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ABSTRACT

Dairy cattle waste has positive potential that can be explored to be useful product, the negative
property of waste should be controlled to avoid environmental pollution. Dairy cattle waste can be
processed into liquid organic fertilizer for crops. The aim of study was to determine the number of
pathogenic bacteria (Escherichia coli and Salmonella sp.) as well as heavy metals (Pb, Cd, As, HQ)
in liquid organic fertilizer from dairy cattle waste. Liquid organic fertilizer is obtained by
extracting the decomposition substrate from dairy cattle waste and rice straw with water solvent.
The study was conducted experimentally using a completely randomized design with three
treatments namely ratio decomposers to waters and 6 replications. Data were analyzed by analysis
of variance and Duncan test to determine the difference between treatments. The result showed
that: (1) the content of both Escherichia coli and Salmonella sp. are <30 MPN/ml; (2) the highest
level of heavy metals Pb, Cd, and As are 0,17 ppm, 0,1 ppm, and 0,3 ppm respectively, while Hg is
not detected in all treatments. Either pathogenic bacteria or heavy metals accounted below
recommendation limit in the minimum technical requirement by Permentan number
70/Permentan/SR/140/10/2011.
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INTRODUCTION

In order to improve the production performance of dairy cows in the peri-urban farms,
one of the problems that must be managed is environmental pollution caused by waste.
Cattle feces that is not managed properly can have a negative effect on people's lives.
Disposal of waste into water bodies directly or indirectly will affect water pollution, and as
a result water quality is decreasing. Moreover, the polluted river will also potentially be a
source of disease that we often refer as “waterborn disease” affecting the degradation of
public health in surrounding areas.

Dairy farm waste has several characteristics that contribute to environmental
sanitation, the C/N ratio, BOD and the high number of pathogenic microbes. Therefore, the
management of environmental sanitation can be managed through the processing of farm
waste into products that do not directly enter into the environmental and have an economic
value, such as liquid organic fertilizer. The process to utilize waste into liquid organic
fertilizer is an effort to reduce the number of pathogenic bacteria (Escherichia coli and
Salmonella sp.) on farm waste to become safe in the environment.

Pathogenic microorganisms have access to their host through gastrointestinal tract
(e.g. enteric viruses and bacteria), through the respiratory tract (e.g. Klebsiella
pneumoniae, legionella, and myxovirus), or it can be through the skin (e.g. Aeromonas,
Clostridium tetani, and Clostridium perfringens). Some pathogenic microorganisms and
parasites are usually found in waste water. Several diseases caused by infectious agents
that are often found in waste water, among other bacterial pathogens, such as Salmonella,
Vibrio cholerae, E. coli, Yersinia, Campylobacter, Leptospira, L. pneumophila, etc.
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Animal feces containing more than 1012 bacteria per gram. The content of the bacteria in
the feces was approximately 9% of wet weight (Dean & Lund in Gray 2008).

Salmonella sp. is Enterobacteriaceae which widely distributed in the environment, and
covers more than 2,000 stereotypes. Salmonella is the most important bacterial pathogens
present in the waste water, which can cause typhoid and paratyphoid fever, and
gastroenteristis. Salmonella concentration in wastewater accounted for a few cells to 8000
organisms per 100 ml of wastewater (Feachem et al. 1983). Salmonella typhii is the
infectious agent of typhoid fever, a disease that if not promptly treated can cause death.
Salmonella typhii produce endotoxins that can cause fever, nausea, and diarrhea, and can
be fatal if not treated with antibiotics. (Sterrit & Lester 1988). Species Salmonella
typhimurium and S. Enteritidis can cause gastroenteritis.

In the gastrointestinal of humans and warm-blooded animals, there are several strains
of E. coli which are harmless while the other can release toxins that cause diarrhea. Some
strains of E. «coli that are enterotoxigenic (ETEC), enteropathogenic (EPEC),
enterohemooragic (EHEC), and enteroinvasive (Levine 1987). Enterotoxigenic E. coli can
cause inflammation of the stomach (gastroenteritis) and severe diarrhea accompanied by
abdominal cramps and vomiting (Harris 1986). Approximately 2-8% of E. coli present in
the water are enteropathogenic that can cause diarrhea. Water and food are factors of
infection and spread of the E. coli.

Heavy metals are metals with high molecular weight. Even in low concentrations,
heavy metals generally are toxic for plants and animals, including humans, some types of
heavy metals which often cause pollution are Mercury (Hg), Chromium (Cr), Cadmium
(Cd), lead (Pb) and Arsenic (As). Presence of heavy metals in the environment can not in
themselves harmful to living things, including humans. Heavy metals can be dangerous
when entered into the metabolic system in an amount which exceeds the threshold
(Alloway 1995; Lacatusu 2000; Moenir et al. 2010).

The content of Cd in Phosphate fertilizers can be found in the range of 1.94 to 113
mg/kg of fertilizer in some countries. Natural Phosphate from Senegal-Africa contain
Cadmium relatively higher than in other countries and generally the phosphate rock, raw
material for P fertilizers, contain Cadmium <500 mg/kg (Alloway 1995). This implies that
the quality of the natural Phosphate strongly influenced by the type and origin of raw
materials phosphate rock.

Beside fertilizer as source of inorganic phosphate, organic fertilizer derived from
manure, compost and lime contain heavy metals in significant amounts. Cd content of
inorganic phosphate fertilizer and compost is quite high, compared to other fertilizers. The
level of Cd accumulated in the soil depends on the levels of cadmium in fertilizers and
fertilizer dose given. Manure from chicken and cow also contains Cd in an amount of more
than 50 mg/kg (Laegreid etal. 1999).

This research will analyze the content of pathogenic bacteria (Escherichia coli and
Salmonella sp.) and heavy metals (Pb, Cd, As, Hg) in a liquid organic fertilizer produced
from dairy cattle waste.

MATERIAL AND METHODS
Sample collection and preparation

Dairy cattle waste was collected gradually until sufficient as research material, and
then mixed with rice straw that comes from farms in Jatinangor Region Sumedang. To
obtained C/N ratio 30, the comparison of dairy cattle waste and rice straw was 25:75.
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Pre-composting

A mixture of dairy cattle waste and rice straw is placed into a sack and closed.
Subsequently the mixture was incubated aerobically for 7 days, untili decomposing
microorganisms such as fungi and bacteria grow. After the incubation process is
completed, aerated to reduce the water content until it reaches 30%. The results of this
process called “decomposers”.

Extraction process

The extraction process of decomposers is using hot water (temperature £90°C) with a
ratio according to treatment: 1 kg of decomposers in 4 liters of water (T1); 1 kg of
decomposers in 6 liters of water (T2); 1 kg of decomposers in 8 liters of water (T3). The
filtrate extraction is incubated for 2 weeks, while doing aeration every day for 30 minutes
to accelerate the fermentation process.

Bacterial culture preparation

Testing the amount of E. coli and Salmonella utilized MPN method-Durham and
further test on McConkey media and Salmonella shigella Agar (SSA) (Kementan 2011).

RESULTS AND DISCUSSION

Temperature is an indicator of the activity of microorganisms in the composting
process. Microorganisms perform the decomposition of organic material into simpler
compounds. Therefore, the composting process before the process incomplete is called the
early decomposition process. Changes in temperature during the early decomposition
process are presented in Figure 1.
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Figure 1. Changes in temperature (°C) during the early decomposition process
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Temperature is measured every day in order to indicate how well the decomposition
process is. Temperature is the main factor affecting microorganisms activity in
decomposing organic matter (Epstein 1997). During the decomposition, the highest
temperature occurred on second day, which ranged between 60-63°C. After that,
temperature decreased continuously until it reaches the ambient temperature 24-25°C.
Controlling the temperature during the decomposition process is necessary to optimize
microbial growth and reduce pathogenic bacteria (Pholprasert 1989; Benito et al. 2010;
Marlina et al. 2008). The optimal early decomposition produces microbial biomass that
serves as a nutrient for liquid organic fertilizer materials on the advanced integrated waste
treatment process.

The nutrient availability for microorganisms needs is reflected by the balance between
carbon and nitrogen or C/N ratio. C/N ratio at the beginning of the early decomposition
was set at 30. During the decomposition process occurs degradation of carbon and nitrogen
is used as a source of nutrients for microorganisms decomposers.

Table 1.Total pathogenic bacteria and heavy metal in organic liquid fertilizer from dairy cattle

waste

Parameter Unit T, T, Ts

Escherichiacoli MPN/mI <30 <30 <30
Salmonella sp. MPN/ml <30 <30 <30
Pb ppm 0.17 0.20 0.17
Cd ppm 0.10 0.10 0.10
As ppm 0.15 0.10 0.30
Hg ppm 0.00 0.00 0.00

T,=14,T,=16;T;=18

Livestock waste treatment through aerobic fermentation is able to reduce pathogenic
bacteria, so that the organic fertilizer produced will not contaminate groundwater when
applied to plant (Marlina et al. 2008; Benito et al. 2010). The bacteria found in cattle feces
are Escherichia coli and Salmonella sp., a group of bacteria enterobacteriaceae. This group
of bacteria exist in large numbers in the faeces of humans and animals and in contaminated
water, but not in pure water, soil and environment that were not exposed by feces of
animals and humans. These groups of bacteria do not multiply in the environment (Ashbolt
et al. 2001). E. coli is an indicator bacterium of environmental sanitation, so its presence in
water indicates that the water has been contaminated by feces (Ashbolt et al. 2001; Jay et
al. 2005). During early decomposition the number of E. coli and Salmonella sp. decrease.
Increasing temperature during the decomposition is the result of an degradation of organic
material on the substrate. This is in line with the opinion of Dalzell et al. (1987) that the
amount of energy is released in the form of heat directly to the degradation of organic
material. This resulted in a rise in temperature in the pile decomposers. The ideal
temperature of the composting is in thermophilic because at these temperatures occur
active decomposition of organic material (Marlina et al. 2008). By using oxygen, compost
microbes will decompose organic matter into CO2, water vapor and heat. The bacteria
cannot stand the heat, including Enterobacteriaceae group will die.

Heavy metals is one of parameters indicating whether or not compost fit for organic
fertilizer. If heavy metals have been absorbed into the body, it can not be destroyed but
would have stayed until removed through excretion (Nordberg et al. 1986). Similarly,
when an environment, especially in waters have been contaminated (polluted) by heavy
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metals then the cleanup process will be very difficult to do. Heavy metals contamination
can occur when fertilizer is applied to the plants contained heavy metals that exceed
recommendation limit. Therefore some organic fertilizer require heavy metals as a
parameter of eligibility. However, the material for composting of dairy cattle feces and rice
straw, containing heavy metals below the required threshold. Standard quality requirement
of organic fertilizer for heavy metal content in organic fertilizers are lead (Pb) to 150 ppm,
Cadmium (Cd) 3 ppm, Arsenic (As) 13 ppm, Mercury (Hg) 0.8 ppm. (BSN 2004).
Therefore, the content of heavy metals in liquid organic fertilizer produced is still below
the threshold, moreover for heavy metal Hg is not detected (Table 1).

CONCLUSION

In the liquid organic fertilizer produced from dairy farm waste, Escherichia coli and
Salmonella sp. were detected below the recommended limit as mentioned in Permentan
number 70/Permentan/SR/140/10/201. The content of heavy metals Pb, Cd, and As were
very low (trace), while Hg was not detected.
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