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Liao, P.H. and Lo, K.V. 1992. Treatment of poultry processing
wastewater by an extended aeration process. Can. Agric. Eng.
34:111-113. The intermittent operation of an extended aerationpro
cess was used to treat poultry processing wastewater. The reactors
were runthrough asuccession of threephases: aeration, settlement and
effluent decant. The reactors operated alternately under anoxic and
aerobic conditions. Treatment efficiencies in terms of BOD5 removal
rangedbetween82 and 89%. Very low effluentBOD5 concentrations
were obtained. The reaction rate constants for different aeration times
were also calculated.

On a utilise de facon intermittente un procede d'aeration prolongee
pour traiter les eaux usees de volaille. Les reacteurs furent mis en
marche en trois phases successives: aeration, sedimentation et
decantation de Teffluent. Les reacteurs fonctionnaient altemativement
en conditions anaerobies et aerobies. L'efficacite du traitement, en
termes de reduction de DBO5, variait de 82 a 89 % et les concentra
tions de DBO5 dans Teffluent etaient tres faibles. Les constantes de
vitesse de reaction ont egalement ete calculees pour differents temps
d'aeration.

INTRODUCTION

This technical note reports the preliminary results of a labora
tory study done to evaluate the use of an activated sludge
process in the treatment of wastewater from a local poultry
processing company. The processing wastewaters were surged
only at the time of operation (about 8 hours per day), and
subsequently no wastewater at all was produced during certain
periods. It was therefore necessary that the treatment system
selected have the capacity both to operate at specified times
and to accommodate a highly variable loading rate. The inter
mittent operation of an extended aeration process was
selected.

MATERIALS AND METHODS

Reactor operation

Two acrylic plastic reactors with a working volume of 5.0 L
(460 mm in height and 138 mm in diameter) were set up in the
laboratory and operated at room temperature (22±2 °C). The
basic operating cycle for the reactors was as follows: (1)
aeration: air was delivered to the reactors at a rate of 0.6 L/L
after the reactors were fed; (2) settlement: aeration was
stopped and the sludge mass was allowed to settle; (3) effluent
decant: the supernatant from the reactor was withdrawn. A 24

hour cycle was adopted over the course of this study. All
reactors were fed once a day using a draw-and-fill method.
Four litres of wastewater were treated each cycle resulting in
a hydraulic retention timeof 1.25daysfor each reactor. Vola
tile suspended solids of mixed liquor (MLVSS) were
maintained between 2050 and 2568 mg-L'1 during the course
of this study. The food-to-microorganism ratios were between
0.055 and 0.091 day"1. In Period I, the aeration time was 6
hours for reactor A and 4 hours for reactor B. In Period II, the
aeration times for the reactors were reversed.

Analysis

The major parameters monitored were chemical oxygen de
mand (COD), 5-day biochemical oxygen demand (BOD5),
total suspended solids (TSS), volatile suspended solids (VSS),
ammonia and nitrate (APHA 1985). Dissolved oxygen (DO)
levels in the reactors were also monitored using an oxygen
meter (YSI57).

Sampling was done after a minimum of eight complete
cycles following any change in operating conditions and ana
lyzed immediately. Two kinds of sampling occurred:
influent-effluent of the reactors and track analysis.

The experimental results were statistically analyzed using
SYSTAT (SYSTAT 1989). Analysis of variance (ANOVA)
was also performed on the data.

RESULTS AND DISCUSSION

The intermittent operation of extended aeration used in this
study functioned as an anoxic-aerobic activated sludge pro
cess. This means that the reactors operated alternately under
anoxic and aerobic conditions (Fig. 1). Aerobic conditions
were achieved through aeration. The DO reached the maxi
mum before the suspension of aeration. Anoxic conditions
developed approximately 5 hours after aeration ceased.

The results are presented in Table I. The increase in aeration
time from 4 to 6 hours did not increase the BOD5 removal rate.
This was confirmed by ANOVA analyses which did not show
any significant difference between the two. In terms of BOD5
removal, treatment efficiencies ranged between 82 and 89%.
Very low mean effluent BOD5 concentrations were obtained
for both reactors. TS were reduced by approximately 42% in
the process, while even higher removal rates were achieved for
the VS. Track analyses of BOD5 and COD are shown in Fig.
2. A similar trend in both BOD5 and COD removal was ob-
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Fig. 1. Dissolved oxygen profile.

Table I. Summary of treatment efficiency

served in both reactors.

Nitrogen concentrations in the reactors were also moni
tored. Track analyses of NH3-N and NO2-NO3-N are shown in
Fig. 3. Nitrification and denitrification occurred in different
stages of this treatment system. Nitrification was sensitive to
the aeration rates; that is, higher nitrate concentrations were
obtainedfor the longer aeration period (Table I). Oxidation of
ammonium ion stoppedat theend of aeration.A peak oxidized
nitrogen level as high as 25.8 mg-L"1 was obtained (Fig. 3).
Denitrification occurred when conditions were anoxic in the
reactors. The rate of denitrification is determined by the re
lease of organic and nitrogenous matter from the substrate.
The rate of denitrification was very low during the settlement
phase. However, rapid denitrification took place immediately
after feeding whenan additional source of carbon and energy
became available. This indicated that nitrogen could be re
moved in this wastewater treatment system without the
addition of a carbon supplement.

Influent concentration Effluent Concentration Removal

Period (mg-L' l)
A

(mg-L"

B A

(%)
B

I BOD5 257182 (8)* 32.018.5 (8) 27.416.7 (8) 88 89

COD 5411126 (8) 108120 (8) 112115 (8) 80 79

NH3-N 96.7125.9 (8) 71.313.5 (8) 79.617.7 (8) - _

NO3-NO2-N 0.1010.08 (8) 2.8611.5 (8) 0.6110.37 (8) - —

TS 638110 (8) 348155.7 (8) 354147 (8) 45 45

VS 674172 (8) 196158 (8) 197147 (8) 59 59

II BOD5 208117 (4) 34.2113.9 (4) 37.8112.2 (3) 84 82

COD 491164 (4) 92120 (4) 106119 (4) 81 79

NH3-N 9913.5 (4) 72.516.8 (4) 66.815 (4) - —

NO3-NO2-N 0.1010.08 (4) 6.8411.3 (4) 8.9813.9 (4) - -

TS 497135 (4) 291118 (4) 303112 (4) 42 39

VS 35312 (4) 149153 (4) 167126 (4) 58 53

* Figures in parentheses indicate number of observations.

400 -1

350 n,

a* 300-

CD

S
O
CD

<

a
o
o

250-

200

150-

100-

50-

TIME (hour)

Fig. 2. Oxygen demand profile.
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Table II. Kinetic arate constant

Reactor Aeration MLVSS SO SE k
-l » -K

(h) (mg-L1) (mg.U1) (mg-i;1) (L-mg '-h')

A 6 2310 178 42 0.00023

A 6 2568 178 33 0.00029

B 6 2340 199 49 0.00022

B 6 2050 234 64 0.00022

B 4 2062 178 36 0.00049

B 4 2234 178 34 0.00044

A 4 2348 199 48 0.00034

A 4 2284 234 44 0.00047

The relationship between the rate of BOD5 removal and
aeration time can be expressed as follows:

jfc =
So ~ Se

SeXt
(1)

where:

So = influent BOD5 concentration (mg-L1),
Se = effluent BOD5 concentration (mg-L"1),
X = VSS concentration (mg-L" ),
t = aeration time (h), and

k = kinetic rate constant (L«mg" «h~ )

A summary of biological rate constants is shown in Table
II. The mean rate constants were 0.00024 L-mg" -h"1 for 6

hour aeration and 0.00044 L-mg^-h"1 for 4hour aeration. The
higher rate constant was obtained for thereactors subject to4
hour aeration. This indicates that an aeration time of 4 hours is
sufficient.
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