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This paper seems to be a significant advance for the beneficial
reuse of wastewater solids because it provides insight to past
observations of pathogen behavior and demonstrates that anaero-
bic mesophilic digestion after pasteurization fosters the growth of
an anaerobic culture that inhibits growth of pathogenic bacteria in
the solids. It seems likely that this self-disinfecting effect also
should occur in anaerobic digestion processes (Huyard et al., 1998;
Streeter et al., 1997; and Wilson and Dichtl, 1998) in which a
primary phase of thermophilic digestion that lasts for 2 to 5 days
at 55 °C is followed by 10 or more days of mesophilic digestion.
If so, the result in this paper opens the possibility of adapting
diverse digestion processes to produce biosolids that meet Class A
standards for killing pathogenic bacteria (U.S. EPA, 1995).

Because the results are so striking, the following questions are
provided to promote additional studies and are offered out of a
desire to see the excellent findings of this study replicated and
extended. First, when during the run with the secondary meso-
philic digesters was the spiking test in Figure 1 conducted? Was it
after 8 weeks of not detecting pathogens in the digester that was
being fed pasteurized solids, as seems to be implied on p. 179? Did
this observation period begin when the digesters began operating
or after an initial acclimation or stabilization period? Second, is the
Salmonella analysis from Standard Methods (APHA et al., 1998)
or some other established reference, such as Neidhardt (1987)?

Third, is there any prospect that the authors, or some of them,
will extend this study by analyzing this effect in more detail? The
following questions and considerations seem reasonable. (a) Is the
rise in pH observed in several of the tests attributable primarily to
ammonia production from protein decomposition that more than
neutralizes the volatile fatty acid production that is observed, or is
something else involved? (b) Although using centrate as the sol-
uble substrate was obviously both convenient and sure to be
appropriate for the bacterial population, it might be informative to
identify at least the primary organic components and nutrients of
the soluble substrate. Is there any prospect of doing this? (c) It
seems that identifying the anaerobic bacteria responsible for kill-
ing the pathogens would be quite difficult, but do the authors see
any hope of doing so? (d) On the other hand, it seems that it might
be informative to filter or centrifuge solids that kill Salmonella and
separate the filtrate or centrate by liquid chromatography or a resin
separation column so that the fractions could be tested for effec-
tiveness in killing pathogens. This would be a step toward char-
acterizing the chemical mechanism by which the killing occurs. Do
the authors have any access to facilities that would make this
possible and do they consider this a reasonable undertaking?

(e) Coventry et al. (1997) describe a bacterial inhibition effect
caused by substances produced by other bacteria. These substances
are called bacteriocins. Is it possible that these substances cause
the observed Salmonella inhibition?

Fourth, what about temperature-phased anaerobic digestion
(TPAD) and other processes involving thermophilic digestion that
are used now to produce biosolids that are dried and sold for soil
application and sometimes claim to meet the Class A standard,
although it is unclear that this is true for anything except coliform
bacteria. Has anyone analyzed the pathogen content of such ma-
terial after it has been stored for several weeks or months or the
pathogen content of soil to which it has been applied?

Fifth, in the approximately 2 years since this paper was submit-
ted, have the authors made any effort to extend this work to TPAD
or related processes? Last, because Seattle is not far from Van-
couver, British Columbia, Canada, have the authors looked for
self-disinfecting effects in digested solids from the thermophilic
systems described in, for example, Volpe et al. (1993). This paper
describes not only the design for the Annacis Island plant, but
some results from the Lions’ Gate plant.

Significant as this paper is likely to be for the wastewater
treatment industry, it would have a much broader significance if
the mechanism by which the pathogens are killed in self-disinfect-
ing biosolids turns out to be both new and adaptable to other
contexts. At this point it would not be productive to speculate
further about what else might be done with the mechanism, but we
hope that not only the authors but the readers of this journal
recognize the potential significance of additional investigation of
the result in this important paper.
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Closure

Amanda Ward, H. David Stensel, John F. Ferguson,
Gregory Ma, Stan Hummel

We greatly appreciate the discussion by Iranpour et al. that
pointed out an issue of importance to us, which is the need to
understand the mechanism of Salmonella kill in mesophillic an-
aerobic digestion. Although our work was able to show that
Salmonella regrowth can be prevented in pasteurized solids, de-
termining the mechanism was beyond the scope of our available
resources and time. Determining the mechanism would be an
exciting venture with possibly far-reaching implications about
pathogen kill, but as of yet we have not had the opportunity to
further pursue this interest. A number of other specific questions
were raised about the research, which we will answer here. With
respect for space allowed for discussion articles, we would also
be happy to provide additional specific information if contacted
directly.

The Salmonella-spiking test shown in Figure 1 was done after
the anaerobic digesters had been operating for more than 8 weeks
without detecting pathogens. Both digesters were operating at
normal pH when the test began (7.7 in the pasteurized digester, 7.5
in the control digester). The method used to quantify the Salmo-
nella population with time was described in detail in the paper.
Ammonia concentrations were not measured during incubation

following Salmonella inoculation; so we are not able to define the
exact cause of 0.2 to 0.5 pH increases in some of the bottles.
Although there were no data on the centrate itself, ammonia,
alkalinity, soluble chemical oxygen demand (SCOD), and volatile
fatty acid (VFA) analyses were done. Table 1 summarizes the
results of those analyses. A number of interesting research meth-
odologies can be undertaken to study the Salmonella die-off mech-
anism. The idea to study liquid fractions to determine possible
chemical factors is good and would be recommended as part of a
research effort. Work with specific bacteria would also be helpful.

In 1996, the Great Vancouver Regional District inoculated Class
A thermophilic biosolids, topsoil, and compost with Salmonella.
Samples were incubated at 35 °C. They claimed that Salmonella
grew in short-term bursts (no data are given) in thermophilic and
mesophilic biosolids after 2 days and died off after 2 months.
Salmonella died off immediately in top soils and composts (Krugel
et al., 1996).
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Table 1—Ammonia, alkalinity, SCOD, and VFA
concentrations in Tacoma Central autothermal reactor
sludge.

Number of
Samples

VFA
Value

NH3–N, mg/L 13 500 6 200
Alkalinity, as CaCO3, g/L 59 3.0 6 0.9
SCOD, g/L 110 8.8 6 1.2
Acetate as COD, mg/L 24 2000 6 500
Propionate as COD, mg/L 24 300 6 200
Butyrate as COD, mg/L 24 500 6 100
Iso-butyrate as COD, mg/L 24 300 6 100
pH 194 6.6 6 0.3
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