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Figure 4. Isolates 31-48 with supercoiled DNA ladder in lanes 1 and 17.
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Isolate Lane Number | Plasmid | Isolate Lane Number | Plasmid

Number of Size Number of Size
Plasmids | (Kb) Plasmids | (Kb)

31 2 3 6,8,9 40 11 1 9

32 3 3 6,89 10 |41 12 1 9

33 4 4 4,8,9,10 | 42 13 3 5,6,8

34 5 5 5-8 43 14 1 9

35 6 4 4-9 44 15 0

36 7 0 45 16 0

37 8 1 4 46 18 0

38 9 1 8 47 19 0

39 10 1 9 48 20 0

Table 6. Approximate plasmid number and size for isolates 31-48.

4.0 Discussion

The development of microbial antibiotic resistance from a human source is fairly

straightforward and begins with the fecal shedding of enteric gram negative antibiotic
resistant bacteria into the sewage system. Once in the sewage treatment facility, the
bacteria freely mix with other genera of bacteria present. Genetic exchanges are possible

under such conditions and are well documented (Bale et al., 1987). The cycle continues

back to human hosts via garden products, which can have far reaching consequences for

all members of a community. In addition to direct uptake of antibiotic resistance genes by

ingestion of viable cells containing antibiotic resistance genes or by these genes spilled
into the sewage effluent by dead cells, studies have demonstrated that these genes can
also seep into surface water in areas surrounding the crops (Auerbach et al., 2006).

Enterobacteriaceae are a normal part of the normal human gastrointestinal system and

normally cause no disease. For an individual suffering from bacterial gastrointestinal
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disease, the usual treatment is a course of antibiotics. This allows for selection of

antibiotic resistant bacteria in the gut. When the antibiotic resistance is transferred in the

gut from non-pathogenic bacteria to infection causing strains, then there is no treatment

other than hydration to prevent dehydration in the patient (Rath et al., 2001; Thoren et

al., 1980). Already, many deaths occur every year due to non-treatable bacterial

infections and this rate is increasing (Blot et al., 2002).

The transfer of antibiotic resistance can occur in the gut or outside the gut when
two bacteria are in close proximity to one another. Alternately, the antibiotic resistant
bacteria, upon death, may spill their cell contents into the environment, whether water,
soil or intestinal tract, releasing plasmids (Maruyama et al., 2006).

All of the isolates recovered from the Cheney Wastewater Treatment Plant

biosolids were determined to be resistant to at least two commonly used antibiotics.

Antibiotic resistance genes are known to pass between even unrelated strains of bacteria.

Enteric bacteria which have a high level of antibiotic resistance are washed into the water

treatment system where they mingle with many other bacteria. Sewage treatment plants

are ideal environments for genetic transfer due to high nutrient levels and a high bacterial

population (Silva et al., 2006). The presence of bacteria with antibiotic resistance genes

in a treatment product intended for use on food crops can be problematic as these bacteria

or their genes may end up in humans.
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There is a cost to the bacterial cell in retaining large numbers of plasmids, and

research has shown that antibiotic resistant strains of some bacteria grow more slowly
than wild type strains (Saunders, 1984). In addition, studies have shown that antibiotics
are persistent in treated and drinking water and can be correlated to human use

(Karthikeyan and Bleam, 2003).

Studies to measure the scope of the antibiotic resistance problem have shown that

unrestrained use of antibiotics has a definite, measurable effect on the environment and

the organisms living in those environments. The human overuse of the very weapons

manufactured by microbes to fight other microbes is the cause of the rise in antibiotic

resistance and the key to stemming the problem is to simply reduce their use

(www.nih.gov).

5.0 Conclusion

Samples of biosolid from Cheney Wastewater Facility showed ample bacterial

growth. The high number of organisms recovered, and their diversity, is not surprising

because wastewater treatment is not a sterilization process. What is surprising, however,

is the incidence of antibiotic resistance. The biosolid samples were taken before the
composting step, which may further reduce the bacterial load before the addition of
mulch.

Ten genera of gram negative bacteria were isolated from the biosolid sample

obtained from Cheney Wastewater facility. They were Acinetobacter, Aeromonas,
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Citrobacter, Comomonas, Cupriavidus, Ochrobactrum, Pantoea, Pseudomonas,

Raoultella and Serratia.

The genera Acinetobacter, Pseudomonas and Aeromonas belong to the Class

Gammaproteobacteria, which is a diverse Class divided into 14 Orders and 25 Families

(Prescott et al., 2005). Acinetobacter are aerobic inhabitants of water and soil.

Aeromonas are facultative anaerobes whose natural niche is brackish water. Four out of

the five isolates resistant to all five antibiotics were from the genus Aeromonas. A
proposed reason for this is that Aeromonas is not of human origin. Aeromonas may be a
continual part of the sewage treatment process and constantly exposed to antiobiotics in
the system. Aeromonas, being adapted to and aquatic environment, may not survive in a
terrestrial setting, such as a garden. Further studies could be done to assess the actual
bacterial load after composting and the addition of mulch.

Comomonas and Cupriavidus are included in the Class Betaproteobacteria, Order

Burkholderiales. Ochrobactrum are included in the Order Alphaproteobacteria and are

organisms normally found in soil. These organisms are not considered to be part of

normal human flora although they can be opportunistic human pathogens.

Of the ten genera isolated, only Raoultella, Serratia, Citrobacter and Pantoea, are

members of the family Enterobacteriaceae and are therefore considered to be a normal

part of the human intestinal microbial community. Horizontal gene transfer between

these species of Enterobacteriaceae and other unrelated bacterial genera has been well

documented (Doi et al., 2004; Lawley et al., 2003).
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The perceived safety of biosolid application for crop fertilization only reflects the
monitoring of viable pathogenic bacteria such as Escherichia coli and Salmonella
(Arthurson, 2008). The potential pathogenicity of these organisms, however, does not
address the effect of antibiotic resistance genes in the various bacteria that are not
monitored. These organisms are themselves harmless, but carry a very real potential
threat in the form of transferrable antibiotic resistance which directly correlates to

antibiotic consumption in a community.
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