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ab s t r ac t
To investigate the kinetics of the degradation of bisphenol A (BPA) by aerobic composting of sewage 
sludge (SS) and the effects of the major controlling factors, six pilot-scale (5 L) and 10 bench-scale 
(0.5 L) trials were conducted using sawdust as the amendment. For BPA with initial concentrations of 
0.349–0.551 mg kg−1 in pilot-scale trials, half the BPA was removed within the first 2.5–7.5 d of the 14-d 
composting process. Fitting the pilot-scale BPA reduction data to first-order kinetic models indicated 
that degradation rate constants and half-lives for BPA ranged from 0.095 to 0.175 d−1 and from 4.0 to 
7.3 d, respectively. Kinetic parameters were obtained from bench-scale trials under various controlling 
factors such as initial concentration of BPA, aeration, moisture content and temperature. The results 
showed that thermophilic aerobic biodegradation was the main mechanism for BPA removal during 
the aerobic stabilization phase of SS composting. The optimum conditions for BPA degradation were 
0.3–30 mg kg−1 initial concentration, 0.050–0.100 L min−1 kg−1 aeration rate, 60%–70% moisture content 
and 60°C–70°C temperature. Our findings could be used to further the enhancement of BPA biodegra-
dation in SS or other solid wastes.
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1. Introduction

Bisphenol A (BPA), as a typical environmental endocrine- 
disrupting chemical, has become one of the most ubiquitous 
contaminants in the environment [1,2]. Large amounts of 
BPA have been applied as plasticizers to produce polycar-
bonate and epoxy resin in the production of various plas-
tics and paper coatings. During the production process and 
product usage, a proportion of BPA dissolves and may enter 
the environment. Recent research has shown that BPA could 
influence multiple endocrine-related pathways and generate 

adverse effects even below the lowest observed effect level, 
which was established by the EPA in 1988 and adapted by the 
FDA [3]. Therefore, the fate and removal of BPA in the envi-
ronment has drawn considerable attention from both envi-
ronmental scientists and the public. Municipal wastewater 
treatment plants (WWTPs) are considered the main pollution 
sources for BPA in the environment [4,5].

To date, the occurrence and fate of BPA in WWTPs has 
been well documented by several studies [6,7]. Because of 
its high hydrophobicity, BPA can be easily transferred from 
wastewater to sewage sludge (SS) [8,9]. Therefore, BPA of 
influent wastewater is gathered in SS, where the BPA con-
centrations are thousands of times greater than those in efflu-
ent wastewater [10,11]. As a result, SS may be considered a 



207J. Zhang et al. / Desalination and Water Treatment 90 (2017) 206–213

substituted pollution source of BPA for wastewater, and thus 
the potential exposure risk of BPA in SS should be paid more 
attention than that in effluent wastewater. A number of recent 
studies have reported the ecological risk of BPA in various 
environmental media such as the aquatic environment [12], 
organisms [13,14] and the soil [15]. However, few studies 
have focused on the potential exposure risk in agricultural 
soil amended by SS or SS compost, even though BPA con-
tents of more than 100 mg kg−1 have been observed in SS from 
China [16].

Two main disposal routes have been applied for dewa-
tered SS from WWTPs: land application after composting 
or digestion, and land filling after drying or incineration. 
Compared with land filling, land application of SS has 
obvious advantages including recycling of nutrients and 
improvement of soil properties and has been adopted 
widely across the world [17]. Given that composting is an 
extensively adopted treatment before land application of SS, 
it is necessary to assess the removal efficiency and potential 
ecological risk of BPA during the composting process. Some 
studies have shown that composting is one efficient method 
for removing organic microcontaminants in SS or other solid 
wastes. Oleszczuk [17] found a significant decrease of 14 
polycyclic aromatic hydrocarbons (PAHs) of SS during the 
composting process over 70 d. Wu et al. [18] showed that 
three tetracyclines in swine manure were biodegraded over 
70% after composting for 53 d, and the degradation process of 
three tetracyclines successfully fitted an adjusted first-order 
kinetic model. Removal of BPA has been found through four 
pathways in terrestrial and aquatic environments: micro- 
biological degradation, photodegradation, phytodegrada-
tion and algal degradation [19]. Of these, biodegradation by 
microorganisms is the most probable pathway during com-
posting of SS. Since biodegradation of BPA has only been 
found among aerobic organisms to date [19], the main influ-
encing factors include initial concentration, temperature, 
moisture content and sufficient aeration. To our knowledge, 
no studies have reported the kinetics and its factors for deg-
radation of BPA during the SS composting process, which is 
key information for improving removal efficiency and reduc-
ing potential ecological risk of BPA for land application of SS.

Therefore, there were two aims of the current study: (1) 
investigation of the occurrence and fate of BPA in SS during 
the composting process and determining the reaction kinet-
ics parameters for degradation of BPA during composting 
process and (2) exploration of the optimum ranges of main 
factors such as initial concentration of BPA, aeration, mois-
ture and temperature to remove BPA by aerobic composting 
of SS. The findings of this study could be used to enhance the 
removal technology of BPA based on composting of SS. 

2. Materials and methods

2.1. Raw materials and chemical reagent

SS was obtained from a WWTP located in the urban 
region of Guilin, south China, where the thickened sludge 
was dewatered via a belt-filter press. Sawdust collected from 
a local wood-processing facility was used as the amendment 
to improve the C/N ratio, free air space and moisture content 
of SS [20]. The SS and sawdust was mixed manually to form 
a homogeneous mixture. 

Ultrapure water was prepared by an ultrapure water puri-
fier (Milli-Q Plus, Millipore, MA). The BPA (99%) and BPA-d16 
(98%) were obtained from Dr. Ehrenstorfer GmbH (Augsburg, 
Germany), each of which was dissolved in an appropriate 
amount of methanol for preparation of the stock solution 
(1 g L−1). Methanol (MeOH), dichloromethane (DCM), ace-
tone and hexane were pesticide-residue grade and were pur-
chased from Merck (Darmstadt, Germany). The derivatization 
reagent, Bis-(trimethylsilyl)-trifluoroacetamide (BSTFA) with 
1% of trimethylchlorosilane (TMCS) was obtained from Sigma-
Aldrich (St. Louis, USA). An Oasis HLB cartridge (500 mg, 
6 mL) was obtained from Waters (Milford, MA) for solid phase 
extraction (SPE). Two types of clean-up cartridges, silica gel 
cartridge (500 mg, 6 mL) and acid aluminum oxide cartridge 
(500 mg, 6 mL), were purchased from Agela (Beijing, China).

2.2. Experimental design of composting

Composting experiments were conducted at two bioreac-
tor scales (0.5 and 5.0 L) constructed from polymethylmethac-
rylate (PMMA). The 0.5-L PMMA bioreactor (80 mm internal 
diameter, 200 mm depth) was coated with a water-bath jacket to 
control the temperature of the compost matrix. The wall of the 
5-L PMMA bioreactor (150 mm diameter, 400 mm depth) was 
covered with 10-mm-thick polyurethane as the protective coat-
ing to reduce heat loss. Air was aerated into the matrix from the 
bottom of the bioreactor by an air pump, and inlet airflow was 
measured using an airflow meter with a range of 0–0.25 L min−1.

Composting tests were conducted under six different 
conditions in 5.0-L bioreactors for pilot-scale experiments 
(Table 1) and 10 different conditions in 0.5-L bioreactors for 
bench-scale experiments (Table 2). In the pilot-scale exper-
iments, three different constant aeration rates (0.025, 0.050 
and 0.075 L min−1 kg−1) and three initial moisture contents 
(approximately 55%, 65% and 75%) were established in 
Trials A1–A3 and A4–A6, respectively. No additional BPA 
was spiked into the SS or sawdust in Trials A1–A6. The 
duration of the pilot-scale experiment was 14 d. In the bench-
scale experiments, 10 trials labeled B1–B10 were conducted 
to simulate effects of three levels of four parameters on bio-
degradation of BPA during the first 5 d of composting (aer-
obic stabilization phase). This 5-d period was chosen on the 
basis of the results from pilot-scale trials. The four parame-
ters and corresponding levels were as follows: BPA concen-
tration of 15, 30 and 60 mg kg−1, aeration rates of 0, 0.050 
and 0.100 L min−1 kg−1, initial moistures of 50%, 60% and 
70%, and temperatures of 30°C, 45°C and 60°C, respectively. 
Before mixing with sawdust in Trials B1–B10, each 20-g SS 
(dw, dry weight) was continuously stirred and slowly spiked 
with 300, 600 or 1,200 μL of a stock solution containing 
BPA to make SS with initial BPA concentration of 15, 30 or 
60 mg kg−1. These concentrations were chosen on basis of the 
results (0.42–152 mg kg−1) of a national BPA investigation in 
SS in China [16]. The stirring of SS and subsequent mixture 
ensured that the concentration of BPA in SS was the same in 
all parts of the reactor. Each trial was performed in triplicate.

2.3. Analysis methods

The moisture content, organic matter (OM) levels were 
analyzed according to the standard methods [21]. The total 
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carbon and total nitrogen levels were determined by an 
element analyzer (PerkinElmer EA2400II, Waltham, MA). 
The thermal probes connected with a real-time computer-
ized control system were used to continuously monitor the 
temperature of the matrix and the ambient air. Temperature 
data were collected from the computer, which logged data 
every 5 min.

Lyophilized SS and composting samples were ground 
to pass through a 100-mesh (0.15 mm) nylon sieve, and then 
were homogenized to 0.5 g (dw). The homogenized sample 
was spiked with 50 ng BPA-d16 and left for 6 h in a fume hood 
to complete the volatilization of solvent hexane. A two-step 
microwave-assisted extraction, developed by our group 
and described in detail in previous research [7], was used 
to extract samples with MeOH of 9 and 6 mL successively. 
The supernatant was diluted and acidified to pH of 3. Then, 
SPE was applied to clean up and concentrate the acidified 
supernatant with 8 mL of acetone:DCM solution (3:7, v/v). 
Sequential purification procedures with a silica gel car-
tridge and acidic Al2O3 cartridge were subsequently applied 
to clean up the impurity of the dilution with 10 mL meth-
anol:acetone solution (1:1, v/v). Finally, the cleaned extract 
was further concentrated to 0.5 mL under a moderate stream 
of pure N2. Next, 50 μL of BSTFA with 1% TMCS was added 
to the dried sample and then incubated at 70°C for 50 min to 
compete the derivatization of BPA. The derivatized sample 
was evaporated to dryness by N2 again and then re-dissolved 
in 200 μL of hexane for gas chromatography–mass spectrom-
etry (GC–MS) analysis.

A Clarus 600 mass selective detector linked to a Clarus 
670 GC (PerkinElmer, Germany) was used to analyze the 
BPA. The instrument was equipped with a HP-5MS column 
(30 m × 0.25 mm inner diameter, 0.25 μm film thickness, 
PerkinElmer, Germany). The temperature of the injector and 
ion source were maintained at 280°C and 250°C, respectively. 
Each sample (1 μL) was injected in splitless mode. The oven 
temperature was set as the following procedure in sequence: 
maintained at 100°C for 1 min, raised to 250°C at the rate of 
20°C min−1, raised to 270°C at the rate of 5°C min−1, then raised 
to 300°C at a rate of 20°C min−1, and finally maintained at 
300°C for 2 min. The MS acquisition was performed in the pos-
itive electron impact mode (70 eV) under full ion scan mode 
(50–600, m/z) for qualitative analysis and then the selected ion 
mode was used to quantify BPA (m/z value, 73, 207 and 257). 

2.4. Quality assurance and quality control

The linear regression of standard curve showed a good fit 
(R2 = 0.989). The limit of quantification was estimated at about 
1 μg kg−1 based on the signal–noise ratio of 10. The spiking 
experiment was set at a BPA concentration of 50 μg kg−1 for 
solid samples (n = 3), and a high recovery (92% ± 9%) was 
obtained.

2.5. Kinetic model

It is assumed that the dissipation of organic compounds 
during the composting process follows the simple first-order 

Table 1
Aeration rate and initial moisture content for SS and sawdust composting processes in the pilot-scale trials

Trials Aeration rate 
(L min−1 kg−1)

Initial moisture 
content (wba, %)

SS sawdust 
(wb, m/m)

C/N ratio Wet weight 
(kg)

A1 0.025 65.7 4:1 26.5 1.6
A2 0.050 66.7 4:1 25.8 1.6
A3 0.075 67.1 4:1 26.2 1.6
A4 0.053 55.4 3:1 33.5 1.5
A5 0.050 65.2 3:1 34.1 1.6
A6 0.050 74.9 3:1 33.5 1.6

awb indicates wet basis.

Table 2
Different conditions of composting processes in the bench-scale trials

Trials Addition concentration (mg kg−1) Aeration rate (L min−1 kg−1) Initial moisture (wba, %) Temperature control

B1 15 0.050 61.2 Temperature for trials of 
B1–B7 was set as followed: 
40°C (1 d), then 55°C (3 d), 
and then 50°C (1 d)

B2 30 0.050 60.8
B3 60 0.050 60.8
B4 30 0 60.5
B5 30 0.100 60.4
B6 30 0.050 50.7
B7 30 0.050 69.8
B8 30 0.050 60.3 Temperatures were held on 

30°C, 45°C and 60°C for B8, 
B9 and B10, respectively

B9 30 0.050 60.1
B10 30 0.050 60.1

awb indicates wet basis.



209J. Zhang et al. / Desalination and Water Treatment 90 (2017) 206–213

kinetic model [22,23], and this assumption was used in this 
study. The kinetic equation (Eq. (1)) was expressed as follows:

Ct = C0 e−kt (1)

where Ct represents the concentration (mg kg−1) of the target 
chemical at time t, and k is the rate constant (d−1). The half-life 
was calculated using Eq. (2):

t1/2 = (ln2)/k (2)

3. Results and discussion

3.1. Physiochemical characteristics of substrate

The physiochemical properties of the substrate are shown 
in Table 3. The BPA concentrations of SS added into the mix-
tures were approximately 0.35 and 0.55 mg kg−1 (dry basis) 
in September and November 2014, respectively. The sawdust 
contained no detectable BPA.

3.2. Pilot-scale composting

3.2.1. Temperature, OM and pH of the matrix

Matrix temperature in all pilot-scale trials except A6 
(Fig. 1(a)) all generally went through mesophilic, ther-
mophilic and cooling phases as the ambient temperature 
increased slightly during the bench-scale composting. The 
t50 values (accumulative time when the temperature of cen-
tral matrix was over 50°C) were 6, 5 and 6 d for Trials A2, 
A3 and A5, respectively, which satisfies the requirements of 
the sanitary standard for composting of night soil in China. 
However, the compost Trials A1, A4 and A6 did not meet 
these requirements with t50 of 1, 3 and 0 d, respectively. The 
OM in all trials had a general declining trend (Fig. 1(b)), 
which was comparable to the results from other research 
[17,18]. The highest change of 17.2% for OM was observed in 
Trial A5 throughout the composting process. In contrast, OM 
in Trial A6 only achieved the reduction of 5.6%, which may 
be attributed to the insufficient biodegradation of OM under 
the high initial moisture content and low central temperature 
during composting. The pH value observed in each trial was 
in the range of 6.5–8.7 (Fig. 1(c)), which is suitable for the 
activity of aerobic microorganisms.

3.2.2. Degradation of BPA

The degradation of the BPA was also investigated in the 
pilot-scale trials (Fig. 2). The initial concentrations of BPA 
were in the range of 0.540–0.551 mg kg−1 for Trials A1–A3, 

and 0.349–0.355 mg kg−1 for Trials A4–A6. After the 14-d com-
posting process, a significant reduction of BPA occurred in 
each pilot-scale trial. The removal efficiency of BPA ranged 
from 83.3% to 90.2% in Trials A1–A3, and from 69.6% to 87.3% 
in Trials A4–A6. The high removal efficiency indicates that 
composting is an effective treatment for elimination of BPA 
in SS. Even though BPA could not be removed completely by 
the fast composting technique in this study, it was degraded 

Table 3
Physiochemical properties of raw materials for composting of SS and sawdust

Moisture content (%) Organic carbon (dba, %) Organic nitrogen (db, %) C/N pH Organic matter (db, %)

SS 83.2 ± 0.2 44.4 ± 0.7 3.4 ± 0.2 13.0 7.5 ± 0.2 58.3 ± 2.1
Sawdust 8.4 ± 0.1 56.3 ± 0.2 0.6 ± 0.1 93.8 – 83.0 ± 1.6

adb indicates dry basis.
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Fig. 1. Variations of (a) temperature, (b) OM content and (c) pH 
during the SS and sawdust composting processes in the pilot-
scale trials.
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about approximately half of the initial concentration within 
the first 2.5–7.5 d. Moreover, there was little reduction of BPA 
when its concentration was reduced to near 0.100 mg kg−1. 
During composting, BPA in SS was possibly degraded by 
bacteria and fungi with major intermediates such as nitro-
BPA, dinitro-BPA, 4-isopropenylphenol, BPA-dimethyl 
ether, BPA-monomethyl, 4-hydroxybenzoate, hydroqui-
none, 4-hydroxyacetophenone, 4-hydroxycumyl alcohol and 
4-isopropenylphenol [19]. Compared with the parent com-
pound, some biodegradation products showed an increased 
toxicity [24] but others showed remarkable detoxification 
[25]. Therefore, the toxicity effect of BPA metabolisms should 
also be examined for the safe utilization of compost from SS. 

The removal efficiency of BPA in Trial A2 was higher than 
those in Trials A1 and A3, which indicated that moderate aer-
ation rate (0.050 L min−1 kg−1) had a more positive effect on the 
biodegradation of BPA. Considering the higher value of t50 in 
Trial A2, the higher temperature may be the direct cause of 
this positive effect, under the additional influence of the aer-
ation intensity. The high initial moisture content (75%) could 
produce a moderate negative effect on the biodegradation of 
BPA of SS by composting, since the lowest removal efficiency 
of BPA (70%) was observed in Trial A6. The order of total 
removal efficiencies of BPA in Trials A1–A6 was as follows: 
A2 < A4 < A3 < A5 < A1 < A6. This is different to the results 
based on OM reduction (Figs. 1(b) and 2). Therefore, given 
its status as a micropollutant, BPA had different degradation 
characteristics to the total organic compounds in the matrix 
of SS and sawdust.

3.2.3. Kinetics for degradation of BPA

Fitted curves were obtained by fitting experimental 
results for the degradation of BPA during the SS compost-
ing process with the first-order kinetic model (Fig. 3). The 
correlation coefficients were all >0.93 (Table 4), suggesting 
that the first-order kinetic model can be successfully used to 
describe the dissipation process of BPA during composting. 
The half-life of BPA in the matrix (Table 4) ranged from 4.0 
to 7.3 d, which was comparable with the result of 7 d in the 
non-sterile aerobic soil according to Ying and Kookana [15]. 

The lowest and highest BPA half-life values occurred in Trials 
A5 and A6, respectively, which corresponded to the differ-
ent t50 values of the matrix in these trials (6 d for A5 and 0 d 
for A6). Therefore, the temperature may be considered an 
important factor for the biodegradation of BPA during com-
posting. Zhao et al. [26] also found that the higher tempera-
ture significantly enhanced the degradation behavior of BPA 
in aerobic-activated sludge under the range of 10°C–30°C. 

3.3. Bench-scale aerobic stabilization

3.3.1. Effects of initial concentration

The degradation of BPA under different initial concentra-
tions is shown in Fig. 4(a) for the initial 5 d of SS and sawdust 
co-composting. Removal efficiency of BPA decreased from 
56.6% to 32.1% with the increase of initial concentration from 
15 to 60 mg kg−1. This indicates that the high initial concen-
tration of BPA could inhibit the biodegradation of BPA in a 
matrix of SS and sawdust. Deng et al. [27] also reported a sim-
ilar phenomenon when the initial concentration of BPA was 
at 10–20 mg L−1. This may be attributed to the toxic effect of 
BPA on the organisms under high initial concentrations [28].

The degradation behavior of BPA during composting fit-
ted well to the simple first-order kinetic model in the bench-
scale trials (Table 5). Based on the fitting results, half-lives of 
BPA increased rapidly from 4.1 to 9.1 d in Trials B1–B3, which 
corresponded to the inhibition of BPA under high concentra-
tion. Therefore, according to t1/2 results for both pilot-scale 
and bench-scale trials, the appropriate concentration range 
is 0.3–30 mg kg−1 for biodegradation of BPA in SS during the 
aerobic stabilization phase of composting.

3.3.2. Effects of aeration and moisture content

Fig. 4(b) shows the changes of BPA concentrations under 
different aeration rates and initial moisture contents during 
the aerobic stabilization phase of composting. Removal effi-
ciency varied as follows: B5 (56.2%) > B2 (45.9%) > B4 (19.3%). 
This shows that the degradation of BPA was significantly 
influenced by the aeration rate of composting. In particu-
lar, the amount of BPA removal reduced in Trial B4 when 
the aeration level was low. Therefore, the biodegradation of 
BPA occurred mainly in an aerobic environment, which was 
in accordance with the conclusions of previous research. For 
example, Kang and Kondo [29] found that BPA was rapidly 
biodegraded (>90%) under aerobic conditions, but there was 
barely any reduction in BPA (<10%) under anaerobic condi-
tions lasting 10 d. Ronen and Abeliovich [30] showed that 
the BPA in anaerobic slurry was not biodegraded even after 
incubation for 3 months. Moreover, BPA could persist for an 
extended period under some anaerobic environments such as 
anaerobic marine sediment [31]. Therefore, the matrix should 
be provided sufficient aeration (0.050–0.100 L min−1 kg−1) to 
maintain aerobic status of the matrix during composting. 

With the increase of moisture content of matrix from 
50.7% to 69.8% (Table 2), the removal efficiency of BPA was 
also enhanced from 37.3% to 56.3% (Fig. 4(b)) and t1/2 was 
reduced from 7.7 to 4.9 d (Table 5). A sufficient moisture con-
tent plays a vital part in the water activity, which is a key 
factor in the biodegradation of BPA. However, an excessive 
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moisture content could also increase the mass transfer resis-
tance of O2 and correspondingly decrease the biodegrada-
tion rate of BPA (Table 5). Therefore, 60%–70% would be the 
optimal range for the degradation of BPA during aerobic 
composting of SS and sawdust. 

3.3.3. Effect of temperature

The removal efficiencies of BPA observed in Trials 
B8–B10 were 28.8%, 40.8% and 91.7%, respectively 
(Fig. 4(c)). Compared with the other two trials, the highest 
degradation of BPA was achieved in Trial B10, which may 
be because an appropriate microorganism community 

was present under the temperature range of 60°C–70°C. 
According to the temperature curves of Trials B8–B10 
(Fig. 5), thermophilic bacteria were the major microorgan-
isms in both Trial B9 and Trial B10, whereas mesophilic 
bacteria were dominant in Trial B8. Therefore, thermo-
philic bacteria have a better treatment potential than meso-
philic bacteria for the biodegradation of BPA in SS. Among 
enzyme systems catalyzing biodegradation of BPA, laccase 
is considered the major functional enzyme for its higher 
thermostability than other enzymes such as cytochrome 
P450 at the thermophilic range of 50°C–60°C [32,33]. It is 
therefore necessary to allow a sufficient lag period during 
the thermophilic phase to improve the removal efficiency 
of BPA by composting of SS. 

4. Conclusions

Half of the BPA in SS was degraded within the first 
2.5–7.5 d during aerobic composting with initial BPA con-
centrations of 0.350–0.550 mg kg−1. Removal of BPA from SS 
during pilot-scale composting fitted well with first-order 
kinetics, with k and t1/2 for BPA ranging from 0.095 to 0.175 d−1 
and from 4.0 to 7.3 d, respectively.

Kinetic analysis revealed that aerobic biodegradation 
with thermophilic microorganisms was the main mechanism 
for the degradation of BPA in SS during aerobic stabilization 
phase of composting process. The optimum conditions for 

0 2 4 6 8 10 12 14

0.0

0.1

0.2

0.3

0.4

0.5

0.6

0 2 4 6 8 10 12 14

0.0

0.1

0.2

0.3

0.4

0.5

0.6

0 2 4 6 8 10 12 14

0.0

0.1

0.2

0.3

0.4

0 2 4 6 8 10 12 14

0.0

0.1

0.2

0.3

0.4

0 2 4 6 8 10 12 14

0.0

0.1

0.2

0.3

0.4

0 2 4 6 8 10 12 14

0.0

0.1

0.2

0.3

0.4

0.5

0.6

 

C BP
A/m

g 
kg

-1

t/days

(a)

(e) (f)

(d)(c)

(b)

C BP
A/m

g 
kg

-1

t/days

 

 

C BP
A/m

g 
kg

-1

t/days

 

C BP
A/m

g 
kg

-1

t/days

 

 

C BP
A/m

g 
kg

-1

t/days

 

C BP
A/m

g 
kg

-1

t/days
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Table 4
Fitting results for degradation kinetics of BPA in the pilot-scale 
trials using simple first-order kinetic equations

Trials C0 (mg kg−1) Rate constant k (d−1) R2 t1/2 (d)

A1 0.524 0.110 0.988 6.3
A2 0.517 0.164 0.973 4.2
A3 0.533 0.124 0.979 5.6
A4 0.318 0.161 0.966 4.3
A5 0.320 0.175 0.936 4.0
A6 0.367 0.095 0.966 7.3



J. Zhang et al. / Desalination and Water Treatment 90 (2017) 206–213212

removal of BPA by aerobic stabilization of SS were as follows: 
initial BPA concentration of 0.3–30 mg kg−1, aeration rate of 
0.050–0.100 L min−1 kg−1, moisture content of 60%–70% and 
temperature of 60°C–70°C.

These conclusions are important for the enhancement of 
the removal technology of BPA in SS through aerobic com-
posting, which is used in controlling the environmental risk 
of BPA in the land utilization of compost derived from SS. 
On the other hand, these are also could be used to further 
enhancement of BPA biodegradation in other solid wastes.

Acknowledgments

The authors are grateful for the support of the National 
Natural Science Foundation of China (Grant Nos. 51638006, 
41371455) and the Guangxi Natural Science Foundation 
(Grant Nos. 2014GXNSFBA118210, 2016GXNSFAA380005).

References
[1] C.Y. Liao, K. Kannan, Widespread occurrence of bisphenol A in 

paper and paper products: implications for human exposure, 
Environ. Sci. Technol., 45 (2011) 9372–9379.

[2] W.T. Tsai, Human health risk on environmental exposure 
to bisphenol A: a review, J. Environ. Sci. Health., 24 (2006) 
225–255.

[3] C.M. Markey, P.R. Wadia, B.S. Rubin, C. Sonnenschein, A.M. 
Soto, Long-term effects of fetal exposure to low doses of the 
xenoestrogen bisphenol-A in the female mouse genital tract, 
Biol. Reprod., 72 (2005) 1344–1351.

[4] A.F. Toro-Vélez, C.A. Madera-Parra, M.R. Peña-Varón, W.Y. 
Lee, J.C. Bezares-Cruz, W.S. Walker, H. Cárdenas-Henao, S. 
Quesada-Calderón, H. García-Hernández, P.N.L. Lens, BPA and 
NP removal from municipal wastewater by tropical horizontal 
subsurface constructed wetlands, Sci. Total Environ., 542 (2016) 
93–101.

0 1 2 3 4 5

0

20

40

60

0 1 2 3 4 5

0

10

20

30

40

0 1 2 3 4 5

0

10

20

30

40

C BP
A/m

g 
kg

-1

t/days

 B1
 B2
 B3

(a)

 

C BP
A/m

g 
kg

-1

t/days

 B2
 B4
 B5
 B6
 B7

(b)

 

C BP
A/m

g 
kg

-1

t/days

 B8
 B9
 B10

(c)

Fig. 4. Changes of BPA concentration during the SS and sawdust 
composting processes in bench-scale trials: (a) for trials under 
different initial concentrations of BPA; (b) trials under indiffer-
ent aeration rates and moisture contents; and (c) trials under 
different temperatures.

Table 5
Fitting results for degradation kinetics of BPA in the bench-scale 
trials using a simple first-order kinetic model

Trials C0 (mg kg−1) Rate constant k (d−1) R2 t1/2 (d)

B1 14.4 0.167 0.972 4.1
B2 29.4 0.120 0.970 5.8
B3 57.5 0.076 0.986 9.1
B4 30.2 0.047 0.818 14.7
B5 31.2 0.237 0.936 2.9
B6 29.7 0.090 0.992 7.7
B7 29.8 0.157 0.980 4.4
B8 30.5 0.064 0.945 10.8
B9 31.0 0.095 0.904 7.3
B10 33.2 0.381 0.949 1.8

0 1 2 3 4 5
20

30

40

50

60

70
T/

o C

t/days

 B8
 B9
 B10

Fig. 5. Changes of temperature of the matrix during the SS and 
sawdust composting processes under different temperature 
levels in the bench-scale trials.



213J. Zhang et al. / Desalination and Water Treatment 90 (2017) 206–213

[5] G. Xu, S.H. Ma, L. Tang, R. Sun, J.J. Xiang, B.T. Xu, Y.Y. Bao, 
M.H. Wu, Occurrence, fate, and risk assessment of selected 
endocrine disrupting chemicals in wastewater treatment plants 
and receiving river of Shanghai, China, Environ. Sci. Pollut. 
Res., 23 (2016) 25442–25450.

[6] S. Lee, H.B. Moon, G.J. Song, K. Ra, W.C. Lee, K. Kannan, A 
nationwide survey and emission estimates of cyclic and linear 
siloxanes through sludge from wastewater treatment plants in 
Korea, Sci. Total Environ., 497 (2014) 106–112.

[7] J. Zhang, B.W. Yang, B. Song, D.Q. Wang, N.Q. Ren, Bisphenol 
A in wastewater and sewage sludge from five wastewater 
treatment plants of Guilin, China, Fresen. Environ. Bull., 24 
(2015) 3609–3615.

[8] B. Banihashemi, R.L. Droste, Sorption-desorption and 
biosorption of bisphenol A, triclosan, and 17α-ethinylestradiol 
to sewage sludge, Sci. Total Environ., 487 (2014) 813–821.

[9] Y.Q. Huang, C.K.C. Wong, J.S. Zheng, H. Bouwman, R. Barra, 
B. Wahlstrom, L. Neretin, M.H. Wong, Bisphenol A (BPA) in 
China: a review of sources, environmental levels, and potential 
human health impacts, Environ. Int., 42 (2012) 91–99.

[10] E.B. Estrada-Arriaga, P.N. Mijaylova, Influence of operational 
parameters (sludge retention time and hydraulic residence 
time) on the removal of estrogens by membrane bioreactor, 
Environ. Sci. Pollut. Res., 18 (2011) 1121–1128.

[11] Y.F. Nie, Z.M. Qiang, H.Q. Zhang, W.W. Ben, Fate and seasonal 
variation of endocrine-disrupting chemicals in a sewage 
treatment plant with A/A/O process, Sep. Purif. Technol., 84 
(2012) 9–15.

[12] G.M. Klecka, S.J. Gonsior, R.J. West, P.A. Goodwin, D.A. 
Markham, Biodegradation of bisphenol A in aquatic 
environments: river die-away, Environ. Toxicol. Chem., 20 
(2001) 2725–2735.

[13] M. Lorber, A. Schecter, O. Paepke, W. Shropshire, K. Christensen, 
L. Birnbaum, Exposure assessment of adult intake of bisphenol 
A (BPA) with emphasis on canned food dietary exposures, 
Environ. Int., 77 (2015) 55–62.

[14] A. Veiga-Lopez, E.M. Beckett, B.A. Salloum, W. Ye, V. 
Padmanabhan, Developmental programming: prenatal BPA 
treatment disrupts timing of LH surge and ovarian follicular 
wave dynamics in adult sheep, Toxicol. Appl. Pharmacol., 279 
(2014) 119–128.

[15] G.G. Ying, R.S. Kookana, Sorption and degradation of estrogen-
like-endocrine disrupting chemicals in soil, Environ. Toxicol. 
Chem., 24 (2005) 2640–2645.

[16] S.J. Song, M.Y. Song, L.Z. Zeng, T. Wang, R.Z. Liu, T. Ruan, 
G.B. Jiang, Occurrence and profiles of bisphenol analogues in 
municipal sewage sludge in China. Environ. Pollut., 186 (2014) 
14–19. 

[17] P. Oleszczuk, Changes of polycyclic aromatic hydrocarbons 
during composting of sewage sludges with chosen physic-
chemical properties and PAHs content, Chemosphere, 67 (2007) 
582–591.

[18] X.F. Wu, Y.S. Wei, J.X. Zheng, X. Zhao, W.K. Zhong, The behavior 
of tetracyclines and their degradation products during swine 
manure composting, Bioresour. Technol., 102 (2011) 5924–5931.

[19] J. Im, F.E. Loffler, Fate of bisphenol A in terrestrial and aquatic 
environments, Environ. Sci. Technol., 50 (2016) 8403−8416.

[20] D. Komilis, A. Evangelou, E. Voudrias, Monitoring and 
optimizing the co-composting of dewatered sludge: a mixture 
experimental design approach, J. Environ. Manage., 92 (2011) 
2241–2249.

[21] APHA, Standard Methods for the Examination of Water and 
Wastewater, American Water Works Association, Washington, 
2005.

[22] K.A. Landon, M.S. Warne, R.J. Smernik, A. Shareef, R.S. 
Kookana, Comparison of degradation between indigenous and 
spiked bisphenol A and triclosan in a biosolids amended soil, 
Sci. Total Environ., 447 (2013) 56–63.

[23] Y. Yu, Y. Liu, L.S. Wu, Sorption and degradation of 
pharmaceuticals and personal care products (PPCPs) in soils, 
Environ. Sci. Pollut. Res., 20 (2013) 4261–4267.

[24] M. Ike, M.Y. Chen, C.S. Jin, M. Fujita, Acute toxicity, 
mutagenicity, and estrogenicity of biodegradation products of 
bisphenol-A, Environ. Toxicol., 17 (2002) 457–461. 

[25] J.M. McCormick, T. Van Es, K.R. Cooper, L.A. White, M.M. 
Haggblom, Microbially mediated O-methylation of bisphenol a 
results in metabolites with increased toxicity to the developing 
zebrafish (Danio rerio) Embryo, Environ. Sci. Technol., 45 (2011) 
6567–6574.

[26] J.M. Zhao, Y.M. Li, C.J. Zhang, Q.L. Zeng, Q. Zhou, Sorption 
and degradation of bisphenol A by aerobic activated sludge, J. 
Hazard. Mater., 155 (2008) 305–311.

[27] W.G. Deng, J.Y. Zhan, X.M. Li, R.X. Huang, Q. Yang, K. Luo, 
X. Yi, Isolation, identification and characteristics of a bacterial 
strain for the simultaneous biodegradation of nonylphenol and 
bisphenol A, Acta Sci. Circumst., 33 (2013) 700–707 (in Chinese).

[28] M.Y. Chen, M. Ike, M. Fujita, Acute toxicity, mutagenicity, and 
estrogenicity of bisphenol-A and other bisphenols, Environ. 
Toxicol., 17 (2002) 80–86.

[29] J.H. Kang, F. Kondo, Bisphenol A degradation by bacteria 
isolated from river water, Arch. Environ. Contam. Toxicol., 43 
(2002) 265–269.

[30] Z. Ronen, A. Abeliovich, Anaerobic-aerobic process for 
microbial degradation of tetrabromobisphenol A, Appl. 
Environ. Microbiol., 66 (2000) 2372–2377.

[31] J.W. Voordeckers, D.E. Fennell, K. Jones, M.M. Haggblom, 
Anaerobic biotransformation of tetrabromobisphenol A, 
tetrachlorbisphenol A, and bisphenol A in estuarine sediments, 
Environ. Sci. Technol., 36 (2002) 696–701.

[32] M. Sakaki, A. Akahira, K.I. Oshima, T. Tsuchido, Y. Matsumura, 
Purification of cytochrome P450 and ferredoxin, involved in 
bisphenol A degradation, from sphingomonas sp. strain AO1, 
Appl. Environ. Microbiol., 71 (2005) 8024–8030.

[33] A.A. Telke, D.C. Kalyani, U.U. Jadhav, G.K. Parshetti, S.P. 
Govindwar, Purification and characterization of an extracellular 
laccase from a Pseudomonas sp. LBC1 and its application for 
the removal of bisphenol A, J. Mol. Catal., 61 (2009) 252–260.


