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Abstract
This experiment studied the degradation characteristics of aniline and antimony in printing and dyeing
wastewater by the micro-oxygen hydrolysis acidi�cation process and its in�uence on the removal of COD
and ammonia nitrogen. Firstly, the study optimized the control factors of pH dissolved oxygen (DO)
sludge concentration on the removal e�ciency of COD and ammonia nitrogen in hydrolysis and
acidi�cation section. It is recommended that pH can be maintained at 6.5; low dissolved oxygen (0-0.5
mg/L) would help the conversion of nitrogen substances for subsequent treatment, the optimal treatment
temperature was found to be 25℃, furthermore, it is recommended to control the sludge concentration at
4 mg/L during operation. Secondly, the impact of aniline and antimony on COD and nitrogen removal
was explored. It was found that when the aniline concentration increased from 0.4 mg/L to 5.4 mg/L, the
e�uent COD concentration increased, with a rate of 96.5%, indicating that aniline was toxic to anaerobic
sludge and signi�cantly inhibited the COD degradation; while when the antimony concentration increased
from 0.05 mg/L to 2.05 mg/L, the COD removal rate was only 2.9%, which was far lower than the COD
removal rate of water samples without adding antimony. The decrease of anaerobic sludge concentration
from 5.58 g/L to 3.44 g/L indicated that aniline and antimony have a strong inhibitory effect on the
activity of anaerobic bacteria, and reversely affect the COD removal.

1. Introduction
The printing and dyeing industry plays an important role in the development of national economy (Li et
al. 2018a, Li et al. 2018b). Water pollution caused by synthetic dyes is an increasingly serious
environmental concern due to its carcinogenic effects on human beings and aquatic organisms (Uddin et
al. 2021). In addition, printing and dyeing wastewater with complex composition usually has high pH,
high turbidity, poor biodegradable and high chroma (Wang et al. 2018, Xu et al. 2018). Improper discharge
of printing and dyeing wastewater may endanger aquatic environment and human health. With current
strict discharge standards, new requirements have been put forward for the treatment of printing and
dyeing wastewater accordingly (Mirbagheri and Charkhestani 2015, Periyasamy et al. 2018, Ramlow et al.
2017).

The treatment technology of printing and dyeing wastewater have been constantly updated and
progressed. Liu et al. (2017) studied performance of different stages in the hydrolysis acidi�cation
process in the treatment of azo dyes and anthraquinone dye wastewater. The decolorization rate, CODCr

removal rate, BOD5/CODCr value and the output of volatile fatty acids (VFAs) in the �rst stage are better
than those in the second stage. Further molecular biology analysis showed that there were signi�cant
differences in the microbial community structure in the �rst and second stage. The dominant species in
the �rst stage is related to Bacteroides group, while the dominant species in the second stage is related to
Bacteroides and Firmicutes. From the results, it can be inferred that different dyes have signi�cant impact
on the existence and function of different microorganisms, which may provide information for the
screening and domestication of bacteria in the actual printing and dyeing wastewater treatment; Gu et al.
(2018) proposed a new integrated hydrolysis/acidi�cation and multi-oxidation/aerobic process to remove
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color and nitrogen in azo dye wastewater. System performance, degradation pathways of azo dyes and
nitrogen metabolism pathways were studied through quadrupole time-of-�ight and metagenome
analysis. The proposed process effectively removes color and nitrogen, with removal percentages of
89.4% and 54.0%, respectively. Controlling low dissolved oxygen concentration in multiple aerobic
processes can enhance nitrogen removal; Jin et al. (2019) designed hydrolytic acidi�cation �at plate
ceramic membrane bioreactor (HA-CMBR) for the treatment of high-intensity dyeing wastewater. The
start-up phase of the reactor was completed in 29 days by using the cultivated seed sludge. The COD
removal rate is about 62%, the �uidized COD is 7800 mg/L, and the organic load rate is 7.80 kg
COD/m3/d, while over than 99% chroma was removed. The results showed that HA-CMBR has good
removal performance in treating dyeing wastewater; Guo et al. (2020) studied the effect of salinity on dye
removal e�ciency and analyzed soluble microbial products (SMP), extracellular polymer (EPS) and
microbial communities under different salinities. As the salinity increases, the removal rate of dye and
COD in the HA reactor decreases. Under high salinity, SMP and EPS increase signi�cantly, mainly because
more polysaccharides are synthesized than proteins. In addition, sequencing analysis showed that high
salinity changed the microbial community structure. This work will help to understand the impact of
salinity on removal e�ciency and microbial communities in the HA process.

From literature review, most of the existing research mainly focus on the removal of COD and Chroma
from printing and dyeing wastewater. However, aniline and antimony are very commonly detected in
printing and dyeing wastewater, therefore, the clari�cation of the impact of aniline and antimony on the
removal of COD and nitrogen in sewage treatment plants is necessary. The present study investigated the
removal characteristics of aniline and antimony in a typical printing and dyeing waste treatment process
by micro-oxygen hydrolysis and acidi�cation, explored the optimal conditions for the micro-oxygen
hydrolysis and acidi�cation process, and studied the inhibitory characteristics of aniline and antimony on
the sludge characteristics and the micro-oxygen hydrolysis and acidi�cation process. This research
provides a theoretical basis for the transformation and upgrading of wastewater treatment plants in the
treatment of printing and dyeing wastewater (Shang et al. 2020).

2. Material And Methods

2.1 Inoculation
The hydrolytic acidi�cation sequencing batch reactor (SBR) reactor was inoculated with anaerobic sludge
from an industrial wastewater treatment plant, and the in�uent of the reactor comes from the e�uent of
the air �otation tank.
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Table 1
Inlet and Outlet Water Index (Unit: mg/L except for Chroma and Toxicity)

Index In�uent Discharge

CODCr 180–400 100(50*)

NH3-N 7–18 12(5*)

Chroma 450–700 70

Aniline 0.4–1.2 1.0

Antimony 50–150 50(20*)

TN 12–25 20

Nitrate 3–8 /

Nitrite Nitrogen 0.2–0.6 /

* "Urban Wastewater Level B Discharge Standard" or "Taihu Lake Region Urban Sewage Treatment
Plants and Key Industrial Industries Major Water Pollutant Discharge Limits" (DB32T-2018) and
engineering demonstration standards (2020)

2.2 Experimental Setup
This experiment uses a cylindrical organic glass SBR with a height of 50 cm, an inner diameter of 15 cm,
and an effective volume of 6 L. The experimental device is shown in Fig. 1. The reactor runs 3 cycles per
day, and the operation cycle is 8 h: water inlet for 10 min, stirring for 2 h, aeration for 5 h, precipitation for
30 min, water outlet for 10 min, and standing for 10 min. The temperature is controlled to room
temperature 25 ± 1℃. The water inlet and outlet of the reactor, stirring and aeration are all realized by the
timer controlling the opening and closing of the peristaltic pump. The heating and stirring device is a
digital constant temperature magnetic stirrer (HCJ-6D), and the aeration device is an air pump (SB-948)
(Bai et al. 2013, Soliman and Eldyasti 2016, Yong et al. 2018).

2.3 Experimental Method
Before aniline and antimony inhibition test, the wastewater stored in the refrigerator was heated to 25 ℃,
stabilized for 10 min, and the pH of the water sample was adjusted to neutral with sodium hydroxide
solution or hydrochloric acid solution. The DO concentration in the reaction process of the hydrolysis and
acidi�cation section was set at 0.5-1.0 mg/L. The test sludge-water ratio is 1:10, 400 mL of activated
sludge is added to 4 L of printing and dyeing wastewater, and the sludge concentration in the system is 4
g/L after thorough mixing.

The background concentration of aniline and antimony in the wastewater used in the experiment was 0.4
mg/L and 50 µg/L respectively. The actual concentration of aniline and antimony was the sum of the
dosing concentration and the background concentration. In the aniline experiment, 0 mg/L, 0.5 mg/L, 1.0
mg/L, 1.5 mg/L, 2.0 mg/L, 3.0 mg/L, 4.0 mg/L, 5.0 mg/L of aniline (62-53-3, analytical grade, Runjie
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Chemical, Beijing Budweiser Technology Co., Ltd.) were added in the antimony inhibition experiment,
respectively; 0 mg/L, 0.05 mg/L, 0.1 mg/L, 0.2 mg/L, 0.5 mg/L, 1.0 mg/L, 1.5 mg/L, 2.0 mg/L of
potassium pyroantimonate (analytical pure, Aladdin, converted to antimony concentration) (1g of
antimony in every 2.25g of potassium pyroantimonate) were added. The DO was controlled at 7 mg/L by
adjusting the power of the air pump. 40 mL of water sample was taken from the middle part of the device
at the reaction time of 0 h, 1 h, 2 h, 4 h, 6 h, 8 h. 100 mL of the sludge sample was taken after 8 hours of
reaction in a pre-weighed beaker and placed into an oven at 105°C for later weighting to obtain the sludge
concentration.

2.4 Analytical Method
The determinations of COD, NH3-N, nitrate nitrogen (NO3-N) and TP were conducted in accordance with
Standard Methods. DO and pH are measured by a portable DO rapid tester JPB-607A (Shanghai Lei
Magnetic Experimental Equipment Co., Ltd.), and aniline is measured by ethylenediamine coupling
Uvmini-1285 (Shanghai Shimadzu Experimental Equipment Co., Ltd.). Antimony was measured using
inductively coupled plasma emission spectrometry ICPE-9000 (Shanghai Shimadzu Experimental
Equipment Co., Ltd.).

The �rst-order kinetic is shown in the following Eq. (1):

C = C0·exp(-kt) (1)

In the formula:

C0—— initial concentration of pollutants, mg/L;

t——response time, h;

C——pollutant concentration corresponding to t reaction time, mg/L;

k——reaction rate constant of the �rst-order kinetic model, h− 1.

The calculation formula of sludge penetration rate is shown in formula (2):

ϕ = CΔ/C × 100%

2
In the formula:

CΔ——concentration of aniline in the e�uent of biochemical reaction;

C——in�uent aniline concentration of biochemical reaction;

φ——penetration rate of aniline to activated sludge.
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3. Results And Discussion

3.1 Factors Analysis on the Hydrolysis Acidi�cation Process
In order to study the adaptability of the printing and dyeing wastewater to the hydrolysis acidi�cation
process, analysis on the in�uencing factors including dissolved oxygen, pH, temperature and sludge
concentration were conducted.

3.1.1 Dissolved Oxygen
The dissolved oxygen (DO) concentration in the three sets were controlled as 0 mg/L, 0.5 mg/L, 1.5 mg/L,
representing anoxic, micro-aerobic, and aerobic conditions respectively. Water samples were taken after 2
h, 4 h, 6 h, and 8 h for COD and nitrogen analysis during the operation of the hydrolysis acidi�cation
process.

It can be seen from Fig. 2 that DO has in�uence on the COD and nitrogen removal. In Fig. 2 (a), within 5 h
of the reaction, when the DO concentration was 0 mg/L and 0.5 mg/L, the removal rate was 33.5% and
31.3%, respectively; when the DO concentration was 1.5 mg/L, the removal e�ciency of COD was poor,
and the removal rate was only 24.2%. From Fig. 2(b), it can be found that concentration of NH3-N
increased as DO decrease, the increase rate of NH3-N was 24.8%, 21.2%, and 16.9% when DO was 0
mg/L, 0.5 mg/L, and 1.5 mg/L, respectively. The source of the NH3-N could be from a small amount
conversion of NO3-N and NO2-N to NH4; the ammoniating of organic nitrogen into NH3-N (protein is
decomposed by ammoniating bacteria), and certain amount of NH3-N release from sludge. From Fig.
2(c), it can be found that TN has been removed certain level after the reaction is completed, mainly
because the removal of nitrate nitrogen in the wastewater leads to the reduction of TN. When the
concentration of DO is greater than 1.0 mg/L, the activity of anaerobic bacteria will be suppressed to a
certain extent, and the removal effect of TN will also be reduced. When the DO concentration was 0 mg/L,
0.5 mg/L, and 1.5 mg/L, the removal rate of TN was 24.7%, 24.5%, and 15.8%, respectively. From Fig.
2(d), it can be found that when DO concentration was greater than 1 mg/L, the removal of NO3-N was
inhibited, and the removal rate after 8 h was only 50.7%; while in anoxic and micro-oxygen conditions, the
removal rates of NO3-N were 87.6% and 79.6%, respectively.

From Figure (e), it can be found that in anoxic and micro-oxygen condition, NO2-N was almost completely
removed, and the removal rate was as high as 90%. When the DO concentration is greater than 1 mg/L,
there was a limited removal of NO2-N as 55.8%. In summary, when the DO concentration is greater than 1
mg/L, the removal effect of each index is poor, which is not bene�cial to the growth of anaerobic sludge;
while when micro-oxygen is compared with anoxic condition, although some indexes have relatively poor
treatment effects, but it speeds up the conversion of TN. On the one hand, it greatly reduces the reaction
time and increases the hydraulic load bearing capacity; on the other hand, the micro-aeration in the
hydrolysis acidi�cation process can also prevent the pipeline from being damaged. In view of operating
costs and effects, the use of micro-oxygen hydrolysis acidi�cation process is more economical than the
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completely enclosed hydrolysis acidi�cation process, and it also has higher operational feasibility (Fan et
al. 2021, Gu et al. 2018).

3.1.2 pH value
Relevant studies have shown that pH of wastewater in hydrolysis acidi�cation process should be
maintained within a certain range (Ma et al. 2016). It is well known that hydrolysis acidi�cation is divided
into three stages. The �rst stage is the hydrolysis stage, where large particles are degraded into small
particles. The second stage is the acidi�cation stage, where acetic acid is produced under the action of
bacteria, and the pH value will decrease in this stage. The third stage is the methane production stage,
during which the pH value will rise.

In the experiment, effect of different pH values on hydrolysis and acidi�cation were studied. The pH
values in the system were 5.5, 6.5, and 7.0 respectively, and 10% sodium hydroxide solution or
hydrochloric acid solution was used to adjust the pH value of wastewater. COD and ammonia nitrogen
were used as indicators to study the in�uence of pH on the hydrolysis and acidi�cation process.

From Fig. 3(a), it can be found that pH has a signi�cant effect on the hydrolysis and acidi�cation
process. Low pH will inhibit the activity of anaerobic bacteria (denitrifying bacteria, etc.), and the removal
of COD decreased. At different pH values, most of the reactions were completed within the �rst 4 h, and
stabilized after 8 h. At pH 5.5, the removal rate of COD in the �rst 4 hours was 19.3%, and the removal
rate of COD after 8 hours was 29.8%; at pH 6.5, the removal rate of COD in the �rst 4 hours was 35.9%,
and the removal rate of COD after 8 hours was 35.9%. The removal rate was 43.0%. At pH 7.0, the
removal rate of COD in the �rst 4 hours was 31.9%, and the removal rate of COD after 8 hours was 38.1%.
Therefore, As for COD removal at this stage, pH 6.5 was the best. In Fig. 3(b), it can be seen that as pH
rises from 5.5 to 7.0, ammonia nitrogen got increased slightly. It should be noted that extra acid will be
also produced in the later hydrolysis and acidi�cation process, therefore, the slightly acidic environment
pH 5.5 is not bene�cial to microorganism growth. Also, a higher ammonia nitrogen would not conducive
for its subsequent removal. Therefore, pH 6.5 was also the best choice at this stage as regards to
ammonia nitrogen concentration variation.

3.1.3 Temperature
Temperature is also an important indicator affects the sludge microorganism activity during hydrolysis
and acidi�cation. In the experiment, 10°C, 25°C, and 35°C were selected to represent three different
seasons (winter, spring and autumn, and summer) in Suzhou City in a year. results are shown in Fig. 4.

It can be seen from Fig. 4(a) that different temperatures have different effects on the COD and ammonia
nitrogen removal. COD removal rate was the highest when temperature was 25℃, and COD was lowest at
10℃. After 8 hours, at 10℃, the removal rate of COD was 22.4%; at 35℃, the removal rate of COD was
28.4%; while at the most suitable temperature 25℃, COD removal rate of sludge was the highest,
reaching 38.8%. It is worth noting that the sludge activity at low temperature (10°C) is worse than that at
higher temperature (35°C). In practical operation of wastewater plant, more attention should be paid to
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the variations in the e�uent index in winter. While as for the effect of temperature on ammonia nitrogen
removal, from Fig. 4(b), taking 25°C as a benchmark, it can be seen that the increase or decrease of
temperature will inhibit the increase of ammonia nitrogen. After 8 hours, 7.9% of the ammonia nitrogen
increased at 10℃; 20.1% of ammonia nitrogen increased at 25℃; 12.2% of ammonia nitrogen increased
at 35℃.

3.1.4 Sludge Concentration
To study the effect of sludge on the treatment effect of the hydrolysis and acidi�cation process, the
analysis indicators are COD and ammonia nitrogen. The only variable in the reaction is the sludge
concentration. The sludge concentrations of test were 2 g/L, 4 g/L, and 6 g/L, respectively. The water
sample was taken after 2 h, 4 h, 6 h, and 8 h.

It can be seen from Fig. 5(a) that the sludge concentration has a signi�cant impact on COD and NH3-N
removal in the hydrolysis and acidi�cation section. COD removal rate were 26.3%, 38.7%, 41.3% when the
sludge concentration in the reaction system were 2 g/L, 4 g/L and 6 g/L, respectively. The higher the
sludge concentration, the higher the COD removal rate; Fig. 5(b) shows that when the sludge
concentration in the reaction system was 2 g/L, 4 g/L, and 6 g/L, the e�uent increase rate of NH3-N was
18.0%, 52.8%, 66.7%, respectively. When the sludge concentration is 2 g/L, the removal of COD and the
increase of NH3-N are less, when the sludge concentration is 6 g/L, the COD removal rate increases a bit
with too fast increase of the NH3-N. Therefore, it is recommended to control the sludge concentration at
about 4 g/L during operation (Shengquan et al. 2008, Song et al. 2019).

3.2 Effect of Aniline and Antimony on the Removal of COD
and NH3-N

3.2.1 Effect of Aniline on COD Removal
To evaluate the toxic effect of aniline on micro-oxygen hydrolysis and acidi�cation, the inhibitory effect
of different concentrations of aniline on the removal of COD was investigated (Cheng et al. 2021, Xie et
al. 2016).

From Fig. 6(a), it can be seen that when the in�uent water contains only the background concentration of
aniline (0.4 mg/L), the COD removal e�ciency was the highest, the COD was reduced from 385 mg/L to
264 mg/L within 4 h, and the removal rate was 31.4%. After the reaction continued for 8 h, the COD
concentration was further reduced to 240 mg/L, and the removal rate was 37.7%. The e�uent COD
increased as continuous addition of aniline, and the anaerobic sludge was inhibited. The higher the
concentration of the in�uent aniline, the more obvious the inhibition effect. When 5 mg/L aniline was
added, the e�uent COD concentration increased to 756.6 mg/L after 8 hours of aeration reaction,
increased 96.5% in total. The above results indicated that aniline is toxic to anaerobic sludge and
signi�cantly inhibited the degradation of COD by the anaerobic sludge.
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The rate constant k obtained by �rst-order reaction kinetics �tting is shown in Fig. 6(b). It can be seen that
the reaction rate constant k decreases as the aniline concentration increases. When the aniline
concentration in the in�uent was 0.4 mg/L, the COD degradation rate was 0.06 h− 1; when the aniline
concentration increased to 5.4 mg/L, the COD degradation rate dropped signi�cantly to -0.08 h− 1. The
rate constant switched from positive to negative when aniline concentration changes from 2.4 mg/L to
3.4 mg/L, and the e�uent COD got increased accordingly, indicating that aniline is toxic to activated
sludge and inhibits COD removal, so the concentration of aniline in the hydrolysis and acidi�cation
section should be controlled.

3.2.2 Effect of Antimony on COD Removal
The inhibitory effect of antimony on micro-oxygen hydrolysis and acidi�cation and the removal of COD
were investigated. In the experiment, the background concentration (initial concentration) of in�uent
antimony was 0.05 mg/L. Samples were taken at 2 h, 4 h, 6 h, and 8 h. Similarly, the �rst-order kinetic
equation was used to �t the COD curve with time to study the relationship between the COD degradation
rate and the in�uent antimony concentration.

It can be seen from Fig. 7 (a) that when the antimony concentration was 0.05 mg/L (no external
antimony was added), the COD value decreased from 320 mg/L to 215 mg/L within 4 h, and the removal
rate was 32.8%; while after 8 h, the COD concentration was further reduced to 200 mg/L with a removal
rate of 37.5%. With the addition of antimony, the removal of COD was inhibited, and the higher the
concentration of antimony in the in�uent water, the more signi�cant the inhibition of COD removal. When
2 mg/L of antimony was added, the COD removal rate was only 2.9% after 8 hours’ aeration, which was
much lower than that of the water without antimony added.

The rate constant k obtained by �rst-order reaction kinetics �tting is shown in Fig. 7(b). It can be seen that
the reaction rate k decreases as the concentration of antimony increases. When the antimony
concentration in the feed water was 0.05 mg/L, the COD degradation rate was 0.06 h− 1; while when the
antimony concentration increased to 2.05 mg/L, the COD degradation rate dropped signi�cantly to 0.004
h− 1, and the reaction rate was close to zero. It shows that antimony inhibits the micro-oxygen hydrolysis
and acidi�cation process and inhibits the removal of COD. The higher the antimony concentration, the
more obvious the inhibitory effect.

3.2.3 Effect of Aniline on NH3-N Removal
The inhibitory effect of aniline on micro-aerobic hydrolysis and acidi�cation and the removal of NH3-N in
wastewater were investigated. Results are shown in Fig. 8. It can be seen that when the in�uent water
contains only the background concentration of aniline (0.4 mg/L), the increase of NH3-N is greater. The
NH3-N concentration rose from 9.72 mg/L to 11.34 mg/L within 4 h with a rate of 16.7%. After the
reaction continued for 8 h, the NH3-N concentration further increased to 12.45 mg/L, with a growth rate of
28.1%. With the addition of aniline, the increase of NH3-N was inhibited, and the higher the concentration
of in�uent aniline, the more signi�cant the inhibition. When adding 5 mg/L of aniline, after 8 hours of
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reaction, the NH3-N concentration in the e�uent is 10.26 mg/L, increased only 5.6%, which is much lower
than that in the water without aniline.

The �rst-order reaction kinetic equation was used to �t the curve of ammonia nitrogen concentration with
time, and the ammonia nitrogen growth rate constant under different in�uent aniline concentration
conditions was obtained, as shown in Fig. 8(b). When the in�uent aniline concentration was 0.4 mg/L, the
degradation rate constant of ammonia nitrogen was − 0.031 h− 1, indicating that the concentration of
ammonia nitrogen was increasing. When the concentration of in�uent aniline was 5.4 mg/L, the
degradation rate constant of ammonia nitrogen was only − 0.01 h− 1, the reaction almost stopped,
indicating that aniline has a strong inhibitory effect on the activity of anaerobic bacteria.

3.2.4 Effect of Antimony on NH3-N Removal
The effect of antimony on the inhibition of micro-oxygen hydrolysis and acidi�cation and the removal of
NH3-N in wastewater was studied to evaluate the toxicity of antimony. Results showed that NH3-N
increased to a certain extent during the micro-aerobic hydrolysis and acidi�cation process, and the
increase of NH3-N concentration was mainly in the �rst 4 hours. When the antimony concentration in the
micro-oxygen hydrolysis and acidi�cation system was 0.05 mg/L, the NH3-N concentration increased
from 10.5 mg/L to 12.8 mg/L at 4 h with a growth rate of 21.9%; after 8 hours, the NH3-N concentration
further increased to 13.6 mg/L, with an increase rate of 29.5%. When 2 mg/L of antimony was added,
after 8 hours of reaction, the NH3-N concentration in the e�uent was 10.7 mg/L, with only 1.9% of
increase rate.

The rate constant k obtained by �rst-order reaction kinetics �tting was shown in Fig. 9(b). It can be seen
that the reaction rate k decreases with the increase of the antimony concentration. When the antimony
concentration in the in�uent was 0.05 mg/L, the increase rate of NH3-N was 0.03 h− 1. When the antimony

concentration increased to 2.05 mg/L, the increase rate of NH3-N dropped sharply to 0.002 h− 1, indicating
that the concentration of antimony is negatively related to the reaction rate, and antimony inhibits the
micro-oxygen hydrolysis and acidi�cation process.

3.3 Effect of Aniline and Antimony on Sludge Penetration
By studying the penetration rate of aniline to the hydrolyzed and acidi�ed sludge, the effect of micro-
aerobic hydrolysis and acidi�cation on the removal of aniline can be judged.

Figure 10(a) showed that the sludge in the hydrolysis acidi�cation section has a certain removal effect on
aniline. When the in�uent aniline was 0.4 mg/L, the e�uent aniline concentration was 0.61 mg/L, and the
penetration rate of aniline to activated sludge is 153.0%. As the concentration of in�uent aniline
increases, the penetration of aniline to activated sludge gradually decreases. When the concentration of
aniline exceeds 2.4 mg/L, the penetration rate of aniline to activated sludge stabilizes was around 120%.
Figure 10(b) showed that the removal rate of antimony by anaerobic sludge was low.
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When the antimony concentration in the aerobic section was 0.05 mg/L, the antimony concentration in
the e�uent was 0.042 mg/L. The penetration rate of sludge is 84.0%. As the concentration of antimony in
the in�uent increases, the penetration rate of antimony to anaerobic sludge gradually increases, which
means that it is di�cult to remove antimony at this stage. When the antimony concentration was 2.05
mg/L, the penetration rate of antimony to anaerobic sludge was 97.4%.

3.4 Effect of Aniline and Antimony on Sludge Concentration
Change
The concentration change of sludge in the reaction is an important parameter to re�ect the treatment
performance. By studying the sludge concentration change before and after micro-aerobic hydrolysis and
acidi�cation, the toxic effect on the sludge can be characterized.

It can be seen from Fig. 11(a) that the remaining amount of anaerobic sludge was signi�cantly related to
the in�uent aniline concentration. The greater the aniline concentration, the slower the increase in the
residual sludge concentration and the worse the treatment effect. When the aniline concentration
changed from 0.4 mg/L to 5.4 mg/L, the concentration of anaerobic sludge decreased from 5.58 g/L to
3.44 g/L, and the growth rate dropped from 39.6% to -14.0%. The growth rate below 0 indicates that the
anaerobic sludge in the micro-aerobic hydrolysis and acidi�cation section was greatly inhibited.

From Fig. 11(b), it can be found that the residual anaerobic sludge was also signi�cantly related to the
in�uent antimony concentration. Similar trend was found as the relationship between aniline
concentration and the residual sludge concentration; the greater the antimony concentration, the slower
the increase in the residual sludge concentration. When the antimony concentration changed from 0.05
mg/L to 2.05 mg/L, the concentration of sludge decreased from 5.73 g/L to 4.26 g/L, and the growth rate
dropped from 43.2–6.5%. The high concentration of antimony also inhibited anaerobic sludge. In
addition, when the concentration of antimony in the in�uent was 2.05 mg/L, the concentration of the
sludge after the reaction was still above 4 g/L, indicating that although the removal rate of antimony by
anaerobic sludge was very low, the sludge did not cause a large number of microorganism deaths, the
antimony may just cause inhibition effects on the sludge (Hargreaves et al. 2016).

4. Conclusions
This research investigated the degradation of aniline and antimony by the micro-oxygen hydrolysis
acidi�cation process and their effects on the removal of COD and ammonia nitrogen in printing and
dyeing wastewater, the effect of aniline and antimony on the variation of sludge concentration and
penetration were studied as well. It is recommended to control pH, temperature, DO, and sludge
concentration during the micro-oxygen hydrolysis and acidi�cation process. Also, increased
concentration of aniline or antimony showed inhibition on the microorganism activities in the anaerobic
sludge and further affect COD removal in the wastewater. Overall, �ndings in the research provide
fundamental evidence of the negative effects of high concentration of aniline and antimony on treatment
of printing and dyeing wastewater as regards of COD and ammonia nitrogen removal, the recommended
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value of aniline and antimony can be used as guidance in practical printing and dyeing wastewater
remediation.
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Figures

Figure 1

Schematic diagram of hydrolysis and acidi�cation device 
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Figure 2

The in�uence of dissolved oxygen on hydrolysis acidi�cation: (a) Chemical oxygen demand (COD); (b)
ammonia nitrogen (NH3-N); (c) total carbon (TN); (d) nitrate nitrogen (NO3-N); (e) nitrite nitrogen (NO2-N)
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Figure 3

The in�uence of different pH values on the hydrolysis and acidi�cation process: (a) COD; (b) ammonia
nitrogen (NH3-N)

Figure 4

In�uence of different temperatures on the removal of COD and ammonia nitrogen: (a) COD; (b) ammonia
nitrogen
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Figure 5

In�uence of different sludge concentrations on the hydrolysis acidi�cation process: (a) COD; (b)
ammonia nitrogen (NH3-N)

Figure 6

The inhibitory characteristics of aniline on the removal of COD by micro-aerobic hydrolysis and
acidi�cation: (a) COD variations under different in�uent aniline concentrations; (b) COD degradation rate
constant under different in�uent aniline concentrations
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Figure 7

Antimony's inhibitory characteristics for the removal of chemical oxygen demand (COD) by micro-oxygen
hydrolysis and acidi�cation: (a) COD with time under different in�uent antimony concentrations; (b) COD
degradation rate constant under different in�uent antimony concentrations

Figure 8

The inhibitory characteristics of aniline on micro-oxygen hydrolysis and acidi�cation to remove ammonia
nitrogen (NH3-N): (a) NH3-N curve with time under different aniline concentrations; (b) NH3-N degradation
rate constant under different aniline concentrations
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Figure 9

Antimony's inhibitory characteristics for anaerobic sludge removal of ammonia nitrogen (NH3-N): (a) NH3-
N with time under different in�uent antimony concentrations; (b) NH3-N degradation under different
in�uent antimony concentrations Rate constant

Figure 10

(a) The concentration of aniline in the e�uent of micro-aerobic hydrolysis and acidi�cation and the
penetration rate of aniline to anaerobic sludge (b) The concentration of antimony in the e�uent of micro-
aerobic hydrolysis and acidi�cation and the penetration rate of antimony to anaerobic sludge
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Figure 11

(a) Concentration and growth rate of anaerobic sludge after micro-aerobic hydrolysis and acidi�cation
reaction (b) Concentration and growth rate of anaerobic sludge after micro-aerobic hydrolysis and
acidi�cation reaction


