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a b s t r a c t

This study aims at evaluating the impacts of PAM addition on activated sludge performance. Four lab-scale
sequencing batch reactors (SBRs), each with a working volume of 3 L, were investigated with different
PAM concentrations. Experiments were conducted with varying organic loading rate and the sludge vol-
ume index (SVI), particle size, zeta potential, specific oxygen uptake rate (SOUR), mixed liquor suspended
solids (MLSS), COD and ammonium removal efficiency were monitored over a 105-day period. The results
eywords:
AM
ctivated sludge
erformance
BR

showed that all of the PAM addition not only improved the removal efficiencies of COD and ammonium,
but also exhibited some advantages on sludge performance. It was found that the sludge performance
of settling property, flocculation and microbial activity increased with increasing concentration of PAM.
However, high level of PAM (1 mg/L) led to the formation of large amounts of loose-structure flocs, which
eliminated dissolved oxygen transfer and caused the sludge disintegration, resulting in bad settleability
and lower microbial activity. In this way, when the dosage of PAM was 0.1 mg/L, the sludge had the best

vity.
settling property and acti

. Introduction

Activated sludge process, one of the ways of biological treat-
ent, is commonly used in domestic wastewater treatment, or in

he secondary treatment of the industrial wastewater, and over 90%
f the municipal wastewater treatment plants use it as the core
art of the treatment process [1,2]. The basic function of activated
ludge process is to convert organics to carbon dioxide, water and
acterial cells [3]. Nowadays, the discharge wastewater is more
omplex in nature and cause harm to human’s health [4]. In gen-
ral, coagulation/flocculation process is used as a pretreatment
rior to biological treatment in order to enhance biodegradabil-

ty of the wastewater during the biological treatment [5]. The
echanism of applying coagulation/flocculation treatment is gen-

rally to remove the colloidal matter present in the wastewater

nd aggregate small particles into larger sized ones [6]. The com-
ounds such as ferric chloride, aluminium chloride and/or polymer
re common flocculates used in water and wastewater treatment
7]. PAM is a generic name for thousands of polymers containing
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acrylamide as the major constituent. These polymers have differ-
ent charges (anionic, cationic, or neutral), charge densities, and
molecular weights and they are amorphous and water soluble
[8]. Among them, the cationic species of PAM is mostly used in
activated sludge process. The flocculating mechanism of cationic
PAM contains charge neutralization and bridging. On one hand,
the sludge particles in water usually form anionic species, thus,
charge neutralization occurs by the adsorption of the PAM chains
on to the particle surface, where the cationic PAM will locally
reverse the particle surface charge. On the other hand, PAM is a high
molecular weight polymer, which could adsorb onto the surface of
sludge particles with its long-chains where the tails and loops are
extended far beyond its surface and can interact with other particles
via bridging flocculation [9,10]. Based on the above mechanisms,
domestic water and wastewater treatment uses PAM as a floccu-
late to pre-settle influent, to thicken and dewater sewage sludge
[11]. However, PAM and its derivatives, pose a number of environ-
mental problems as the intermediate products of their degradation
are hazardous as their monomer is highly toxic [12,13]. The effluent
of activated sludge treatment inevitably contains lower concentra-

tion of PAM, so investigating the effect of trace amounts of PAM on
activated sludge performance has great significance.

The objective of the research described in this manuscript is
to understand the effect of trace amounts of PAM supplementa-
tion upon sludge performances in SBR. The hypothesis is that trace

ghts reserved.
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Table 1
Composition of the synthetic wastewater used in this study. Values are in mg/L
except the pH.

Component Concentration Component Concentration

(NH4)2SO4 566 FeSO4·7H2O 10
KH2PO4 25 ZnSO4·7H2O 4.4
KHCO3 125 CoCl2·6H2O 3.2
CaCl2·2H2O 300 MnCl2·4H2O 10.2
MgSO 200 CuSO ·5H O 3.2
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NiCl2·6H2O 19 EDTA 6.25
H3BO3 6 Glucose 625
pH 7.0–7.8

mounts of PAM addition in SBR treating would enhance reactor
erformance and positively impact sludge properties manifested

n terms of better settleability, increased sludge activity, etc. To
he best of our knowledge, there are no published studies on the
ffect of trace amounts of PAM addition on sludge properties in SBR
perated with organic synthetic wastewater and landfill leachate
efore.

. Materials and methods

.1. PAM and inoculums

Commercial PAM, used was Chemfloc YC250, obtained from
o. 2 Sewage Treatment Plant (Changsha, China). The polymer
as cationic, with high charge density and a molecular weight of

–10 million Da. The PAM used in this experiment was added as a
olution at the concentration of 0.5 g/L. The solution was prepared
er 24 h because it was easy for hydrolysis. The activated sludge
rom the Heimifeng Landfill Leachate Treatment Plant (Changsha,
hina) was used to seed the reactors. The initial total suspended
olid (TSS) content in the reactors was 2.097 g ss/L.

.2. Synthetic wastewater and raw leachate

The composition of the synthetic wastewater [14] used in
his experimental was described in Table 1. The synthetic
astewater contains glucose, ammonium sulfate, potassium dihy-
rogen orthophosphate and trace nutrients, which has COD of
80–600 mg/L, BOD5 of 520–540 mg/L and total nitrogen (T-N) of
30–150 mg/L. The synthetic wastewater used in this study does
ot contain any colloidal and suspended particles. It contains only
oluble organic matter. The raw leachate used in this experimen-
al was supplied from the Heimifeng municipal solid waste (MSW)
anitation landfill site (Changsha, China) per 10 days, and conserved
t 4 ◦C. The average values of the principal chemical compounds
oncentration were summarized in Table 2.

.3. Experimental set-up and operation
Four identical SBR reactors were operated in parallel where
eactor 1# used as a reference (without PAM), reactors 2#, 3#, 4#

ere added the PAM with concentrations of 0.01, 0.1, 1.0 mg/L,
espectively. The experimental reactor with its instrumentation
nd control system is schematized in Fig. 1. The working volume of

able 2
haracteristics of the raw landfill leachate from the Heimifeng municipal wastes

andfill site of Changsha city. Values are in mg/L except the pH.

Compound Average ± S.D. Compound Average ± S.D.

COD 3876 ± 661 NO2
−-N 0

BOD5 548 ± 236 TKN 2018 ± 512.3
NH4

+-N 1451 ± 417 Alkalinity 9618 ± 3502
NO3

−-N 0 pH 7.67 ± 0.53
Fig. 1. Schematic representation of the 3 L lab-scale SBR (1. control system; 2. influ-
ent pump; 3. effluent pump; 4. pH controller; 5. stirrer; 6. probes (pH, DO, T); 7.
jacketed SBR; 8. air compressor).

the reactor was 3 L, with an internal diameter of 10 cm and a height
of 40 cm. A complete mixture was achieved during the filling and
reaction phases with a mechanical stirrer at the speed of 100 r/min.
Dissolved oxygen (DO) was controlled within 2.0–4.0 mg/L during
all aeration reaction stages utilized an air-compressor and three
micropore aerators supplied air. The pH inside the reactor was ini-
tially controlled at a maximum set-point value between 7.3 and 6.8,
adding 0.5 mol/L Na2CO3 or 1 mol/L HCl. An auto control system
consisted of an interface card (PCL-812 PG, Advantech, USA) and
two probes (one reads pH, other one reads DO and temperature)
was utilized to carry out the real-time control of the thermostatic
system, the aeration system and the pH system.

The experiment was divided into two periods. In period I,
the reactors were fed with the organic synthetic wastewater as
described in Table 1. Over this period, the organic loading rate
was stepped up periodically by increasing the exchange volume (as
equivalent feed of the classical continuous supply systems), rang-
ing from 150 mL to 750 mL. The main purpose of this period was
to study different concentrations of PAM on the performance of
activated sludge. When the exchange volume was maintained as
750 mL, the PAM was absent for 10 days and then recovered. Dur-
ing this period, the characteristics of sludge effect by PAM were
detected and compared.

In period II, the reactors were fed with a mixture of organic
synthetic wastewater (the exchange volume of organic synthetic
wastewater was always maintained at 750 mL) and landfill leachate
from the Heimifeng Landfill Leachate Treatment Plant (Chang-
sha, China), while the landfill leachate volume was increased from
25 mL to 250 mL. The main purpose of this period was to study the

integrated effect of trace amounts of PAM and landfill leachate on
the performance of activated sludge.

The entire study was carried out on a 12 h operational cycle,
consisting of four phases: (1) feeding phase, which was supposed
to occur in an instant; (2) reaction phase, which contained four
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Fig. 2. SVI in the reactors.

eration stages and four anaerobic stages running alternately for 2 h
nd 1 h, respectively; (3) settling phase, which was simultaneously
arried out with the last anaerobic stage of the reaction phase; and
4) drawing phase, which was considered to occur in an instant like
ll phase.

Moreover, all reactors were measured for the concentration of
OD and ammonium over a 12 h cycle to observe the removal effi-
iency. The sludge volume index (SVI), particle size, zeta potential,
pecific oxygen uptake rate (SOUR) and mixed liquor suspended
olids (MLSS) content were monitored at specific times (as men-
ioned in the sections when influent load rate changed).

.4. Chemical analysis

DO and pH were measured by a DO meter (HI9143, Hanna, Italy)
nd a pH meter (pH meter pen, Lida, China), respectively. The SOUR
as calculated using the following equation:

OUR(mg O2 g SS h) = −60
G

X

here G is the slope of the linear portion of the DO decline curve
n mg/L min and X is the SS concentration in g/L.

Ammonium nitrogen (NH4
+-N), COD, mixed liquor suspended

olid (MLSS), and sludge volume index (SVI) were analyzed accord-
ng to the standard methods for the examination of water and

astewater [15]. Particle size of sludge was analyzed with laser
iffraction technique (Mastersizer, Malvern 2000, UK). The zeta
otential of sludge was measured using a Zetasizer 3000 (Malvern

nstruments Ltd., UK).

. Results and discussion

.1. Sludge settleability and particle size

Sludge settleability was determined by measuring the sludge
olume index (SVI), which is the volume of MLSS after 30 min of
ettling [6]. The SVIs measured during the experiments are dis-
layed in Fig. 2. Without PAM addition, the SVI decreased slowly.
n the other hand, the use of PAM improved the settleability of

he activated sludge in SBRs and lower SVIs were observed. After
day, reactor 3# and reactor 4# showed the lower SVI compared

o reactor 1# and reactor 2#, which were 183, 185, 206, 281 mL/g,
#
espectively. After 15 days, the SVI of reactor 3 showed the low-

st value (141 mL/g), followed by reactor 2# (178 mL/g), reactor
# (181 mL/g) and reactor 1# (236 mL/g). In the later 16–40 days,
he SVIs of reactor 3# and reactor 2# dropped dramatically and

aintained at relatively constant values around 106 and 130 mL/g
Time (days)

Fig. 3. Sludge particle size in the reactors.

respectively in case of 0.1 and 0.01 mg/L PAM addition. Neverthe-
less, the SVIs of reactor 4# and reactor 1# dropped slightly and the
values were around 175 and 210 mL/g, respectively. In reference to
sludge settleability improvement by PAM, Wong et al. [16] reported
that the use of PAM improved the sludge settling characteristics.
The SVI value of cationic PAM was less than 30 mL/g in reactor to
treat the pulp and paper mill wastewaters. The SVI values in this
study were higher compared to the reported values. This might be
due to the different treatment method and operational parameters
used in the experiment.

There was a sudden rise in SVIs for all PAM addition reactors on
the 50th day. The increase was due to the PAM was absent during
that period. After few days with PAM added, the SVI recovered.
This further demonstrated that the use of PAM can decrease SVI
thereby improving the settleability of the activated sludge. During
period II the reactors were fed with a mixture of organic synthetic
wastewater and landfill leachate. As can be seen from the results,
there was only marginal difference between the SVIs with period I
and period II. Thus, this indicated that the reactors still present the
good settleability even after adding the landfill leachate.

To further understand the sludge settleability of the reactors, the
sludge particle sizes with a volume mean diameter (VMD) were
measured. According to the results listed in Fig. 3, after 7 days,
with no PAM added, the sludge particle size reached a VMD of
126 �m. When PAM was added at 0.01 mg/L, sludge particle size
reached a VMD of 179 �m. At the highest PAM dose of 1 mg/L, the
sludge grew to a VMD of 215 �m. There was a clear difference
in the size of the sludge between PAM and nonPAM-dosed sys-
tems with sludge formed with PAM being consistently larger and a
general trend for higher polymer doses to have larger flocs. How-
ever, in the later period, higher concentration of PAM (1 mg/L) led
to the formation of large amounts of loose-structure flocs, which
caused the sludge disintegration and small particle size can be seen
(378 �m). Meanwhile, the particle size of reactor 3# and reactor
2# increased significantly with time and reached up to 823 and
574 �m, respectively. Zhe et al. [17] draw a similar conclusion when
they investigated the effect of cationic PAM on the floc size. They
reported that flocs size induced by cationic PAM with C448 and
C498 increased to 731 �m and 796 �m, respectively.

Also, there was the similar tendency during the period of PAM
was absent. The particle size gained a sudden drop during that
period and then recovered after a period of stable PAM addition.
During period II, the reactors still presented the stable particle size

after adding the landfill leachate. Since sludge settleability was pos-
itively influenced by increased particle size [18], the lower SVIs
were achieved by PAM addition could be owing to its ability of
increasing particle size.
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Fig. 4. Zeta potential in the reactors.

In the present study, it suggested that the use of PAM could
ecrease SVI and increased particle size thereby improved sludge
ettling property. The optimal dosage of PAM was 0.1 mg/L, and
igher concentration of PAM (1 mg/L) might have negative effects
n sludge settleability.

Flocculants with high molecular weights are usually long
nough and contains a sufficient number of free functional groups,
hich can act as bridges, bringing many suspended solids together

nd building larger flocs [19,20]. The PAM, used in this study,
as a high molecular weight polymer (molecular weight was

–10 million Da). Thus, the bridging flocculation occurred with its
ong-chains where the tails and loops are extended far beyond its
urface and can interact with other particles [9,10]. On the other
and, the PAM used in the experiment was cationic. The role of
ationic PAM is to increase the adsorption of flocculants on the sur-
ace of sludge particles by diminishing the negativity of the charged
articles. However, higher amount of the PAM may lead to compe-
ition during bridging between the flocculants and adverse effect
n the surface of sludge particle. The effectiveness of flocculants
dsorption depends on the amount of polymer adsorbed per unit
rea of the surface of the particles [21]. But the surface of particle
s insufficient for flocculants adsorption when creating high com-
etition amongst the PAM [8]. At low concentration of PAM, the
dsorbent site for particle adhesion is available. The mechanism of
harge neutralization was dealt with in the following section.

.2. Zeta potential

Fig. 4 summarized the zeta potential with different concen-
rations of PAM together with the values of control SBR. Prior to
tarting-up, the sludge particles have moderate negative charge
nd corresponding zeta potential (−21.6 mV). As observed, the
eta potential increased quickly after PAM addition compared to
onpolymer-dosed system. After 7 days, the zeta potential showed
he values of −19.5 to −17.7 mV from 0.01 to 1 mg/L PAM, while the
onpolymer-dosed system reached a zeta potential at −21.3 mV.
fter that, the zeta potential increased gradually with time and
eached up to −13.2, −11.7, and +7.2 mV, respectively in case of
.01, 0.1, and 1 mg/L PAM addition by the end of period I. In con-
rast, the zeta potential of reactor 1# increased slightly and gained
he relatively constant value around −18.2 mV.

In the case of cationic polymer, the optimum flocculation was

inked to the reduction of the magnitude of the zeta potential to
ero by charge neutralization [22]. In general, the optimum regions
f −10 mV and +3 mV were recommended for flocculation perfor-
ance whereby the particles were stable [23,24]. In our present

tudy, the zeta potential of reactor 3# was nearest to optimum floc-
Time (days)

Fig. 5. SOUR in the reactors.

culation region, which implied best flocculation. Reactor 2#, with
lower concentration of PAM (0.01 mg/L), showed a lowly increase
in zeta potential. Higher concentration of PAM led to the excessive
increase in zeta potential.

By the end of period I, there was a sudden decrease in zeta poten-
tial and then recovered. This was ascribed to that the PAM was
absent during that period. After few days with PAM added, the zeta
potential recovered. During the period II, the zeta potential got a lit-
tle higher than period I. This was due to the landfill leachate which
had toxic substances such as heavy metals (Cu, Cr, Zn, Ni, etc.) could
cause charge neutralization to the sludge particle surface.

The above information pointed towards a correlation between
zeta potential and various sludge properties. The use of PAM
could result in zeta potential close to the optimum flocculation
region thereby improved sludge flocculation property. The opti-
mal dosage of PAM was 0.1 mg/L, and higher concentration of PAM
(1 mg/L) might have negative effects on sludge flocculation. Simi-
lar behavior has been reported by Patience et al. [23], who found
the zeta potential of flocs increased with the increasing of cationic
PAM concentration. The sludge particles in water usually form
anionic species, thus the electrostatic attraction occurred between
the negatively charged particles and the positively charged PAM
adsorption on the particles [25,26]. However, higher concentration
of cationic PAM might lead to adverse effect where the sur-
face of particle became positively charge. When this phenomenon
occurred, bridging of particle during flocculation was assumed to
difficult. This was because flocculation process was improved due
to a decline in the charge density by the supplied cations, leading
to inter-particle bridging between sludge particles [27]. Low con-
centration of PAM might affect the charge neutralization process
due to the surface of particle was negatively charged, the cationic
PAM was not being able to absorb on the surface of particle [8]. It
was suggested that repulsive force might have occurred. The poly-
mer chain might not be able to overcome the force and failed to
extend the chain far enough to attach on the particle surface. Opti-
mize concentration of PAM could cause the surface of the particles
to obtain enough charge to bridge with other particles.

3.3. Specific oxygen uptake rate (SOUR)

Specific oxygen uptake rate (SOUR) tests of mixed liquor
had been conducted periodically in order to investigate the

impact of PAM on microbial activity and oxygen transfer. Fig. 5
presents the SOUR in four SBR reactors. The SOUR increased
with time. All of the PAM addition resulted in a higher increase
(3.43–22.97 mg O2 g SS−1 h−1) as compared to that of no floc-
culant addition (3.43–10.53 mg O2 g SS−1 h−1), which indicated
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AM addition led to a high oxygen transfer. The SOUR val-
es in this study (3.43–22.97 mg O2 g SS−1 h−1 is equivalent to
.29–28.71 mg O2 g VSS−1 h−1) were relatively higher than those
eported in the literature [28] for PAC addition to treat high strength
astewater (3.3–12.7 mg O2 g VSS−1 h−1).

As observed, after 7 days, the SOUR in reactor 3# and reactor 4#

as higher than reactor 1# and reactor 2#. However, after 15 days,
he values of SOUR were as follows: reactor 3# > reactor 2# > reactor
# > reactor 1#. These indicated that the optimal dosage of PAM
o improve SOUR was 0.1 mg/L (reactor 3#). On day 40, the PAM
as absent for 10 days, a lower SOUR value was observed dur-

ng this period. However, after a period of stable PAM addition,
he system recovered its performance. This phenomenon further
emonstrated that PAM addition enhances microbial activity. A
revious study showed that the PAM, which had the chemical char-
cteristics of specific chains can stabilize particles fixation, builds
omposite materials [29]. The rough surface provided by the PAM
or microbial growth, thereby improved the microbial activity and
xygen transfer. However, the charge reversal and competition
uring bridging between the flocculants that caused flocs breakup
s well as eliminated dissolved oxygen when there was excessive
r overdosing of PAM. During period II, SBR was initially fed with
mixture of organic synthetic wastewater and landfill leachate,

nd the SOUR values in all reactors showed a slight decrease com-
ared to period I. The microbial population in activated sludge was
heterogeneous community, the landfill leachate which had toxic

ubstances such as heavy metals (Cu, Cr, Zn, Ni, etc.) and certain
ompounds such as volatile fatty acid inhibited the sludge activity
30–32].

It was also observed that the concentration of MLSS increasing
teeply in all of the PAM addition compared to nonpolymer-dosed
ystem (Fig. 6). After 47 days operation, by the end of period I, the
LSS content in reactor 3# was maintain in 3930 mg/L followed

y reactor 2# (3423 mg/L), reactor 4#(3289 mg/L), and reactor 1#

3015 mg/L). Also, the MLSS content showed a similar tendency as
OUR during the period II. This observation was in agreement with
mproved sludge activity and oxygen transfer upon PAM addition.

.4. Removal of COD

After inoculation, the reactors were fed with the organic syn-

hetic wastewater in period I. The organic loading rate was
tepped up by increasing the exchange volume, ranging from
.015 to 0.295 kg COD m−3 day−1. Then the exchange volume of
rganic synthetic wastewater was maintained at 750 mL, while
he landfill leachate was increased from 25 mL to 250 mL in
e (days)

e reactors.

period II. The organic loading rate was ranging from 0.36 to
0.96 kg COD m−3 day−1 during this period.

The variation in COD removal is shown in Fig. 7. The results
indicated that dosing PAM significantly increased the COD removal.
After 40 days, the efficiencies of COD removal were as follows: reac-
tor 3# (97.03%) > reactor 2# (94.67%) > reactor 4# (94.31%) > reactor
1# (91.84%). An interesting observation was the slight decrease of
COD removal efficiency for systems dosed with PAM during the
period PAM was absent. Nevertheless, after a period of stable influ-
ent PAM, the system recovered its performance. The explanation for
this observation was linked to adding the PAM which could result
in higher COD removal. After 105 days of operation, by the end of
period II, the SBR was operated with 250 mL landfill leachate and
an organic loading rate of 0.96 kg COD m−3 day−1. Under such con-
ditions, the reactor still presented stable behavior, which reached
high COD efficiency. These results are better than those of Ref. [16],
who found that 93% of COD reduction after cationic PAM used in
the treatment of pulp and paper mill wastewaters.

Based on the results mentioned above, the PAM addition showed
two main advantages: it improved the removal efficiency of COD
compared to nonpolymer-dosed system, and the optimal dosage
of PAM was 0.1 mg/L, which meant higher concentration of PAM
(1 mg/L) might have some negative effects on organic (COD)
removal. For the high influent COD, PAM was still effective for land-
fill leachate treatment, and the reactor presented stable behavior. In
particular, the higher COD removal efficiency observed with PAM
addition correlated well with it could improve microbial activity
and oxygen transfer (Section 3.1 SOUR).

3.5. Removal of ammonium

Fig. 8 shows the ammonium removal efficiency in two periods.
In period I, the influent ammonium load was ranging from 0.012
to 0.06 kg N m−3 d−1. In the first two weeks, it could be observed
that the removals with and without PAM addition were compa-
rable. The efficiency obtained was achieved more than 98%. After
40 days of operation, the removal efficiency showed the 79.53%
(no PAM) and 85.37%, 91.23%, and 84.87%, respectively (for 0.1,
0.01, and 1.0 concentration of PAM). The implication was that dos-
ing 0.1 mg/L PAM showed best efficiency to ammonium removal.
Also, there was a similar tendency for the efficiency of the ammo-

nium removal as COD removal in the same stage. During the period
II, the reactors were treated with high influent ammonium load
(0.12–0.40 kg N m−3 d−1) with organic synthetic wastewater and
landfill leachate. As presented in Fig. 7, the removal efficiency
of ammonium in period II decreased significantly compared to
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tart-up period. By the end of period II, it could be seen that the poor
H4

+-N removal efficiency was evident with reactor 3# (64.35%)
ollowed by reactor 2# (57.94%), reactor 4#(57.42%), and reactor
# (45.96%). Aguilar et al. [6] also observed that the efficiency of
he removal of ammonia nitrogen was very low (4–17%) in the
oagulation–flocculation process which used Fe2(SO4)3, Al2(SO4)3
nd polyaluminium chloride as coagulants.

These results indicated that the PAM addition gives positive
ffect on ammonium removal only when the influent load was low,
nd the optimal dosage of PAM was 0.1 mg/L. For the high influ-
nt ammonium, adding PAM is not effective for landfill leachate
reatment.

In our present study, the pH was always within the range of
.8–7.3 for all reactors. Under these conditions the NH4

+ ion would
redominate. It would either form a part of salt dissolved in the
ater or it might be joined by electrostatic attraction to the sur-

ace of the negatively charged colloidal particles [33]. The removal
f these particles by coagulation–flocculation in turn caused the
eduction of ammonia nitrogen associated to them. However, the
apacity of PAM to remove ammonia from landfill leachate was lim-
ted, which was due to high NH4

+-N concentration in the influent
aused inhibition of the nitrification step [34].
. Conclusions

The study examined the effect of trace amounts of PAM supple-
entation on the performance of activated sludge in SBRs through

ong-term experiments. The results indicated that all the PAM addi-
ys)

10090807060

ficiency in the reactors.

tion resulted in higher COD and ammonium removal efficiency
compared to nonpolymer-dosed system. After adding the landfill
leachate, the reactors still represented stable behavior to removal
COD, whereas the capacity of PAM to remove ammonium was lim-
ited. This was due to high NH4

+-N concentration in the influent
caused inhibition of the nitrification step. In this study, the PAM
addition achieved lower SVI values and higher SOUR values thereby
implied better settleability and high oxygen transfer. The sludge
particle size, which increased with time, appeared to be dependent
of PAM addition. However, high level of PAM (1 mg/L) resulted in
bad settleability and lower microbial activity, which was ascribed to
both of competition during bridging between PAMs and huge elec-
tronic exclusion. In this way, when the dosage of PAM was in the
middle concentration (0.1 mg/L), the sludge had the best settling
property and activity.
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