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Abstract: Anaerobic digestion is a technique used for the sanitizing the sewage sludge before its final disposal. We determined
the fate of indicators and pathogens in sewage sludge mixture subjected to mesophilic anaerobic digestion (MAD) and
ambient anaerobic digestion (AAD) for 30 and 35 days respectively by culture based microbiological methods (bacteria) and
formal-ether sedimentation technique (parasites). While monitoring the organisms at five days intervals, MAD effectively
reduced most of the bacteria and parasites to undetectable levels than AAD. Interestingly, the highest reductions in load
were observed for faecal coliforms (5.16 log,, cfu/ml) in the sewage sludge mixture of MAD which met the class A biosolid
standard (USEPA). Like wise, the bacterial load reductions were negatively correlated and statistically significant (p< 0.005)
with days of both digestions and the relation between total coliforms load and days of MAD experienced higher correlation
coefficient (r= -0.992) and R? (0.984) values which shows higher validity in regression model. Therefore, MAD can be

considered as a promising method for reduction of indicator and pathogenic microorganisms in sewage sludge mixture.
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INTRODUCTION

Sewage sludge acts as the reservoir of several indicator and
pathogenic microorganisms (Arthurson, 2008; Saleem et al.,
2001). However, its utilisation in agricultural production has
been gaining increasing interest in recent years (Stone et al.,
1998). It is therefore, very important to control pathogens
present in sewage sludge for protection of humans, animals
and plants (Lepeuple et al., 2004).

The reduction of indicators and pathogens in sludge is
influenced by the treatment methods used to stabilize it in
sewage treatment plants (Carrington, 2001). Anaerobic
digestion is an appropriate technique for the treatment of
sludge before final disposal (Sahlstrém et al., 2004); the
disinfection degree of which is influenced by a variety of
interacting operational variables and conditions but it is
highly dependent on time and temperature (Maier et al., 2006).
It can be performed at thermophilic (50-60°C), mesophilic (30-
38°C) or psychrophilic conditions (< 20°C) though mesophilic
anaerobic digestion (MAD) is a quite common because of
the stability of the process (Horan et al., 2004). From the
perspective of health, USEPA has classified the treated sludge

i.e. biosolid into two classes: class Aand class B. In order to
meet Class A and Class B biosolid standards, the treated
sludge (biosolid) must have a faecal coliform count of less
than 1000 and two million MPN per gram of dry sludge
respectively (Stout, 2002).

A diverse group of pathogens present in the sewage sludge
pose serious threat to human and animal health. Therefore,
in this study, we determined the occurrence of
microorganisms, in particular indicator and pathogenic
microorganisms in sewage sludge mixture and evaluated the
fate of selective microorganisms in mesophilic and ambient
anaerobic digestion of sewage sludge mixture.

MATERIALS AND METHODS
Sampling and Digestion of sewage sludge mixture

Sewage sludge was collected from sewerage treatment plant,
Guheshwori, Kathmandu by random sampling technique
which was then, mixed with about one kg of cow dung and
tap water was added to mix the contents homogenously. Thus
formed sewage sludge mixture was divided into two equal
parts and fed into two similar laboratory model biodigester of
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capacity 5 liters up to 3\4 " of the total volume. One digester
was left at ambient temperature (10-20°C) while the
temperature of other digester was maintained at mesophilic
temperature (35+2°C) by keeping it in the water bath. The
mixture was mixed two times daily by manual shaking to use
the whole digester contents for digestion. The schematic
diagram of laboratory model biodigester is shown in the figure
1. The laboratory setting was maintained at the Microbiology
Laboratory of National College, Kathmandu. This study was
carried out from October 2008 to January 2009.
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Figurel: Schematic diagram of laboratory model biodigester

(1) Thermometer, (2) cork, (3& 5) glass tube, (4) sewage sludge
mixture, (6) rubber pipe and (7) burner

Microbial Analysis

The initial day sample was taken just before feeding the
sewage sludge mixture into the digester while the other well
mixed samples were taken at 5 days intervals upto 30 and 35
days from batch type of AAD and MAD respectively. Each
sample was divided into two parts for bacterial analysis and
parasite detection. Diluted samples were used for bacterial
analysis and spread on different microbiological media to
isolate different bacteria: Plate count agar for total
heterotrophic bacteria, M-Endo agar for total and faecal
coliforms while Salmonella spp. and Shigella spp.,
Pseudomonas aeruginosa, Vibrio spp., Staphylococcus
aureus and faecal Streptococci were enriched and isolated in
their selective media. Conventional standard plate count
method (APHA, 1998) was used for the enumeration of total

heterotrophic bacteria and total and faecal coliforms and the
average numbers of triplicate plates were reported (Cote et
al. 2006; Benatti et al. 2002). All the isolated bacteria were
identified by their cultural, morphological and biochemical
characteristics. Similarly, the protozoa and helminths were
detected by formal-ether sedimentation technique (Ridley and
Hawgood, 1995).

Data Analysis

Statistical analysis of the data was performed by SPSS
(version 11.5). The one way ANOVA test was applied to
observe any significant relationships among the variables
and 95% confidence interval was considered significance.
The regression model was applied between bacterial load
and days of anaerobic digestion variables.

RESULTS AND DISCUSSION

Sewage sludge may harbor diverse type of pathogenic and
indicator organisms (Benatti et al., 2002; Saleem et al., 2001).
Altogether 22 bacteria belonging to eight genera: Escherichia
coli, Citrobacter frundii, Pseudomonas aeruginosa, Proteus
vulgaris, Salmonella spp., Shigella spp., Staphylococcus
aureus and Enterococcus spp. were isolated and four different
species of parasites: Giardia lamblia, Entamoeba histolytica,
Ascaris lumbricoides and Hymenolepis nana were detected
from sewage sludge mixture. Lepeuple et al. (2004); Benatti et
al. (2002); Carrington (2001); Strauch (1998) and Dudley et
al. (1980) have reported similar genera of bacteria and
parasites from the sewage sludge. However, the levels and
diversity of pathogens in sewage sludge vary depending on
several factors including population size, local conditions,
geographical location and seasonal variation (European
Commission, 2001; Saleem et al., 2001).

The fate of monitored bacteria and parasites were found to
be directly associated with time (days of digestion) and
temperature (type of digestion) and the results are shown in
the figure 2. The detection of Salmonella spp. was upto 15
and 10 days at ambient temperature and mesophilic
temperature respectively which are in accordance with the
findings of C6té et al. (2006); Kumar et al. (1999) and Gadre et
al. (1986). Incidently, S. aureus and Pseudomonas aeruginosa
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Figure 2: Fate of microorganisms with digestion time and temperature
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Figure 3: Total and faecal coliforms load in digesting sewage sludge mixture and comparison of load of faecal coliforms with USEPA standard

Table 1: Linear Regression of Bacterial Load (log, ) with Days of Digestion

Bacteria Digestion type | Correlation coefficient (r) Regression model Rsquare | pvalue (ANOVA)
THB AAD -0.890 y=7.462- 0.050X 0.792 0.003
MAD -0.812 y=7.137- 0.063x 0.659 0.027
Total AAD -0.965 y=6.797- 0.060x 0.931 <0.001
Coliforms MAD -0.992 y=7.020- 0.148x 0.984 <0.001
Faecal AAD -0.946 y=5.449- 0.040x 0.895 <0.001
Coliforms MAD -0.980 y=5.758- 0.182x 0.961 <0.001

Note: THB- Total heterotrophic bacteria

were detected only upto 10 days in both the digestion process
which might be due to their sensitiveness to anaerobic
condition. Like wise, H. nana and G. lamblia were resulted in
undetectable levels in 20 and 15 days of ambient and
mesophilic anaerobic digestion respectively; the former results
are supported by Benatti et al. (2002) and European
Commission (2001). The destruction of parasite eggs and
cysts is due to the lack of oxygen, increasing temperature
and time during anaerobic digestion (Marchaim, 2007).

During monitoring the load of organisms at 5 days intervals,
the load of total and faecal coliforms declined gradually in
both digestions (figure 3). In mesophilic anaerobic digestion
of sewage sludge mixture, the total heterotrophic bacteria,
total coliforms and faecal coliforms were reduced by 2.78,
4.53 and 5.16 log, cfu/ml in 30 days. The faecal coliforms
were below the detection level i.e. no growth was observed
from 10 dilution which is similar to the result obtained by EI-
Hadidi and Al-Turki (2007). Similar to our study, Ponugoti et
al, (1997) found upto 4 log,  reduction for total coliforms in
the sewage sludge subjected to MAD. In the digested sludge
(biosolid) of AAD, 2.18, 2.11 and 2.53 log, , reductions were
achieved for total heterotrophic bacteria, total coliforms and
faecal coliforms respectively in 35 days. In contrast to this
result, Coté et al. (2006) achieved a highest of 5.47 log,
reductions for coliforms in 20 days of anaerobically digested
swine manure slurry at ambient temperature (20 °C). Of course,
the lower reduction for coliforms found in this study is due
to single batch digester used for digestion process unlike,
sequencing batch digester used by C6té et al. (2006).

The load of faecal coliforms in sewage sludge subjected to
MAD met the class Abiosolid of USEPAstandard i.e. <3log,
MPN/g TS (<3 log,,cfu/ml) after 15 days. This might be due
to the low initial load of the total and faecal coliforms in the
sewage sludge mixture and co-digestion of sewage sludge
with cowdung. The former reason is supported by Strauch
(1991) who stated that the inactivation of pathogens is
dependent on the initial amount of pathogens in the biowaste
while the latter reason is supported by C6té et al. (2006) who
found a higher reduction of faecal coliforms in the digested
residue by mixing up swine slurry samples from different
sources. The higher reduction of pathogens and indicators
could be achieved by digesting the sewage sludge at higher
temperature that is greater than mesophilic temperature.

The relation between bacterial load (log,,) and days of
anaerobic digestion of sewage sludge mixture was found to
be negatively correlated and statistically significant (P< 0.005).
Regression model are useful to predict the log, , reduction of
indicators and pathogens. The high value of R?i.e. 0.984 in
mesophilic anaerobic digestion for total coliforms showed
that about 98.4% of the data variability can be explained by
the regression model. Moreover, the quantification of the
relationship between days of digestion and bacterial load is
shown in the table 1.

CONCLUSION

The degree of sanitization by anaerobic digestion was found
to be directly dependent on time (days) and temperature and
hence, mesophilic anaerobic digestion of sewage sludge
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mixture can be considered as a promising method for reduction
of pathogenic and indicator microorganisms.
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