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The clogging phenomenon in the fixed film reactor is shown when biomass growth is
excessive for long operating time. In addition, effluent water quality gets worse because of
detachment of biomass. In this study, we conducted air - backwashing to sustain
biomass in reactor to complement these defects. The results of experimental are showed
in the following conclusion.

The detachment rate was 19.5 - 38.0 % when the organic loading rate was 0.40 - 1.32
kg COD/m’/day, the air - backwashing intensity was 2 L/min(6.7 m®/m?/hr) and the
backwashing time was 15 - 19 seconds.

And the detachment rate was 32.2 - 58.6 % when the organic loading rate was 1.37 -
2.27 kg COD/m’/day, the backwashing time was 1 - 12 minutes. As organic loading rate
and backwashing time are increased, detachment of fixed biomass is increased. The de-
tachment equation with detachment rate(DR, %), backwashing time(BWT, min), fixed
biomass concentration(FB, mg/L), and organic loading rate(OLR, kg COD/m®/day)
through multiple linear regression was given by the following equation:

DR = 17.964 BWT*'*" FB***" OLR*'**

Key words : organic loading rate, backwashing time, fixed biomass
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Table 1. Characteristics of SARAN media

2

IO R

JTtem Value
Media type SARAN 1000D
Media size (mm) 120 x 75 x 20
NO. of packed media 2 EA
Specific surface area (m2/m3) 400
Specific gravity (kg/m3) 0.0
Media surface area (m2) 0.144
Porosity (%) 98.02
e |- 2 A7) A4Y AYPAL Fig 19 2o},
r 24 AES w2 E £ 15 cm, 2] 12 cm,
= £ol 17 cm9] o}z & AHgste] AMsn &
e | 29 3 gAe 3 Leldh. F/2k 422 &
Adtd ooy 7t ZellE Z)7F 12 X 75 x 2
AERATION SETTLING ol olZ 717} E 3 =
FEED THK o - cm Q1 sit]o}E 2zt £ Y3 wA shelc).
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Fig. 1.
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Schematic diagram of the ex-
perimental apparatus of a con-
tinuous fixed-film reactor.
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£59 A& °3A 7 (Sagberg, et al.
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AE s ol dAo B3 FAAH A8
7F #E3 AAolth. B AT A Hid
b g Ao 24, A9 A, A F
2] x4 Wl A} dTFE Fdle] A
AEegyel A3 fAPe Y AdA 72
Agg o] gsted 7ot wal gt

2. Ag %y
2.1 A¥AA

7 g zol AR ssfale I3 fYa
o) MFZo} WEE Abole] A %H Z(Cole-
Parmer Instrument Company?] ISMATEC)
£ ol 83t FgRAor FAHFE TF)
Ak F71FFH s JuFy IS 94
Hhg22 Fo Zhzh MY Al RS X
3te] F71¢27)(Thomas Industries Inc$]
Spray molel 600)2 F7|& TF3lgc}. A3
o AR&- vitjol= WY o2 B ERAo)
400 m*/m®q) SARAN 1000Do|n}, utg-z 3
Ae) 22 %S FASAG. Ariols] EHL
Table 13} ztc) =3k AL 7)Y si =
o}2¥ID = 6 mm, L = 15 cm)el] 1 cm 7+
Ao 14702 (D = 0.5 mm)e Seo] v
tlo} olelel FAAE AA sl AAFE BF
stsdct.

2.2 AlE5ZA

ZIA2A s vl AEY AR 8% fU1E
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AdArt. Frx3FdezE FEFAQA(CH,,06)
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ALg-8kel 2.5, q1-& K,HPO,E A}-4-3}e] COD:
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Table 2. Composition of synthetic wastewater

Item Unit. meg/L

COD Source Glucose 500, 800, 1000, 2000
K:HPO,-P 5
. NH.Cl 25
Nutrients CaCly 2H,0 0.03
MgSO4 2H:0 7.00
FeCl, 0.12
7nCly 0.02
. CuCl; 2H:0 0.03
Mineral MnCly 2H0 0.04
NiCl, 6H,0 0.04
(NH4)sMo7024 4H20 0.02
AlKalinity NaHCO; 218

(350 as CaCQ3)

Table 3. Data of operation in fixed film reactor

Organic Influent Effluent Efficiencies

Loading . ; .
Rates TCOD NH{'-N| TCOD SCOD NH;'-N TSS VSS | COD NHi'-N

(kg COD/m’/day) (mg/L) (mg/L) (%)

0.65 520 8.78 49.0 32.3 0.30 6.8 6.4 938 96.6
2.16 788 13.60 88.2 56.2 0.05 17.8  15.81 92.9 99.6
1.04 682 6.31 306.6 71.4 265 113.8 106.0 89.5 57.9
1.26 760 16.79 | 292.7 98.2 7.88 226 215 90.6 53.0
4.13 1080 9.89 | 3455 1184 0.07 244 241 83.8 99.3
2.42 884 32.11 | 159.4 48.0 5.12 250 23.0| 86.6 84.0
1.41 880 3575 | 2224 186.6 8.39 102.9 953 94.6 76.5
1.47 800 37.11 191.4 23.7 0.80 1294 1265 76.7 71.0
1.54 880 38.93 40.6 12.0 0.45 3.2 2.5 99.3 99.0
2.18 1044 42.59 | 243.5 29.8 4.41 61.9 499 97.2 89.6
3.75 1979 17.63 | 114.8 85.3 13.71 28.7 27.0 95.7 22.4
1.14 948 39.73 89.9 74.7  16.91 10.5 9.5 92.1 57.6
1.19 1032 35.49 44.2 27.4 2.76 8.3 5.7 97 .4 92.2
3.51 1962 83.42 44.0 15.4 7.89 26.6 22.9 99.2 90.5
3.74 2246 78.39 | 321.0 99.2 5.02 2206 205.6 95.6 93.6

7Vesd ARAFA ssAgAge wgse A
2 AyAdA Az gAUFZ &34
F 7183 AA o JAAE S Pt &
AA F AE 29 FAL AR HHEA
o] vtehix, 4ol A wriele]
of wlAl floco] ¥-%=7] Xzstglon 7Ue]
At 62 4o A mof vl Ee] wr]e}
of F¥2=7] Azstyct. vit]ole] FHctaA
A9 vl gL AL, Se|F)E F
&7 Y3 F71E83 ¥33%E 0.6 - 4.0 kg/
m’/day2 WHAA &R WA 24
g F HAH9 JANZE 7] AR JA air
flowrateE 0.1 m®/m’/min2 2 3s}e], x| &4
ZHe 1 - 15 mine 2 WH3AA JARIES
stetsigi o] ALY v QLY T o
AAE, GAAEAZS] FBRAE FHeotatad
o} w2y 48442 E 2.0 - 6.0 mg/L,

pHY: 6.5 - 8.52 §x5tach.

2.4 A9y

ARy AAEAHL 1Fd 2HH 3o
COD, SS, MLSS, NH,-N& &2#3}93 pH,
DO, HRT+ =l &A% dAAEL o
A 37 ZAxoA AEHAZER G R AAE
2] & H{A A, AR RIS
Z2A3ded FHA-S v 448 o}
HE wjd Aoz BMIgxn, gA4E FF
o ARG FFAF Fueol FAdF G&
By A F 2R e e By
gl o, BAAL AAL WY FH JA
2] £& Ko vite}l RAY wyFL o2
ZA2YPA vjdl Fol] SSE 2AFoH ¥
Aslgch B Q7o A8 £A9EL stan-
dard method® 3 3l4 v standard
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Table 3. Biomass concentration and detachment rate by backwashing condition

Organic BWT?' Total Fixed Detached Detachment

PHASE Loading (min) Biomass  Biomass  Biomass Rate”
(kg COD/m*/day) '™ (mg/L) (mg/L) (mg/L) (%)

0.40 0.25 1991 1988 388 19.5

1 0.61 0.50 2601 2597 527 20.3
0.13 1.00 2693 2674 644 24.1

0.89 1.50 2997 2982 842 28.2

1.32 0.25 4367 4123 933 22.6

9 1.24 0.50 5550 4660 1410 30.3
1.19 1.00 3426 3323 890 26.8

1.29 1.50 5380 4760 1810 38.0

1.37 1 5803 4263 1563 36.7

3 1.37 2 6771 4851 1788 36.9
1.49 3 5080 3710 1600 43.0

1.36 4 5360 3070 1800 58.6

1.86 3 6380 6030 2830 46.9

4 2.27 6 6570 5560 1788 32.2
2.19 9 7190 6400 3030 47.3

1.51 12 7050 6250 3320 53.1

3.72 1 7869 6909 2720 39.4

5 3.72 2 7869 6909 2930 42.4
3.72 3 7869 6909 2970 43.0

3.72 4 7869 6909 3270 47.3

3.82 3 7110 6340 2980 47.0

6 3.82 6 7110 6340 3094 48.8
3.82 9 7110 6340 3119 49.2

3.82 12 7110 6340 3271 51.6

a) BWT @ Backwashing Time

b) Detachment Rate @ (Deatched Biomass)/(Fixed Biomass) X 100

methods(APHA et al.,, 1989)¢] oy 3
oll4] COD+ open reflux method&, NH,'-
N+ ammonia selective electrode method =

s seinh.

3.4 3

3.1 AANEE E FEF 53

Table 3& A A&% 4kg7]9 COD *3
ol W& FUSe} M TE, HIAA
2E&E Jehd Zoloh #7183 F3ld W
SCOD AAHELEL F71E3H §3H8°] 0.65 -
3.74 kg COD/m®/dayel|4] SCODA| 7 &£-)
92.1 - 95.6 %Z ‘}elydct. SCODA AR &)
83.8 %9} 8€.6 %2 FA vlEhd AL 27|+
Aol A 7124 B3}l-go] 4.13 kg COD/m*/
day2 Fol AAREo| oAl Zloz Ay
t}. =3 SCODAIALEe] 76.7% % 3A o}
el 21 wiciolel] ¥-A5 nYE] el
ot Aoz wddct

3.2 JA4Y

A TS AR £ dFelA e 2 AE
u uk&xo] {754 Hatgol & A
£ Table 42} ztc}. §-71 84 ¥-3l71 F7itel
w2} total biomassy} Z7}3t3 fixed
biomass, detached biomass® Z7}3}+= 7 &
2 el gloh. # 3§ detachment ratex 3
7hsle A48E 4 4 Al
4. 3

4.1 §7184 H387 AR & o

A

24 Aot gz sicio} Eaie] ¥3
g vigES HAY AY ZAIe Table 49
Fig. 29} 2ow], Fig 2= §Ax&A7e) ¥
stoll We 2R ALY Y)AEE Jehln
ot #71EA H3go] 0.40 - 2.27 kg
COD/m*/day, ¥4 E27]17} % 2 L/min(6.7m*/
m®/hr)ell ] A A 7te] 154k - 128208 Z7}
%ol e} =He]sL 195 - 58.6 %E ZF71H
Ak, ole AAMFr1dEst AT A=
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Fig. 2. Detachment rate versus back

washing time. (air-backwashing

intensity : 2 L/min)
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Fig. 3. Comparsion between experimental

and calculated values of de-
tachment rate for backwashing
time and fixed biomass.

A42 13 P 5 de)ge] e &
T et #7184 F-5180] 3.72 kg COD/
m®/day, 94377 % 2 L/min(6.7 m*/m?*/
hrijolA] GAAIZEe] 1 - 12808 ZF713d)
ole} g2] 8- 39.4 - 51.6 %2 Z7t=E <]}
ol FUY F-aFy JAEMs GAA
7re] wste| de} el go] FUEUE F71
E3 B3}go] Zrhst JHAEAZbe] Fo)
e Ran| g Ee] el go) FEE & F
et

4.2 289 oF3AEA

o A ¥e =g §(DR, Detachment Rate
,%)& oA 24 A 7HBWT, Backwashing
Time, min)o] ZAFE, 3 s FE
(FB, Fixed Biomass, mg/L)7} FopA4E,

%7124 %3 %(OLR, Organic Loading
Rate, kg COD/m’/day)o] ¥o}A5Z Z713}
Ack. GH APAAE Zel g, JGHAAFAZL,
224 v QEFE, F71E8A 3189 Wl
o & 9 &A-g oF 33 ¢4 (multiple linear
regression)& £ shetatd A (1)7 ot

DR = 17.964 BWT*"*” FB*®” OLR>'**(1)

Fig. 32 A3 elA 78 22 &(DR, %) 4
(WE 73 22 &(DR, %)E ¥|ZY Ao
87.5 %2 AHEE e or vlwy AP
9} AAA7L dA S & 4 sl

o FiellA vitjeld] Fedl ¥-2
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1) §7) 82 33go] 0.65 - 3.74 kg
COD/m’/dayell A= SCODS] A A & -§0] 767
- 99.3 %9 $349 SCODEFEE 15.4 -
186.8 mg/LZ viebytct.

2) gAY F71E8A ¥-&8&e] 0.4 -
1.32 kg COD/m*/days} |A|Z7|7d% 2 L/
min (6.7 m®’/m?/hr), QA=) &K 7ke] 15 -
90& oA &l &L 19.5 - 38.0 %2 JElte
o, 1.37 - 2.27 kg COD/m®/day2} & A 27|
745 2 L/min (6.7m*/m®/hr), & Ax]<A] 7t
o] 1 - 12% A 32.2 - 58.6 %2 Jelyt
o}

e

3) 34T AT/ A=A F1EA ¥
&3 QAR LAz FobEA 3 vy E
o] g2lgo] Frgcle AS o 5 sl

4) 22 &(DR, %), 9447} (BWT, min), ¥
#& v P EFE(FB, mg/L)s} 7|53 Rst&
(OLR, kg COD/m’/day)z}2] A3 o]&A|4]
< o5 2o
DR = 17.964 BWT"'*” FB®%**” OLR"'**
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