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Summary

Following results from the model test at laboratory was came out to
develop Indirectly Aerated Submerged Bio-filter(INSUB) as advanced
purifier of sewage and wastewater, which can eliminate organism and
nutrient salts at the same time, which is safe and economical to be

maintained and managed.

1. In looking into effect on HRT in advanced purifying of sewage and
wastewater, the Elimination rate was the highest at 25 hours of HRT.
But there was not much difference comparing to 18 hours of HRT.
Therefore, 18 hours of HRT is suggested to be operated and designed

in practice considering economical efficiency

2. As looking into effect on superficial velocity, there was not much
difference for eliminating organism. But in the case of nitrogen and
phosphorus, the highest elimination rate was shown at 1.017m/hr,

Therefore the proper superficial velocity is suggested at 1.017m/hr.

3. Considering elimination efficiency for organism, nitrogen and
phosphorus with media packing ratio, there was not much difference for
eliminating organism. But in the case of nitrogen and phosphorus
showed much higher elimination rate at 40 v/v % than 20 v/v% and

30v/v%.

4. elimination rate of TSS did not show much difference in physical

filtering efficiency at each operation condition. It kept high efficiency of



about 93.8 % to 975 %.

5. In advanced purifying sewage and wastewater at INSUB, elimination
rate was the highest at 18hr of HRT, 1.017m/hr of superficial velocity
and media packing ratio is the highest at 40 v/v%. Each elimination
rate for CODer CODmyn BODs T-N AND T-P was 90.6, 85.3, 95.0, 52.3
and 56.8 %.

6. It's confirmed that there should be followed some necessary changes
of system by anoxic and mixture of aerobic reactor to remove nitric
oxide by first getting rid of nitrogen for the high efficiency of nitrogen

and phosphorus

To use INSUB system commonly based on results of the study, studies
on application of job-site and its ramification and automatization has

to be carried out gradually.



29 Yt =A] &4 (Municipal wastewater)e] H#= RS E351
SIFETUACALAZ Fd - A E FEAAAAYLG Y 5 A
48 At ST EAHYAAL Y FLSd <20 BOD 20mg/ 2 olstE A

date AEAGAAZ AT & ek 9 ek 19009 & e ¥
TR EHUA £Y - FA% GRo] HEERAYANL AAAGE B

2
o
Htl
N
2
O
ol
2
Do
S
S
S
T
12
r_ﬁl/
2
2
Fl

shrT R g Al o7t s B
FEO] AT 705%0°] o2 it} 1gla FF A A o] AR H

ol A &= Aol AFHE A& daiMs A5ddA R

R Al BBFAT Fas
JFg e wEAt a7HA 99
19769 A SeAege AwE dA /1% A3 8%l 43S B

O

F F71E AgEsEd A sHdugoR AHoew ztu ARt SRTE
AAgstHA wAM F71 S e ke Vs FAHEs asta
ZelA Aot A5 dA et FatAEe] & A diAsty] ofes B
ofyel JoseiArt v A SO wAHTY da 2 T4 D
T 718 AR SR de AAgelvh £=E A AL

A HRTS9} SRTC Z717F Bas|xa, o] uf Aae X2 g ks
= wAZE AT (& 5, 1989).

A gm Aol A FgHom At AETA A -9 AR
of i Frxs dA&How HEAA fFiddtre fF71ES o] &5t

7] @ EahzxE £938= A2/0, Bardenpho, VIP, UCT %3 2234

=}

ﬂllﬁ.l



A &AL dFEE 52 22 FuIFe FA AFAA WA

T71Es Gager o] &35 Phostrip 5 ©
it} ol 7|&L FFAAI F AuH MALA JTE 7] & o] o)A
Z el 2ol aFFPAI Lol FFAQ A a5 f7E Fo] A

gAez REste] Axsh Qo BAAANE AgeA 2y = U]

o
o
e
rlo
>,
il
o,
X
ﬁ,
i,
2
™
o
o
o,
)
AN
of
ol
N
2
M
9
=
=
[l
_>~1‘
it
o
jus)
=
fr

AadsrleE 99 ol v

[e]
o
ek, steEA e FA Faek Adede A, dFAFe AAE
=

d

i Qlrh(o] &, 1995)

F o] AETY LS Bio-technology®] &80l o&] @ 7]ssfdto] o] F
oA atHe ke trE FHRWHol AL k. olok Hlszd W
o7 71&9 gy A (Trickling filter process), 3] 493 (Rotating
biological contactor), % A o]/ (Submerged biofilter process)%°] AL
H, Hole =AY el A&stes Hor AET ool i
WE I TH(H F, 19925 Yuhei®t 7, 1992).

53] wEE o] &3 AEu o st whEUol A A=l o

zotd Aelel Beld gl BA dojmed FEAML Az

o

i)
4
32,
rr
w0
<
“
(@}
5
o
fru
med
i)
1>
o
il
o
ax

il

o
.
Bt

Gashel e Bebd, FEF AL AT 249 wolA,

o
B Fo

s
rlo

o
A A<l full-scale Biofilter System-2 1982 & ~9] Soisson®l A A] 25
o] o]F® FW2 AYFEC] ¥, &, H
Yo A7)k Biofilter System

=
A4 ABANE o &% T, FHHAAE 8T FH 5 RR /AN

L
)

]

offl

o w4

ftlo
]
e
_0|L
N
)
ol
s
X
i3
2
s
v

N
P
1o
ox

™
=2
il
Mo
2
ofy
-
32,
(o
=)

o

of FAATEo] AAHL Qo B FEste] rGA = FHA 7



%71 A S Shbol th(E7 %, 2002).
We g X ATeldE Fudde S o - ASFe] §7123 JYAR
o FAAASH GRel, AAHeln, FPHA FARLY} A5H 2 - A5

DEARARA I AR

[S] =

v Aol 9§ 7124 AAAAY £ES BHow A



d=8 LT

Agutoldt AAEA] A VAR AAQ Wi 1 FFTe wa
H, ol §Ae Fig. 13 2ol 22, 8, 4T g5 BFH o
2 Agelo] o|FoAT. olel@d AgLe e 2L £AH A4L Ea

& E}(Bryers and Characklis, 1982).

WEET SURFACE

1. AT TN

E ThAHSFOET

4 OADETH

S HEIH]EAIMME Y]
L ATTACHMENT

Fig. 1. Process contributing to biofilm development.

(1) 71&o] AAZTE wAzZAN HAEHo] F3H.

(2) MAEo] mAzEAoR A, o, FA Sl 98 ofF.
(3) M Aol A EH FA}

(4) v Ee] 7de AFsta JAstol deE2to]l dA4.

(5) Aoz E HFAE VRS AAd 5go oa Avy Do,



"Pain
Threshald

Irafing I Log Accumulaticn i Maiama Time

Fig. 2. Time dependent development of biofilm.

97142 Fig. 291 heh ek A1l 3
3 GEE EAS Wskge TAY FUE AAn =

A MFEEoZ FEHATFTMelo &, 1992). 3 WA FE-2 Induction phase

O.\E‘ —E‘
i
ox
i
=)
)
ofl

~

F A BRE Bad nAyE
o] Aol &utslA doju= Log accumulation phase, PFA| 2o 2 €2k}

-zpo]l Wl = AAGE] AT AENS FASA He

T

v
_0|L
2

Plateau phase©] t}.
o] 3t AEUL 7] A (Substratum), 71 %% (Base Film), 3% (Surface
Film), 94 Bulk Liquid), 7}=AHGas)el F+x22 Ho] dorn o F 7]
2ap Fete]l mAAET A FUMHW vl xve AEHH aAle] &
ZE olFa, xS BEAESH AT EE olETh

=

R Awe 149 FEs vdAs, AX FHAF

B

JP%

—LJ

W, AR R s At g4 MeEENY Wojx

Ao deiA gEd 7 olfE Sl Aot st JEY Y2



B
22|

A7t Ee

5}

o

Fi A Wi 71 Al A

7

B/

S AAE A

Al 2
—1 O

=7]9

N

;o.ﬁ
=y
No

714 v

2

[e=
=

- o
COz
HyS
No

=

=

»
»

material

air

=] CHy, COs No, HsS
1993).

A= )

=4

o

o

=)
finy
skt
infiuent
biological

| »

material

—1—» | H:0

organic

°

oy
—a-

I

aerobic
layer
sloughed

anaerobic
layer

1
biofilm

o7} H7|%= st} (Boller, M. W.

media

1

<
il

Fig. 3. Organic removal process by biological aerated filter.

L

= AbshA 7=
SkdR=

=
E



w3 #Zo] yErd 5 Sltk(e] &, 1991).

(CxHyOz)n + nNHS + n()(+ 7Y* 727 5)02

4 2
— (C:H702)2 +n(X-5)CO» + lzl(Y—4)H20 1)
= F715 AL FegEo] Axo EAEAA N AEA S} BATbA B

S gAY an S48 MARe Jde] FEeAEY e 2ol
A

CH;NO; + 50, — 5CO, + 2H>0 + NH3 2)

2. 4= 2 HAH

BESA Ah AAE st T dRYoMY AANH, -N)7F 57144 3
Bl A Nitrosomonas <ol & o} dAd AA(NO, -N)&2 9] 4hs}t #4837
Nitrobacter %o 9J& otz HAANO; -N)o  #zbkst v
(Nitrification)o] ©] 5014 AatA AA(NO; -N)2 Atstdc), dakst w-g
A APE A Aare FAlAa(Anoxic) AEOA Edst dHS
(Denitrification)o] dojut AAsgEo] AAL7FA2N) 2 AR EH A4
AAZE ol FoA, AESHE A AAUYELS 22 - 35ty ARt A
gagol i, FAGH FAHe SHoA FFFor el g 3l

Al e] S, 1992).



Nitrosomodas

NH, + 150, > NO» + H.O + 2H' 3)
Nitrobacter ;
NO: + 050, — NOs; 4)

HAslo] #olsle= WA E F Nitrosomonas(N. europaea, N. mono
cella)?t Nitrococus's®] P& FEHol Abstol] #ojst= slow 4y
Z 9loew  Nitrobacter(N. agilis, N. winogradskyi)®} Nitrosocyshics =
of WAEL ofFELd Aol Aste] e Adom dHAd Ant
(Painter, 1977;Kelly, 1971).

ol MAELS AEFAC 7] dixds oz v, dryo} 4ksld
Al de dgiFEEY duAE COF AEZ st ol &3te SHIY
w) A& (Chemoautotroph)©)th.  Nitrosomonas®t Nitrobacter®] HMXE A

o] 22 & t}&3 Zth(Sharma and Ahlert, 1975).

Nitrosomonas

]3]\/[‘14+ + 15COs — I0NO, + 3C:H;NO» + 23[‘1+ + 4H->0 5)
Nitrobacter

NH,; + 5CO; + 10NO> + 2H>0

— C5HNOs + I1O0NO3 + I‘]+ 6)
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gdol AESHH Hge @izt BAHA AAHHE NOs -NU NO; -NE
2 FAA(Anoxic) A EISHA A A4 Tl HER YA T =

HAolt}. 7t ERL F2 HAL7F29 Npol A wE Nitrous oxide(N2O)

%2 Nitrous oxide, NOZ ¥ 57| % v} 7t d4AE A& A%
S 3 AAl o€ = e FHVF ofyu=R gHe S AA IE
FA e dA YEHE M A= Aojgtn & & ok 23S fEiA e
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=3 9
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w4 94

flo
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Pseudomonas, denitrificans® 224 o] =th(U. S. SDA. 1989)
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Fig. 5. Schematic flow diagram of reactor.
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KoCr:O7ell o3k W 2 4k 100TC oA KMnOyoll o gk & AR-8-3}o
2439t T-NZ T-Px zE 7] (Autoclave) & o] &3to] A7 3

Ao NHy -N, NO; -N, NOs -N- GF/CHA 2 o35 #2431 ),
=

Z4ston, gzl MLSSE oA Ao Q= seAT 7
43t o] FEel ot A

B
Standard Method(1998)0l] <3le] A A} it}

il

Table 1. Analytical items and methods

Item Analytical Methods
pH/ORP | Electrode Method(Istek 740 ; Korea)
DO Electrode Method(Orion 810 ; USE)

TCODe, Titrimetric Method(Open Reflux Method)
TCODwn | Titrimetric Method(KMnO., Acidic)

TBOD Winker Azide Modification Method(20C, 5day)

TSS Gravimetric Method(Dry oven, 105C)

T-N Spectrophotometric Method(K2S20g, 220nm)
NH;'-N Spectrophotometric Method(Indo-Phenol, 630nm)
NO, -N Spectrophotometric Method(Diazo, 540nm)
NOs; -N Spectrophotometric Method
(Cadmium Reduction Method, 630nm)
T-P Spectrophotometric Method
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T FEEA AadE vehdiddt A3l AHeE
e +42 BOD/T-N7F #Hyt 1998 vEfial NHy -N= 8761~
263.0omg/ ¢ (175.33mg/ ¢ )&= T-N°| °F 56.7%%5 #HAstaL = Aoz B
of, T-N & ¢xyopddiet F71d a7k i AAsh= As & 5 3
ATk T T-PY 4§ 858~16.91mg/ ¢ (12.75mg/ ¢ )= BOD/T-P+= B+t
27% et

I

=

Table 2. Composition of the raw wastewater used in this

study
Item Maxium Minimum Mean

TCODe (mg/ ) 622.25 370.50 496.35
TCODwn(mg/ £ ) 208.84 152.54 180.69
TBOD (mg/¢) 377.52 271.81 324.66
TSS (mg/ £) 176.65 82.00 129.32
T-N (mg/ 2 ) 298.73 100.11 199.42
NH4 ~N(mg/ #) 263.05 87.61 175.33
NOz -N(mg/ #) 1.04 0.15 0.59
NO3; —N(mg/ ¢) 0.14 0.00 0.07
T-P  (mg/?) 16.91 8.58 12.74
pH 89 8.14 8.52
BOD/T-N 1.26 2.72 1.99
BOD/T-P 22.33 31.68 27.00

P GA = 2=xdo] Thed 24 AAgto] 20+2ToA 7383
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Fig. 6. Flow diagram for this experimental procedure.
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1. AFAIZtO| mE Hst

D fF71& AA

2 Aol E $Axoz AAwgEA g JeiM s AT g &
28td AFAZHRT) S e §718 AAGFS Funy] ar F5%
T2 305lm/hre 2 431 media =885 40%% sto] HRTS 27 6
12, 18, 24hr= sto] A& s, HRT7F #obdol whet #d# 2
& Zheta sty R EE EobAth Fig. 7, 8, 9% mediadl WAE
o] etgH oz ¥2E F CODe, CODwn, BOD:Sl B #9, FrEsxE %
AAZES Jediddth 55 AHAT 9 05mme] AE AFEStY SSE
AAR7] W] COD, SSEo F&=7F vd 44t

FY98E 29 F71EFEE CODe 370.50~441.50mg/ ¢ (395.35mg/ #),
CODMn  15254~208.84mg/ ¢ (177.28mg/ ¢ ), BODs 317.11~377.52mg/ ¢

(339.38mg/ ¢)% o™, HRT 24X 7te 2 489S 4$ 1091t AAa
gol =g3atdtt ool §E49 CODe, CODwn, BODs9l it Flki
27y 74.26mg/ ¢, 18.34mg/ ¢, 1655mg/ ¢ & ERskth. HRT 18hrdd 7%
o= 1490] AvpAel FAdele] Rt =d, olue] fEFo A T
T Z+7F 1034mg/ ¢, 22.69mg/ ¢, 16.33mg/ ¢ & Ebyron HRT 12hr
6hrel A9 AAMNA F 20d0] Avhalok Aol m2detl=d], o
o F&59 HitwEr 247 1045mg/ ¢, 37.98mg/ ¢, 30.20mg/ ¢ <}
134.29mg/ ¢, 3891mg/ ¢, 31.71mg/ ¢ & Y E}T}.

71E AA &2 AFAIT] Skl wpet A A& o] 90~95% 74 Al

[e)
4
& gsaged W2 F98 f7180 nAsY MYRT FE

O
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Influent Effluent —a— Efficiency
600 100
S
j500 - {80 5
S 400 | Q0
g 160 5
0‘5’300 - 40 m
Q 200 g
O o

0 —eeee o e 0
6 12 18 24
HRT(hr)

Fig. 7. Variation of COD. concentration and removal
efficiency with the HRT(Packing Ratio 40%, SV
3.051m/hr).

Influent E=28 Effluent —a— Efficiency
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S
- >
5150 | 80 3
IS (0]
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100 r 5
g 140 3
3 50 |- 3
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[0]

6 12 18 24

HRT(hr)

Fig. 8. Variation of CODn, concentration and removal
efficiency with the HRT(Packing Ratio 40%, SV
3.051m/hr).
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Fig. 9. Variation of BODs; concentration and removal
efficiency with the HRT(Packing Ratio 40%, SV
3.051m/hr).

2) Az -9 AA

AARGFA el oeln e4s AL B9 el AFAHHRT)e
2 Aao AAGES ARy M FHEES 3.05lm/MhrE fA 8

media &S 40%= sl HRTE 27 6, 12, 18, 24hr= 3to] A

=3

S sk, Fig. 109 Fig. 112 24 HRTEE &3 AT F37H
of =g & T-N¥%} NH,-No ¢, =555 2 AAZES YA
th Fig. 10¥ Fig. 114 RojF= upel o] twuele] Aikstel=
HRT7F 83 &A=z zZ&art. drs Ao dojA &34

2 ALE AASE A, FF NHy -N7F &7]4 (aerobic) 7ol A
v A& o)g] AETHAH o2 AiksH(nitrification) ¥ ATHF ThA] Tk A
el o 4] &2 3} (denitrification) W&ol Aoyt AASGEC] No=2 3
24 o]Fojxith & Aol AbgE AN AA = olefd dikstel @A
35 ol F JEF AAE FHoZA AHE E media EHAAE FAEs)

7b dojyar sk 8 media WOl = BAEE dojd F =S A
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F9" 49 T-N 90.26~298.73mg/ ¢ (175.15mg/ ¢ ), NH, -N 87.61~
263.05mg/ ¢ (163.25mg/ ¢ )4 2.H, HRT 24A17to =2 $4389S 4% 109
gholl g delel =gkt oo fE&49 T-N2 NHy-N9o| Hi ¥
=¥ 7t7} 143.0lmg/ ¢, 96.26mg/ ¢ & YEFTEH HRT 18hrd 2 $-ol& 14
do] Aol A g mgstgl=d, oue §E59 Hdt T

7} 97.86mg/ ¢, 67.33mg/ ¢ & el o HRT 12hre} 6hrel 4 -$ 2370

Al 20d0] Aok A E O mastdl=, olme] FEe Hidw

S+ Z42F 12798mg/ ¢, 94.97mg/ ¢ ¢ 83.27Tmg/ ¢, 54.74mg/ ¢ = EFR T
HRTE H| 33 A4 AA L ZAslo] gojA gdadeixzE pH, ¢7t8 =,
Lx So] gAY WrSFY we 9o HAAFFS F24(washout)§l o]
o w3k AE Alxde XA E JEs vE Foe=Z Bolsd ol &

gryold AA9 79 HRT 12h7FA Al A&l 24 £718HA &= A HRT
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ftlo

media &S 40%% ste] HRTE 247t 6, 12, 18, 24hr2 st A3

Tt =, Fig. 102 72t HRTHEE &4 /AT A Hd =2d &

FdE oo T-P 858~10.14mg/ ¢ (9.31mg/ ¢ )} o™, HRT 2417+
2 IS AF 10€wtel AGHA =getdn ol #FEF59

T-Pe F# FHEE 727Tmg/¢ 2 UEhton] HRT 18hrd ZA$ol: 149

o] Aok AAAH =ddgiEd, olwe HEFo HF FERE
864mg/ ¢ ol o™, HRT 12hre} 6hrél 729 AFANA T 2090] A LpA]ok
Ao =gt =d, ol fE59 Hdrv=e 7247 7.60mg/ ¢ 9

5.71mg/ ¢ & EFET]
Aegstdoz A& AAs= dale 7134 A W& (phosphorus

release)dt 918 T7]dAANA vAE HA¥E WEZ 4 F (phosphorus uptake)

sle] Q& Jqg&EHA FEHE wESAHoZA A ASA Hr
ol W= H AHAFHd FAosle FEAAZRE /UlES] FE DO H

NO; -N¢] &%, pH, ORP(Oxidation Reduction Potential), &%, SRT &
o2 4HA A T-PY AAEZELS HRT7F S718d w2t 224 S71
st AR i w2 AAZES UERHRAT o= Fig. 12014 e
upel o] Abstago A A ddS B AAHA Kehal whex
W ESke AbstE Ao dFow Q1o WEol AsE Aom Atnd
t}.(Vacher and Connell, 1967)

ez, 9l AAe] Wl el AstEdAE AAGY] fEA = HRTY
Wstol oo e AESA G MAPAZA 7 A= Weks Astolof & A

o7 Algdr),
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(315.27Tmg/ 2)%em, @& E 3.06lm/hr2 H8e 44
dd el =estdth olwe] §E52 CODcr, CODmn, BODs®
Z+7}y 103.40mg/ ¢, 22.69mg/ ¢, 16.33mg/ ¢ = YElYY. TEE% 1.017,
2.034m/hrQl 750l &= of 14dntel] A eol =ded=d, olme =
F9 H 5= 47 9350mg/ ¢, 26.32mg/ ¢, 17.74mg/ ¢ ¢ 52.25mg/ ¢,
85.29mg/ ¢, 15.61mg/ ¢ 2 “YEFWT}E Fig. 13, 14, 15914 & 4 QlXo] &
g&20 Wt CODers AlQg fr71=9] A7 = duE zojs y
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Bl g3 gtk CODedl A4 Fd&Eel g A%
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Fig. 13. Variation of CODc¢: concentration and removal
efficiency with the SV(HRT 18hr, Packing Ratio 40%).
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Fig. 14. Variation of CODwm, concentration and removal
efficiency with the SV(HRT 18hr, Packing Ratio 40%).
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Fig. 15. Variation of BODs concentration and removal
efficiency with the SV(HRT 18hr, Packing Ratio 40%).
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2 Atg "} (Delwiche, 1987)
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Fig. 16. Variation of T-N concentration and removal
efficiency with the SV(HRT 18hr, Packing Ratio 40%).
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Fig. 17. Variation of NH; -N concentration and removal
efficiency with the SV(HRT 18hr, Packing Ratio 40%).
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Fig. 18. Variation of T-P concentration and removal

efficiency with the SV(HRT 18hr, Packing Ratio 40%).
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A Eo] ot Hor By &
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557.33~622.25mg/ ¢ (599.03mg/ ¢ ), CODmn 183.82~193.77mg/ ¢ (190.18mg/
¢), BODs; 271.81~34751 mg/ ¢ (31527mg/ ¢ )10 ™, media 27 &0
20~40%2 748kl wel CODer A4 &&2 80.23~90.63%, CODwy A 7]
FE&2 73.66~85.29%, BODs Al A &&2 89.28~94.25% = YEFSTE media
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Fig. 19. Variation of CODc¢: concentration and removal
efficiency with the media packing ratio(HRT 18hr, SV
1.017m/hr).
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Fig. 20. Variation of CODuwny

concentration and removal

efficiency with the media packing ratio(HRT 18hr, SV
1.017m/hr).
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Fig. 21. Variation of BODs

efficiency with the media packing ratio(HRT 18hr,

1.017m/hr)
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