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• Effects of pH on short-time aerobic di-
gestion of waste activated sludge were
studied.

• Unlike acidic/alkaline, neutral/weak
alkaline led to low VSS removal but
high for TCOD.

• Appropriate pH improved microbial
activity and organic matters biodegra-
dation.

• Extreme pH promoted biopolymers
solubilization but inhibited microbial
activities.

• pH between 7.0 and 8.0 is suitable for
short-time aerobic digestion of waste
sludge.
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The short-time aerobic digestion (STAD) process has been found to be a unique and significant technique for the
stabilization of waste activated sludge (WAS), but the influences of the system pH on the STAD process was un-
clear. This study systematically disclosed the influences of the system pH on the STAD process of WAS. Under
neutral or weak alkaline conditions, although the biodegradation rates of VSS (~0.0085 h−1) were low, high
biodegradation rates of TCOD (kTCOD) (~0.0096 h−1) were achieved. Less releases of the biopolymers from the
WAS led to low concentrations of STOC, UV254, the lowMW organic matters, NH4

+ ‐ N and PO4
3− ‐ P in the super-

natant. However, the appropriate pH for the microorganisms improved SOUR, indicating that the released
substances were further reused or biodegraded by the microorganisms. Under acidic or alkaline conditions,
the biodegradation rates of VSS (0.009–0.019 h−1) and TCOD (kTCOD) (0.005–0.009 h−1) were opposite with
those under neutral or weak alkaline conditions. The releases of the biopolymers were increased, leading to
high concentrations of STOC, UV254, the low MW organic matters, PO4

3− ‐ P and NH4
+ ‐ N in the supernatant.

However, the extreme pH inhibited the microbial activity. The SOURs were only 0.0097 h−1 and 0.0053 h−1
Keywords:
Waste activated sludge
Short-time aerobic digestion
System pH
Soluble biopolymers
Molecular weight distribution
ort-time aerobic digestion;WWTPs, wastewater treatment plants; TSS, total suspend solids; VSS, volatile suspend solids; TCOD,
C, soluble total organic carbon; MWD,molecular weight distribution; SOUR, specific oxygen uptake rate; PN, proteins; PS, poly-
ic substances; kTCOD, biodegradation rate of TCOD.
llution Control and Resource Reuse, Key Laboratory of Yangtze River Water Environment, Ministry of Education, College of
, Shanghai 200092, China.

http://crossmark.crossref.org/dialog/?doi=10.1016/j.scitotenv.2018.08.411&domain=pdf
https://doi.org/10.1016/j.scitotenv.2018.08.411
siqingxia@tongji.edu.cn
Journal logo
https://doi.org/10.1016/j.scitotenv.2018.08.411
http://www.sciencedirect.com/science/journal/
www.elsevier.com/locate/scitotenv


1308 Y. Zhou et al. / Science of the Total Environment 649 (2019) 1307–1313
for system pH of 8.0 and 4.0, respectively. Accordingly, neutral and weak alkaline conditions should bemore
suitable for the STADprocess ofWAS. Thiswork lays the foundation for optimizing systempH for the reduction of
WAS in STAD system.

© 2018 Elsevier B.V. All rights reserved.
Table 1
Parameters of concentrated waste activated sludge used in this study.a

Parameter TSS (g/L) VSS (g/L) TCOD (mg/L) SCOD (mg/L) pH

Value 8.37 ± 0.41 6.05 ± 0.18 10,709 ± 136 81.6 ± 3.1 6.9 ± 0.3

a TSS, total suspended solids; VSS, volatile suspended solids; TCOD, total chemical oxi-
dation demand; SCOD, soluble chemical oxidation demand.
1. Introduction

As a common used biological process in wastewater treatment
plants (WWTPs), activated sludge process has been used over a hun-
dred years (Bitton, 2005). However, the process also produces a large
amount of waste activated sludge (WAS), which have impacted both
of the environment andhumanhealth due to the pathogenic organisms,
toxic organic substances and heavy metals in waste activated sludge
(WAS) (Campbell, 2000; Paul et al., 2006). Especially in China, the
yield of wet WAS with water content of 80% in WWTPs reached
40.88 million tons in 2015, which will further dramatically increase
due to the advancement of the urbanization level ((EIC), 2017). Thus,
it should be imperative to develop effective methods to achieve reduc-
tion, harmlessness and recycling to meet the stringent environmental
regulations of WAS (Paul et al., 2006).

Various technologies have been reported for the treatment and dis-
posal of WAS, e.g., ambient temperature anaerobic digestion (Jiang
et al., 2007; Ma et al., 2018), mesophilic-mesophilic anaerobic digestion
and thermophilic-mesophilic anaerobic digestion (Roberts et al., 1999;
Sung and Santha, 2003), thermophilic hydrolysis (Kepp et al., 2000),
aerobic digestion (AD) (d'Antonio, 1983) and short-time aerobic diges-
tion (STAD) processes (Xia et al., 2017; Zhang et al., 2016; Zhou et al.,
2017b). For the normal aerobic digestion process, a large amount of ox-
ygen required by the long-timedigestionwill increase the cost of sludge
treatment and disposal. However, as a novel and significant technique
for the reduction of WAS, STAD has aroused wide attention recently
due to the low capital investment, few operational problems, short
sludge retention time and fast degradation rate of organic matters
(Xia et al., 2017; Zhang et al., 2015; Zhou et al., 2017b). During the
STAD process, aerobic microorganisms consume the biodegradable or-
ganic matters, resulting in the reduction and solubilization of WAS
(Bernard and Gray, 2000). Zhou et al. (Zhou et al., 2017b) mentioned
that the volatile suspended solid (VSS) removal rate reached about
18.5% and TCOD decreased from 10,371.2 to 8452.9 mg/L as the WAS
digested for 24 h in the STAD system.

A number of factors can influence the properties andmicrobial com-
munities ofWAS, containing systempH, temperature, dissolved oxygen,
toxins and nutrients level (Chen et al., 2007; Datar and Bhargava, 1988),
whichmay further influence the sludge solubilization and reduction ef-
ficiency in the STAD system. Especially, system pH showed a significant
potential to influence the characteristics of WAS (Zhao et al., 2015a;
Zhao et al., 2018; Zhao et al., 2015b). Firstly, system pH influences the
physicochemical properties of WAS. Increasing of both solution acidity
and alkalinity resulted to a breakage of the electrostatic interactions,
thereby improve the solubilization of extracellular polymeric sub-
stances (EPS) and even the releasing of intracellular polymeric sub-
stances (IPS) from WAS (Wingender et al., 1999). Chen et al. (2007)
found that either acidic pH (pH = 4.0, 5.0) or alkaline pH (pH =
9.0–11.0) improved the SCOD concentration during theWAS hydrolysis
process. All of the released organic matters in supernatant could serve
as a good source of carbon and electrons for the bacteria (Zevin et al.,
2015), and which could be biodegraded by the microorganisms in
WAS during the STAD process. Secondly, system pH can influence the
activity and community of the microorganisms in WAS. For the acti-
vated sludge process, the suitable pH should be 6.5–8.5, which showed
a high activity of functional microorganisms and fast biodegradation
rate of pollutants (Painter and Loveless, 1983). However, extreme con-
ditions (acidity and alkalinity) cause cell lysis and the release of IPS,
leading to the decrease of both activity and amount of the living micro-
organisms functional for the biodegradation of organic matters (Painter
and Loveless, 1983; Yavuz and Celebi, 2000). Yavuz and Celebi (2000)
mentioned that solution pH of 7.5 showed the maximum substrate re-
moval rate and the microorganism growth rates, but both of which
gradually decreased when further increase or reduce the solution pH.
Although systempHhas beenwidely indicated to affect the sludge char-
acteristics, but no published papers revealed how system pH affects
WAS reduction by STAD process. Deep understanding could help to
lay the foundation for optimizing system pH for the reduction of WAS
in STAD system and also accelerate the practical application of this
novel system in WAS treatment.

In this study, the influencing characteristics of system pH on the
STAD process of WAS were investigated by examining the variations
of some key parameters in the system, including volatile suspend solids
(VSS), total chemical oxygen demand (TCOD), soluble total organic car-
bon (STOC), UV254, NH4

+ ‐N, and PO4
3− ‐ P. The influencingmechanisms

of system pH on the SATD process of WAS were revealed via analyzing
the releases of biopolymers and their molecular weight distribution
(MWD), the activity changes of aerobic microorganisms denoted as
the specific oxygen uptake rate (SOUR) ofWAS, and the biodegradation
rate for TCOD (kTCOD).

2. Materials and methods

2.1. Sludge samples and chemical reagents

Sludge samples were obtained from the secondary settling tank of a
full-scale municipal WWTP in Shanghai, China. Sludge samples were
screened through a 1.2 mm sieve to remove grit and then concentrated
by setting at 4 °C for 2 h. The main parameters of concentrated sludge
were shown in Table 1. Concentrated sludge was stored at 4 °C and
usedwithin 48 h. All the used chemical agents, whichwere of analytical
grades (AR), were obtained from Runjie Chemistry Reagents Co. Ltd.
(Shanghai, China). NaOHwith the concentration of 0.1 Mwas prepared
by dissolving AR grade of NaOH into distilled water, and HCl with the
concentration of 0.1 M was prepared by diluting 12 M of HCl into dis-
tilled water. Their combined use to make the system pH adjusted to
the objectives.

2.2. Aerobic digestion of WAS and sample collection

Experiments of the system pH on the STAD of WAS were carried out
in six identical reactors, and the parameters were detailedly described
in our previous studies (Xia et al., 2017; Zhang et al., 2015; Zhou et al.,
2017b). The conditions of STAD system were controlled as following:
work volume 5.0 L, temperature 24 ± 2 °C, and dissolved oxygen
(DO) 2–3 mg/L. The system pH was adjusted to 4.0, 5.0, 6.0, 7.0, 8.0
and 9.0 using 0.1 M NaOH and 0.1 M HCl, respectively. During adjusting
process, solution pH always varied, so adding acid or alkali was not
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Fig. 1. Effects of system pH on the (a) VSS and (b) TCOD of aerobic digested waste
activated sludge at the noted digestion times (dot: experiment results; dashed line:
modeling results).

Table 2
Removal rate constants of VSS and TCOD using the first order biochemical degradation ki-
netics under various system pH conditions.

pH VSS TCOD

kVSS (h−1) R2 kTCOD (h−1) R2

4.0 0.0186 0.965 0.0053 0.948
5.0 0.0137 0.989 0.0070 0.949
6.0 0.0103 0.981 0.0085 0.951
7.0 0.0085 0.982 0.0096 0.933
8.0 0.0084 0.978 0.0097 0.939
9.0 0.0089 0.968 0.0090 0.936
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stopped until the pH basically kept stable as the deviation of pH is b0.1
within 5 min. Sludge samples were collected at the noted digestion
times and then characterized directly. Part of the sample from each
reactor was centrifuged at 4000 ×g and 4 °C for 20 min using a high-
speed freezing centrifuge (Heraeus Multifuge X1R, Thermo Scientific,
Germany) and the supernatant was collected and stored at 4 °C
for the analyses of biopolymers, STOC, UV254, soluble PO4

3− ‐ P and
NH4

+ ‐ N, and MWD. Supernatant was centrifuged again at 12,000 ×g
and 4 °C for 10 min to further remove particles prior to the liquid
phase analyses. Part of the samples was directly used to determine the
pH, SOUR, TCOD and VSS.

2.3. Chemical analyses

Supernatant proteins (PN) was determined by the Bradford method
using bovine serum albumin as the standard (Frølund et al., 1996); su-
pernatant polysaccharides (PS) was measured by the phenol-sulfuric
acid method using glucose as the standard (Frølund et al., 1996);
supernatant nucleic acids (NA) was determined by the diphenylamine
colorimetric method using calf thymus deoxyribonucleic acid as the
standard (Frølund et al., 1996). The molecular weight distribution
(MW) of the biopolymer in supernatant was analyzed using a high per-
formance size exclusion chromatography (LC-10AD, Shimadzu, Japan).
The system pH and DO of WAS were measured using a pH & DO
meter (HQ40d, Hatch, USA). TSS, VSS and TCOD of sludge sample, and
soluble PO4

3− ‐ P, NH4
+ ‐ N and UV254 in the supernatant were analyzed

following the standard methods (American Public Health et al., 1915).
TOC analyzer (TOC-VCSH, Shimadzu, Japan) has been used to character-
ize the STOC of supernatant. For the determination of the oxygen
uptake rate (OUR) of WAS, we measured the DO concentration using
the DO meter and continuously monitored by a computer. The OUR of
sludge sample was calculated by a linear regression analysis of DO
variations and then quantified to SOUR based on VSS (Lasaridi and
Stentiford, 1998).

The removal rate of organic components containing VSS and TCOD
are approximated as a first order biochemical degradation kinetics
(Benedek et al., 1972):

dS=dt ¼ −kS ð1Þ

where S is the concentration of biodegradable organic components
(mg/L), t is the aerobic digestion time (h) and k is the removal rate con-
stant (h−1).

2.4. Statistical analyses

We withdrew samples from each reactor and then assayed
three times for VSS, TCOD and SOUR of WAS, and soluble PN, PS, NA,
NH4

+ ‐ N, PO4
3− ‐ P, STOC and UV254 of the supernatant. Results are

expressed as the mean and standard deviation of the three measured
samples (mean± SD).When presenting the results ofMWDof biopoly-
mers, we show one representative result for each sample. Statistical
analysis with Origin 8.1.5 software (Origin Lab Inc., USA) was used to
identify the strength of the relationship between two parameters. The
Quadratic regressions coefficient, R2, was used to estimate the linear
correlation between the system pH and the concentration of biopoly-
mers and its fractions. Correlations were considered statistically signifi-
cance at a 95% confidence interval (P b 0.05).

3. Results and discussion

3.1. Influences of system pH on the removal of VSS and TCOD in the STAD
system

The removal of VSS and TCOD is the crucial indicator for the aerobic
digestion of WAS (Layden et al., 2007; Zhang et al., 2016). Fig. 1 shows
the influences of system pH on VSS and TCOD of WAS at the noted aer-
obic digestion times and Table 2 presents the corresponded removal
rate constants of VSS and TCOD using the first order biochemical degra-
dation kinetics. VSS of WAS gradually decreased throughout the STAD
process at all of the system pH conditions and the first order biochemi-
cal degradation kinetics also fitting well with the VSS removal as the
correlation coefficients (R2) were above 0.96 the modeled initial VSS
were almost the same with the experimental results. Additionally, the
removal rate of VSS (kVSS) gradually decreased from 0.0186 h−1 to
0.0084 h−1 as system pH increased from 4.0 to 8.0, but it just slightly in-
creased to 0.0089 h−1 as system pH further increased to 9.0. Results
showed that acidic and alkaline conditions could improve the solubili-
zation of EPS and even IPS (Sheng et al., 2005), resulted to the increase
of soluble organic matters in the supernatant and the decrease of VSS.

TCOD of WAS gradually decreased throughout the STAD process at
all of the system pH conditions and the first order biochemical degrada-
tion kinetics also fitting well with the TCOD removal as the correlation
coefficients (R2) were above 0.93. Additionally, the biodegradation
rate (k) of TCOD gradually increased from 0.0053 h−1 to 0.097 h−1 as
system pH increased from 4.0 to 8.0, but which slightly reduced to



Table 3
Parameters of the quadratic regressions between the system pH and soluble proteins,
polysaccharides, nucleic acids and biopolymers from waste activated sludge at the noted
aerobic digestion times.a

Fractions Parameters 0 h 2 h 4 h 8 h 12 h 24 h

Proteins a 0.184 0.110 0.111 0.104 0.101 0.107
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0.0090 h−1 at pH of 9.0. Results showed that acidic and alkaline condi-
tions could cause cell lysis and inhibit the activity of functional bacterial
responsible for biological removal of organicmatters (Yavuz and Celebi,
2000), resulted to the decrease of TCOD biodegradation rate (kTCOD).
Neutral or weak alkaline conditions should be more suitable for the
TCOD biodegradation during the STAD of WAS.
b −2.34 −1.39 −1.58 −1.56 −1.54 −1.60
R2 0.956 0.979 0.933 0.960 0.970 0.962

Polysaccharides a 0.121 0.116 0.108 0.188 0.169 0.137
b −1.74 −1.71 −1.59 −2.69 −2.52 −2.07
R2 0.963 0.967 0.982 0.976 0.949 0.968

Nucleic acids a 0.066 0.077 0.010 0.012 0.011 0.031
b −1.00 −1.11 −0.17 −0.24 −0.16 −0.45
R2 0.988 0.977 0.976 0.984 0.965 0.955

Biopolymers a 0.371 0.303 0.228 0.304 0.282 0.274
b −5.09 −4.21 −3.34 −4.48 −4.23 −4.12
R2 0.964 0.989 0.998 0.987 0.967 0.974

a The equation of quadratic regression is Y = aX2 + bX + c, where Y is the concentra-
tions of biopolymers and its fractions and X is the system pH.
3.2. Influences of system pH on biopolymers release fromWAS in the STAD
system

Biopolymers release indicates the organic matters solubilization and
hydrolysis from WAS, which is the first and important step for the aer-
obic digestion of WAS (Liu et al., 2011; Zhang et al., 2016). Fig. 2 shows
the influences of system pH on the production of PN, PS, NA and bio-
polymers from WAS at the noted aerobic digestion times, and Table 3
shows the parameters of the linear relationship between the concentra-
tion of biopolymers fractions and system pH at the noted STAD time.
Neutral condition shows the lowest concentration of biopolymers and
its fractions, but which gradually increased with the increasing of both
system acidity and alkalinity. System pH had a strong and nearly qua-
dratic regressions relationship with the concentrations of biopolymers
and its fractions as all of the correlation coefficients (R2) were above
0.95 (Table 3). During the STAD process, biopolymers and its fractions
decreased in the initial 2 h but gradually increased in the later stage
under acidic conditions, but which gradually decreased in the initial
12 h and then showed slight increased after 24 h under neutral and
weak alkaline conditions. Results showed that acidic and alkaline condi-
tions could improve the solubilization of EPS and even IPS (Sheng et al.,
2005), resulted to the increase of biopolymers and its fractions in the
supernatant. Microorganism's activity will be inhibited under acidic
conditions (Yavuz and Celebi, 2000) and the predominant reaction
should be biopolymers solubilization but not biodegradation in the
later stage of STAD. However, the biodegradation of biopolymers should
be predominant as the activity of functional bacteria should be unim-
paired under neutral and weak alkaline conditions.
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Fig. 2. Effects of system pH on the concentration of soluble (a) proteins, (b) polysaccharides
activated sludge at the noted digestion times.
3.3. Influences of system pH on the soluble TOC and UV254 of WAS in STAD
system

Soluble TOC and UV254 represent the organic matters, which could
be act as the organic carbon and electron acceptor for the heterotrophic
bacteria (Zhou et al., 2016; Zhou et al., 2017a), and both of them are im-
portant parameters during the STAD ofWAS. Fig. 3 shows the STOC and
UV254 in the supernatant ofWAS under various system pH conditions at
the noted digestion times. Neutral condition shows the lowest STOC
concentration and UV254 value, but both of which gradually increased
with the increasing of both system acidity and alkalinity. During the
STAD process, both of supernatant STOC and UV254 gradually decreased
in the initial 4 h and then increased in the later stage under acidic con-
ditions, but which gradually decreased in the initial 12 h and then
showed slight increased after 24 h under neutral andweak alkaline con-
ditions. As the activity of functional bacteria will not be influenced
under neutral andweak alkaline conditions, the soluble organicmatters
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in supernatant could be the excellent carbon sources and electron-
donor substrates for heterotrophic bacteria, resulted to the continuous
decrease of both STOC and UV254 initially (Ni et al., 2011). The shortage
of biodegradable carbon sources caused the hydrolysis of EPS or even
the cellular lysis (Liu et al., 2010; Liu et al., 2011), resulted to the in-
crease of STOC and UV254 in the latter stage of STAD.

3.4. Influences of pH on the MWD of soluble biopolymer in STAD system

The molecular weight distribution of soluble organic matters
could significantly affect its degradation by heterotrophic bacteria
(Eskicioglu et al., 2006). Fig. 4 shows the MW distributions of biopoly-
mers in the supernatant under various system pH conditions and
aerobic digested for 4 h. Neutral and weak alkaline conditions show
the lowest specific intensity and area of the peaks, but which gradually
increased with the increasing of both system acidity and alkalinity,
indicating the improved solubilization of biopolymers from WAS
under acidic and alkaline conditions, which is consistent with previous
study (Sheng et al., 2005). Additionally, the MW of biopolymers lower
than 100 kDa was 59.8% under neutral condition, but which increased
to 87.5% and 76.5% at pH of 4 and 9, respectively. Results showed that
acidic and alkaline conditions could improve the releasing of biopoly-
mers and increase the proportion of low MW fractions, which could
be easily biodegraded during the STAD process (Xia et al., 2017; Zhang
et al., 2016). However, as acidic condition will inhibit the activity of
themicroorganism functional for the biodegradation of organic matters
(Yavuz and Celebi, 2000), neutral and weak alkaline conditions should
be more suitable for the STAD of WAS.

3.5. Influences of system pH on supernatant NH4
+ ‐ N and PO4

3− ‐ P and the
SOUR of WAS in STAD system

Fig. 5a shows the soluble NH+4-N concentration under various ini-
tial system pH conditions at the noted digestion times. Neutral and
weak alkaline conditions show the lowest concentration of soluble
NH4
+ ‐N, but which gradually increased with the increasing of both sys-

tem acidity and alkalinity, resulting from the solubilization of biopoly-
mers and releasing of stored NH4

+ ‐ N in biopolymers (Schwitalla
et al., 2008; Temmink et al., 2001). Under acidic conditions, soluble
NH4

+ ‐ N gradually increased in the initial 4 h and lower pH leads to a
higher soluble NH4

+ ‐ N, but which gradually decreased and almost
remained stable after digested for 4 h under neutral and weak alkaline
conditions, which should be resulted from the reuse of nitrogen by the
heterotrophic bacteria (Zevin et al., 2015).

Fig. 5b shows the soluble PO4
3− ‐ P concentration under various ini-

tial system pH conditions at the noted digestion times. Neutral and
weak alkaline conditions show the lowest concentration of soluble
PO4

3− ‐ P, but which gradually increased with the increasing of both
system acidity and alkalinity, resulting from the solubilization of
biopolymers (Fig. 1) and releasing of adsorbed PO4

3− ‐ P in EPS
(Zhou et al., 2017b). Under acidic conditions, PO4

3− ‐ P slightly increased
and remained stable. Soluble PO4

3− ‐ P concentration gradually
decreased and then remained stable under neutral and weak alkaline
conditions, which should be resulted from the adsorption and accumu-
lating of PO4

3− ‐ P by EPS and PAOs, respectively (Zhang et al., 2013;
Zhou et al., 2017b).

SOUR is an important indicator of the microbial activity, which is an
important indicator for the biodegradation of organic matters by these
heterotrophic bacteria (Miyatake and Iwabuchi, 2006). Fig. 5c shows
the SOUR of WAS under various initial system pH conditions at the
noted digestion times. Neutral and weak alkaline conditions show the
highest SOUR, but which gradually decreased with the increasing of
both system acidity and alkalinity, which should be resulted from that
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acidic and alkaline conditions caused cell lysis and inhibited the micro-
bial activity (Yavuz and Celebi, 2000). During the STAD process, SOUR
for all pH conditions gradually decreased in the initial 8 h and it keeps
decreasing under acidic conditions, but which gradually increased
thereafter under neutral and weak alkaline conditions. Results also
showed that acidic condition will inhibit the microorganism activity,
neutral and weak alkaline conditions should be more suitable for the
stabilization of WAS in STAD system.

3.6. Influencing mechanisms of system pH on the STAD process of WAS

Fig. 6 synthesizes the results in terms of the mechanisms acting to
how system pH influences the WAS reduction by STAD process.

Under acidic conditions, decreasing system pH could improve the
solubilization of organic matters and increase the proportion of low
MW fractions fromWAS (Figs. 2 and 4), leading to the decrease of VSS
and the increase of STOC, UV254 and biopolymers and its fractions
(Figs. 2 and 3), which could be easily biodegraded by the aerobic
microorganisms in the later stage of STAD. Simultaneously, NH4

+ ‐ N
and PO4

3− ‐ P also increased during the solubilization of biopolymers
in the initial 4 h (Fig. 5a and b), but which gradually decreased due to
the storage and reuse by the functional microorganisms. Additionally,
the activity of aerobic microorganisms (denoted as SOUR) decreased
(Fig. 5c), leading to the decreased kTCOD (Table 2).

Under neutral andweak alkaline conditions, less solubilization of or-
ganic matters leads to the low concentrations of PO4

3− ‐ P, NH4
+ ‐ N,

STOC, UV254 and biopolymers and the low MW fractions, all of which
could be further reused or biodegraded by the functional microorgan-
isms in the later stage of STAD process. Highmicrobial activity (denoted
as SOUR) functional for the biodegradation of organic matters led to
high kTCOD (Table 2).

For the practical application of STAD process on the reduction of
WAS, easy operation and low treatment cost should be crucial. Our re-
sults indicated that neutral and weak alkaline conditions could achieve
the high microbial activity and organic matters biodegradation rate,
leading to the high WAS reduction efficiency. Because of the neutral
and weak alkaline for concentrated WAS, we needn't to adjust the sys-
tem pH and add the WAS into STAD system directly, which achieve
the easy operation and dramatically decrease the treatment cost.

4. Conclusions

STAD is a unique and significant technique forWAS stabilization. The
influences of systempHon the STADprocess ofWASwere systematically
disclosed. Under neutral or weak alkaline conditions, although the bio-
degradation rates of VSSwere low, high kTCODwas achieved. Less releases
of the biopolymers from the WAS led to low concentrations of STOC,
UV254, the lowMWorganic matters, NH4

+ ‐ N and PO4
3− ‐ P in the super-

natant. However, the appropriate pH for the microorganisms improved
SOUR, indicating that the released substances were further reused or
biodegraded by themicroorganisms. Under acidic or alkaline conditions,
the biodegradation rates of kVSS and kTCOD were opposite with those
under neutral or weak alkaline conditions. The releases of the biopoly-
mers were increased, leading to high concentrations of STOC, UV254,
the low MW organic matters, NH4

+ ‐ N and PO4
3− ‐ P in the supernatant.

However, the extreme pH inhibited the microbial activity. The SOURs
were only 0.0097 h−1 and 0.0053 h−1 for system pH of 8.0 and 4.0, re-
spectively. Accordingly, neutral and weak alkaline conditions should be
more suitable for the STAD process of WAS.
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