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Abstract—A basic study is done on the biological nitrification for the removal of nitrogenous components
from synthetic wastewater. The composition of synthetic wastewater is similar to a typical septic tank effluent
containing a considerable amount of nitrogenous compounds. As nitrification process is supposed to be step
reactions, 4 Biological Fluidized Bed Reactors are prepared. Thus the feasibility of this nitrogen treatment
is discussed as follows.

The results obtained showes that as the nitrification process proceeded, 88 to 97% of the NH} -N was

removed in the latter stages.
Thus the 4 stage Fluidized Bed Reactors proved to be very good in nitrification. The flow pattern resulted
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in the complete mixing in each stage when the recycle ratio was about 30, The kinetic analysis of the
nitrification reaction showed that the organic removal rate was faster than the nitrification rate by three times,
and the kinetics of microorganism formation by oxygen is discussed also.
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Fig. 1. Schematic diagram of 4 stage continu-

ous fluidized bed reactor.
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Phot.1. Photograph of the Biological Fluiolized
Bed Reactors.
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Table 1. Analytical method.

Item Analytical method Ref No. Discriptions

pH pH meter

BOD, Std. dilution method 11 Sample — 5days incubation — DO detec.

COD,, Titrimetic method 11 Sample — reflux 2 hr (K,Cr,0,+H,S0,) — Fe**
titration (Ferroin indicator)

Alkalinity Titrimetric- method 11 Sample — titr. with Std 0.1 N H,SO, (mixed
bromocresol green methyl red indicator)

TOC SYBRON Photo Chem. TOC Analyzer

NH~N Colorimet ric methods 11 Sample — distil. (pH=9.5) — nessler — Spec-
trophotometer (A =425 nm)

NO;~N " 11 Sample — purpleazodye (pH 2.0-2.3) (by NED)
— Spectrophotometer (543)

NO;-N U.V. Spectrophoto method 11 Sample =+ calibration curve — spectrophotome-
ter (220 nm)

TKN Kjeldahl method 11 Sample — digestion (H,SO,, HgO),K,SO, —
distillation, distillate — titrate (with Std H,SO,
solution )

BVS 12 Sample — Weighting—550C,30% — Weighting

DO Probe 11 YSI-56 DO monitor
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Table 2. Composition of liquid feed.

Composition

Concentration (g/!)

Peptone

Beef extract
Urea

NaCl

CaCl,

KCl
MgSO0,-7H,0
K,HPO,

KH, PO,

0.1225
0. 0805
0. 1475
0.059
0.059
0.012
0.035
0.935
0.117

SpstRst H24T XI55 1986 10

Table 3. Characteristics of synthetic waste
water and septic tank effluent.

Parameters Efﬂluent Eff:lzuent Effguent Mean Sy::;}slféic
water
BOD, 35 103 60 66 131
COD., 90 148 182 140 142
CODy, 58 97 124 93 94
Alkalinity 215 506 308 343 360
pH 7.7 7.6 7.8 7.7 7.8
TOC 19 54 32 38 67
NH-N 42.4 98.8 57.8 66 33
NO;-N 0 0 0 0 0
NO;-N 0 0 0 0 0.01
TKN 47.6 119 54.6 74 72

All units:mg/! except pH
1. Septic tank effluent from college of Engineer -
ing of C.N.U.
2. Septic tank effluent from main building of Ch-
onbuk National University
3. Septic tank effluent from Woo Suk building
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Table 4. The characteristics of support media

(fine sand).

Specific gravity

Diameter

Sphericity (¢)
Specific surface(21)
Voidage (€ /)

2.65 g/cm’
0.42-0.6m/m
0.861

81 cm*/cm®

0.42
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Table 5. Summary of operational conditions and experimental results.

Run Feed Recycle HRT Temp. pH DO  TOC BVS NH:N NO~N NO7=N TKN
No.  (mimm ™t &) (C) (mg/l) (mg/l) (mg/l) (mg/l) (mg/l) (mg/) (mg/l)
1 19 5.2 106 30 7.2 6.0 30 6030 5 0.16 41.2 6.2
2 24 4.3 85 29 7.5 58 4.2 6270 18 0.12 40.5 17
3 30 333 7.0 30 7.7 59 45 6870 154 0.12 37.2 16.3
4 38 254 50 29 7.9 57 43 6360 9.5 001 45 10.2
5 44 2.2 47 28 1.5 55 50 7230 63 001 39.8 84
6 51 207 40 29 80 5.3 6.4 768 6.0 0.24 40.5 7.0
7 56 18.2 3.8 29 8.4 53 6.9 7210 58 0.30 334 6.2
8 61 16.7 3.5 28 8.3 49 7.1 872 10 0.34 38 14.2
9 71 14.3 30 2 8.4 45 83 5430 20.6 0.38 31 28
10 80 125 2.6 25 8.6 41 1.6 8320 222 0.27 249 238
11 89 1.1 23 23 82 3.5 13.2 8218 164 0.40 245 17
12 98 9.8 21 22 85 3.2 14 8560 223 0.02 236 21
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Table 6. Results on the flow pattern in reactors.

flow NH;- N (mg/!) NO;-N(mg/l)
Date rate

(mi/min) 1°F 2™ 3T 4™ (% 2™ 3¢ 4
8/16 15 51.3.41.2 30.7 14.6 2.3 9.2 18.4 46
8/23 30 50.8 38 297 46 2.2 86 21 45
9/5 30 52 40.4 23.7 18 2.7 1. 23 496
9/12 40 51 39.3 242 9.2 18 9.6 17.2 395
9/28 50 53 43 283 17.9 L7 7.3 147 354
10/5 50 52 46.1 32.3 269 13 6.1 147 30
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Table 7. Results on the nitrification in 4" stage

reactor.
Flow NH;=N(mg/l) at NO;~N(mg/l) at
Date rate bed height bed height
(m{ /min)
30cm 50cm 80cm 30em 50cm 80cm
8/23 30 15.4 14 13 33.7 34.4 35.7
8/24 30 20 18 14.6 37.8 38.2 40
8/27 40 16.8 15.2 14.6 33 32.4 40
8/28 50 31.2 29.2 26.8 24.2 24.8 26.6
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Table 8. Tabulation of experimental results.

Feed As/At As/At Ax/At Ax/At A0,/At AO,/At  AQ,
Date  rate () g/day) X2 (g/day) XB  g/day) XK@ At

({ /day) perday g/day perday g/cay perday  (mg/!.sec)
8353 2 4.5 8.4  0.16 41 0,085 0.8 0.016  0.01
8/10 65 30 13 0.43 6.6 0.21 1.6 0.052 0.0196
8/16 80 64 16 0.25 8.0 0.12 1.69 0. 0304 0.0212
8/22 86 64. 8 16. 3 0.26 8.3 0.13 2.04 0.032 0. 0228
8/31 86 62 17.3 0.28 8.3 0.14 2.08 0.0344 0. 0240
9/5 66 65 13.2 0.23 6.6 0.1 1.6 0.024 0.0163
9/11 82 65 14.4 0.22 7.2 0.11 1.68 0.0256 0.022
9/20 96 64. 4 19.2 0.29 10 0.16 2.4 0.0376 0.03
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Fig. 3. Determination of oxygen utilization coe-
fficient.
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NOMENCLATURE

a” : Oxygen utilization coefficient, mass of
oxygen utilized per mass of substrate
removed, MM

b : microorganism decay coefficient,T'l
b’ : endogenous oxygen utilization coeffi-
cient, T
AO,/At : change in oxygen concentration per
day, MT!

: rate of microbial substrate utilization
per unit of reactor, ML™ T"!
AX/At : net growth rate of microorganisms per

AS/At

unit volume of reactor, ML™ T"!

E : enzyme concentration, ML™3

E, : initial enzyme concentration, ML

Es : enzyme-substrate complex concentration,
ML3

k substrate utilization rate, T1

X, reaction rate constant, (ML3 T 1)1

k, reaction rate constant, (ML3 T!)1

Ka Michaelis constant, ML

L TOC concentration, ML™3

Se TOC concentration, ML [47){13)]

S, TOC concentration in effluent, ML
[4<(7)(13)]

S, : TOC concentration removed, ML [4-
(7)(13)]

dS/dt: TOC removal rate, ML™ T

S : substrate concentration (organic and
nitrogenous substance), ML™3

tq : detention time

V. : tank volume Total reactor volume, L3

N, @ NHs+ — N concentration produced (mg/
1), ML

N, : NH,t - N concentration removed (mg/

HWAHAK KONGHAK Vol. 24, No. 5, October 1986
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Xo

stst

1), ML

volume of influent(ml/day),L 311
average
ML
microorganism concentration in influent,
ML

microorganism concentration in effluent,
ML3

growth yield coefficient, MM™!

volatile solids concentration,
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