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Chlortetracycline (CTC) contamination of aquatic systems has seriously threatened the environmental and human health
throughout the world. Conventional biological treatments could not effectively treat the CTC industrial wastewater and few studies
have been focused on the wastewater systematic treatment. Firstly, 40.0 wt% of clay, 30.0 wt% of dewatered sewage sludge (DSS),
and 30.0 wt% of scrap iron (SI) were added to sinter the newmedia (cathode-anode integrated ceramic filler, CAICF). Subsequently,
the nontoxic CAICF with rough surface and porous interior packed into ME reactor, severing as a pretreatment step, was effective
in removing CTC residue and improving the wastewater biodegradability. Secondly, expanded granular sludge bed (EGSB) and
sequencing batch reactor (SBR), serving as the secondary biological treatment, were mainly focusing on chemical oxygen demand
(COD) and ammonia nitrogen (NH3-N) removal. The coupled ME-EGSB-SBR system removed about 98.0% of CODcr and 95.0%
of NH3-N and the final effluent met the national discharged standard (C standard of CJ 343-2010, China). Therefore, the CTC
industrial wastewater could be effectively treated by the coupled ME-EGSB-SBR system, which has significant implications for a
cost-efficient system in CTC industrial systematic treatment and solid wastes (DSS and SI) treatment.

1. Introduction

As a biological wastewater treatment process, activated sludge
technology has been widely used in municipal and industrial
wastewater treatment. However, large amounts of excess
sludge, generated as by-product during the process, usually
contain organic and mineral components [1] and pathogenic
and toxic substances [2, 3], which has hindered application of
activated sludge process. Generally, disposal of excess sludge
might account for more than 60% of the total operating
expenditure in a wastewater treatment plant [4]. Various
methods have been applied in excess sludge treatment,
including incineration, land application, land filling, road
surfacing, and conversion to fertilizer [5]. Although these
studies achieved some desired effect in treating excess sludge,

these methods were uneconomical, unsafe, or insanitary.
Therefore, eco-friendly and economical methods for safe
handling, disposal, and recycling of excess sludge are of great
significance.

As a kind of solid waste, large quantity of scrap iron
might be generated and discarded by machinery plants,
resulting in waste of resources. In recent years, scrap iron has
been utilized in many manners, mainly including hexavalent
chromium reduction [6], sulfur dioxide removal [7], azo
dyes wastewater pretreatment [8], and antibiotics residue
removal [9]. These methods are insufficient for scrap iron
reusing; therefore, more economical and effective methods
are essential for recycling scrap iron.

In the past several decades, excess sewage sludge and
scrap iron have been utilized to prepare ceramics, which have
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beenwidely used in construction industry, chemical industry,
metallurgy, agriculture, and environmental protection [10],
resulting in reusing these solid wastes and reducing clay
consumption during ceramics production.

CTC, as a broad-spectrum antibiotic, has been widely
used in disease control and animal growth [11, 12]. Large
amounts of wastewater are generated from fermentation
process during CTC production, mainly containing fermen-
tation medium residue, mycelium, and various complicated
metabolites (carbohydrates, proteins, organic acids, etc.).
In addition, CTC extraction process also generates some
wastewater, mainly containing organic solvent, acid, alkali,
and antibiotic residue. Therefore, CTC industrial wastewater
is difficultly degraded by biological methods and it will
accumulate constantly [13]. So far, lots of methods have
been utilized to treat the CTC industrial wastewater, includ-
ing photodegradation [14–17], advanced oxidation/reduction
[18, 19], manganese oxidation [20], and sorption [21–24].
Although these studies obtained some desired effect, very
few of them could be applied in practical project due to
their rigorous reaction conditions and expensive operating
cost. Consequently, it is important to develop economical and
easily applicable methods for real CTC industrial wastewater
treatment.

In our previous study [25], a coupled ME-EGSB-A/O
system was utilized for oxytetracycline (OTC) production
wastewater treatment. In this study, a similar coupled sys-
tem (ME-EGSB-SBR) was applied to treat CTC production
wastewater. Although similar treatment system was used in
the two studies, different fillers were prepared and applied
in ME reactor, cathode fillers (CCF) and anode fillers (ACF)
in different particle bodies were sintered separately in the
previous study while cathode and anode fillers were incor-
porated in the same particle body, and the incorporate fillers
(CAICF) were prepared in the present study, which could
simplify preparation process of the fillers and enhance the
treatment efficiency of the ME reactor. Therefore, in this
study, a coupled ME-EGSB-SBR system was utilized for CTC
industrial wastewater treatment.

Firstly, new media (CAICF) were prepared from DSS,
SI, and clay and subsequently applied as fillers for ME
reactor. Microelectrolysis technology, developed on the basis
of electrochemistry, was first applied in Europe during the
1960s [26]. Its principles are very similar to electrochemical
methods, and the electrons are supplied from the galvanic
corrosion of many microscale sacrificial anodes without
external power supply. Numerous microscopic galvanic cells
are formed between the iron and carbon particles when
contactedwithwastewater (electrolyte solution).Thehalf-cell
reactions can be represented as follows [27, 28]:

Anode (oxidation) : 2Fe 󳨀→ 2Fe2+ + 4e−,

𝐸𝜃 (Fe2+/Fe) = −0.44V

Cathode (reduction) : Acidic 2H+ + 2e− 󳨀→ H2 ↑ ,

𝐸𝜃 (H+/H2) = 0V

O2 + 4H
+ + 4e− 󳨀→ 2H2O, 𝐸

𝜃 (O2/H2O) = +1.23V

Neutral to alkaline: O2 + 2H2O + 4e
− 󳨀→ 4OH−,

𝐸𝜃 (O2/OH
−) = +0.40V.

(1)

In recent years, ME has been widely used to treat refractory
wastewaters, including landfill leachate [29], pharmaceutical
wastewater [30], palm oil mill wastewater [31], ionic liquids
wastewater [32], coking wastewater [33], and dyeing wastew-
ater [26, 34]. In this research, ME was used as the wastewater
pretreatment, mainly focusing on CTC residue removal
and improvement of the wastewater biodegradability, which
could facilitate subsequent biological treatments.

Secondly, EGSB followed by SBR was utilized as the
secondary biological treatment for the CTC wastewater.
EGSB, as a representative kind of anaerobic bioreactors, was
mainly based on the mechanisms about anaerobic biolog-
ical degradation of organic contaminants. When influent
wastewater flowed through the anaerobic bioreactor, the con-
tained organic contaminants were biologically degraded by
the anaerobic microorganisms in granule sludge with COD
removal and methane generation. Therefore, EGSB has been
applied to disposal of high concentrated organic wastewa-
ters, including brewing industry wastewater [35, 36], starch
extracting wastewater [37], trichloroethylene-contaminated
wastewater [38], and industrial oil wastewater [39]. SBR
systems have been remarkably employed in industrial and
municipal wastewater treatment for many years [40], such
as wastewater containing p-nitrophenol [41], dairy effluents
[42], and soybean-processingwastewater [43].The secondary
treatment wasmainly used to removemajority of CODcr and
NH3-N in the wastewater.

2. Materials and Methods

2.1. Materials. DSS, SI, and clay, utilized as raw materials
to prepare CAICF, were obtained from Jinan wastewater
treatment plant, a machinery plant in Jinan city (Shandong
Province, China), and a brickyard in Zibo city (Shandong
Province, China), respectively. The components of DSS and
clay were shown in Table 1 and the raw materials were dried
at 105∘C for 4 h, crushed in a ball mill, sieved through a
0.154mm mesh, and then stored in polyethylene vessels to
avoid humidification before utilization.

The utilized CTC industrial wastewater, obtained from a
CTC manufacturing factory in Hohhot city (Inner Mongolia
Autonomous Region, China), was mainly generated from
separation and extraction processes of CTC, equipment
rinsing process.Themain water quality of the rawwastewater
and the national discharged standard (wastewater quality
standards for discharge to municipal sewers, C standard of
CJ 343-2010, China) are shown in Table 2, revealing that
the wastewater quality was not stable and all indexes of the
wastewater did not meet the national discharged standard. In
the wastewater treatment plant of this enterprise, the utilized
wastewater treatment system mainly contained flocculation
and precipitation, upflow anaerobic sludge blanket (UASB)
(two anaerobic reactors were connected in series), cyclic
activated sludge system (CASS), anoxic/oxic activated sludge
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Table 1: Chemical components of clay and DSS (wt%).

SiO2 Al2O3 Fe2O3 CaO K2O Na2O Sulfate Phosphate Others
DSS 29.94 18.50 9.48 21.42 1.78 — 9.43 5.37 4.08
Clay 63.28 18.75 7.72 1.23 2.14 2.07 — — 4.81

Table 2: The components of the raw CTC industrial wastewater and the national standard.

Indexes Unit Concentration range CJ 343-2010, C standard
CODcr mg L−1 10474–16855 ≤300
NH3-N mgL−1 358.5–840.2 ≤25
Suspended solid (SS) mg L−1 847.5–1049 ≤300
Chroma — 210.5–332.3 ≤60
pH — 4.60–6.52 6.50–9.50
CTC residue mg L−1 72.8–102.6 —
BOD5 mgL−1 1124.3–1532.5 ≤150

process (A/O), and Fenton oxidation. However, this com-
plicated system had several problems: (1) the two anaerobic
reactors could not operate stably and granule sludge in the
reactors disintegrated greatly and must be renewed every
three months; (2) the system required high operating cost,
mainly resulting from the renewal of granule sludge and
operation of the Fenton process; (3) the final effluent of
the system (CODcr of 586–673mg L−1, NH3-N of 21.5–
26.8mg L−1, SS of 97.5–113.8mg L−1, chroma of 200–300)
did not meet the discharged national standard (CODcr ≤
300mg L−1, NH3-N ≤ 25mg L−1, SS ≤ 300mg L−1, chroma
≤ 60). Therefore, it is necessary to improve the system or
develop new system for the CTC wastewater treatment.

According to our previous study [28], CAICF was pre-
pared according to the following three steps.

Step 1 (dosing, mixing, pelleting, screening, and drying).
Clay, DSS, and SI (4 : 3 : 3, w/w/w) were completely mixed
and poured into a pelletizer (DZ-20) to produce raw pellets
(about 7.00wt% of water was added). Then, the raw pellets
were sieved (the diameters were 5.0–6.0mm) and stored in
draught cupboard at room temperature (22∘C) for about 24 h
before thermal treatment.

Step 2 (sintering treatment). The dried raw pellets were
rapidly transferred into electric tube rotary furnace (KSY-4D-
16) and sintered at 400∘C for 20min in anoxic conditions.

Step 3 (cooling treatment). After the sintering treatment,
the pellets were transferred to draught cupboard until they
cooled down to room temperature (22∘C).

2.2. Starting and Operating of the Wastewater Treatment
System. In this study, a coupled ME-EGSB-SBR system was
utilized for the CTC industrial wastewater treatment. A pilot-
scale experiment was set up for the wastewater treatment
as shown Figure 1; all units were made of stainless steel to
prevent possible corrosion caused by the wastewater and to
eliminate potential photodegradation by the light.

Firstly, flocculation and precipitation processes were used
to remove SS in the raw wastewater and prevent blockage of

the ME reactor. Then the wastewater was introduced into the
regulating reservoir 1 (cylinder, 1.0m in diameter and 1.5m
tall) to adjust pH of the wastewater by adding hydrochloric
acid (HCl) solution. Seven initial pH values (1.0, 2.0, 3.0, 4.0,
5.0, 6.0, and 7.0) and eight hydraulic retention times (HRTs,
1.0, 2.0, 3.0, 4.0, 5.0, 6.0, 7.0, and 8.0 h) were selected to
determine the optimum conditions of ME reactor according
to the removal rate of CTC residue and CODcr. 30 cm of
cobble stone was packed as supporting layer at the bottom of
ME reactor (cylinder, 1.0m diameter and 2.0m height) with
1.0m of CAICF as media layer on the top, leaving a bottom
space of 20 cm for water and air distribution and a headspace
of 30 cm to retain fillers during backwashing.The wastewater
was pumped into the reactor through the inlet at the bottom
and discharged to the regulating reservoir 2 (cylinder, 1.0m
in diameter and 1.5m tall) from the upper outlet.

Secondly, calcium hydroxide (Ca(OH)2) solution was
added to adjust and keep pH of the wastewater to about 7.0
before being introduced into EGSB tank. At start-up stage,
the up-flow EGSB tank (cylinder, 1.2m in diameter and 5.0m
tall) with an effective volume of approximately 3.96m3 was
inoculated with granule sludge (approximately 1.2m3) from
a local starch factory at a concentration of approximately
15.9 g VSS L−1, and the starting organic loading rate (OLR)
was about 0.5 kgm−3 d−1. During the operation, OLR was
increased gradually until the optimum OLR was determined
by the CODcr removal efficiency. Other conditions including
temperature and pHwere kept at about 35.0∘Cand 7.0, respec-
tively. The effluent was discharged into sludge precipitation
reservoir (cylinder, 1.0m in diameter and 1.5m tall) and
excess sludge was returned to the EGSB tank via a reflux
sludge pump.

Thirdly, the supernatant of sludge precipitating reservoir
was pumped into SBR reactor (cuboid, 1.2m × 0.6m ×
0.65m)with an effective volume of approximately 0.43m3. At
the start-up stage, the reactor was inoculated with activated
sludge obtained from the same starch factory at a solids
concentration of approximately 5.4 g MLSS L−1. During the
operation, the time for influent feeding, aerating, precipi-
tating, and effluent discharging was 1.0 h, 4.0 h, 2.0 h, and
1.0 h, respectively. Additionally, temperature and pH of the
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Figure 1: The treatment system of CTC wastewater.

wastewater were controlled at about 30.0∘C and 7.0 by adding
NaHCO3 solution. Finally, the effluent was discharged from
the wastewater treatment system into urban sewage pipe
network.

All pumping and mixing cycles in the system were
operated via four metering pumps (JsbasenGM500/0.3, Bei-
jing, China) and a sludge pump (LanshenQJB-W4, Nanjing,
China).The dissolved oxygen (DO) concentration in the SBR
reactor was controlled at 2.0–4.0mg L−1 using a Roots blower
(FengyuanFRMG350, Shandong, China).

2.3. Analytical Methods

2.3.1. Properties of CAICF. According to our previous study
[44], water absorption and bulk density were measured
by the national standard (lightweight aggregates and the
test methods-part 2, test methods for lightweight aggregate,
GB/T 17431.2-2010, China) and grain density was calculated
according to Archimedes’ principle. The above-mentioned
physical properties were calculated as follows:

Bulk density = mass of ceramic bodies
bulk volume of ceramic bodies

kg⋅m−3

Grain density = mass of ceramic bodies
volume of ceramic bodies

kg⋅m−3

Water absorption =
1 h saturated mass of ceramic bodies −mass dry of ceramic bodies

mass of dry ceramic bodies
× 100%.

(2)

Structural and morphological analysis was conducted by
scanning electron microscopy (SEM, Hitachi S-520, Japan)
both in the surface and in the cross section (Au coated).

1000.00 g of CAICF was soaked into 1.00 L of HCl
(0.20mol L−1) for 24 h. 1.00mL of leach solution obtained
from the supernatant was collected for leaching test of the
toxicmetal elements. Toxicmetal concentrations (Cu, Zn, Pb,
Cr, Cd, Hg, Ba, Ni, and As) of 1000.00 g of CAICFwere deter-
mined by ICP-AES (IRIS Intrepid II XSP equipment,Thermo
Electron, USA) and were compared with national standard
(identification standards for hazardous wastes, identification
for extraction toxicity, GB 5085.3-2007, China).

2.3.2. Characterization of Wastewater. CODcr, NH3-N, SS,
BOD5, chroma, and pH of the wastewater were measured
according to national standard methods (State Environmen-
tal Protection Administration of China, Monitoring and
Analysis Methods of Water and Wastewater, fourth ed.,
China Environmental Science Press, Beijing), and volatile
fatty acid (VFA) of the wastewater in the EGSB tank was
measured by titrimetry [45]. CTC residue in the wastewater
was detected by High Performance Liquid Chromatography
(HPLC) analysis (Shimadzu LC-2010A, Japan) equipped with

a UV absorbance detector, and the analytical method for the
CTC analysis was shown in Table 3. Dissolved oxygen (DO)
and temperature were monitored with DO meter (HQ 30d
53LED� HACH, USA). All measurements were conducted
in five replicates.

3. Results and Discussion

3.1. Properties of CAICF. Firstly, physical properties of
CAICF as shown in Table 4 revealed that the fillers had
low bulk density and grain density. The low bulk density
implied abundant void, which could enhance mass transfer
and prevent short-circuiting. The low grain density might
improve backwashing process and SS intercepted by the
fillers could be easily removed during backwashing process.
Therefore, utilization of CAICF as fillers could ensure the
reliability of ME reactor.

Secondly, Figure 2 showed the appearance and micro-
structure of CAICF ((a) surface, (b) fracture surface). Fig-
ure 2(a) demonstrated a few small and large apertures
distributed on the rough surface of CAICF, mainly caused by
the escaped gas from interior of CAICF during the sintering
treatment. As mentioned in our previous study [28], the
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Table 3: Analytical methods for CTC analysis with a HPLC.

Column
stationary phase

Injection volume
(𝜇L)

Flow rate
(mLmin−1) UV detection (nm) Eluent

CTC C8b 50 1.0 355 0.01M oxalic acid :methanol : acetonitrile (72 : 8 : 20)
bLuna 5𝜇 C8(2) 100 A (Phenomenex, Torrance, CA, USA): 150mm (L) × 4.6mm (𝜙).

Table 4: Physical properties of CAICF.

Ceramics Bulk density (kgm−3) Grain density (kgm−3) Water absorption (wt%)
CAICF 918.5 1318.2 13.6

Table 5: Toxic metal leaching tests of CAICF.

Toxic metal Contents
(mg kg−1 of CAICF)

Threshold
(mg kg−1 of hazardous

waste)
Total Cu 0.08 100.00
Total Zn 0.02 100.00
Total Cd 0.01 1.00
Total Pb 0.06 5.00
Total Cr 0.02 15.00
Total Hg — 0.10
Total Ba 0.05 100.00
Total Ni — 5.00
Total As 0.02 5.00

rough surface could make fillers contact with wastewater
more easily and the apertures on surface could promote
the wastewater flow into the interior of CAICF, resulting
in enhancement of treating effect. Figure 2(b) revealed lots
of small and large apertures distributed inside of CAICF,
meaning that the wastewater could flow through inside of
the fillers. Consequently, the wastewater could be treated
sufficiently inside of the fillers and the interior might not
be easily blocked by SS. Therefore, utilization of CAICF as
fillers might be satisfactory according to the microstructure
analysis.

Thirdly, results of the toxic metal leaching test of CAICF
were shown in Table 5, revealing that all the nine metal
concentrations (Cu, Zn, Pb, Cr, Cd, Hg, Ba, Ni, and As) in
lixivium were much lower than the limits of the national
standard (GB 5085.3-2007).The results suggested that CAICF
utilized as fillers would not lead to secondary pollution to
water environment. Additionally, comparing with the detec-
tion for DSS [44], all the toxic metal leaching concentrations
of CAICFwere far lower than those ofDSS, especially for total
Cu, Zn, Cr, Pb, and Ba. This result showed that utilization of
DSS to prepare CAICF could immobilize the toxic metals in
DSS and consequently decrease the pollution of DSS.

Overall, it could be deduced that CAICF used as fillers of
ME reactor might be feasible, safe, and reasonable according
to the properties test.

3.2. CTCWastewater Pretreatment Effect by ME
3.2.1. Initial pH of the Wastewater. pH is an important
parameter forME reaction andmay affect the treatment effect

of ME reactor. Therefore, seven pH values were selected to
study the influence of initial pH on ME reactor. During this
experiment, CAICF was applied as fillers in the ME reactor;
HRT was kept at 8.0 h under aerating condition.

The influence of initial pH on CTC and CODcr removal
was shown in Figure 3(a). The results revealed that the
removal efficiency of CODcr and CTC decreased rapidly
when initial pH increased from about 3.0 to 7.0, and the
removal efficiency decreased slightly as initial pH increased
from about 1.0 to 3.0. It was likely that corrosion and
dissolution of Fe0 in the fillers were more easily proceeded
under acidic condition; therefore, more reducing agents (Fe0,
Fe2+, and active radical ([H])) could be generated, resulting
in destruction and reduction of CTC in the wastewater [28,
46]. Moreover, hydroxyl radical (∙OH), as a strong oxidizing
agent, might be easily generated during ME reactions under
aerating conditions, resulting in oxidation of CTC and COD
residue in the wastewater. However, when the wastewater
reached neutral and alkaline condition, iron oxides and
hydroxides were easily formed on the surface of the fillers,
resulting in slow iron corrosion and surface passivation,
consequently leading to the weakening of reduction and
oxidation effect by the ME reactor. Therefore, higher CTC
removal efficiency by the ME reactor was obtained on acidic
condition than that on neutral and alkaline condition, and
the CTC removal efficiency increased when pH decreased
gradually, probably due to the acceleration of Fe corrosion,
which could strengthen the reduction and oxidation effect by
theME reactor. However, when pH in the wastewater was too
low, dissolution of Fewas accelerated drastically, whichwould
greatly decrease service life of the sintered fillers. Therefore,
3.0 should be the optimum pH for the ME reactor in order to
obtain high CTC removal efficiency and long service life of
the sintered fillers.

3.2.2. HRT of theWastewater. HRT is also a crucial parameter
forME reaction.Therefore, eight HRTs were selected to study
the influence of HRT on CODcr and CTC removal of ME
reactor. During this experiment, initial pH was kept at about
3.0 under aerating condition.

Figure 3(b) showed the influence of HRT on the removal
efficiency of CODcr and CTC by ME reactor, revealing
that the removal efficiency increased quickly when HRT
was increased from 1.0 h to 4.0 h, and it varied slightly as
HRT was increased from 4.0 h to 8.0 h. It could be deduced
that ME reaction could not be accomplished with short
HRT, which might be confirmed by abnormally low pH in
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(a) (b)

Figure 2: The appearance and microstructure of CAICF (SEM): (a) surface, (b) fracture surface.
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Figure 3: Influence of initial pH and HRT on ME treatment effect ((a) pH, (b) HRT).

effluent, resulting in low removal efficiency of CODcr and
CTC. Consequently, the removal efficiency increased quickly
when HRT was increased from 1.0 h to 4.0 h. However,
when HRT exceeded 4.0 h, the reaction time was enough for
accomplishing ME reaction sufficiently. Additionally, pH in
the effluent (about 6.50) varied slightly as HRTwas increased
from 4.0 h to 8.0 h, probably leading to the slight variation
of removal efficiency. In all, the optimum HRT for the ME
reactor should be 4.0 h determined by the CODcr and CTC
removal efficiency.

3.2.3. Mechanisms for CTC and CODcr Removal. In ME
reactor, several reaction mechanisms are involved in ME
reactions for CTC removal. Firstly, the residual CTC might
be reduced by the reduction effect, which was derived from
active radical ([H]), Fe0, and Fe2+ under acidic conditions

[47]. It was known that when contacted with wastewater
under acidic conditions, Fe0 could react with H+ and gener-
ated active radical ([H]), which was a strong reducing agent
to reduce CTC. Additionally, Fe0 and its corrosion product
(Fe2+) were also reducing agents, which could also reduce
CTC. Secondly, H+ was consumed during ME reactions
and pH reached neutral and alkaline conditions gradually,
resulting in the generation of iron hydroxide (Fe(OH)2 and
Fe(OH)3), which could remove the residual CTC and CODcr
by flocculation effect [48, 49]. Thirdly, the electrode voltage
under acidic and aerating conditions (+1.67V) was higher
than that under acidic and anaerobic conditions (+0.40V),
which could enhance ME reactions and accelerate corrosion
of Fe, resulting in the improvement of CTC removal [46].
Additionally, as a strong oxidizing agent, hydroxyl radi-
cal (∙OH) might be generated during ME reactions under
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Figure 4: Operating effect of the ME reactor.

aerating conditions, which has been demonstrated by some
researchers [50, 51]. ∙OHmight oxidize the residual CTC and
remove some CODcr in the wastewater. Overall, CTC and
CODcr in the wastewater were mainly removed by reducing,
oxidizing, and flocculation effects.

3.2.4. Operating Effect of ME Reactor. According to the above
experiments, the optimum initial pH (about 3.0) and HRT
(4.0 h) were applied in the pilot-scale experiment and theME
reactor was packed with CAICF.

Figure 4 showed the operating results of the ME reac-
tor in the whole experiment. It could be seen that the
ME reactor could get stable CODcr and CTC removal
efficiency (40.0% and 90.0%, resp.). It was noted that the
removal efficiency decreased appreciably (about 5.0%) from
15 d to 29 d, probably due to the blockage of the reactor
by SS in the wastewater. Consequently, the mass trans-
fer of wastewater was inhibited, resulting in the decrease
of removal efficiency. After the backwash for the reactor,
the removal efficiency was recovered. Therefore, the reac-
tor was backwashed regularly (the backwashing cycle was
about 15 d) and the reactor operated stably during the later
experiment.

From the operating effect, it could be deduced that the
molecular structure of CTC might be destroyed by the ME
reactor and the majority of CTC residue in the wastewater
might be decomposed or inactivated, and biotoxicity of the
wastewatermight be decreased according to the high removal
efficiency of the ME reactor and the operating effect of
later biological treatment. Therefore, it could be deduced
that utilization of this ME reactor for CTC wastewater
pretreatment was feasible and satisfactory.

3.3. Anaerobic Biological Treatment by EGSB. After the ME
pretreatment, EGSB tank was used as the following anaerobic
biological treatment for the wastewater, in order to remove
themajority of CODcr in thewastewater and further enhance
biodegradability of the wastewater.
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CODcr removal efficiency of the EGSB tank was shown
in Figure 5. The results showed that the operating effect
fluctuated occasionally during the microbial acclimation
stage and CODcr removal efficiency could reach 85.0% to
90.0% after microbial acclimation was accomplished. During
the whole experiment, it could be observed that CODcr
removal efficiency decreased obviously on two stages. The
first stage appeared from 17 d to 25 d, it was likely that
dominant bacteria in the EGSB tank have not been greatly
reproduced, and it could not bear high OLR (2.0 kgm−3 d−1),
resulting in insufficient degradation of organic substances by
dominant bacteria. Meanwhile, granule sludge in the tank
was recombined and some bacteria that could not adapt to the
wastewater would be eliminated, resulting in the discharge
of some eliminated flocculent sludge. When the tank was
operated after 25 d, the CODcr removal efficiency trended to
stability, suggesting that dominant bacteria might reproduce
gradually in the tank.

On the second stage (43 to 47 d), when OLR reached
about 4.5 kgm−3 d−1, the CODcr removal efficiency de-
creased rapidly with the rapid increase of VFA (from 2.59
to 10.08mmol L−1). It was likely that the present OLR has
exceeded endurance limit of dominant bacteria, resulting
in insufficient degradation of organic substances. It could
be deduced that CTC loading rate was enhanced as OLR
increased due to small amount of CTC residue in the
wastewater, resulting in the inhibition of dominant bacteria.
It is well known that methane and carbon dioxide are the
end-products of anaerobic biological treatment. Two groups
of bacteria play the major roles in this process: acetoclas-
tic methanogens and hydrogenotrophic methanogens; the
former transform acetate to methane and carbon dioxide,
and the latter can produce methane and carbon dioxide
by utilizing hydrogen produced during anaerobic oxidation
of soluble organics. Moreover, about 75% of the methane
produced during anaerobic biological treatment is caused by
the acetoclastic methanogen activity [52]. CTC could inhibit
both homoacetogenic bacteria and acetoclasticmethanogens,
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Figure 6: The effect of SBR reactor.

which could utilize acetate, and consequently affect methane
production by these microorganisms [53]. Moreover, ace-
togenic bacteria could also be inhibited by CTC, resulting
in accumulation of VFA in the tank. After this stage, OLR
was reduced to 4.0 kgm−3 d−1 and the tank was recovered to
normal stage gradually, resulting in the increase of theCODcr
removal efficiency.

To sum up, the optimum OLR of the EGSB tank was
about 4.0 kgm−3 d−1 with 85.0% to 90.0% of CODcr removal
efficiency, and the anaerobic treatment effect demonstrated
that biotoxicity of the wastewater could be reduced by theME
reactor.

3.4. Aerobic Biological Treatment by SBR. Subsequently, SBR
was utilized for the aerobic biological treatment, mainly
focusing on CODcr residue and majority of NH3-N removal,
and SBR reactor was started after EGSB has been operated for
30 d.

CODcr removal efficiency of SBR reactor was shown in
Figure 6, revealing that the reactor could reach stable stage
easily (about 23 d) and it operated stably after 23 d with
the stable CODcr removal efficiency (about 75.0%). From
1 to 13 d, it could be observed that CODcr in effluent was
decreased gradually with the increase of CODcr removal
efficiency, suggesting that quantity of aerobic heterotrophic
bacteria might grow and reproduce gradually. From 13 to
18 d, CODcr in the effluent increased rapidly, probably due
to the increase of influent CODcr in SBR, mainly caused by
the overload operating of EGSB tank. However, the CODcr
removal was affected slightly in this stage, mainly due to
the sufficient aerobic heterotrophic bacteria and effective
degradation of organic substance, resulting in high CODcr
removal efficiency. Meanwhile, the results suggested that the
SBR reactor had strong shock resistance ability. After 18 d,
CODcr in effluent decreased gradually and subsequently
trended to stability, and the reactor entered into the stable
stage on 23 d.

Overall, after the SBR reactor reached stability, about
75.0% of influent CODcr could be removed and the effluent
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Figure 7: NH3-N removal effect of the system.

CODcr could be always lower than 300mg L−1 on the basis
of stable operation of EGSB tank. Moreover, this SBR reactor
had strong shock resistance ability.

3.5. Nitrogen Removal Effect by the Whole System. NH3-N
removal effect by the whole system was investigated when
the SBR reactor has been operated for about 16 d. The results
were shown in Figure 7. It could be observed that the effluent
NH3-N was higher in the first three days than that in later
time, mainly caused by the high influent NH3-N of the
system. From 1 to 7 d, the effluent NH3-N was decreased
gradually, mainly due to the growth and reproduction of
nitrifying bacteria in the SBR reactor. After this stage, the
system entered into the stable stage, resulting in the stable
NH3-N in the effluent of the system. Additionally, NH3-N
in the wastewater was mainly removed by the SBR reactor,
demonstrating the great NH3-N removal ability of SBR
reactor [54–56].

Finally, it could be concluded that the whole system could
remove about 95.0% ofNH3-N in thewastewater, andNH3-N
in the final effluent of the system could be always lower than
25.0mg L−1.

4. Conclusions

In this study, conclusions were shown as follows:

(1) Utilization of solid waste (DSS and SI) to prepare new
media CAICF was feasible and satisfactory according
to the physical properties, microstructure analysis,
and toxic metal leaching test of CAICF.

(2) CAICF applied as filler in ME reactor for CTC
wastewater pretreatment was effective, approximately
40.0% of CODcr and 90.0% of CTC residue in the
wastewater were removed, and biodegradability of the
raw wastewater was enhanced effectively.

(3) The coupled ME-EGSB-SBR system could treat the
CTC wastewater effectively, approximately 98.0% of
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CODcr and 95.0% of NH3-N could be removed, and
the final effluent met the requirement of national
standard (CODcr≤ 300mg L−1, NH3-N≤ 25mg L−1).

Nomenclature

CTC: Chlortetracycline
OTC: Oxytetracycline
DSS: Dewatered sewage sludge
SI: Scrap iron
CAICF: Cathode-anode integrated ceramic filler
CCF: Cathode fillers
ACF: Anode fillers
EGSB: Expanded granular sludge bed
ME: Microelectrolysis
SBR: Sequencing batch reactor
UASB: Upflow anaerobic sludge blanket
CASS: Cyclic activated sludge system
A/O: Anoxic/oxic activated sludge process
SS: Suspended solid (mg L−1)
COD: Chemical oxygen demand (mg L−1)
NH3-N: Ammonia nitrogen (mg L−1)
BOD: Biochemical oxygen demand (mg L−1)
VFA: Volatile fatty acid (mg L−1)
OLR: Organic loading rate (kg m−3 d−1)
HRT: Hydraulic retention time (h)
DO: Dissolved oxygen (mg L−1).
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