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— Abstract—

In this research the evaluation of a type bioreactor "upflow anaerobic sludge 
blanket" (uasb) of 4.4 L occurs during a period of 90 days, which was fed 
with wastewater (vinasse) of a fermented beverage company from Comitan, 
Chiapas. The removal efficiency of chemical oxygen demand (cod), stability 
with respect to reactor factor alpha (α) and hydrogen potential (pH) were 
mainly investigated. The cod removal efficiency of was 90 %. During the 
study, the α factor (0.28) and pH (7.1) remained stable in the system.
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Technology for anaerobic wastewater treatment has been applied in the 
treatment of wastewater from different industries such as: Distilleries, 
tanneries, textile, pulp and paper and food processing (Buzzini et al, 2002; 
Kasum et al . , 2002, Ramasamy et al . , 2004 Chavez et al, 2005). For this 
purpose,  various configurations of reactors such as the contact anaerobic 
reactor (Nahale, 1991), fluidized bed reactor (IZA, 1991) anaerobic fixed 
film reactor (FFR) (Rao et al., 2005) and  mantle up flow anaerobic sludge 
reactor, commonly known as UASB have been developed between the years 
1976-1980 by Professor Gae Lettinga from Wageningen University in the 
Netherlands (Iñiguez-Covarrubias and Camacho-Lopez, 2011). The first 
UASB reactor was applied for the waste water treatment of a beet sugar 
refinery in the Netherlands (Lettinga, 1980). After the first pilot scale UASB 
reactor was successfully operated, many reactors of this type were used on 
a real scale to treat different types of industrial wastewater. This reactor is 
currently applied extensively because of their effectiveness in wastewater 
with a high organic load and for its economic advantages (Lettinga et al . 
, 1997; Buzzini et al . , 2002; Kusum et al . , 2002, Mahmoud et al. , 2003; 
Chavez et al, 2005)..

In the state of Chiapas, particularly in the region of the Comitan 
plateau, there can be found crops which include the Agave americana L. and 
Agave salmiana Otto ex Salm-Dyck,  which are used for a typical alcoholic 
beverage ( spirit ) of the region called are Comiteco (Reynoso-Santos et al., 
2012). Currently, the preparation process is carried out using traditional 
methods where 0.85 L of waste/L must is obtained from the distillation 
process, which is dumped into surface water or used as irrigation water 
causing eutrophication of surface water bodies and result in nitrate leaching 
to groundwater and reduced levels of dissolved oxygen (Vlyssides et al., 
1997). In soil, it can be a threat to fertility due to an imbalance of nutrients 
or even harmful concentrations of nutrients (Kannabiran and Pragasam, 
1993). For this reason the objective of this investigation was to evaluate a 
UASB bioreactor to treat stillage from the alcoholic distillation process of  
Comiteco.

METHODOLOGY

Obtaining the raw material

The stillage used was provided by the Company Balun Canan, SA de CV 
established in the city of Comitan, Chiapas, as a product of batch distillation, 
which were stored at 4 ° C until use.
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Physicochemical analysis

The sediment solids (SS, mg / L) were determined according to the Mexican 
standard NMX-004 (2000). The total volatile solids (TVS, mg / L) and total 
dissolved solids (TDS, mg / L) were carried out following the Mexican 
standard NMX-034 (2001). The pH of the samples was determined using 
a HACH model SenSion 3 (influent and effluent) potentiometer, and the 
acidity was determined according to the norm NMX-036 (2001). The 
analysis of the chemical oxygen demand (COD, mg O2/L) was performed 
according to the Mexican standard NMX-030 (2001) using the technique of 
closed / spectrophotometric reflux (influent and effluent). The biochemical 
oxygen demand (BOD 5) was performed according to the Mexican standard 
NMX-028 (2001).

Description and preparation of the bioreactor

In Figure 1 you can see the design conditions of the bioreactor which was 
built in fiberglass with a volume of 4.4 L, with a cylindrical shape due to 
its hydrodynamic advantages and the least possibility of the formation of 
dead zones. The bioreactor was operated at a 24h hydraulic retention time 
(HRT) and inoculated with 2 L of anaerobic microbial complex (obtained 
from a bottled water treatment plant of a bottling plant), with a content of 
2.5 gST / mL .

Bioreactor Monitoring

During the evaluation period of the bioreactor the COD was monitored. 
The control parameters were temperature, pH and alpha factor (α) which 
is obtained according to the following procedure (Speece, 1996): 10 mL 
of sample was taken and acidified with 0.1N HCl until a pH of 5.75 was 
recorded of the mL of HCl required (V1) . This volume corresponds to 
the bi-carbonic alkalinity. Subsequently, this sample was brought to pH 4.3 
(V2). The alpha factor was calculated by the following equation:
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Figura 1. Upflow anaerobic sludge blanket bioreactor.

Source: This investigation.

RESULTS AND DISCUSSION

The physicochemical characteristics of stillage (influent) in terms of COD, 
BOD5, TDS, TSS, TVS, and SS as well as temperature and pH are shown in 
Table 1.
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Table 1. Physicochemical characterization of stillage.

Parámetro Valores obtenidos

pH 3.9 ± 0.013

Acidez (mg CaCO3/L) 79.3 ± 4.9

dqo (mg O2/L) 120,221±18,447

dbo5 (mg O2/L) 102,180 ± 15,320

ss (mL/L) 100 ± 14.1

st (mg/L) 71,691.42 ±186.6

svt (mg/L) 62,890.47±172.6

sst(mg/L) 9,190 ± 95.8 

sdt (mg/L) 62,501.42 ± 93

Source: This investigation

As seen in Table 1, the stillage had a pH below permissible range indicated by 
the NOM-001-ECOL-1996 (5-10 units), for this reason the stillage discharged 
into a body of surface water is considered to be a pollutant due to its low pH 
which can cause acidification (Lükewille et al., 1997). On the other hand, 
the concentration of organic matter measured as BOD5 and COD present in 
the stillage are 1000 times greater than the maximum extent permitted by 
NOM-001-ECOL-1996 (30-200 mg O 2 / L). This organic load is due to the 
presence of dissolved solids and reducing sugars,  non - volatile compounds 
from the fermentation broth (alcohol), acetic acid, glycerol, melanoidins and 
phenolic and polyphenolic compounds (Capasso et al . , 1992; Sangave et al, 
2007;. Robles-Gonzalez et al, 2010). For this reason it is vitally important 
to give treatment to these agro - industrial effluents, which by its level of 
biodegradability (0.85, obtained from the BOD5 / COD ratio) and organic 
matter, anaerobic biological treatment is feasible as it is carried out in the 
UASB reactors.

In Figure 2, the behavior of the bioreactor based on control parameters 
(pH and α) is observed during the 90 day evaluation. As can be observed, 
the pH in the bioreactor remained stable in the optimum range (6.8-7.4) 
for the methanogenic Archaea reported by Speece, (1996). On the other 
hand, the alpha factor is usually used to control the stability of the anaerobic 
process (Speece, 1996) and to measure the buffer capacity of the bioreactor. 
As we can see, the bioreactor operated properly due to its alpha index was 
found to be within the optimal operating range (0.2-0.4) reported by Rojas, 
(2004).
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Figure 2. Control Parameters of the UASB

Figure 3. Evaluation of the UASB bioreactor.

Analysis of COD in Figure 3 and Figure 4 shows the behavior of the UASB 
bioreactor during the evaluation period of 90 days, where one can observe 
that the bioreactor operated stably throughout the evaluation period, 
reaching a percentage of removal greater than 90%. However , even if 
the removal percentage was high, effluents were generated with a COD of 
6500 mg O2/L, which still have large amounts of biodegradable organic 
matter which can be used as raw material of advanced oxidation processes, 
trickling filters , biodiscs or a second anaerobic treatment as reported by 
Robles-Gonzales et al. (2010).
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Figure 4. Percent Removal..

CONCLUSIONS

According to the results of this study we concluded that an anaerobic 
biological treatment as provided by the up flow anaerobic sludge blanket 
reactor is an effective technology to carry out the treatment of stillage of 
the fermented drink produced in Comitan, Chiapas, because of its high 
performance measured in terms of COD removal with a percentage greater 
than 90%, reaching a profile similar to aerobic treatments. For this reason 
the use of such bioreactors is recommended due to the economic savings 
in energy costs compared to  the operation of aeration is aerobic processes.
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