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Abstract—A novel technology was developed to achieve partial nitrification at moderately low DO and short HRT,
which would save the aeration cost and have the capacity to treat a wide range of low-strength real wastewater. The
process enables a relatively stable whereas nitrite accumulation rate (NO,-AR) was stabilized over 94% in the last aerobic
basin on average of each phase through a combination of short HRT and low DO level. Low DO did not produce sludge
with poorer settleability. The morphology and internal structure of the granular sludge was observed by using a scanning
electron microscope (SEM) analysis during a long-term operation. The images indicated that thick clusters of spherical
cells and small rod-shaped cells (NOB and AOB are rod-shaped to spherical cells) were the dominant population struc-
ture, rather than filamentous and other bacteria under a combination of low DO and short HRT, which gives a good
indication of nitrite accumulation achievement. MPN method was used to correlate AOB numbers with nutrient removal.
It showed that an ammonia-oxidizing bacterium (AOB) was the dominant nitrifying bacteria, whereas high NO,-AR
was achieved at AOB number of 5.33x10® cell/g MLSS. Higher pollutant removal efficiency of 86.2%, 98% and 96.1%,
for TN, NH;-N, and TP, respectively, was achieved by a novel six basin activated sludge process (SBASP) at low DO
level and low C/N ratio which were approximately equal to the complete nitrification-denitrification with the addition of

sodium acetate (NaAc) at normal DO level of (1.5-2.5 mg/L).

Key words: SBASP, N-P Removal, Nitrite Accumulation Rate, NO,-AR, SEM Analysis

INTRODUCTION

Achieving higher pollutant removal efficiency with less energy
consumption has become a very urgent and critical task for waste-
water treatment plant operation. Many biological technologies and
processes have been developed for nitrogen removal from waste-
water over the past few decades [1]. Nitritation-denitritation process
over nitrite is a more sustainable fashion to the traditional nitrifica-
tion-denitrification process [2-4]. Recently, nutrient removal via nitrite
was reported to be technically feasible and economically favorable,
which termed partial nitrification of NH;-N to nitrite (nitritation)
and subsequently direct reduction of nitrite to N, gas (denitritation)
[5]. This process requires less oxygen and less organic carbon in
comparison with traditional nitrification-denitrification. The reduc-
tion in the oxygen demand amounts to 24% and the reduction of
carbon to approximately 40%, as well as lower biomass produc-
tion and increased kinetics [6,7]. The enrichment of ammonia oxi-
dizing bacteria (AOB) and limitation-washout of nitrite oxidizing
bacteria (NOB) is the critical point for stable maintaining of partial
nitrification via nitrite [8,9]. Several process parameters, such as
dissolved oxygen (DO) concentration, temperature, sludge retention
time (SRT), substrate concentration, aeration pattern, aeration dura-
tion, and inhibitors, have been found to selectively inhibit or washout
NOB [10,11]. For this reason, a better understanding of the ecol-
ogy and microbiology of AOB in wastewater treatment systems is
necessary to enhance treatment performance in our proposed pro-
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cess technology. Until now, a significant amount of research has
focused on the partial nitrification achieved by low DO [9,12,13].
Presently, most of the studies on NO,-AR have concentrated on the
SBR process [14]. There are only a few studies on partial nitrifica-
tion via nitrite in a continuous flow for treatment domestic waste-
water with high ammonia concentrations [15]; moreover, the short-
term effect of DO on biological nitrogen removal has been discussed
in many studies using batch test [16,17]. However, limited reports
are available on comparisons of partial nitrification via nitrite (NO,-
AR) performance under different DO for long-term operation. It is
still doubtful whether high DO levels would destroy the stable and
high nitrite accumulation ratio (NO,-AR) built by low DO or other
operational factors. Additional studies are necessary to study the
shift of microbial community structure as the partial nitrifying studge
exposes to different DO level over long-term runs operation.

Based on above questions, a new technology of six basins alter-
nately operated activated sludge process (SBASP) was designed like
SBR in control methodology and AA/O in spatial structure and its
own property. It is composed of a rectangular box divided by baffles
to form a six-basin reactor. The direction of flow in SBASP is changed
automatically through changing intake location; thus our technology
achieves automatic reflow without need for reflow equipment for
sludge and mixed liquor. This is the main difference between our
technology and other common activated sludge process technologies.
Consequently, the six basin activated sludge process (SBASP) is
effective for reducing energy consumption.

The objectives of this study were (1) to develop a simple start-
up strategy of partial nitrification via nitrite particularly with regard
to the effect of low DO concentration and short HRT in continuous
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Fig. 1. Configuration of SBASP system with all main part.

B1, B2, B3, B4, B5, six basins, B6-settling tank, 1-internal pipe connection, 2-mixer, 3-electrical sludge return valves line, 4-external pipe
connection , S-electrical sludge return valve c, 10-inlet pipe, 11-inlet valve, 14-inlet aeration valve, 10-inlet aeration pipe, 6-inlet electromag-
netic valves, 7-aeration electromagnetic valves, 18-excess sludge pipe, 17 excess electromagnetic sludge pipe, 15, 16-sludge discharge
valves, 21-effluent pipe, 8-wastewater network, 9-aeration network

flow SBASP treating domestic wastewater with low carbon source,
and (2) to find the shift of microbial community structure and the
morphology of the studge when the partial nitrifying sludge exposes
to different DO level using MPN method and scanning electron micro-
scope, respectively throughout the whole operation period.

MATERIALS AND METHODS

1. Pilot-scale Treatment System

Lab experiments were conducted in a new pilot scale SBASP
which is composed of six tanks, separated by baftles with a work-
ing volume of 0.5 ton/day. The first five tank sequence in terms of
any tank is typically operated under different environment state condi-
tions (anaerobic/anoxic-aerobic) based on phase type, while the last
tank is operated as a clarifier. All basins except the last one have the
same rectangular plane 280240 mm and are supplied with mechani-
cal mixers and air diffusers for providing a suitable state condition
(anaerobic-anoxic/oxic) in the same basin. The particular advantages
of SBASP include compact construction, space-saving, cost-effec-
tiveness, flexible operation and ease of maintenance. The SBASP
system achieved automatic mixed liquor return due to automatic
intake location changing .The main parts of the pilot plant utilized
in this study are the main body, which is a rectangular box of 860
535%905 mm, pre-static pumps, mechanical agitation mixers, PLC
programmable logic control, LCD display screen, inlet wastewater
electromagnetic valves, outlet water electromagnetic valves, aeration
electromagnetic valves, sludge discharge electromagnetic valves,
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and PVC pipes. The principal diagram of the pilot plant with all
major components is shown in Fig. 1. The effective water depth in
the SBASP is 700 mm, while the total depth is 900 mm. Oxygen
is supplied by an air compressor through an air diffuser inside the
reactor. The reactor does not need equipment device for mixed liquor
and sludge return. It contains an external recycle (returned sludge)
without reflow device from a clarifier to other biological basins.
2. Wastewater and Sludge Characteristics

The raw wastewater was taken from Wuxi campus, southeast
university. Approximately 1,000 L of wastewater was pumped from
the sewer line and transported to the hall laboratory every day. To
minimize the variation of wastewater characteristics from day to
day, municipal wastewater was collected at approximately the same
time each day. Average influent COD to nitrogen ratio (C/N) was
only about 2.53, and thus the organic matter was typically limited.
The characteristics of the wastewater quality are listed in Table 1.

Sludge samples were collected from the last aerobic basin (basin

Table 1. Characteristics of the raw wastewater

Contents Range Average
TN (mg/L) 48.5-65.62 56.4+
NH-N (mg/L) 37.6-42.8 40.6+
TP (mg/L) 3.53-4.73 3.68+
COD (mg/L) 118.4-273 125.3+
C/N 1.69-3.88 2.53+
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Fig. 2. Scheme of six basin alternating operating activated sludge system.

five) of each phase in a new pilot scale SBASP at 46, 76, 88, 140,
155, 158, 176,177, 189,210, 234, 246, 258, 270, 249 and 303 day.
3. Experimental Procedure

An operation cycle is composed of two half-cycles with the same
running schemes as shown in Fig. 2. It is divided into six phases,
named as phases 1, 2 and 3 during the first half cycle and phases 4,
5 and 6 during the second half cycle. The optimum phase time was
investigated previously to know the optimum fixed time of SBASP,
whereas this operation parameter has a great effect on nutrient re-
moval efficiency. It was established according to desired biochemi-
cal transformations, whereas the optimum running time was 3, 2.5,
2,3,2.5 and 2 hr of phase L, II, I, IV, V and VI, respectively. The
optimum operating parameters were 13 d of SRT, 15 hr of a HRT,
10% of air/flow ratio and 35% of sludge recycle ratio. Step feed
influent was pumped into both anoxic and anaerobic zone depending
on biological reaction, whereas the influent flow distribution ratio for
the two reactors was 1 : 2. Six basins alternating operating activated
sludge system was operated for 10 months, including six succes-
sive runs (Table 2). Run number I was implemented to investigate
the nutrient removal and partial nitrification via nitrite (NO,-AR)
throughout a combination of short HRT with normal DO of (1.5-2)

mg/L concentration. Based on the operation in run number I, (NaAc)
was added as a carbon source for denitrification during run num-
ber II. Both phases were implemented for comparison with runs
number IV and V that performed NO,-AR. The aim of run number
IIT was to determine if partial nitrification performance (NO,-AR)
could be achieved by controlling DO level at 0.2 mg/L and SRT at
seven days. Run number IV was performed to investigate the influ-
ence of a combination of low DO concentration and low HRT con-
trol on the establishment of NO,-AR. Run number V was provided
to improve TN, TP and NH,-N removal for long-term operation in
SBASP at low DO level based on a stable performance of partial
nitrification performance (NO,-AR). The sludge retention time (SRT)
was extended in run number VI to demonstrate the effect of SRT
control on the stable performance of partial nitrification via nitrite.
4. Analytical Procedure

The analytical methods for COD, NH;-N, NO;-N, NO;-N, and
TN were analyzed according to standard methods [18]; NO;-N
and NO;-N were analyzed by the IC method (Metrohm 761 com-
pact IC equipped with Metrosep A Supp 5 column), while TN was
analyzed by Analytic Jena AG multi N/C 3000. DO and pH were
measured on-line using DO/pH meters. Mixed liquor volatile sus-

Table 2. Experimental schemes for partial nitrification in SBASP process treating domestic wastewater

Run no. Days” DO (mg/l) Influent flow rate (L/h) Flow rate of sludge recycle (L/h) HRT (hr) SRT(d)
I 37-67 1.5-2.5 24.4 7.3 9.1 10
1 68-79 1.5-2.5 24.4 7.3 9.1 10
I “113-134 0.1-0.2 15 4.71 142

135-167 0.4-0.5 244 7.3 9.1 10
v 168-200 0.4-0.5 244 7.3 9.1 10

201-219 0.4-0.5 20 6 11 10
\Y% %234-270 0.4-0.5 18 5.4 13 13
VI¢ %285-303 0.4-0.5 244 7.3 9.1 16

“Day 1-37: Inoculation for AOB, NOB, sludge by SBAS reactor
’Add NaAc (COD=179 mg/l)
‘Add NaAc (COD=95 mg/l)

“15 days operation for steady-state in a continuous-flow SBASP to regulate SRT
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pended solid (MLVSS) and MLSS were measured according to the
APHA standard methods [19]. The maximum probable number
method (MPN) was used to find the two types of ammonia oxidiz-
ing bacteria and nitrite oxidizing bacteria. The mineral medium used
for AOB was modified from [16,17] and the MPNs were calcu-
lated depending on [20-22].
5. Scanning Electron Microscope Observation

The morphology of the bacteria was examined with high resolu-
tion (JSM-6360LYV, Japan). The sludge samples were pretreated by
fixing with 2.5% glutaraldehyde in a 0.1 M phosphate buffer. Sub-
sequently, the samples were washed and dehydrated in a graded
series of ethanol solution (50%, 70%, 80%, 90%, and 100%) for
15 min. Ethanol in dehydrated samples was displaced by 1: 1 (v/v)
of ethanol to isoamyl acetate for 30 min with slight shaking and
then by 100% isoamyl acetate for 30 min. These treated samples
were dried by the CO, critical point drying. The treated sludge sam-
ples were observed after spray-gold treatment, using a scanning elec-
tron microscope (JSM-6360LV, Japan).

RESULTS AND DISCUSSION

1. Achieving Partial Nitrification by a Novel Technology SBASP

The temperature of the water in the SBASP reactor was main-
tained at 24 °C and pH varied from 7.12 to 7.43. This temperature
and pH range could not be used as electron accepter to expand the
differences of specific growth rates between AOB and NOB. There-
fore, temperature and pH parameters were unlikely factors contrib-
uting to partial nitrification via nitrite, in contrast to low DO con-
centrations and HRT control. Fig. 3 shows an overview of average
NO,-AR, nitrite-N and nitrate-N concentrations during the first half
cycle. In runs I and 1, six basins alternately operating activated sludge
system was operated at a normal DO concentration of 1.5-2.5 mg/L.
and total HRT of 9.1 h. The NO,-AR was almost not obvious during
these runs. Very low DO condition (0.2 mg/L) was applied in the
initiation of run I, from (113-134) day to eliminate NOB through
expanding the differences of specific growth rates between AOB
and NOB with limited aeration. The results showed that nitrite build-
up did not occur where NO,-AR was about 1.7% on average and
NH;-N removal was only 24%, as shown in Fig. 3 and Fig. 4. It
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Fig. 4. Investigation results of TN, NH4-N and phosphorus removal
with nitrite and nitrate pathway.

can be seen readily that very low DO concentration (0.2 mg/L) lim-
ited AOB to oxidize NH,-N to NO;-N to some extent, whereas a
little HRT prolonged of 14.2 h with 7 d of sludge retention time was
enough for NOB to oxidize nitrite to nitrate, which resulted in a
lower efficiency of NH,-N removal and nitrite build-up. In the period
(135-167) d of run 111, at DO level of 0.4-0.5 mg/L, nitrite build-up
was not observed and NO,-AR was almost below 2.5% on aver-
age. Partial nitrification via nitrite could not be achieved by control

Run no.l Run no.ll Run no.IlI Run no.IV Run no.V Run no.VI
] 1
' :
! ! r 110
55 —O—NOs-N | —O0—NO,-N —&— NAR%
' F 90
) 20 i i
£ E | L 70
z : : S
2 15 ] i
(o] F ~
2 ! ! &\ i
=z ' H
g 10 - ; b 30
=z ]
5 1 Ho 10
bttt bbbtk — -
0 0000000000 —L-COaOOaTATIONINN L 10

15 65 115

215 265

Time (day)

Fig. 3. Variation of NO,-AR in SBASP system during six runs.
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of low DO level, whereas total HRT was used as an electron ac-
cepter for AOB growth. Thus, DO concentration was kept constant
at 0.4-0.5 mg/L in run IV and V. During initiation of run IV (168-
200) days, partial nitrification via nitrite was successfully achieved
through increasing the flow rate of sludge recycles to 9 L/h. Results
showed that NO,-AR reached 83% at 201 d, which illustrated that
NOB activities were successfully eliminated. It was interesting that
DO concentration had no distinct influence on NO,-AR, which was
95% in run IV and V. Many studies achieved partial nitrification
via nitrite by using low DO to enrich AOB or washout NOB due
to their different oxygen affinity constants [11,12]. Additionally, some
studies reported that low DO would destroy or decrease stable nitrite
accumulation ratio after long-term operation [17,23]. However, the
results from this study did not support this point, which was mainlty
attributed to limited (even negligible) number of NOB in the reactor
during runs (IV and V). Furthermore, the short HRT resulted in poor
NH,-N and TN removal of 50% and 56%, respectively. Thus, total
HRT was increased to 11 h in the period (201-219) d of run IV for
improvement NH;-N and TN removal. During this pried, NO,-AR
remained about 90% (Fig. 5). HRT was increased to 13 h and SRT
also was prolonged to 13 d to enhance TN removal at the period
(234-270) d of run V, whereas TN and NH,-N removal was stabi-
lized over 83% and 97%, respectively (Fig. 4). In addition, NO,-
AR was stabilized at over 94% as shown Fig. 3; this was observed
probably due to inhibition of NOB at low DO concentration com-

bined with short HRT parameter. Run number VI (285-303) d was
implemented to investigate the impact of extension SRT on nitrita-
tion process. Result showed that NO,-AR declined obviously to
less than 44%. These observations demonstrated that the control of
SRT was necessary to stabilize partial nitrification via nitrite.
2. Overall Performance of the Partial Nitrification on Phos-
phorus Removal

Fig. 4 showed that the average phosphorus removal during all
operation runs in SBASP. In run I, influent COD concentration fluctu-
ated with a low concentration 209 mg/L. on average, which resulted
in unsteady fluctuation in C/P ratio. However, phosphorus in the
effluent of basin five was low 0.35 mg/L on average. In run II, NaAc
was added (COD 179 mg/L), which resulted in increasing in C/P
ratio to 84.3 on average; thus, good phosphorus removal was ob-
tained during run II where the effluent phosphorus was below 0.23
mg/L. In run 11, C/P ratio was fluctuating and poor phosphorus re-
moval was achieved due to low DO level during period 113-134 d.
In run IV, nitrite build-up in the aerobic zone was gradually increased
while influent C/P ratio was reduced as shown in Fig. 3. Thus, efflu-
ent phosphorus concentration was increased obviously to 0.288 mg/
L during this period. In run V, good phosphorus removal (95.8%)
was achieved via nitrite pathway. NaAc was added in run VI where
C/P ratio reached 57% on average and effluent phosphorus con-
centration became 0.16 mg/L which met the Chinese discharge stan-
dard (GB18918-2002) level A. In comparison of runs I and II with

Fig. 5. SEM pictures taken from SBASP system during different runs: a, seed sludge; b, run 1 (73 day); ¢, run 1V (217 day); d, run V

(266 day).
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run VI, phosphorus removal via nitrite pathway during run VI was
96%, which shows the actual reason for enhancing biological phos-
phorus removal in comparison with runs I and I1.
3. SEM Analysis

The morphology and inner structure of the granules sludge in
the new SBASP system were observed in more detail using SEM
analysis. Sludge samples were taken from the last acrobic basins of
a system for scanning electron microscope examination to observe
the sludge morphology. Images taken from the seed sludge showed
that the biomass was exposed with some substance and the shape
of the bacterial cluster could not be identified properly (Fig. 5(a)).
Sludge images showed that clusters of different sizes were observed
clearly and distributed all over on the day 60 as shown in Fig. 5(b). It
can be seen readily from Fig. 5(c) and d that thick clusters of spherical
cells and small rod-shaped cells (NOB and AOB) were the domi-
nant population structure rather than filamentous and other bacteria
during a long-term operation of runs IV and V. This similar event
was found in a nitritation reactor treating high NH;-N concentra-
tion in wastewater [9]. However, it was not easy to identify these
clusters of bacteria by scanning electron microscope presentation
alone. To investigate whether DO would influence the bacteria com-
munity structure, the composition of the microbial population was
characterized using MBN method.
4. Variations of Ammonia Oxidizing Bacteria with NO,-AR
in the Reactor

Fig. 6 shows the variation of ammonia oxidizing bacteria with
NO,-AR in all investigated runs. It illustrates that AOB population
had a clear correlation with NO,-AR. In runs I and II, at normal
DO levels, the SBASP system showed very good complete nitrifi-
cation, whereas the AOB population increased obviously from 4.7x
107 cell/g MLSS on day 46 to 7.7x10” cell/g MLSS on day 88. Over
long-term operation under different DO levels, the MPN method
showed that higher nitrification efficiency in run II was not only
caused by high DO, but also might be due to more AOB percent.
According to MPN results, it can be speculated that the competition
mechanism between microbial species was different in the reactor.
To carry out stable partial nitrification via nitrite, it is critical to achieve
the enrichment of AOB and inhibition of NOB. Generally, high DO
might destroy high NO,-AR, and it is difficult to get the AOB accu-
mulation under high DO. Therefore, the further transformation from
nitrite to nitrate could be avoided effectively after 80 day of aeration
period. Differently, the main competition relationship existed between
AOB and filamentous bacteria at limited DO condition. Compared
with NOB, AOB with high oxygen affinity would be outcompete
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Fig. 6. AOB quantification by MPN analysis.
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with NOB under low DO, thereby resulting in partial nitrification
via nitrite. The conditions of low DO and insufficient organic matter
would make filamentous bacteria get competition dominance. How-
ever, filamentous bulking did not occur in run IV although some
limited amount of filamentous bacteria could be found by micro-
scopic examination, which was attributed to controlling DO con-
centration. Sludge population optimization, as an emerging concept
and a new dimension to the control of biological wastewater treat-
ment systems, was first proposed by [24]. Recently, many studies
have shown that control system and process design have significant
effects on microbial community [10]. Some control systems have
been designed and exploited to achieve an optimized microbial com-
munity. In a new SBASP, the combination of low DO and short
HRT was not only favorable for a novel biological nitrogen removal
technology, such as partial nitrification via nitrite, but also benefi-
cial for achieving sludge population optimization based on scan-
ning electron microscope and MPN analysis. In run III, nitrification
deteriorated in the beginning of this run due to low DO of (0.2 mg/
L), leading to a decrease in AOB by 36.36% on day 140 as shown
in Fig. 6. At the second period of run IIL, NO,-AR increased gradu-
ally and AOB population increased to 1.25x10° cell/g MLSS on
day 176 due to increased DO level of (0.4-0.5) mg/L. In Run num-
ber IV, NO,-AR increased gradually to 90% as the HRT was reduced
t0 9.1 h; the AOB population reached 4.46x10°® cell/g MLSS. Dur-
ing run V, the AOB population stabilized at about 5.33x10°% cell/g
MLSS, of which a maximum NO,-AR level was over 95%. These
observations indicated that the AOB population tended to be stable
during steady partial nitrification performance. Finally, in run VI, NO,-
AR was decreased from 93% on day 270 to 37% on 303 day due
to the increasing of SRT. Furthermore, the stability of the SBASP
system deteriorates if the SRT is too short (7 days); thus it is not
recommended in this system. As the SRT of 16 day, prolonged time
is required to achieve higher nitrification rate, whereas NO,-AR is
low during the operation of run VI. The proposed explanation for
this observation is that (a) removal of AOB throughout sludge wast-
age is effectively slow when applying prolonged SRT, and (b) both
nitrifying bacteria of NOB and AOB are grown during the aerated
period of the operation. Thus SRT of 10 close to 13 days is more
appropriate in this study where AOB population is stabilized at bout
5.33x10°% cell/g MLSS.

5. Nutrient Removal by the Pathway of Nitrite and Nitrate

In this study, the SBASP system was performed for treating domes-
tic wastewater with low (C/N) ratio. Fig. 7 shows the concentration
profiles of TP, TN and NH;-N during the first half cycle. NO;-N
and NO;-N concentrations along the system during different phases
and runs were also tracked to gain a better insight into nitrogen re-
moval.

In run I, short HRT of 9.1 hr was applied with normal DO con-
centration of 1.5-2.5 mg/L. The total removal efficiency of TP, and
NH,-N was over 95% and 92.4%, respectively, while TN removal
was only 70% due to low C/N ratio on average with an effluent of
NO;-N concentration reaching 23 mg/L (Fig. 6(a)).

In run II, TN, TP and ammonia-N removal were improved as
shown in Fig. 6(b) by adding NaAc as a carbon source to increase
C/N ratio of influent to six. Thus, TN removal reached 84% with an
effluent of NO;-N concentration below 14 mg/L. on average, even
though the nutrient removal of SBASP met the Chinese require-
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Fig. 7. Average dynamic pollutant concentrations in SBASP of phase 1, 2, and 3 during run I (a) run II (b) run IV (c).

ment of discharge wastewater level A (GB-18918) during run L.

In runs II and IV, TN and NH;-N removal was reduced to 66%
and 51%, respectively, due to a low DO level and short HRT.

In run V, due to the stable performance of partial nitrification via
nitrite, NO,-AR average was above 95% during the first half cycle
(Fig. 7(c)). Thus, TN was removed by the nitrite pathway in this
run, whereas TN removal reached 79% at 247 d, even though the
average C/N ratio was only 2.39. In addition, NH;-N removal was
also increased to above 97% through slightly extending of HRT to
13 hr (Fig. 7(c)). In comparison to run I at a low C/N ratio, with

TN removal by the nitrate pathway, TN removal during run V was
9% higher than TN removal by nitrite pathway, and was essentially
equal to that of run II with the addition of external carbon sources.
In run VI, the total removal efficiency of NH,-N, TP and TN
was observed as 96.6, 86.3 and 96.1, respectively, where the system
was changed from a partial nitrification to complete nitrification
owing to the extension of SRT to 16 d. The addition of external car-
bon source during run VI increased TN removal to 85% with an
effluent of TN concentration 8.51 mg/L during the first half cycle.
Consequently, the nutrient removal along the six basin activated

Korean J. Chem. Eng.(Vol. 30, No. 11)
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Table 3. Selected Suspended biomass of TP and TN removal processes® '**?

Influent (mg//) Effluent (mg/l)
Process
TP TN TP

A/O <7 - 2

Phostrip <7 - 2

A/O <4 - 1

Phostrip <4 - 1

A’O <7 10 or 15 2

Phostrip+anoxic reactor Bardenpho, VIP, Bio Denipho, SBR <4 10 or 15 1

2

A.O Barfienpho ,Bardenphp, VIP, . Matel salt .sgpplement/or <7 10 or 15 lor2

Bio Denipho, SBR, phostrip+anoxic reactor SCFA addition

SBASP/this study <4 8-10 <0.5
sludge reactor via nitrite pathway at low DO concentration of 0.4- 3 ESVI —— Average DO 250 o
0.5 mg/L. was approximately equal to the complete nitrification-deni- 25 200 E‘
trification with the addition of external carbon sources at DO of 1.5- 3 24 A
2.5 mg/L. Hence, TN removal via nitrite pathway is highly benefi- * .l 150 ¢
cial for domestic wastewater treatment with limited carbon. Table 3 s 100 §
shows the average performance for total P and Total N removal for a | 3
number of biological P-removal processes [25]. Results showed that 051 0 -
average effluent concentrations of less than mg/L are only achieved 0 0o “

when the influent concentration is low. To meet the 1 mg/L stan-
dard requires an influent of less than 4 mg/L, and to meet a 2 mg/L.
standard needs an influent concentration less than 7 mg/L. In AA/
O process, the last decay study showed that effluent concentrations
were 15 mg/L of TN and 2 mg/L of TP, which were only achieved
when the influent concentration was higher than 7 mg/L. In this study,
TN and TP removal was achieved via both nitrite and nitrite path-
way with effluent concentration less than 0.5 mg/L of TP and less
than 8 mg/L of TN by a new process of SBASP.
6. Effect of Low DO Level on Sludge Volume Index (SVI) in
SBASP

In this study, the sludge volume index was measured during a
long-term operation to evaluate and monitor settling characteristics
of activated sludge and other biological suspensions in SBASP. In
a continuous-flow system, sludge bulking readily occurs during long-
term operation with low DO concentrations [26] which it has accrued
by the excessive hydration of activated sludge. It may be caused
by sludge overloading, lack of nutrients in wastewater, a deficit or
too high dissolved oxygen concentration, low pH value or finally
also for technical reasons. As a result, unwanted activated sludge
microorganisms appear, especially the filamentous bacteria. These
bacteria cause a distinct increase of the active surface of floes which
in turn significantly slows down the sludge settling. This occurrence
influences sludge settling in the secondary clarifier and is the main
cause of unsatisfactory effluent quality [26]. However, sludge bulk-
ing was not observed in this study, whereas sludge volume index
was (93-109) ml-g™' during the performance of partial nitrification
at low DO level (Fig. 8). In run I, at normal DO concentrations of
(1.5-2.5) mg/L, sludge volume index was maintained at about 100
ml/g, indicating a well-settled sludge. In Run number II, with the
NaAc addition as external carbon source, sludge bulking occurred
with sludge volume index was more than 230 ml/g (Fig. 8(a)). High
amounts of filamentous organisms were observed that extended from
the flocs into the bulk solution, interfering with compaction and set-

November, 2013

1 16 31 46 61 76 91 106 121 136 151 166 181 1% 211 226
Operation time (days)

Fig. 8. Variations of sludge volume index during long-term opera-
tion.

tling. Thus, sludge volume index increased rapidly above 230 ml-
g '. We hypothesized that the addition of a readily biodegradable
carbon source (NaAc) was the main cause of sludge bulking. In the
initiation of Run number I1I, at DO levels of 0.1-0.2 mg/L, sludge
volume index was still in the high range of 179-233-ml-g"'; how-
ever, in the initiation of the middle of run IIT (113-134) it was found
that sludge settleability was obviously improved and SVI gradually
decreased with DO increased to 0.4-0.5 mg/L. Especially in run V,
the result indicated that sludge volume index stabilized below 97
ml-g™ as the partial nitrification via nitrite occurred and NO,-AR
stabilized over 94%. Lower DO of (0.4-0.5) mg/L produced clearer
effluent but did not lead to poorer settling properties. Therefore,
this study revealed very good settling properties of the sludge at
low DO of (0.4-0.5) operation and the sludge bulking phenomena did
not appear. However, low DO is an essential parameter to achieve
NO,-AR and favorable to higher oxygen transfer rate, so it is recom-
mended to be employed in SBASP.

In Run number VI, owing to the extension of sludge retention
time, SVI increased to 106 ml-g' (Fig. 8) and sludge bulking did
not occur, even though external carbon sources (NaAc) were added.
NaAc dosage of COD (95) mg/L was depleted in the anaerobic and
anoxic basins, and thus the substrate was not available to filamen-
tous organisms in the aerobic basin. These experimental results are
different from other previous studies, in which SVI variations showed
a clear correlation with nitrite accumulation rates [27].

CONCLUSION

A new technology of six basins alternately operating activated
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sludge process in treating domestic wastewater was designed and
investigated for a long-term period of 303 days for effective remov-
ing of nutrients and organics from domestic wastewater. It can be
strongly recommended for advanced treatment of domestic waste-
water due to the following reasons:

SBASP can be operated safely with limited carbon source in terms
of low carbon requirement and aeration cost, whereas the total nutri-
ent removal efficiencies of TN, NH,"-N, and TP with low C/N ratio
and DO concentration of 0.4-0.5 mg/L were 86.2, 97 and 96.1%,
respectively, which was approximately equal to the complete nitri-
fication-denitrification with the addition of external carbon sources
ata DO level of 1.5-2.5 mg/L.

As a final engineering observation, the proposed system is regarded
as an effective process because nitrite accumulation rate (NO,-AR)
in the last aerobic basin was stabilized over 95% throughout a combi-
nation of low DO of 0.4 mg/L and short HRT of 9.1. The achieve-
ment of nutrient removal via nitrite in SBASP process is highly bene-
ficial for the treatment of domestic wastewater with low C/N. More-
over, energy saving by low DO would be technically feasible if sludge
settleability did not become too weak to affect separation of sludge
and effluent quality.

The morphology and internal structure of the granular studge was
observed by using a scanning electron microscope, and the image
indicated that thick clusters of spherical cells and small rod-shaped
cells were the dominant population structure than filamentous and
other bacteria during the operation period. MPN method was also
used to correlate AOB numbers with nutrient removal. It showed
that an ammonia-oxidizing bacterium (AOB) was the dominant nitri-
fying bacteria and nitrite-oxidizing bacteria (NOB) was not recov-
ered, whereas high NO,-AR was achieved at AOB number of 5.33%
10® cell/g MLSS.

The SBASP achieves automatic recirculation without equipment
for sludge and mixed liquor return because the direction of flow is
changed automatically via changing intake location. Therefore, the
SBASP system is also effective for reducing energy consumption.
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