
C. Experiment Three: Analysis of Synagro pellet for total coliform and E. coli

The objective of this experiment was to determine the residual concentrations of E. coli and total
coliform in the Synagro pellet as an independent assessment of the effectiveness of the Synagro
treatment process at the Pinellas Plant. For this test, the 5-Tube MPN method was used to assay
10 g, 1 g, and 0.1 g of powdered Synagro pellet. In this test, the Synagro pellets were added to 5
tubes containing double strength LTB and incubated for·48 h at 37°C. Evidence of turbidity was

observed in most tubes but gas was not observed in any of the LTB tubes. Sub-samples from all
15 LTB tubes were added to brilliant green bile broth to confirm for presence of total coliform
and to EC broth to confirm for presence of E. coli. Both types of reaction tubes showed negative
reaction for total coliform and E. coli (Table 3). These results show that total coliform and E. coli
were not detected in the 15 ·reaction tubes containing Synagro pellets. Since all the test reactions
were negative for total coliform and for E. coli, the concentrations of these two fecal indicator
bacteria in the pellet could not be determined. However, ba;;ed on the results obtained, the
minimum detectable level of total coliform and E. coli was calculated to contain less than 0.02

MPN/g dry weight of Synagro Pellet. Since total coliform and E. coli are expected to be present
at concentrations of at least 106 MPN per g of untreated sludge, these results provide independent
measurements that the Syrtagro system is effectively disinfecting greater than 6 logs of E. coli in
the untreated sludge. This level of disinfection efficiency and absence of Salmonella in the pellet
mdicate that most of the pathogens in the same sludge sample were also be disinfected.

D. Experiment Four: Analysis of Synagro pellets for total heterotrophic bacteria

The objective of this experiment was to determine the concentrations of total culturable bacteria
in powdered Synagro pellet as an independent test to measure the bacterial load in the Synagro
biosolids. In this experiment, the powdered Synagro pellet was diluted with sterile phosphate
buffer and heterotrophic bacteria measured using the spread plate method. The results (Table 4)
show that 106 total heterotrophic bacteria were measured per g of powdered pellet. This
represents a relatively high concentration of total heterotrophic bacteria in the treated and dried
Synagro pellet. The predominant heterotrophic bacteria in the Synagro pellet were characterized

.as gram-positive bacteria. Spore forming bacteria are gram-positive bacteria and spores are
lesistant to heat inactivation. Since these spores can be expected to survive the heat treatment
process used by the Synagro systems, the most likely explanation is that residual aerobic
bacterial spores (Bacillus sp) in the Synagro pellet were cultured as heterotrophic bacteria.

E. Summary and Conclusions

Salmonella was not detected in the powdered Synagro pellet when the 5-Tube tube MPN method
was used to analyze 10 g, 1 g, and 0.1 g of the pellet. Under these conditions, the calculated
concentration of Salmonella in the pellet was less than 0.02 MPN/g of Synagro pellet (dry
weight). Moreover, Salmonella was not recovered from larger sample sizes (4 g, 40 g, 80 g) of
whole Synagro pellets when tested by the Presence/Absence Method. These results show that the
concentration of Salmonella is well below the minimum detectable level of 3 MPN/4 g of total
solids biosolids (dry weight basis). In the same Synagro pellet, total coliform and E. coli were
not detected when 10 g, 1 g, and 0.1 g of powdered Synagro pellets were tested using the 5-Tube
MPN method; These results indicate that the treatment at the Pinellas Plant was effectively

. ,.

18·



disinfecting total coliform and E. coli in the pellet to undetectable levels or <0.02 MPN/g of
Synagro pellet (dry weight). E. coli can be expected to be present at levels of approximately, 106

MPN per g of untreated sewage sludge and disinfection efficiency can be calculated based on
residual concentrations of E. coli in the bisolids (Federal Register, 1993; Godfree, 2004). Since_
the Synagro treatment reduces E. coli concentrations to non-detectable levels (> 6 log reduction
of E-,-r;;oli),and the biosolid contains undetectable levels of Salmonella, it can be concluded that

~nagr9 System is effectively disinfecting most of the pathogens in the biosolid .

.Despite effectively disinfecting Salmonella, total coliform and E. coli in the biosolid, high
_conc~!1:~'!.!.i~.!1_.(2.3x 106 CFU/g of pellet) of heterotrophic bacteria was recovered from the same

Synagro Pellet. These results show that Synagro Pellets still contain high concentrations of
bCl~_~ria:-.Th~_bacteria recovere~ from these_pellets were characterized as gram positive bacteria.
Since bacterial spores are known to be resistant to heating, it is likely that gram positive spores

_~~vived the Synagro heat treatmentyro~ess. In this r~_gard,both Bacillus sp. and Clostridium sp.
are expected to survive the Synagro sludge treatment process. Since the heterotrophic bacterial

,as_~§tyw.§ts,conducted under aerobic conditions, Bacillus spores but not Clostridium spores can be
_expected to be cultured. Thus, the heterotrophic bacteria in Synagro pellet most likely represent
.Je~.i9Jd?:Ls.Q.Q@.:forrni1).KBacillus..§lbwhLch.§.renQrmally found in sludge and which are resistant
to heat inactivation.

II. Goal Two: To develop a scientifically valid test protocol to obtain monitoring data for
presence and multiplication of Salmonella bacteria in two Hawaiian soils to which
Synagro pellet had been added.

The test protocol designed to address goal two of this study was based on completing seven
independent tests. This section focuses on explaining the objectives, the method used, the results
and conclusions of the results from each of the seven tests. For this experiment, the following
eight soil samples were analyzed for Salmonella, total coliform, E. coli and heterotrophic
bacteria every two days during the 12-day long experiment:

1. Waimanalo Soil; Unamended or natural
2. Waimanalo Soil; Amended with addition of IX Synagro pellet
3. Waimanalo Soil; Amended with addition of 5 X Synagro pellet
4. Waimanalo Soil; Amended with addition of Hoagland Solution
5. Molokai Soil; Unamended or natural
6. Molokai Soil; Amended with addition of IX Synagro pellet
7. Molokai Soil; Amended with addition of 5X Synagro pellet
8. Molokai Soil; Amended with addition of Hoagland Solution

A. Experiment One: Analysis of soil samples for presence and growth of Salmonella over 12
days

The objective ofthis experiment was to determine the presence and growth of Salmonella in the
two unamended soils (Waimanalo, Molokai) and when these soil samples were amended by
addition of IX Synagro pellet, 5X Synagro pellet and with Hoagland Solution. In this
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