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ABSTRACT Pathogens in pig manure used as fertilizer constitute a challenge regarding 
environmental issues. This study assessed the efficiency of commercial scale 
psychrophilic anaerobic digestion in sequencing batch reactors (PADSBRs) for pathogen 
removal from pig manure. The impact of treatment cycle length (one and two weeks) and 
of hydraulic flow regimes on pathogen removal efficiency was investigated. Two reactors 
(BR1 and BR2) were operated as conventional SBRs while two others (BR3 and BR4) 
were fed from the bottom of the reactors simultaneously with draw step. The latter 
operational conditions allowed for avoiding operational constrains. Reactors were 
monitored over a two year period for pathogens and indicator removal. Total and fecal 
coliforms, and Escherichia coli concentrations decreased by more than 2.5 log10 units in 
BR1 and BR2, while BR3 and BR4 removed 0.9 to 1.2 log10 unit of these organisms. 
Yersinia enterocolitica removal averaged 2.1 log10 units for BR1 and BR2, and ranged 
from 1.1 to 1.3 log10 unit for the other reactors. Salmonella and Campylobacter sp. 
removal by BR1 and BR2 ranged from 1.2 to 1.5 log10 unit, while their concentration 
decreased by 0.9 to 1.1 log10 unit in BR3 and BR4. Clostridium perfringens and 
Enterococcus spp. concentration remained high in the digesters. The PADSBRs 
maintained the same level of pathogen removal when the treatment cycle length was 
reduced from two to one week. Mass balances on volatile fatty acids (VFAs) revealed 
short-circuits averaging 6.3% and 6.4% of inlet flow in BR3 and BR4 effluents 
respectively, significantly reducing the overall performance of the reactors regarding 
pathogens removal. Their design would be considered unsuitable when maximal 
performance is necessary to obtain a specific effluent quality. 
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INTRODUCTION  

According to the Food and Agriculture Organization (FAO) of the United Nations, 
Canada is among the ten most important hog producers worldwide, based on mass of pig 
meat produced (FAO 2009). Moreover, during the past 20 years, the Canadian pig 
industry has changed to more specialized facilities and intensified production systems. In 
2006, there was three times fewer farms than in 1986, while the average number of pigs 
increased by more than 400% in swine facilities (CCP 2008). The quantity of pigs 
produced in the country during this period has more than doubled, raising concerns about 
the impact of this industry on society and environment, particularly regarding swine 
manure management (CCP 2008). 

It is recognized that swine manure constitutes an excellent fertilizer, since it can improve 
soil structure and increase its organic content. However, over-application can enhance 
potential movement of nitrogen and phosphorus to groundwater and surface runoff 
(Sharpley et al. 2002). Most environmental studies concerning swine manure 
management either have focused on the effects of nutrients on water quality, or odor 
problems and air quality. Nonetheless, even though microorganisms from manure are 
often low on the priority list regarding control and removal, they are of significant 
importance since many outbreaks of gastroenteritis related to livestock operations have 
been reported (Pell 1997; Guan and Holley 2003; Spencer and Guan 2004).  

The most prevalent and studied pathogenic microorganisms from manure are the bacteria 
Salmonella, Escherichia coli, Yersinia, Campylobacter, and the protozoa Giardia and 
Cryptosporidium (Bicudo and Goyal 2003; Hutchison et al. 2005), but other 
microorganisms such as Clostridium perfringens, Listeria monocytogenes, and 
Treponema hydrosenteriae were reported as causative agents of human infections related 
to livestock (Colleran 2000). Pathogens may persist in manure for a time depending on 
manure handling practices, storage conditions and duration, type of slurry, storage 
temperature and management, and pathogen type (Bicudo and Goyal 2003). 
Investigations have shown that they are inactivated after exposure to the environment, but 
may survive long enough to be of public and/or animal health concern. There is an urgent 
need for cost-effective methods to address environmental issues of pig manure, while 
significantly decreasing zoonotic pathogens concentration. 

Côté et al. (2006) studied the efficiency of a low temperature anaerobic digester to reduce 
viable populations of indicator microorganisms (total coliforms, E. coli) and selected 
pathogens (Salmonella, Yersinia enterocolitica, Cryptosporidium and Giardia) in swine 
slurries. Forty liter anaerobic intermittently-fed sequencing batch reactors (SBR) operated 
at 20°C during 20 days cycles reduced successfully total coliforms by 97.9 to 100%, E. 
coli by 99.7–100%, and undetectable levels of Salmonella, Cryptosporidium, and Giardia 
were obtained after treatment. 

This process is a promising method for reducing indigenous indicator and pathogenic 
microorganism populations in liquid swine manure slurries. However, no data regarding 
pathogen removal by full-scale psychrophilic digesters is available. The objective of this 
study was to evaluate the long term performance and reliability of full-scale, low 
temperature digesters for the reduction of pathogens concentration in raw swine manure. 
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MATERIAL AND METHODS 

Reactor operation 
Four full-scale cylindrical digesters (BR1 to BR4) were used for psychrophilic anaerobic 
digestion in sequencing batch reactors (PADSBRs) of pig manure, and monitored over a 
two years period (June 2007 to June 2009). The effective volume was 120 m3 for BR1 
and BR2, and 425 m3 for BR3 and BR4. Three reactors (BR1, BR2, and BR3) were 
located on the same farm and operated under a 7 day cycle while the fourth (BR4) was 
operated under a 14 day cycle on another farm. BR1 and BR2 were operated as 
conventional SBR, i.e. after sludge settling, supernatant was removed before feeding with 
fresh manure. Rather than being removed before feeding, BR3 and BR4’s supernatant 
was forced outside the bioreactors by simultaneously feeding with fresh manure at the 
bottom of the digesters. The temperature of all reactors was maintained throughout the 
year at an average of 24oC, with fluctuations ranging from 20 to 26.5oC. Composite 
samples were collected from the effluent for analysis during the drawing step. Raw 
manure was sampled during the filling period. All samples were kept at 4°C until the 
analysis, which was done less than 24 h after sampling. Table 1 summarizes the operating 
conditions during the study and manure characteristics. 

The average organic loading rate (OLR), based on the amount of total chemical oxygen 
demand (TCOD) fed per volume of sludge present at the start of a cycle per treatment 
day, ranged from 1.31 to 1.65 kgTCOD m3 d-1. It was calculated as follows: 

ci

ff
f tV

CV
L =                                                               (1) 

where Lf is the loading rate based on total cycle length (kgTCOD m3 d-1), Vf is the 
volume of feed (m3), Cf is TCOD concentration in the feed (kg m-3), Vi is the volume of 
sludge in the reactor at the beginning of the cycle (m3), and tc is the total duration of the 
cycle (d). 

Physico-chemical analysis 
Fresh manure and effluent samples were analyzed for total volatile fatty acids (VFAs), 
alkalinity, TCOD, soluble COD (SCOD), total and volatile solids (TS and VS), pH, Total 
Kjeldhal nitrogen (TKN) and ammonia nitrogen (NH4-N). SCOD was determined by 
analyzing the supernatant of centrifuged slurry. 

Microbiological analysis 
For pathogen quantification, raw manure and anaerobic digester effluent samples were 
prepared by diluting 1:10 in sterile sodium metaphosphate buffer (2g L-1). From the 
original dilution, 10-fold dilutions (1:10 to 1:10,000) were prepared for enumeration of 
bacteria. Total coliforms were enumerated by direct plating on mEndo-LES agar (Difco, 
Mississauga, ON, Canada) and incubated at 37oC for 18-20 hours. Fecal coliforms were 
quantified by direct plating on mFC agar (Difco) and incubated for 18 to 20 hours at 
44.5oC. Enterococcus spp. were counted by direct plating onto mEnterococcus agar 
(Difco) and incubated at 37oC for 48 hours. E. coli were enumerated by direct plating on 
mFC basal medium (Difco) supplemented with 3-bromo-4-chloro-5-indolyl-β-D-
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glucuronide (100mg L-1, Med-Ox Diagnostics, Ottawa, ON) and incubated for 18 to 24 
hours at 44.5oC. C. perfringens was quantified on mCP agar (Med-Ox Diagnostics) 
incubated at 44.5oC for 24 hours. Presumptive colonies were confirmed by inoculation 
into skim milk broth.  

Y. enterocolitica were enumerated by direct plating onto Cefsulodin-Irgasan-Novobiocin 
agar (CIN, Difco) and incubated for 18 hours at 30oC. Campylobacter sp. were counted 
by direct plating onto Charcoal Cefoperazone Desoxycholate Agar (CCDA, Oxoid, 
Nepean, ON) supplemented with 0.032mg mL-1 of cefoperazone and 0.01mg mL-1 of 
amphotericin B (Oxoid) and Campy-Line Agar (CLA, (Line 2001)). Plates were 
incubated at 42oC in microaerophilic conditions for 48 hours in an anaerobic jar with 
GasPakTM EZ Campy (6-16% O2, 2-10% CO2, BD, Oakville, ON). Results were 
confirmed using Campylobacter Latex kit (Oxoid).  

Salmonella spp. were quantified by direct plating onto Salmonella chromogenic agar 
(Oxoid) and XLD plates (Difco). Plates were incubated at 42°C for 24 hours before being 
enumerated. Suspected colonies were picked and streaked on BHI agar and plates were 
incubated at 35°C for 24 hours. A well isolated colony was inoculated into the Rapid 
Salmonella Latex test as described by manufacturer (Oxoid). When further identification 
was necessary, a suspect colony was inoculated onto a fresh nutrient agar and incubated 
24 hours at 35°C. Gram stain, oxidase and catalase tests were performed and an API 20E 
strip was inoculated for ultimate identification. 

RESULTS 

Manure characteristics 

A composite sample of raw manure fed to PADSBRs was collected before each batch 
treatment. Average concentrations of tested parameters are presented in Table 1. No 
significant difference was found between raw manure samples collected at bioreactors 
inlet, for all tested parameters (P > 0.05). The average organic loading rate applied to the 
bioreactors ranged between 1.31 to 1.65 kg TCOD m-3 d-1, with a TCOD concentration 
around 100 000 mg O2 L-1. The pH of raw manures was near neutrality, even though high 
VFAs concentrations were observed, mainly because of the high amount of alkalinity in 
the manure.  

Pathogen and indicator concentration in raw manure was highly variable (Table 2). The 
mean concentration of total and fecal coliforms, Enterococcus spp. and E. coli ranged 
from 7.5×104 to 3.2×105 CFU g-1. Lower mean concentrations were observed for Y. 
enterocolitica, Salmonella and Campylobacter spp., ranging from 1.9×103 to 2.6×104 
CFU g-1. Regarding the latter microorganisms, there were respectively 10, 43 and 24% of 
analyzed samples showing concentrations equal or below the method detection limit (100 
CFU g-1) in BR1, BR2 and BR3 inlet, and respectively 10, 45 and 53% of samples for 
BR4 inlet. 
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Table 1. Operational conditions of full-scale PADSBRs and inlet characteristics of 
manure fed to bioreactors 
Parameters BR1 BR2 BR3 BR4 
Operational conditions     
Loading rate (kgTCOD m-3 d-1) 1.47 (0.57)a 1.48 (0.59) 1.31 (0.45) 1.65 (0.64) 
Total cycle length (d) 7 7 7 14 
Reactor effective volume (m3) 120 120 425 425 
     
Manure characteristics     
TCOD (mgO2 L-1) 115 000 (43 700) 106 000 (40 900) 96 600 (34 100) 98 300 (39 100) 
SCOD (mgO2 L-1) 41 200 (11 500) 38 100 (11 900) 35 000 (9800) 33 400 (14 700) 
pH 6.88 (0.14) 6.90 (0.16) 6.95 (0.17) 7.33 (0.21) 
Alkalinity (mgCaCO3 L-1) 17 300 (4100) 16 300 (4100) 15 600 (3400) 20 300 (5000) 
Acetic acid (mg L-1) 9300 (3100) 8500 (2900) 7900 (2700) 8600 (3700) 
Propionic acid (mg L-1) 3600 (1300) 3300 (1100) 3100 (1100) 2900 (1000) 
Butyric acid (mg L-1) 5400 (2300) 5400 (2200) 4800 (1800) 2600 (1700) 
TS (%) 7.20 (2.02) 6.72 (2.01) 6.20 (1.69) 6.99 (2.23) 
VS (%) 5.63 (1.65) 5.21 (1.64) 4.77 (1.40) 5.24 (1.86) 
TKN (mgN L-1) 6600 (1600) 6300 (1700) 5900 (1300) 6600 (1900) 
NH4-N (mgN L-1) 4600 (1200) 4400 (1300) 4100 (1000) 5100 (1500) 

a Values in parenthesis represent the standard deviation of observations (Number of observations for BR1 = 
81, BR2 = 89, BR3 = 99, BR4 = 30) 

Bioreactor performance 
The overall bioreactor performance was verified by monitoring TCOD removal, since 
biogas production was not followed consistently on these full-scale reactors during 
digestion. Average TCOD removal efficiencies are presented in Table 2. Conventionally 
operated SBRs (BR1 and BR2) showed TCOD removal above 70%, while these being 
simultaneously fed with fresh manure during the drawing step (BR3 and BR4) only 
reached 61.6% and 56.3, respectively. 

Table 2. Performance of PADSBRs regarding pathogen, indicator and TCOD removal  
  Log10 Removal 
Parameters Concentrations range (CFU g-1) BR1 BR2 BR3 BR4 
Total coliforms 6.0×102 – 1.5×106 2.9 2.5 1.0 1.2 
Fecal coliforms 5.0×102 – 1.6×106 2.8 2.6 0.9 1.2 
E. coli 4.0×102 – 5.8×105 2.9 2.8 0.9 0.9 
Enterococcus spp. 1.8×104 – 1.7×106 0.8 1.0 0.7 0.8 
Clostridium perfringens < 1.0×103 – 3.7×106 0.2 0.0 0.2 0.2 
Yersinia enterocolitica < 1.0×102 – 3.3×105 2.1 2.1 1.1 1.3 
Salmonella spp. < 1.0×102 – 5.0×104 1.2 1.4 0.9 1.1 
Campylobacter spp. < 1.0×102 – 5.2×104 1.3 1.5 1.1 1.1 
TCOD - 73.0b 71.1 61.6 56.3 

a Values were calculated using mean inlet and outlet concentrations (Number of observations for BR1 = 48, 
BR2 = 48, BR3 = 45, BR4 = 45) 
b TCOD removal efficiencies were calculated as percentages of inlet concentration 
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The same phenomenon has been observed for pathogen and indicator removal 
performance (Table 2). BR1 and BR2 removed more than 2.5 log10 units of total and fecal 
coliforms, and Escherichia coli, corresponding to more than 99.7% removal. Only 0.9 to 
1.2 log10 unit of these microorganisms was removed by BR3 and BR4, corresponding to 
86.1 to 94.0% removal. Yersinia enterocolitica removal averaged 2.1 log10 units for BR1 
and BR2, and ranged from 1.1 to 1.3 log10 unit for the other reactors. Salmonella and 
Campylobacter sp. removal by BR1 and BR2 ranged from 1.2 to 1.5 log10 unit, 
corresponding to 94.1 to 96.6%, while their concentration decreased by 0.9 to 1.1 log10 
unit in BR3 and BR4. However, Enterococcus spp. and Clostridium perfringens 
concentration remained high in all the bioreactors, with average concentrations of 
5.6×104 and 2.7×105 CFU g-1, respectively.  

Discussion 

Four commercial scale psychrophilic anaerobic digesters were monitored over a two 
years period to assess their reliability and stability regarding zoonotic pathogens and 
indicators removal. The concentrations of pathogens and indicators found in this study 
are similar to values reported in literature for swine manure. During an investigation on 
pathogen survival in animal waste fed mesophilic anaerobic digesters, Kearney et al. 
(1993a) measured 1.3×104, 3.6×105, 2.3×105, 1.0×105 CFU ml-1 for E. coli, S. 
typhimurium, Y. enterocolitica and Campylobacter jejuni in swine manure, respectively. 
In a survey evaluating the levels and prevalence of zoonotic agents in United Kingdom 
livestock wastes, Hutchison et al. (2005) measured the concentration of E. coli O157, 
Salmonella spp. and Campylobacter spp. in fresh pig manure. Among all tested samples 
from pig farms, 13.2%, 7.7% and 12.8% were positive for these microorganisms 
respectively, with geometric mean concentrations of 1.2×103, 2.1×103 and 3.2×102 CFU 
g-1. Geometric mean concentrations of 4.6×105, 2.9×105, 2.5×105 and 1.7×102 CFU mL-1 
were also reported in raw swine wastewater for fecal coliforms, E. coli, enterococci and 
C. perfringens respectively (Hill and Sobsey 1998). 

The treatment resulted in significantly lower concentrations of pathogens and indicators 
in BR1 and BR2 effluent. An average reduction of 2.6 to 2.9 log10 units and 1.2 to 1.4 
log10 units was observed for fecal coliforms and Salmonella spp. for an HRT of 7 d, 
leading to undetectable levels in more than 81% and 96% of outlet samples, respectively. 
Kumar et al. (1999) used an ampicillin-resistant E. coli strain to study the persistence of 
this organism in cattle dung slurry during anaerobic digestion. The survival was 25 days 
at room temperature (18–25oC) and 15 days at 35oC. In the same study, the complete 
elimination of Salmonella typhi at 35 °C occurred on the fifteenth day whereas 25 days 
were necessary at room temperature. In another study, Salmonella typhimurium and E. 
coli, which were added to liquid pig manure, and coliforms of the indigenous flora, were 
reduced by 1.0 to 2.1 log units when subjected to anaerobic filter treatment at 35°C in 
two pilot-plant reactors operated at 0.8 to 4.2 d HRT (Olsen 1988). This suggests that the 
psychrophilic reactors monitored in this study were at least as efficient for fecal 
microorganisms removal from pig manure as mesophilic digesters. No significant impact 
was observed on pathogen and carbon removal when the treatment cycle length was 
reduced from two to one week (P > 0.05). This allows the use of smaller reactors, 
significantly reducing installation and operational costs. 
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Except for C. perfringens and Enterococcus spp., which were not significantly removed 
by psychrophilic anaerobic digestion, the lowest pathogen removal efficiency occurred 
for Campylobacter spp. and Salmonella (Table 2). Negligible removal of 0.2 log10 unit 
was reported for C. perfringens during the treatment of swine manure in an anaerobic 
lagoon in North Carolina (Hill and Sobsey 1998). Similarly, no significant C. perfringens 
removal was observed during the mesophilic digestion (HRT = 20 d) of sewage sludge in 
a full-scale anaerobic reactor (Chauret et al. 1999). The same study also showed that 
Enterococcus spp. was not significantly removed from the sludge during digestion. These 
data are in agreement with our results since Enterococcus spp. removal was at most 1.0 
log10 unit with an average concentration in bioreactors’ outlet around 105 CFU g-1. In an 
investigation studying the survival of pathogens in a full-scale anaerobic digester which 
was daily fed with cattle farm wastes and operated at 28°C, Kearney et al. (1993a) found 
that Campylobacter jejuni was the most resistant bacterium tested among E. coli, S. 
typhimurium, Y. enterocolitica, and L. monocytogenes; its mean T90 (time to reduce its 
concentration of 90%) value was 438.6 d, compared to Y. enterocolitica that showed a T90 
of 18.2 d. Mean T90 observed under the operational conditions of this full-scale reactor 
did not allow the complete removal of tested pathogens. In comparison, undetectable 
levels of Y. enterocolitica and C. jejuni were obtained in our study in more than 87% of 
BR1 and BR2 outlet samples for only 7 days treatment.  

It is reported that temperature and retention time are critical parameters for indicator and 
pathogen survival during anaerobic digestion of wastes (Sahlström 2003; Arthurson 
2008). The elimination of E. coli and Salmonella was faster at 35oC than at room 
temperature during anaerobic digestion of cattle slurry (Kumar et al. 1999). S. 
typhimurium, Y. enterocolitica and L. monocytogenes also declined more rapidly at 17oC 
than at 4oC during anaerobic digestion of this substrate (Kearney et al. 1993b).  
According to Olsen and Larsen (1987), increasing retention time in mesophilic digesters 
enhanced pathogen removal efficiencies toward these encountered for anaerobic 
thermophilic treatment. However, Kearney (1991) reported that S. typhimurium had a T90 
value of 2.1 d at a 25 d HRT, but after the HRT was reduced to 5 d the T90 value 
decreased to 1.2 d. It was hypothesized that higher concentrations of VFAs at shorter 
HRTs would be correlated with a decline in viable pathogens number. Since their results 
did not show significant correlation between VFAs and pathogens concentrations, they 
speculated that other factors such as the source and type of slurry, pH and temperature of 
the anaerobic digestion process could also have a significant effect on the pathogen 
populations. Regarding S. typhimurium removal, Gadre et al. (1986) reported a T90 of 
approximately 7.7 d during mesophilic (37oC) anaerobic digestion of cattle dung, while 
Olsen and Larsen (1987) found a T90 of 2.0 d during the digestion of pig slurry in similar 
conditions. Even though T90 were not specifically calculated during this study, results 
obtained suggest that T90 values of analyzed pathogens and indicator microorganisms 
were lower than 7 days under the conditions encountered in the psychrophilic anaerobic 
digesters. Since temperature was lower in these reactors than in mesophilic ones, 
parameters other than temperature are probably responsible for the elimination of 
pathogens. 

Côté et al. (2006) studied the removal of pathogens and indicator microorganisms during 
PADSBRs of swine manure in 28 d HRT laboratory-scale digesters (42 L) operated at 
20oC. At the end of the treatment, 47%, 75% and 100% of the collected samples were 
free of total coliforms, E. coli and Salmonella respectively. A diminution of 1.6 to 4.2 
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log10 units and of 2.5 to 4.2 log10 units were observed in the residual samples still having 
detectable concentrations of total coliforms and E. coli, respectively. Reactors operated in 
our study showed comparable performances regarding pathogen removal for a similar 
temperature, at a much lower HRT (7d). This process has already proven successful for 
pig manure treatment in full-scale reactors, regarding biogas production and COD 
removal (Masse et al. 2009). Results obtained in this study show that scaled-up PADSBR 
is not only successful in stabilizing the organic matter, but is also able to decrease 
pathogens and indicator microorganisms concentrations to undetectable levels. 

A significant difference was observed regarding pathogen removal between bioreactors 
operated as conventional SBRs (BR1 and BR2) and those simultaneously fed during 
drawing (BR3 and BR4). Since filling was performed simultaneously with drawing in 
BR3 and BR4, it was hypothesized that there could be a short circuit in the hydraulic 
flow. Mass balances were performed to estimate which proportion of influent entering the 
reactor during filling was going out with the supernatant overflow. VFAs were chosen as 
short circuiting indicators, because of their low concentration after digestion and of a 
more precise and reliable quantification method compared to TCOD and bacteria. VFA 
concentrations were evaluated the day before drawing; their concentration was 
considered negligible for mass balances calculation (< 200 mg L-1 for acetate; < 50 mg L-

1 other VFAs). It was also assumed that there was no VFAs production or degradation 
during the filling step. It appeared that an average of 6.42% (standard deviation (SD) = 
5.50) and 6.33% (SD = 6.29) of VFAs entering the system were directly going to the 
bioreactor's outlet while filling them, for BR3 and BR4 respectively. Sporadically, for 
diverse operational constraints, BR3 and BR4 were fed after the drawing step, as for 
conventional SBRs, as indicated by arrows in Fig. 1A and 1B. Moreover, BR3 
operational conditions were switched toward those of a conventional SBR near the 500th 
day of this study (Fig. 1A). Results obtained clearly show that the presence of VFAs in 
the bioreactor outlet is due to short circuiting, since no VFA were observed in the outlet 
when filling and drawing were performed separately.  
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Figure 1. Percentage of VFAs going through BR3 (A) and BR4 (B) by short circuiting of 
hydraulic flow. Arrows indicate periods when bioreactors were operated as conventional 
SBRs. Dashed line represent the moment when BR3 operation was switched toward 
conventional SBR.  

BR3 and BR4 were operated as modified SBRs in order to compare their performance 
with conventional PADSBRs. This specific operational condition was tested to verify its 



 

feasibility in order to avoid some operational constrains. However, as suspected at first, 
short circuits in the hydraulic flow rendered these operational conditions hazardous for 
effluent quality. As said previously, results showed that approximately 6.3% to 6.4% of 
the flow entering the system is directly going to the effluent. The increase of TCOD in 
the effluent due to short circuiting is significant, even though high concentrations of 
TCOD are still observed in bioreactors outlet (ca. 25 000 mgTCOD L-1). This could lead 
to an incompletely stabilized digestate, causing odor problems and greenhouse gas 
production during bioreactor effluent storage. The difference was also significant for 
pathogens and indicator microorganisms because of their high concentrations in raw 
manure, and their very low concentrations after treatment. Since this operational 
condition allowed some raw manure constituents to go through the reactor without 
treatment, this kind of operation would only be suitable when highly stabilized effluent is 
not necessary, unless significantly modifying reactors design. 

CONCLUSION 

Full scale psychrophilic anaerobic digestion in sequential batch reactors (PADSBRs), 
operated at 7 d HRT and 24oC, significantly decreased the concentration of total and fecal 
coliforms, E. coli, Salmonella, Campylobacter spp., and Y. enterocolitica to undetectable 
levels in most samples. The concentration of C. perfringens did not decrease significantly 
during treatment while Enterococcus spp. concentrations diminished by less than 1.0 
log10 unit, still remaining above 105 CFU g-1. All these results were similar to those 
obtained from laboratory-scale PADSBRs, which were 3000 to 10000 times smaller than 
the full-scale digesters. 
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