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Abstract

Aerated submerged bio-film (ASBF) pilot plant has been developed. The presented studies optimized an
inexpensive method of enhanced wastewater treatment. The objectives of this research were to describe pilot
scale experiments for efficient removal of dissolved organic and nitrogen compounds by using ASBF reactor
in plug-flow reactor (PFR) and improve understanding of dissolved organic matter and nitrogen compounds
removal rates with dynamic relationships between heterotrophs and autotrophs in the fixed-film reactor. This
research explores the possibility of enhancing the performance of shallow wastewater treatment lagoons
through the addition of specially designed structures. This direct gas-phase contact should increase the oxygen
transfer rate into the bio-film, as well as increase the micro-climate mixing of water, nutrients, and waste
products into and out of the bio-film. This research also investigated the efficiency of dissolved organic
matter and ammonia nitrogen removals in the ASBF. As it was anticipated, nitrification activity was highest
during periods when the flow rate was lower, but it seemed to decline during times when the flow rate
was highest. And ammonia nitrogen removal rates were more sensitive than dissolved organic matter removal
rates when flow rates exceeded 2.2 L/min.
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Fig. 1. Top view of pilot plant.
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Fig. 2. An end view of a module (12 wedge shaped
panels) connected to the top support.
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Table 1. Characteristics of municipal wastewater used in this study

Observation Periods PFR | PFR | PFR | PFR | PFR | PFR | PFR | PFR | PFR | PFR
A B C D E F G H I J
Flow Rate (L/min) 44 42 42 39 4.1 42 4.1 2.1 22 2.1
Retention Time (Hours) 229 | 240 | 240 | 259 | 246 | 240 | 246 | 48.1 | 459 | 48.1
Influent CODer (mg/L) 194 | 214 | 182 | 166 | 224 | 234 | 220 | 225 | 281 | 238
Influent NHy'(mg/L) 17.6 | 288 | 222 | 194 | 209 | 20.7 | 159 | 305 | 163 | 313
Influent pH 763 | 7.60 | 7.80 | 7.70 | 7.62 | 7.49 | 7.60 | 7.71 | 7.61 | 7.53
Influent Conductivity (ms/cm) 154 | 164 | 1.79 | 163 ] 1.74 | 1.78 | 1.81 | 1.76 | 1.78 | 1.79
Influent Turbidity (NTU) 84 90 89 88 97 93 78 73 7 72
Influent Salinity (%) 0.07 | 0.08 | 0.07 | 0.08 | 0.08 | 0.08 | 0.08 | 0.08 | 0.08 | 0.08
Influent Temperature (°C) 164 | 168 | 165 | 16.7 | 165 | 164 | 164 | 162 | 158 | 15.9
Effluent Temperature (°C) 5.1 6.5 9.9 9.5 8.2 99 | 106 | 6.6 7.1 4.9
Influent DO (mg/L) 3.62 | 378 | 3.56 | 3.66 | 3.57 | 3.54 | 220 | 3.67 | 2.91 | 1.20
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Fig. 3. An bottom view of twelve wedge shaped concrete
panels.

Al 1080 QA3 FYsst FEFY SET
77} 164C 9 SACTE FAHHJLH, o|AL *e
f719 S5 2 Q) F&o] RS A2 B
HolAt AxEE AUHoR WH3A g,
Bt 84 NTUSHA] 2 NTUS. HolAth %3, DOE
3.6 mg/Lol A 5.2 mgLE F7hstglTh o= dAst
A EFHE DO7L v Y 8T FAHoE =
Ay Ao g Ay a8a a0l ¥x
t Hetx goka gEVod A4 9 COD AAE
2 27} 36%9) 85%= HERRtTH

PFR 3% B2 #EARY A= #YAE

5.0 100
45 u. Y A a 19
ritiees oo & L
a0 | SRR N Ll * 80 F
g : o
g 35 . 70 8
< 307 {80 3
E 25 50 2
. g
z 20} moome® 0 8
s 120 B
4
10 ---w- Flow Rate (L/min) 20 g
05 - ---&-- Removal Efficiency (%) 10 2
00 ‘ oo — o
A B C D E F G H t
Fig. 4. Variations of COD removal efficiency to the

changes of influent flow rates.



PFRE-Q 9] ASBFpzd] 98 fr18AA% At 93 ug 4+

o] AH 2473 Holl YA

L/mino} i1, #}FA)7h-&

olw o] frFe 4.2
238, +Y49 LT 1687T,
FE5Y 25E 65T ﬁt} ANAZEYE 3|3}
A ZFastded, 1R ol AANHS 9 1
9 BE)E A Aoz JERTh R 90 NTU
A 3 NTUZ 7+43141, DOE 3.87 mg/mm
527 mg/lLg Z7vstgch dRUola "4 st COD
2 AAES 247 38.9%9) 83%E Yehytt) CRA
9] hwjobd A9 CODY A AL 747} 36%
9} 81%= uJElgy, DAY ¢hryely das
CODS] AAEL 77} 43%%} 86%= UEgon,
olu) o] FEFE-L 3.9 L/min, 559 L5 95C

FL 41 Limino) FAT 1o}y
29} co1:>91 A AEo] 747} 26%$} 88%= U}
FA o Blg) A UrE’rb:M o} A& pHe} D09} &
Wl o3 e Aoz waEn) pHY 3¢
F717F el Al ko 2513 7.62014 7.59
ZFAHAG. FEF A8 DO $E+ 3.7mg/L
@A Uebgtth o] PFR 33 23¥L E3) COD
A& pH ¥iglol] J3g wx e 402 e

FE&H9 AL 8549 pHE 74994 8.230 8
7K 8, olfe A gno €d3rt dx
28] dojutil i AtEFH oI AY. DOE F4
-"f‘-%-?-,n Eolgror §3& 4.2 Limino} @it} o))
o] ¢EYeid Aaet CODY AALEL 47 53%
2} 86%= UrElNtT) ojA o 2 pHYt Z7sla DO
Tt S8, fdo] 42 Liminy uf Z4tsl 2
G457 @) dojue AL ¥ F AAT G-
A9 gdmyoly Aie CODY AALL 47
45%9} 85%2 UEldoen, $%8L 41 L/ming &
8 106Tot #3382 ek 3.8 L/minolA] 2
L/min3x H3Ho)r HE4 9 %2 2.1 Limine
2 1389t ARALLE 47777022 g2 Yo}
8 A9 CODY AAEE 242} 90%$) 88%E 1}
Butth £33 Aoz T4 2y gdxyol
g AL AALL F7EIERA . CODY AAE
& A9 Aolr} glo] w AAER Vet ol
e #4594 v Eo] CODE AslA7le o 9a
AL E O AN i Fol EHAEYE nAEo]

1269

Aakslag & 2] gl
PFRO] [£ 49 $8#& 22 L/mino]il, §-JArF 9
QA F4BIAA Q92 HHFFeH. =Y
oA A9} CODY AAEL 242 90%2} 83%3A
i, G el AAEL 51%E Vet 1849
#2Zge 2.1 L/mine] il ¢EY oA g4 9 CODY
AALEL 47 92%9) 89%= UrElRtoH, 19} J§-H
o} dztele W3l WAE 300 mg/Lo)a] 130 mg/l
2 Holxe AL & & Slth o] FAse ddS
e Aastel MAUELZ e Aot
F&FE] D2 CODSE R Yoty Hie] A
& Fig. 43} Fig. 5o JERATH Fig 404 &
A=0] FFEE COD AAF FF& A
g A0 2 yEgt a8y fFE0) S 9=
ALsl7} ASAT e e didsit 843
AP = AL Fig 58 5 ¢ ¢ UM 248 7]
7+ Fo grYold ALAAEC] HAUWE LS
o= Fol Egton &840 A7 FEY
A Vergth olA o g FHEe opgqopﬂ Ax
AAN 9L vAE A& & F AN}k
Fig. 6= CODY] #Y95 =9 u;}.,% CODe] AAR
2 Jebd Hojth CODY A AEE CODY §9)
Fro] 93-S v Fe AL ¢ 5 Uk gEYo}
A Ay FdsEd B RVl 249 A
A& BAE Fig 7oﬂ YER Y EVely A
9l ¥ EI & W AAES =8 22 A&
4 4 Utk = 33 B FeAY A8 B F
49 dEYoly HAie FUFEE AT
AAEEL EER o] v veldth olw CoODE

Ao g Atgsoldth

A

o

5.0 100
45+ m T S

| - - ; §
.40 m = g
E d Z
€ 35 "z
| {80 %6
2 b ]
& 25 A 1% 8
3 ey A g.om .y k]
15 .
< g
10 L e 1 20 2
= - Flow Rate (L/min) §
05 | . -Removal Efficiency (%) | o=

0.0 B R S ! ; - 0

A B C D E F G H I J

Fig. 8. Variations of ammonia nitrogen removal efficiency
to the changes of influent flow rates.



1270 =

6000 100
= ..A 190 -
§ 5000 | aadT AT A g 3
= | 480 -
£ L =]
= . ‘n ] I}
5 4000 | W 0o
E w {60 B
".‘ - -
2 3000 " 150 £
@ ", B
@ S
o n J_. 4 40 E
£ 2000 - -
k-] 13 ®
(=3 L] [*]
hal 420 E
8 1000 --@-- COD Loading Rate {mglsq m/day) &
o &+ Removal Efficiency of COD (%) 110
0 . 0
A B C D E F G H I J
Fig. 6. Removal efficiency of COD with COD loading
rates.
6000 - 100
5 pooah 00
E . 5000 [ - :‘: 1 80 §
2 e ! e I 70 i
S 4000 | z
& 'R i {60 S
o g A i g
S - 3000 | AN ls0 &
S A S 2
RS | 140
5 2000 & e k - =
B . 13 T
© A ] 15
- {120 §&
8 1000 - [ .-m-- COD Loading Rate (mg/sq m/day) 2
(&) ---&-- Removal Efficiency of NH4 (%) 110
0 Y 0
A B C D E F G H | J
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