] F
o2 WA,

2NO, + 3(H,;) = N, + 20H™ +2H,0 (2-9)

2NO3;™ + 5(Hy) — N; + 20H ™ +4H,0 (2-10)

- 10 -



3. 429 ojniofAo| ojYE

g4l Agd AolMEe HFALESE e YR vFAL5ET) 03~
0.5/day o]3le] &) AA a7t £8A Fo T4 71 dsd YEd
v A5 AFAIG BAQLC] Nitrosomonas L Nitrobacterst 22 H|ZFALL
7b 433 AL AEEE ARl Jtedlth B gz Al e A
Ex F4o] rhedtng YAy Eg g AEFS A3 QAL
A7 A0 en R RIAF Ft 5L et

AET AP nAEFL QA Y (Filter film type) HE Q@F Y
(Intermediate type) M8 QU&= (Non film surface type) AEZ E£7T 4 U
.

outAd MEZ= Vorticella, Carchesium, Epistylis, Opercularia 59 %A
AEZA Ao g zR3teo|n Agjsdo] ¥ At A

32ty ME 2 Aspidisca, Litonotus, Stylonychia 52 #9494 AEZAM o9
WY AERCG u%3} 2H0A Aol YE do vehdn

nlojulAy AE- 2= Paramecium, Colpidium, Glaucoma o2 33tz ¢l
3] Aol U e FAPCH UutAOo R HWRFF(Bodo, Oikomonas, Manas
e 1EI2AM AHIdsde]l YR doj tFFoez ZEIYL F IEFFH
(Amoeba, Arcella T)= AF-31¢) o] &3 497 Boh(H &, 1992)
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4. HEY ofnYolAi2 =3}

Eckenfelder(1981) 7}-1x} A} 4} (Pseudo-first order reaction)©. 2] H]-f
718 AALEA AT $AAL AN

ds

L. = -
~ "5 = KS @-11)

A7\ (1X)(dsp) : ¥l 718 AALLT [gMLSS-day]
dsgit : f718 AALE [g/m'-day]
K : £=7 [m'/MLSS-day]
S: #718 ¥ [g/m]

o A& Reise] AR W

fs'%g— = —-KX L‘ dt (2-12)

A7\ K : &35
X : 37 "8 FE [gm)

S AFAL AR FY {718 B (/]
So : AF{gel F3d /718 Fx [g/m]

i _ - KXt
S, e (2-13)

¢ B vYE 55 Xt 3389 vEAFH 4, F & $9T DA
vl gt mebA

-12 -



X =~ A, (2-14)

A7\ A HERAH|L, A3} WP BAHFZAN = oS 4oz v
gd £ Ao

t = CD/Q} (2-15)

A7 1 FF A FAIZHmin)
D : A34}e] 3lo] [m]
Q. : B9 EA 3} [m'/day-m']
C, N: 283+

A (2-14), 2-19F 4 (2-13)°] A3t 5 Kok CE AHEE 4 (2-16)7%
Zol vetd 4 3t

?0- = g (2'16)

o714 8 : dBAF FEF 718 T ([g/n]
S A#AE U5 /K718 T [g/n]
K:&x3s
A FRA ] HEAH [m/m)
D : &3 2] [m]
Q. : B9 EWUA 33 {n'/day m']
n: A%, FARE T BF 54 HF9EHA BF 059~067F%
olt}.

- 13 -



5. S} oiTHolA 2| ofBx|S

AR AE he AR AFHAE AAse FAF AN FGgE AF
Fo F7tsk gA FUksledl ol AfALE Yehye HoZE Levas)
Kozeny carman®] 4]& 7122 &1 ot o3xge] 71%x0]2¢ Kozeny carman

Ao thgsh gol UEAThGE, 1980; 73, 1982; ), 1993)

Lol s e
A71A by : Z7] Q33 (m)
ky : 271 AR AZA()
$o : 271 AAYGZASC)
Dy : 373 <A el Y73 (m)
h: M qF 2] o3} A8 (m)
Eo: oA %e] A3k A4
¢ MAAFe AP FAFC)
D : A F 2 A4<]%(m)
o : BEHH)
g A4 <139 FTE0)

a3y A9 ARAYL 7 ARAPA o IRy T XY grog 7

< e B oA A FeA HEEo] A3 RI)dE AAEAN dY3}
A FEASAL Ate] FADSFE FFEo| FaHTI] AR ARl #aX

- 14 -



A 9oz d98o dAA A Rasrlst @A Hol dmAge MM
Z7484A €tk

ag: o] AelN & D,¢s AA TiE Mol Bry HEz Y %9
AAY AT A 3] AR ¥ f = E/k($Dy/ $D)*E 54313}

7l 18 A 09 BAE YEHZ] A8 Ase, A FAF, fYF 2=
T2 WA ZAME AAVT Fig <2:2>0]th(F, 1982; 3, 1993)

t = 1.06exp(-6.63c)

r=20.88

Correction coefficient(f)

1 1 1

1

0.05 0.1 0.15 0.2 0.25 0.3
Specific Deposit( o)

Fig <2-2> Correlation of correction coefficiency(J and specific deposit(d)

o] 2golM BE fe ARLE, FAYR, AAYA, AFFA S @A
ol 4 @2-18)7 Zo] Yehd 4 o} 2(1982)3 7(1993) o] A& o} =j3}
R2AASL s Aot
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f= ae ™ a=1.06, b=6.63 (2-18)

Aq71A HEAF o= th34d AdslA 78 F Aot

o= a-e=a-" (2-19)

A7 gp: 7] FZFE()
€: FFE()
vy © o34 (m/day)

v @ A3 4% (m/day)

aeg AMcEe oANY AL ARAY BAA4SE s o 4
2203 o] vehd 4 ok

_ 2 3
16 e"‘-“”"(l E"”) (SE" ) 2-20)

l'—Eg 00
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1. oxe E2|H5Y &M

AET Ao o3 FAF iZ5E A3lsterl UM T4 FoIA
daodre n|YES BHErt Fao HlsjA HojAn, vjgEee] iaPer}
"ol v kA v E FARYE Eddd {EHVE Ao Pl A
A 3 £24 AR wEs 5 Avsd PF dAY A 2 &
4 /71 FI1HEEE AET g o3 a&Ho2 A3yl A
€ olg L EAFE FE3 3T & Ue AEE AAE dAA3NE Rl
Zasdn 2 43 238 o3 Fol AAE 5 AR, 1989; k¥, 1979)

O A&7} wejof

@ WAl 23 ofFe] WHo] Aolo} Fri

@ 3o JqMA A7 o FA Yol §olso} Pt

@ w283 fejEdo)l Fojof @4

® AET FRFAC] Jhed @ Aol @k

® 8344 LAEA(ILEF A &&A Al 7hsdtof gt

getA ol 2T A A AAE HAAHH] A 7129 AldA
(Sand)2} AFEAt Fol(Scorimy A2 FALEHAA(HA £4 7 TEHEH)BE WA
B2zt A9 FFE, FFAF, 4 T AF EYFH 542 4IH9
LK) ¢ =3

D AHA, Foldzle] F58& 33

Aoz} golodAle] F3&9 FAL Fig <3-1>3% & PHo 2 k(A
AL AREBE, 1964) T4 WiAddd B2 4FF AL () IR 71 ¥%}
712 F=E FoAsEAM dAF] 2RE FUAT F £HAE 7153, by)
4 (-2 FFEL AU
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e = ol A A & _ he—=(hy—hy) 3-1)
CREEREEEEE hy

A7 & - BIE

2) Ed2HAA] F58 54

EdAHAAY FF8&L Fig <3-2>9 e oz AP -4 Fig
<3-2>of) Yehd A3 o] ddrld & Fgthh). 181 FeAgoe
Aol 3 F Fhy) =T AT FHES @3 JUE ASieve)S AA TP
(hy). °o] A Adrie] B2 A& Wl AA7} £ ol A=E uPAFE o
2 o 2 F Adh B A7t Solgle Addd] Aeth)

(hl + hz) - (h4_h3)
hy

(3-2)

Aq71M & = F5&

e ]

LT

4

ha

Fig <3-1> Determination of porosity with sand and scoria media
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l‘(

ha

water water + media

Fig <3-2> Determination of porosity with plastic media

3) A9 A=

2 AT AT 4 e ¥ A¥olgT 28 4 Utk 2B R orlq
Ae F4E vehdle ARE2A dIEE T3] A3 dAnoz AR YAty
APE #g4RY. o] Ao 2 RE A YAe FAAND) B AAHE)E F43%
Atk oA Qzte] ¥ FBFARD)S YA FIRAIAL T WAL zh= A9
A 7otk

S = zrx =% (3-3)

S = AN Z3F A2 (m)

A 4 33l DE T Aol Jhedith oAA A d¥EE O
HellA gelstn glThie, 1987)
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) QA e sguAe AAE 299 347 x D)
AYE(Y = T AT 2FEFD(L) ¢

EEe GAF L9 Afde 10 Hz, AEY e Aole 08860] Hrt.

A2 Fe7t Qo)A oG4 e gtol Wk Ane FAHL AHA <3lsof
Jerd o

Photo <3-1> Shape of plastic media

9 AN F5AS 24

Za2gdaE 1 g7t Yol wasl NERELE 24% 4 Utk
SN $4A4E 7ol o ARE AT A2 vnd 2 R 54
o xe Aue) S4AGE ASY AU A Th A4 FLUAYE
YAE AAH 5E /1A AZ Fol AR SARel AN A Az W)
o ASsE $3E 2Yse Aol o ARzRE 4 (35 AN T5
A%E 274 BThQL, 1987)



- _Q ,Z i
ko= AxT * h -3

A71H k= £ TCY ® 9 F4A 4 (cn/min)
A = gl &A (o)
Z = o&31o)(cm)
h= &%, 29 9 2Hcem)
T=5%54%T 23F AlZH(min)
Q = At tmin)lol X F4F(cw)

o] MERH 34 PYPo2ME F3dol % Kozeny carman]E AH§-
o] v ERHE PP

3

_ £ ogh 3
V=%30 < “uz ¢
sassste] pAE A B3 2A 9.
3
b = 37

£ x LR
K.S:(1 —of ~ u

o714 K. : Kozeny B4(-)
S : Ao @A F v EAH(m/m)
u: Eo 3474 (glnsec)
p: B9 Ax(g/n)
Vv Z&R%(mfday)
h . &4 5F(cm)

Z : &ol(em

£: FFE0)
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Cammand K. = 502 713 3] o] 4-& Abg3ln . 181 Kozeny carman
Hel I8¢ WYAA MERY £ TIE o] 7Hsa

®
| fog

H

medila

v

Fig <3-3> Determination of water permeation

5) oA} BE ¥

2 AAE 1kgAES AZ7IA 105~110CE o AT AZAZ F
BAIAE A Blg AL AlgEd Odg £#M2 ZFAG(HEXLAESR,

1964)

@ & Az HAxded F75E 715 A wHiIE & F 9 ES AR
@ 7haYg ElgEoln2 2 g1, o] g V15 Ay AAxued] IFE

Aoz A3 FFFoh
@ # 1zd AAEF 158= IFH ¥ FAxvied TR 7PFA &S

21X 8 AAg].

-2 -



® dawdes ATFAL A6 Yol dAAT Aleld] s} O o3
4o X e mMax @r1g

@ 71¥7} vex @A S99 HAwviele] 2548 /FS A9 oblE w, o
A2 ¥ % T o Ans 2o 53 WAwrely AFL Aoz
24,

714 S ALEE g Ad &8 7 5 Utk

_ Ms'P
s = M FM,+ M,

(3-8)

714 M, : A AxdEle] TR} o] Ay
M, : B& 715 A g3xvere] Ag)
M, : 23 QAAE AL A xcvele] AFg)
p : B Ax(g/m)

.23



2. o7} XIUSY v|WAH

7129 At gt AFAF Folg ol&% FYF WS dFA FH2HAA
€ 8% AFF YHd A% 4 A4 o3 YA L HRE Ml 99
ZIZAEoRA AR MEFE EAElY o9 W& SSERE HAe U
Y4BT SSEE 20ppm)E A x3ke] AHG-SATHULE, 1987) AT A5 Az
© A 438 MPAIRES AHSEglon A2 Fo £ 4oz A
15SC~20CAHAE7} fA= A

AYZAE Fig <3-4>9 gon FHzE U7 Sene] T3 olTHW-E AHE
N 2z} A4F9] Holx 80cmolth. AFAWAL AAf{FI4H o2 FujzE AHg3
o QA FFE ALY FF WHR AALEE 2T F a3
Qo g APAPT. AAEZE Aol 2.38~4.5TmQ SetAg A9}
At a3 Folod A S AMEAT, AtqAst FoldAe dEgREAl, 18
T FAAHAAE HFo] BEEG 7iR]7] Wi 3R FH2RE A%E A
22

AF&Ee FHoRe HKE 200m/dayo) M FE 400m/day, S00m/day2 Z7}
AlFe.n, 200m/daye] SjB&rdMe 4 EAFLFIE 0.6mel o2& AN
APE T2 UL, 400, 500m/days A e A EAFTIE 0.6me] ol2d A4
£ F d£30 3 AFs ALAAT. YL IURVE AHEE
zd §7] AARME B3 A wFAZ] gF A F7ig BE o] o%
3ty o3 FAAYE =23 TH

aea 7 A o AadE vnEMHs] AT EHYRL SS, COD
2 3t EAYNES £ALATZANEU19)Y wFen fdsst KESE
Hl2 A3y
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3. H¥UH

tzd Salagoel 8% ASEE 7%3lr] H43te] Pilot scaled] HAPZ
22 A2t AYFAE Fig <3-5>9 2on W7 10cne] $9 ofad@o
2 QHzE Azste A4 gFAZe2 /A dAF 24 P 4
) 3k v}

WMZ5 9 f714 SQEA] AAY ALMsE Addde ARFHO
2 37 948 39A dZ02 pARAEH & A% ole 8ocmz 1€
aze ZgrgAAT o83 AYF WAez RfH XS LHEA AA
Aoz o 2, 394 %2 $ol& AHdte AALAUNES] FE
A5 -gA-e 2203 §gct.(Jaap, 1990)

e 427re ABokBiofim)e) FA4-L m=A 7] 93kl 100m/day °]3}

202 AE PAd Y4 DOFEEE Tmg/l olFoz {FAHER
z3sta AR H0l(E, 1985) Z7le A ¥UN F&2 18T~25THET &
A = At

Qe e 57 14mAEA] 2T At 7 GFVIE AHE3
o AAstREd, A3z e 2 SHAET WAL e F7MEE
of 137} § T, ulFsa tAl B2 B2 o183 o 283 ARt
W4 stgon 134 & 108857 288300 o £ A¥7I% Fd= 12
A €929 Zad2rg AAS AHEE AFF B2 T AT A A S
ANFYI 2, 38 o] AL B AP F AFuHM0] doluAl 4t
ouZ AAME AASA FUTt.

ARATe] £2 & JF FARAHL AFMA F A wMEF] AHas
w3y} oty sle] A4l o2y BYEHAT W AA dden, 2
BAgRe S, COD, 4AAFTN, TPTLRZN FALFZTZAEAA <3
2AEga, Alased HFA g o3 £ASTE FAAAH, A ¥
atg nAJEAL ¥r]Z(OLYMPUS BH2)o. 2 7T 3o
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1. oMo} E2|HSY &4

Zt AqAe] B EAe] #HJ} AIE Table <4-1>0] YeElYr) HoljA B
4 5 9ol ErgoAe FIEL 75.0%2 At A 9] 46.2%9 oA
559%H Tk A3 HBRAAT At} FoloALa Fet2goqrt FE &+
Ak

Zet2goe] FF&7 vEEHo] & AL Photo <3-1>0]X R uie} P
o] oA ] Kolgd gFaA FAI ol A7 fH] ¥ Ao AldY. &£F
EZAgoAE HFol 05924 ERT 7hig] FEgF AHRE AFoIN o3
AL£AHE 58 F U0 BB Ao HEA nAdES] FRAFEEH] AA
2z v Ee 4& FVHME & 1ozl Aleigvh(H E, 1990; <, 1991; 1A,
1988)

Table <4-1> Physical characteristics of each filter media

o ——Ellieg jipedia Sand Scoria Plastic
Diameter{mm) 2.38~4.57 2.38~4.57 2.38~4.57
Specific gravity 2.37 1.57 0.59
Degree of circular 091 0.81 0.73
Porosity(%) 46.2 559 75.0
Coefﬁcien} of Permeation 199 77 588

(cm/min)

Specific surface area(m'/m’)| 4.48 X 10’ 6.18 X 10’ 992 x 10°




280 $oldAE FIEH HEBH AldAnTiE A2 AZY o)
2 o A2"A SRz Agat ATE A% Pste] FATHe] I,
1992) Folt H]Fo] 2R Fws} oFg WolahM HolZ AED ofupe) ¥
2 o)Az Agse Ao QAHE sl oM A WE A
gAS oA WPA EA7 meislolol @ ol Al
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2. o3 X2|§4 vudy

) E45F9 (AL

Zt A AL AHALHAIZE Table <4-2>0] Yebdm, dgax
200m/dayoll M o] 2t oA &A55F2] W3S Fig <4-1>0] Uetyon oai4s
400m/days} S00m/dayoll Mol Eat2elaizle)l AT WHE Fig <4-2>0 e
J o}

Table <4-2>9} Fig <4-1>0A HY o]#&% 200m/dayql Z-$o] £A4%r}
A EAFFQ 06moll o]2E Alzko] AF A A4 1943 ATolw, $olo
A7} 31413 olo] EAHAAE AY7IZH8AIZDF o HAlo] Yojuba) gsi),

Table <4-2> Limiting filtration time with each flow rate (Unit : hour)
i n
Ler media Sand Scoria Plastic
Flow rate
200m/day 19 31 48 <
400m/day - 20 28
500m/day - - 25

- : not examination

et Al A LAkl ddd] gomz tg gAle APdMe
MRS A Foloet ZtAEAAY ARANLAE ZAHTPoH F
FHez AF}L T S00mydaydl M= Fer2€oiAel] Mgt Hrtsigok. 1 d
Hof 3t FS2EHAAE BE F FHA oAl HHA gF{AL£A7le] B
9 A4A E 5 UASE HJAY F AT



sle Zaxdcde] 2UHA 54 F oA B 4% r1A
2380l e YL /HAE GE GASHY 2T, £Y YR
g Q7] e FHEA AATL o1 ARN URRFuZ o3

(e]
=&0°

0.7
0.6 b . N A
/ /
0.5 F l, '/ L
g 2 :
Z 0.4 ¢ . 7
2 .
T 0.3+ i
%] .
= ,
0.2 L ) .
"
[) 0 e 1 i 1 1 1 1 1 t i 1 1 1 1 1 1 1 1 i 1 1 1 1 1
1 9 17 25 33 40 44 48
Filtration time(hour)
F--— Scoria ------ Sand Plastiﬂ

Fig <4-1> Water headloss variation of each filter media at 200m/day
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Fig <4-2>0) 4 o4& % 500m/day?l 75 A4l AFe &H45F A% 29

QM Ao} dA Fol £ALT FAG) MY AKAJYE 2L @

2~
e

s

A, olRE EZAHAA st HFo] /A AAgo] EolFrR @A
AMRezx ARZEIN/E £5-& dehdle oz} Ateidn.

Headloss(m)

0.7

0_ 6 ....................................................

0' 5 ................................................................................................................. .".. B
0.4 o

0.3 s

Filtration time(hour)

400m/day ------ 500m/day ]

Fig <4-2> Water headloss variation of plastic filter at 400, 500m/day
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2) SS, COD A A &4

AgM EAd SS, CODAZHEA-E Table <4-3>0] Jelych ez 7t o
A AHA LA o] WE F A A FE Table <4-4>0] Jeblr.

Table <4-3>0) 4 2t ojz¥, 7 o4 =W SS9t CODe| AALLES Aur
W 200m/day] A&T A FaAHAAE & oAt Ao uLF o 83%
o] SSAIZ A& oF 65%) CODAIAZE L Vel oagzel Z7le) mweal
I #go] YA gasge EAS vl Ytk

olg} e WYL ANLTIt F5Fhel wel oA R{E ¥Eelo] Hol
A7) w&olgt Al Ech(£, 1988) o}22] 400m/day o] A4 E oA
COD9| A Ago] 50% o|dtz HolA7] wjfo] EFatAgoiAd o YA &
HEd9 AAY tEo] §FA COD B2 AAS A% 349 7 8.F
g ¢ & Ao

Table <4-3> Removal efficiencies of SS, COD with each flow rate and filter media

(Unit : %)
Item SS removal efficiency COD removal efficiency
Flow rate Sand | Scoria Plastic Sand Scoria Plastic
200m/day 85 83 83 68 65 65
400m/day - 70 75 x - 45
500m/day - - 69 - - -

- : not examination
ol-&2] SS¢} COD9 AItF AAFH AfA£ANe) WE F AAFE

AqAE 2 AEte] Table <4-4>0] Yl Fh2HoAQe F AAFo e
el vy b & A& AYE + AU
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ga 5 B8 L SANATY PRAES 59 AAX
% 279 aAol urt FAAEAE ASHOTA WFI ¥4

i A En
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a

Table <4-4> Total removed amounts of SS, COD with each flow rate and

filter media
(Unit : kg/m’)
low rate
200m/day 400m/day 500m/day
Item
Sand 2.692(0.142) - N
SS Scona .......... 42880142) | 5.333(0.58;) vvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvv
Plastic | 66400.138) 14670260 | 71880288)
Sand 0.817(0.040) - -
CoD|Seoria | LU78003®) | 1060005 |
Plastic 1.824(0.038) 1.484(0.053) -

() : removed amounts per hour(kg/m'-hr)

- : not examination

- 34 -



3. MY

1) SS, COD, JFAF} AASA

Fig <4-3>3} Fig <4-4>5 |4 FZ4 €A P MEBFE dase
200m/dayoll A} AAAAIZE 790 A59k AnSe] SS, CODY 7Y M3HE Jehd
Zoln], Fig <4-5>9} Fig <4-6>& YLAFTN, T-P)2] A #3ts vehd 2o
th o] agdA B FAFe) AL E FA3HY AR oA TA9 2.F 6417
oIt SS, COD, A¥HF =7t A4 Uehd-& & 4 lon a2 A 2oe
719 ARG AL Holu Ytk

Fig <4-3>c] o3l o4& 200m/daycll A AlE FoAl 9] A5 F2 SSExr}
°f 20mg/ ¢ =R HAFEE Uehliv] o3 A F9] T2t 3mg/ e olEe gt
< Ho|n gty aglm 1 909 AlZHE fF F9 SSHEU} Smg/ L oldE A9
A g2 Yehie A F e SSEEE Img/ L ol3t2 BT by Q1 4)
# BIAE T Bpsly ke MaAee Jehn ok T diie] AAd
SS7F 194 EekAE Q%d oM AART AE &+ Atk

Fig <4-4>0]x HW CODE ¥3Ald A4 F7t 8mg/ L Fxoln AL T
200m/day?] 7% A7) 2mg/ L AER oF 75% =] AAHAEE Kol oy
AR T A &€ 2~3mg/ L2 AL HEE FEE vehlx ok adzn A
g ¥ CODFEE 1mg/¢ AFZ AMz5e] o] SSo ul3) ozt B 33
& Holu YA FapAFol vlsMEe HHE k& veRi L Utk
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Fig <4-5>0)A T-No] P¥E wy CODY} SS¢t &g 2 F3HEe Ko
A AT Atg FAAd 2 ulEFETE F43] SUHE ohE AAME gaske Y
& Holoj oRgtelE Img/ ¢ oJ3}9] gh-& vl dolA COD9} SSe} B ¥ o= o
& & Fedsd %S vehdn dom, 93 $X7 1.65mg/ ( BEeIA AA
3 st 0.8mg/ ¢ 7bA] WFolxal Ui, AALE AY4LE 200m/dayolA] oF
56% =S Rolx it}

1.8 -
1.6
1.4 | \ lx
—~ 1.2 F
Eo 1.0 \.\. - // Bl
~ ’.\ 0o-o \.\ /./.
o6 b oy D“D\u\ o D/Uﬂ\:" 8o
0.4
0.2 +
OO 1 1 1 I L L 1 1 i It ( t 1 1 ¢ 1 1 { i 1 R
1 4 7 10 13 16 19 22 24
Time (hour)

|-m— Influent —o—Effluent]

Fig <4-5> Daily variation of T-N on flow rate of 200m/day
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Fig <4-6>2] T-PE MAFEA o 35%P5e] AAEL RolAw 1 919 4]
A AALAZL Plad AEol BABUT oA FBARS JAR Kol
EFE TP ¥E AA=Y 50 §25o] At $84 TP Aol Y=
Selshys) @A Use & 4 AUk

W £3 §E4 TP AXE ANAE 888 =t ARAH 1A}
Yoo ¢ & Yot B 424 24 WABAF WESe) A 1 Wzl
Brhshn, 2 FEWst A0E old Mg xR, AAA 2 A ZR6lA
duHo2 Wikl 02 WasY, oo A& Nad P A7 oo
Q737 2 Ao Alelgth

1.8 ¢
1.6 +
1.4 +
1.2+
Eo 1.0 |
a 0.8
T o6t
0.4
0.2 +

0.0 Mﬂwﬂ%m

1 3 5 7 9 " 13 15 17 19 21 24

Time (hour)
—m— Influent —o—Effluent

Fig <4-6> Daily variation of T-P on flow rate of 200m/day
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Fig <4-7>& 2z} oal&xo] W& SS, COD2 Peak's Al Z oj3 a9
2=2W3s Jebd 2o 2 §S9} CODE 400m/day ©|3}e] o34 T M ouLs
9] Z7}d) e & W3yt JehtA 9o} 500m/dayo] AafLxolM 2 MAEE
o] tAa AL I & AN

watA] GAFzA Fojalne »F RFEEASS, COD)ol F AUy &
AQl B 84 24 dAgAZe ulEs ATl UelA 400m/day] 3}
%7 Hd FAdHEE7 98 F3E 5+ AU

25 —

200m/day 300m/day 400m/day 500m/day
20 b
:
T 15
2
=
E
£ 10 ¢t
g
=]
Qo
5 |
0 { 1 i 1 L 1 L 1 1 1
0 1 2 Ouatihnai2 Ov lepa2 0 1 2
Stage

|-m—SS —e-COD —a—T-N|

Fig <4-7> Removal characteristics of SS, COD on flow rates at
maximum influent concentration
O:raw waste water, l:first stage effluent, 2:final stage effluent



Fig <4-8>& 2z} o450 wE SS, CODe AMAS WHEE Yey ez
SSt A4S 400m/dayol’dolx] 1 A AEol FA% HAFE & + o
COD& o34 300m/dayol’dellsl 238 2 AAEo| Hiasle FFE Je
W ok F AAE AE 59 Fxvt rhiAelE R 1Y F A% 1Y
F AAZ gy 4 @-1)Z ALs o

5 o _ 12 F AAF(ke/day) .
% AAE(%) 19 = 5% (ke/day) 100 @1
A @-Doll 7 ZF AnEed F QHEA AAEY HEFAI SS= 75 ~
53%, CODE 60 ~ N2%AEZA HEH 1 F AAHEL @A Yoy oje
|4 24 4A AR w5 RSN wE5e FEEX 1Y £ A
FE WY e B¥rl B 2047 oS FX3t: Q7] WiEel2t AlE "

100 1
y = -6.969x + 94.519

90 | R? = 0.9486
80} S '
E‘ 70 | ‘\'Z“\,_ l m SS
% A . < Linear (SS)
: 50 L A b I Linear (COD)
g 40 /
g y = -11.202x + 90.362 A

380 ¢ R? = 0.9437

20 |

10—t ‘ :

0 200 300 400 500

Flow rate(m/day)

Fig <4-8> Removal efficiencies of SS, COD on the variation of flow rates
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2) £ASFTe QA£G

Fig <4-9>0] @& o] @8 EA5Fo] W3 guls Yy o] Table <4-5>0)
AR £&AIZE Fete) Zt ojnln F SS, CODAIZF-E Jeldlth Fig <4-9>0)|4
o4 200m/daydlAlE E£45F-2 WSl 21 Axejr] A £A5-FA 1.4m
o ol2x Utk EF o] VIZF Ftell BA FF AT dolux] wkon A4
A2z} olFolA)h oA B ulEe] A EAAY 20mg/ ¢ olde] SSEEE
Holx= a7} 16l 2~4A12F Axntel SA] ¢fom], 1 AIRMY 2]e= SS 5Smg/ ¢ o]
dte] A it 19 F B 20413 opde /A1EY] WiEolet Al Hdt

o}-2-2l 300m/day 9} 400m/day o] A& ToM= AF H2lFFe] F7ld gty
L4me] §A ST T2EE ARAEAT0]l 247 1593 13Y0] He AL
U 5 AN

Headloss(m)

1 Y NS R WA ISR UUNUNS R SR W S | L T S S S | L L1 1 I

1 9 17 25 33 40 44 48
Filtration time(hour)

—--—Scoria =----- Sand Plastic[

Fig <4-9> Daily variation of water headloss on flow rates
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Table <4-5>clA] 2z} @& A EHAZE Fee] DA G F SS,
COD AAZE AH R 400m/dayoldte] oL W orae o4 Wl
of W& & zolg YEhllA ¥l Jon, SSe} CODo HAt F A AP 7tz
14.16kg/m’, 5.97kg/m'Q Z O 2 A& = At

Table <4-5> Total removed amounts of SS, COD on flow rates within

filtration times

(Unit : kg/m')

Flow rate | Filtration time(day) | Total removed SS Total removed COD
200m/day 21 13.776(0.656) 5.754(0.274)
300m/day 15 14.655(0.977) 5.985(0.399)
400m/day 13 14.053(1.081) 6.175(0.475)

( ) : removed amounts per day(kg/m’day)
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3) Aol Fzd WAE A

A F2td r|YE-E AYRNE SYAA HejPes FF B A
A gl AEPHoA ZH3= AHAY  AJEQA  Vorticella, Carchesium,
Epistylis, Opercularia &9 vlERT zZH4 AFdF FTAM #2F FHY
Nitzschia spathulata, Nitzschia Pungens, Navicula sp., Cylindrotheca Closterium,
Grammatophora Serpentina 52 WZH7} ®o| £33, AFEHE Zoogloea
ramigera o] e A 0] pAgAY BAEAAHE HE Fo 2AAE Heln
AeE & & Aok F2 ol vjAESLE SldTbolA upg] Tl F-38 e B
Ay R ZE FRol 5 19915 A, 1980024 Ao F-2E vAYE2 A}
A <4-1>0] YT 22l %ol AAlEe] AAE st Aols Taadely)

o] AlZel vlAEte] A0 7] Wil nAIF Foll FAH YETLL &4A
3 gelsAl o e drA BF2A AT 5 AL, ol "} A F o

Ao FAT A7t A71A vl Al Ed

Photo <4-1> Attached microorganisms( X 400)
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434 EA2HAAS ol8F AE Aihylel o7 {3 Fx4 S

Wi Ze X2 EAdd a3 4% A72% 929 3L A8 4 F A}

1. 2 A3 o]8d g3y Fd2ddAe a3 54 vF 059, 9%
0.73, 338 750%, T4 A4 588cm/min, H|ER A 992X 10°m/mo.2A &
it ol HlajA AE Aapye] 7t AJT AASAHE 2
th

2. 34 Ed2EoReh 2o R FolqAE o] &7 AFHA AREY uw
Aoy Zet2goa7t A} A %AI7L SS D COD AMAEA ] 714 HA
Fg gl

3. 0434 Et2"omet $olFE o8¢ Pilot scalee] AE ANHFAE K
4 24 FARG M HHHE AYY 27 400m/day o) 3te] o
Y& olA SS, COD, T-N 59 F ed&8A A7 A&Hon, ¢t
o2 o]ROYE & & UNLH, FAEASLT 14mQd A AR £HAL
o] o 13¢ AFxQl o7 wHots Yt

4. ZAEL APl 74 AREEH AHALALT o] G AAEAG F
SS, COD A A% 400m/dayo]dt o] o4 WA= a4 o] sl
mE & 25 JehlA gx lenf, 1SS % COD9 HiF & AAZFL 7
7} 14.16kgSS/m’, 5.97kgCOD/m'¢} Ao 2 A& Yt

5. AFEFE AAT A 22 mARde U #RFE $HES olFn
ol At

6. ME £F Fro W3 Fo] Ax, Hy WFFxrl I3 Yo, uEs
F e AgEd 5L 2 A Y 724 AR WE5 5834,
ZAAH 2 A Hels AsAM Aed g3 SetagHodAeg o1
ol &% BT Gt G AH Aol Hold e A% 4 AU
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