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Biological Phosphorus and Nitrogen Removal in
Anaerobic-Aerobic Activated Sludge Process
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Simultaneous removal of phosphorus and nitrogen from wastewater was studied by the
anaerobic-aerobic system of activated sludge. In the anaerobic stage, most of the influent
glucose was removed and orthophosphate was released, when the nitrate and/or nitrite
concentration in the wastewater was almost zero. The amount of the released phosphorus
was found to be directly proportional to the amount of the removed glucose. When the
ratio of phosphorus to glucose in the influent was less than 0.04, the phosphorus in the
wastewater was almost completely removed during the aerobic state. Under the anaerobic
condition, activated sludge released phosphate and excess removal of phosphate occurred
during the aerobic condition. Namely, the stress received in anaerobic period stimulated
the uptake of phosphorus in aerobic period.

The amounts of phosphorus release in the anaerobic and uptake in the aerobic stage
were less in proportional to the concentration of NOx-N. Further, if the initial ratio of NO,
-N/glucose was less than 0.37, the inorganic nitrogen in the influent could be completely
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removed.

Introduction

The lakes or estuaries are polluted by phospho-
rus and/or inorganic nitrogen, which leads to the
eutrofication to result in undesirable water quality
for human’s use of the water supplies. The phos-
phorus is involved in synthetic detergents and fer-
tilizers, and on the other hand, nitrogen in waste-
water results from human's excreta, ground gar-
bage and from food processing waste, particularly.

Phosphorus in the form of orthophosphate in ex-
cessive amount promotes abundant growth of aqua-
tic flora. Algal blooms in particular leads to the de-
terioration of water quality (Marais et al, 1983).
This problem is one of the main concerns of was-
tewater treatment. The treatment of wastewater
goes into three major processes. In primary treat-
ment, the wastewater containing debris or large
particle solids that can be easily removed is elimi-
nated by physical means. Secondary treatment re-
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moves inorganic compound and/or phosphorus by
biological growth. In this process, however, a maxi-
mum of only 20~30% of the phosphorus content
in the wastewater is removed because the ratio of
phosphorus to inorganic compound in domestic wa-
stewater is much more than that required for gro-
wth by the microorganisms in the activated sludge.
Consequently, chemical precipitation using alumi-
num and iron coagulants or lime has been used for
phosphorus removal. This is tertiary treatment. The
use of coagulants, however, presents some prob-
lems such as accumulation of excess inorganic co-
mpound and the availability of the coagulants itself.

Recently, the enhanced phosphorus uptake by
the alternating anaerobic/aerobic activated sludge
system has been developed. The operational condi-
tion and the exact mechanism for the biological up-
take in this system, however, have not yet been
elucidated.

The proposed model for the biological phospho-
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rus uptake in activated sludge is shown in Fig. 1.
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Fig. 1. The postulated model for the biological phos-
phorus release and uptake in activated sludge.

In the absence of oxygen, the carbon source is sto-
red in the form as poly-B-hydroxybutyrate (PHB)
while the stored polyphosphate in the cell is degra-
ded, releasing phosphate into the solution (Nicholls
et al, 1979). During this process, energy produced
by degradation of polyphosphate is used for the
storage of organc carbon as PHB.

Under aerobic condition, as external carbon sou-
rce in the wastewater is consumed by the biomass,
bacteria accumulating phosphate are expected to
oxidize their own PHB to produce energy. The sto-
red PHB provides energy for the phosphate uptake
process.

The purpose of this study is to investigate the
operational condition to achieve phosphorus remo-
val by the biological treatment process based on
the proposed biochemical model for phosphorusre-
moval.
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Materials and Methods

Fill and draw system

The flow charts of the fill and draw system and
the experimental facility were shown in Fig. 2. A
10/ fermentor(MD-500, Marubishi Bioeng. Co. Ltd.,
Tokyo, working volume: 4/) was used for reactor.
The phosphorus uptake in the cells after the anae-
robic state was high at 120min (Faculty of Engi-
neering Osaka University, 1986). Thus the system
consists of feeding of wastewater up to 4/(about 10
min), 120min of anaerobic process, 120min of ae-
robic process, 20min of sludge sedimentation, and
withdraw of treated wastewater(about 10min). And
the activated sludge was acclimatized in this fill
and draw system. The conditions for the reactor
were as follows: temperature, 25C; agitation speed,
300rpm, N: gas flow rate for anaerobic condition,
0.5vom; air flow rate for aerobic condition, lvom.
The artificial wastewater was composed of peptone
14g, meat extract 0.92¢, NaCl 2.36¢, KCl 0.06g,
CaCl, - 2H:0 0.06g, MgSO, - 7H,O 0.05¢, and Na-
HCO; 2.0g in 1.

Batch experiment system

Activated sludge for the batch experiment (Fig.
2) was taken from the fill and draw fermentor and
centrifuged at 5,000pm, 4C for 10min. Then, the
activated sludge was suspended into 500m! of tap
water and the artificial wastewater was added with
500m! of tap water (total volume of 1/). The com-
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Fig. 2. Schematic diagram of fill and draw system (A) and batch experiment system (B).
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position of artificial wastewater for this batch expe-
riment was same as that of the artificial wastewater
of fill and draw system, except that of glucose 0.2g,
of NH,Cl 0.1g and of KH,PO, 0.03g were added in-
stead of peptone, meat extract. In this experiment,
to investigation the effect of NO;~ on phosphorus
removal, 0.05¢ or 0.10g of KNO; was added. Opera-
tion conditions were as follows: temperature 25C,
agitation speed 1007pm, pH was automatically cont-
rolled to 7.0, N, gas flow rate during anaerobic pe-
riod 0.5vvm, air flow rate during aerobic period 1
vom, and the anaerobic and the subsequent aerobic
period was set for 2hr, respectively.

Measurement

% In every 20min, the sample was taken and ce-
ntrifuged at 4 C, 15,000 rpm for 10 min. The super-
natant was used for analysis of phosphate, ammo-
nia, nitrate, nitrite and glucose, and the precipitate
was used for MLSS (mixed liquor suspended so-
lid) measurment on the basis of dry weight. The
concentration of orthophosphate was analyzed by
scorbic acid method. Glucose concentration in trea-
ted wastewater was analyzed (Gaudy, 1962) by
glucose autoanalyzer, and ammonia was analyzed
by indophenol method, while, sulfanil acid method
was applied for nitrate and nitrite measurement
(APHA et al, 1975).

Results and Discussion

Fig. 3 shows the typical time course of POs;-P,
NH;-N, NOx-N, MLSS, glucose and CO, during 2hr
anaerobic and subsequent 2hr aerobic process. Du-
ring anaerobic condition, phosphorus was released
by using the energy bound of polyphosphate to ac-
cumulate carbon sources into the cell(Comeau ef
al, 1986), therefore, glucose in the wastewater de-
creases and also CO; was produced. Comeau e al.
(1987) reported that the key factor to the success
of phosphorus removal processes is proposed to be
the maximization of anaerobic carbon storage. Also
the conversion of nitrate to nitrogen gas, the so ca-
lled denitrification should be accompanied with

glucose consumption. NHs-N was used for the gro-
wth of activated sludge, but the change was negli-
gible.
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Fig. 3. Time courses of PQOs-P, NH3-N, NOx-N,
MLSS, glucose and CO. during 2 hr anaerobic
and 2 hr aerobic process.

The concentration of MLSS was not shown sig-
nificant variation during even all processes. While,
during aerobic condition, microorganism oxidized
their own carbon reserves and the residual carbon
sources in the wastewater to produce energy resul-
ting in phosphorus uptake. Ammonia was converted
to nitrite and nitrate. Comeau ef al.(1987) also re-
ported that phosphorus uptake could take place in
the presence of nitrate. It should be pointed that
the reactions converting ammonia to nitrite and ni-
trate required the carbon source consumption.
Then the ratio of phosphorus/glucose or nitrogen/
glucose at initial stage of anaerobic and aerobic pe-
riod should be significant for this operation.

As described above, phosphorus was released
and simultaneously carbon sources were accumula-
ted. The relationship between the released phos-
phorus and glucose consumed in the wastewater
was shown to be linear in anaerobic condition and
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Fig. 4. Effect of glucose on the PO4-P release and removal. (A), 2 hr anaerobic stage; (B), 2 hr anaeroic and 2

hr aerobic stage.

in whole period (Fig. 4). Where total phosphorus
removal meant the difference between total phos-
phorus uptake and total phosphorus released. From
this figure, it was seen that glucose was needed for
phosphorus removal.

Fig. 5 shows the effect of initial NO3-N on the
relationship between phosphorus released and glu-
cose removal during anaerobic process. Most of the
influent glucose was removed and orthophosphate
was released, when the nitrate and/or nitrite con-
centration in the wastewater was almost zero. As
shown in the previous result, during the anaerobic
condition, high concentration of glucose caused
high phosphorus release, however at each concent-
ration of NO;-N, phosphorus release was repressed
because glucose in the wastewater was used for
denitrification. As menttoned before, glucose is ne-
cessary for phosphorus removal.

Fig. 6 shows the effect of initial phosphorus/glu-
cose ratio on the phosphorus removal. From this
figure, when phosphorus/glucose ratio in the was-
tewater was more than 0.04, the phosphrus could
not be removed completely by this anaerobic-acro-
bic system.

Effect of initial NO»,-N/glucose ratio on the deni-
trification process in the anaerobic condition was
also shown in Fig. 6. It is shown that complete de-
nitrification could be achieved if the ratio of NO;-
N/glucose in the wastewater was not more than
0.37. These results can be used for determina-
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Fig. 5. Effect of NO3-N on the relationship between

PO4-P release and glucose removal during
anaerobic process.

tion of allowable initial condition of input to the fill
and draw system.

In conclusion, until now many experiments were
conducted with the condition of aerobic or anaero-
bic. But in this experiment we know that if the ac-
tivated sludge receives the stress in anaerobic
stage, more phosphorus uptake could be achieved
in the subsequent aerobic stage. If the initial con-
centration of nitrate and/or nitrite was almost zero
and the initial concentration of glucose was high,
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most phosphorus in wastewater could be removed
during the aerobic state. When the initial ratic of
NOs;-N/glucose in the wastewater was less than
0.37, complete denitrification could be achieved.
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