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Abstract— This study was conducted to jnvestigate the characteristics and treatment efficiency of aerobic fixed-
film process with different specific surface area upon the variation of organic loading rate.

The media used for this study was SARAN 4000 D (media S) with specific surface area 153 m#m3, and 1000 D
(media B) with specific surface area 307 m?/m3.

The substrate used was a dye plant processing wastewater and the feed solution was diluted two fold or more as the
feed solution. The influent COD concentration ranged about 1250 to 4080 mg/L.

Average biomass concentrations were 7316 mg// and 6683 mg/! on the media B and S, respectively. The value of
media B was about 9.5% higher than that of media S.

Average amounts of attached biomass were 48.2 gSS/m? on the media S and 35.45 gSS/m? on the media B, but the
total amount of accumulated biomass was nearly the same.
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Fig. 1. Schematic diagram of experimental ap-

Effluent BOD=F+K,"M, ., 10 paratus of continuous type reactor.
o] & gZul Tl AL Yl o] Aol A (2)F 1. Raw wastewater storage tank
} - - 2. Refrigerator 3. Micro tube pump
15k R & Aoz HdH, .
st f340 BOD© = Aoz A 4. Bioreactor
Effluent BOD=F,(Kmt*+1)+K,-M,.,, () 5. Effluent storage tank
6. Blower 7. Thermostat
8. Aeration zone 9. Setting zone
3, Mgy 10. Baffle 11. Diffuser
12. Media
1, X Table 2. Wastewater characteristics
AYAHE Fig. 15 dewl, 7 gas 4 2ol Ttem oA
> 2= o e L2
72} 7}5‘_.; Aﬂiﬂgiiiocm;ﬁ. :l 7} 3_0 cmi 1‘;4 1104]:3:} BODg, mgll 2.550
= A)r-g‘o}-oi \_o—L"] S S 22_1C 1 AT, CODC(, mg” 9'120
2 *Eliglo{] 2] }‘F%é‘} media + mat 53 media i‘/"], CODMw mg/l 4,950
SARAN 4000D ¢} 1000D &) F Fel=f, zzhe] ¥] TSS, mg/l 370
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Table 1. Characteristics of SARAN media
Media Media size No. of packed Specific surface  Specific weight ~ Media surface  Porosity
type (mm) media area (m2/m3) (kg/m3) area (m?) (%)
4000D 20x130x180 4EA 152.87 37.52 0.386 95.59
1000D 20x130x 180 4EA 307.33 37.52 0.576 95.59

sstEst X287 Xilz 19901 2E
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Table 3. Summary of operating results
Type of  Number of HRT Influent Effluent
wastewater reactor (day) TCOD TBOD TSS TCOD SCOD TBOD SBOD
600 dil. S-1 0.5 1250 490 214 383 301 24 12
2 15 1250 490 214 274 202 14 3
3 2.0 1250 490 214 219 171 11 3
B-1 0.5 1250 490 214 341 296 24 10
2 15 1250 490 214 288 213 10 3
3 2.0 1250 490 214 223 176 8 2
300 dil. S4 0.5 2765 869 372 1029 896 178 68
5 1.0 2765 869 372 912 785 45 21
6 3.0 2765 869 372 380 289 24 4
B-4 0.5 2765 869 372 1072 771 155 59
5 1.0 2765 869 372 735 534 37 14
6 3.0 2765 869 372 309 227 16 4
200 dil. S-7 1.0 4080 1217 570 1476 1071 254 48
8 2.0 4080 1217 570 1046 779 124 30
9 3.0 4080 1217 570 673 512 49 6
B-7 1.0 4080 1217 570 1522 972 211 38
8 2.0 4080 1217 570 688 540 96 16
9 3.0 4080 1217 570 506 345 31 3

Note: All units, mg/! where applicable, S; Media S, B; Media B
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Fig. 2. TCOD removal efficiency vs. organic load-
ing rate.
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Fig. 3. TBOD removal efficiency vs. organic load-
ing rate.

73k,

of

57

kgCOD/m?*/day & #3945 =, COD & A7go]
7% Hutoll F7hetx] 952 7ah wlmE uf Ao v
g Az Fherssl

Fig.3& 3lgel «t& BOD 9 AALES viehd
ZAolet, TBOD 9 7 #3l&o] 3kgCOD/m?/d ol
A vl ZH Aol FAgiol 92% ol4te] AARANE
ehdfglom, wlZmHo] wE Al Fole 1-2%
Hel2 A9 zbel7t glolr,

4-2. #7182 HAHEE

F71E AALEEAS KmS 4 (2)28F F3
3| F91A 307 m?/mPoN4 Km & 7.86/hr 1z, =&
52 153 m2/mell4{E Kme] 1.48/hr 2.4, A&
AollA] HF Km-2 4.25/hr & Tz, 2 A4

AFAl7ke] Aa gA|de] 70 7ielah Aabs g

7ol Aoz ALz s o]l

!
(19]9f ZAzte} wjmd of ¥ Adgo] oha 2 e
A

43, OB WHE o BE
4 (8) 9 (92RE AN olEgas 43
4E2+e Table 40 vshigios], 3 ol dge) 4

) 2
ZaRe vlgaidel BAlgle] 2E 718 Fatgelse

Table 4. MLVSS and accumulated biomass: observed vs. calculated

No. of Organic loading MLVSS, mg/l Accumulated biomass, g
rate

reactor g COD/m¥day)  Obs. Cale. A Obs. Calc. A
S-1 2.50 7385 9414 2029 21.42 24.76 3.34
2 0.83 4002 4958 959 11.25 13.93 2.68
0.63 3060 2801 259 8.76 8.01 0.75
B-1 2.50 8330 10961 2631 24.21 28.83 4.62
2 0.83 3887 5531 1644 11.05 15.54 449
3 0.63 4242 4740 498 12.24 12.46 0.22
S-4 5.53 8875 12014 3139 24.50 33.69 9.19
5 2.76 7844 8588 744 21.60 22.58 0.98
6 0.92 5608 6696 1088 15.85 18.41 2.56
B4 5.53 8986 13229 4243 24.86 34.79 9.93
5 2.76 8824 8978 154 25.31 24.69 0.62
6 0.92 5939 5650 289 17.14 14.86 2.28
S-7 4.08 8819 10489 1670 24.72 27.06 2.34
8 2.04 6788 11053 4265 19.46 29.40 9.94
9 1.36 6763 7668 905 19.25 20.86 1.61
B-7 4.08 8121 12444 4323 23.10 32.11 9.01
8 2.04 8520 12648 4128 24.71 33.64 8.93
9 1.36 7657 8454 797 21.16 22.99 1.83

Note; Obs. =Observed, Calc. = Calculated, 4= Observed - Calculated|

slstEs Mi28H X1E 1990 2%
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Fig. 4. MLVSS concentration vs. organic loading
rate (calc.:obs.).
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Fig. 5. Biomass holding per surface area vs. or-
ganic loading rate.
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Table 5. The mode of attached biomass

Number of Organic loading Influent Media Attached biomass
ractor rate CcoD surface: Max. Vol. Conc. Accumulated biomass per
(kgCODVYm¥day)  (mg/)  area (m?) hoding (g) 0) (%) suface area (gSS/m?)
S-1 2.5 1250 0.386 21.42 0.736 291 55.49
2 0.83 1250 0.386 11.25 0.388 2.93 29.37
3 0.625 1250 0.386 8.76 0.278 3.15 22.69
B-1 2.5 1250 0.576 24.21 0.890 2.72 42.03
2 0.83 1250 0.576 11.05 0.345 3.20 19.18
3 0.625 1250 0.L76 12.24 0.325 3.46 21.26
S-4 5.53 2765 0.386 24.50 0.753 3.24 63.47
5 2.76 2765 0.386 21.60 0.785 2.85 55.95
6 0.92 2765 0.386 15.85 0.495 3.21 41.17
B4 5.53 2765 0.576 24.86 1.031 241 43.16
5 2.76 2765 0.576 25.31 0.781 3.24 43.94
6 0.92 2765 0.576 17.14 0.484 3.54 29.76
S-7 4.08 4080 0.386 24.72 0.810 3.05 64.04
8 2.04 4080 0.386 19.46 0.598 3.25 60.41
9 1.36 4080 0.386 19.25 0.607 3.17 49.87
B-7 4.08 4080 0.576 23.10 0.836 2.76 40.10
8 2.04 4080 0.576 24.71 0.810 3.05 42.90
9 1.36 4080 0.576 21.16 0.605 3.51 36.74
25 T T T T 100 T T T T A
A }
[ J k=]
g 2.0 oo~ "7 © "‘@A\ @ g
= -7 Ao ~~O. =)
- 4 - A ATA 8
g % 7 20 R
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< e 153 m2/m3 307 m%m3 S .
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L
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. . . . . O 153 m?m?3
Fig. 6. Biomass thickness vs. organic loading ’
rate. A 307 m%m?
4% 713 Sobrb 245 SAYEH, wEddol
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+ Aoz Adsgie,
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st B M28H M1z 19907 2%
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Fig. 7. Attached biomass ratio vs. organic load-
ing rate.
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Table 6. Effluent SBOD and TBOD; ohserved vs. calculated

Organic Inl Effluent, mg/! (F)
loading HRT t* ntiuent,
rate (kg (hr) () mg/l (Fi) SBOD TBOD
COD/m3d BOD obs. calc. A obs. calc. A
2.50 12 10.5 490 12 10.7 1.3 24 15.0 9.0
0.83 36 33.7 490 3 3.4 0.4 14 © 49 9.1
0.63 48 45.8 490 3 2.5 0.5 11 4.2 6.8
2.50 12 10.5 490 10 10.7 0.7 24 13.7 10.3
0.83 36 33.5 490 3 3.4 0.4 10 4.7 5.3
0.63 48 45.8 490 2 2.5 0.5 8 3.3 4.7
5.53 12 10.5 869 68 19.6 48.4 178 146.8 31.2
2.76 24 21.0 869 21 9.6 11.4 45 24.2 20.8
0.92 72 66.0 869 4 45 0.5 24 5.8 18.2
5.53 12 10.2 869 59 19.6 39.4 155 121.8 33.2
2.76 24 20.9 869 14 9.6 44 37 18.2 18.8
0.92 72 66.2 869 4 3.1 0.9 16 4.7 11.3
4.08 24 20.7 1217 48 13.7 34.3 254 193.1 60.9
2.04 48 42.6 1217 30 6.7 23.3 124 719 52.1
1.36 72 65.3 1217 6 4.4 1.6 49 8.8 40.2
4.08 24 20.0 1217 38 14.2 23.8 211 125.2 85.8
2.04 48 41.8 1217 16 6.8 9.2 196 24.3 171.7
1.36 72 64.8 1217 4 4.4 0.4 31 6.6 24.4
Note; A = |Observed-Calculated |
00— " ‘ T 3 2oz ujeh 2to] A25}golq= TBOD 2 SBOD
s AR el AZAe) AN A A shAe T3l
s0f 4 1 A bbb 2 et e ve sdgn A
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Fig. 11. Effluent SBOD vs. organic loading rate

(calc.:obs.).
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NOMENCLATURE

CMAS : complete mixed activated sludge

F : unmetabolised raw waste BOD; in effluent
ML)

F, . influent BODg [ML™%)

K, . BOD factor (=0.8) [-]

Ky . decay rate [T}

Ke : endogenous respiration factor [T

Km  : metabolism factor [T™"]

K, . synthesis factor [T™']

K, : BOD,,/BOD

K, : an inverse number of microbial mass oxy-
gen equivalent .

K, : synthesis/total energy

M, : living, activated microbial mass [ML™]

M,.s : active microbial mass in effluent (ML™]

M; : inert, non-biodegradable organic suspend-
ed solids in effluent [ML™]

M, : iner, inorganic suspended solids [ML™)

Mt,s  total suspended solids in effluent [ML™)

Mv  : MLVSS concentration [ML™)

Mv, : biomass concentration (M,+M,) at t=t
ML)

Mv, : biomass concentration (M,=M,) at t=t,
(ML)

Mv@t, : average Mv concentration during operation
day [ML™]

t, . total HRT ([Tl

t, : sludge turnover number [T}

TSS  : total suspended solids [ML™]

t, : HRT [T]

t* . effective HRT [T
Y . cell yield coefficient [~]
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