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Abstract. The effects of adding sepiolite in the performance of an anaerobic reactor for 
treating landfill leachate were investigated. Responses of SMP and EPS of the R1 (without 
sepiolite) and R2 (with sepiolite) reactors were evaluated by EEM and FTIR spectra. Results 
showed that addition of sepiolite increased the removal of COD removal by 10%. The highest 
removal rate of ammonia nitrogen was also observed reaching 69.8% in R2 reactor. In the 
EEM spectra, humic- and fulvic acid-like substances were present in the EPS of the R1 reactor. 
The peak was located at the excitation/emission wavelength (Ex/Em) of 280/350 nm in the R2 
reactor, attributed to tryptophan-like proteins. Meanwhile, dehydrogenase activities were 
higher than in the R1 reactor, similar with observations on COD removal rate.  

1. Introduction 
The production of leachate from municipal sanitary landfills is harmful to the ecosystem and natural 
environment due to its chemically reactive products [1]. Popular methods used in treating landfill 
leachate involve biological mediators, coagulation/flocculation, reverse osmosis, adsorption, advanced 
oxidation processes (AOPs), and their combinations [1-4]. In particular, anaerobic biological treatment 
has been widely used due to its unique advantages, especially in treating high chemical oxygen 
demand (COD) or refractory organic matter contained wastewater [3]. However, The inhibition of 
high-concentration ammonia poses a great challenge to anaerobic biological treatment for ammonium-
rich wastewater. The addition of ammonia-adsorption materials such as activated carbon, resin, 
biochar, zeolite, sepiolite has been demonstrated to be a promising option for enhancing the efficiency 
of anaerobic biological reactors [4, 5]. In this study, a sepiolite fixed-bed anaerobic reactor was 
developed to improve the treatment efficiency of anaerobic reactor for landfill leachate. Soluble 
microbial products (SMP) and extracellular polymeric substances (EPS) of anaerobic granular sludge 
was demonstrated by three-dimensional excitation-emission matrix (EEM) fluorescence spectroscopy 
and Fourier transform infrared (FTIR) spectroscopy. In addition, dehydrogenase activity and protease 
activity of the granules were determined.  

2. Materials and methods 
Two fermenter bottles, each with 2000 mL working volume, were used as the anaerobic bioreactors. 
Two set-ups were used, one without affixed sepiolite which served as the control (R1) and another 
with fixed sepiolite (R2). In the contained sepiolite bioreactor, 40 g/L sepiolite which was activated by 
0.5 mol/L sulfuric acid was fixed in the porous nylon materials and suspended in the landfill leachate  
[6, 7]. After treatment 24 hours, the landfill leachates were discharged and then new ones were added 
to the R1 and R2 reactors. Everyday, the samples were withdrawn from the effluent port on the R1 and 
R2 reactor to measure COD and ammonium concentration [6]. After the batch experiments, the 
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anaerobic granular sludge in each reactor was collected to analyze for the SMP and EPS. The pH, 
COD and ammonium nitrogen were determined following standard methods [8]. According to the 
reference [9], SMP and EPS were measured. Dehydrogenase activity was determined by the 2-3-5-
triphenyltetrazolium chloride spectrophotometry [10]. While protease activity was determined using 
spectrophotometry based on the recommendations of Guo et al.[11]. 

3. Results and discussion 

3.1. Removal of COD and NH3 
Changes in the removal rate of the COD and ammonia nitrogen by the R1 and R2 reactors were shown 
in Fig. 1. In the early stage, since the anaerobic granular sludge needed to adapt to the landfill leachate, 
the removal rate of COD was not high. On the 6th day, the COD removal rate reached to 77.5% and 
85.2%, respectively, in the R1 and R2 reactors. During the experiment, COD removal rate was 
maintained at around 70% in the R1 reactor (Fig. 1A) This suggested that the addition of sepiolite 
increased the removal rate of COD. The addition of sepiolite was helpful due to its high adsorption 
capacity, providing longer time for microorganisms to degrade the particulate organic compounds, and 
probably increase both methanogens and hydrolytic bacteria in the reactors [12]. It showed that the 
average removal rate of ammonia nitrogen was 27.8% and 52.2%, respectively, in the R1 and R2 
reactors (Fig. 1B). The maximum removal rate of ammonia nitrogen reached to 69.8% in the R2 
reactor. Indeed, the removal rate of ammonia nitrogen from landfill leachate increased with the 
addition of sepiolite. It was illustrated three reaction main mechanisms, namely ion-exchange, 
adsorption, and struvite crystallization [13]. Sepiolite exchanged ammonium nitrogen from the 
medium for one of its own cations, mainly Ca2+ and Mg2+ [14]. Meanwhile, sepiolite is a magnesium 
silicon mineral, Mg2+ dissolution in the solution could be used as the source of magnesium in struvite 
crystallization, then struvite crystallization contributed to the removal of ammonia [13]. In addition, 
the pH of the reactors with and without sepiolite were similar, reaching values close to 7.5. Struvite 
crystallization could proceed on a wide pH range of 7-11 [12, 13]. Therefore, the ammonia nitrogen 
was removed in conditions with a pH of 7.5, as seen in the R2 reactor. 
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Figure 1. Removal rate of COD and NH4

+-N. 

3.2. SMP and EPS 
SMPs are components of wastewater effluents that originated from substrate metabolism and biomass 
decay, and the presence of SMP influences the efficiency of post-treatment reactions [9]. The main 
components of the SMP were analyzed by the FTIR. Results showed that the predominant spectral 
bands were as follows in the R1 reactor: 3340 cm-1 (amino group), 2950 cm-1 (fatty acids), 2530 cm-1 
(CH-SH stretching), 1480 cm-1 (methyl groups), 615 cm-1 (unsaturated bonds) [9]. With the addition of 
the sepiolite, the peaks at 2530 cm-1 and 1480 cm-1weakened in the R2 reactor. Especially, the peak at 
1480 cm-1 was a result of the combined effects of C-H stretching vibrations of benzene ring. These 
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also demonstrated that the removal efficiency of macromolecular organic pollutants was improved by 
the adsorption of sepiolite. 
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Figure 2. EEM spectra of EPS. 

EPS usually stabilize anaerobic granular sludge structure, and it may play significant roles for 
influencing the performance of anaerobic granular sludge system [9]. As shown in Fig. 2A, two major 
peaks (Peak A and Peak B) were identified at the excitation/emission (Ex/Em) wavelengths of 230/430 
nm and 320/410 nm, respectively. These peaks were assigned to fulvic acid-like substances (Peak A) 
and humic acid-like substances (Peak B), respectively [15]. It was demonstrated that the anaerobic 
sludge undergone a certain degree of decomposition in the R1 reactor. In contrast, the peak was 
located at the excitation/emission wavelength (Ex/Em) of 280/350 nm (Peak C) in the R2 reactor (Fig. 
2B), which was attributed to the tryptophan-like proteins. The comparison of the EEM spectra of 
sludge in R1 and R2 reactors revealed that the location of the fluorescence peaks in the EEM spectra 
changed significantly with the sepiolite, which has a large calcium and magnesium ion. These ions are 
necessary trace metals for the growth of the anaerobic microorganisms, especially for anaerobic 
granular sludge formation. The performance of the sludge was good, and with sepiolite, was 
advantageous for the long-term and stable operation of an anaerobic reactor. Although addition of 
sepiolite in anaerobic reactor increases some operation costs, it can improve the efficiency of 
anaerobic reactor and the performance of the anaerobic sludge. Furthermore, sepiolite as a mineral is 
not expensive, making it an effective alterative for treating wastewater. 

3.3. Enzymatic activities 
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Figure 3. Dehydrogenase and proteases. 

On the first day, the dehydrogenase activity was similar on the two reactors, with 36.33 μgTPF/g and 
36.45 μgTPF/g, respectively, in the R1 and R2 (Fig. 3A). After the 15th and 30th days, however, 
dehydrogenase activities increased to 48.99 μgTPF/g and 46.31 μgTPF/g, respectively, in the R2 
reactor. Meanwhile, dehydrogenase activities were higher than in the R1 reactor, similar with 
observations on COD removal rate. Sepiolite contains a lot of calcium and magnesium ions, which are 
necessary trace elements for microbial growth. In addition, metals ions like magnesium, are also 
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involved in the synthesis of the enzyme [16]. Protease is mainly involved in the decomposition of 
organic nitrogen into inorganic nitrogen that could then be used by the microbes. As shown in Fig. 3B, 
at 1, 15, and 30 days, the activities of protease were 65.63 U/g, 68.77 U/g, and 66.26 U/g, respectively 
in the R1 reactor with no significant variations throughout the experiment. However, the activities of 
protease increased from 66.02 U/g to 74.18 U/g at day 15 in the R2 reactor. Therefore, the removal 
rate of ammonia nitrogen was good. At day 30, protease activity decreased to 69.35 U/g in the R2 
reactor. This indicted that the removal of ammonia nitrogen was a result of the combined actions of 
physicochemical and biological reactions. 

4. Conclusions 
This study demonstrated that the addition of sepiolite to the anaerobic reactors could improve its 
performance in treating landfill leachate. In particular, the COD removal rate increased by 10%, and 
the ammonia nitrogen removal rate increased by 20% compared to the anaerobic reactor without 
sepiolite. Further, the addition of sepiolite was demonstrated to be an effective approach to enhance 
the removal of macromolecular organic pollutants and could stabilize the performance of the 
anaerobic granular sludge. 
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