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Waste sewage sludge, an inevitable by-product of municipal sewage
biotreatment, is a noxious and potentially hazardous sluery which
needs cffective treatment prior to its recycling to the natural
environment as a soil conditioning agent. The most harardous
components in untreated waste sewage sludge are pathogens and
toxic chemical residues,

The major problems affecting guaranteed irceversible inactivation of
pathogenic agents are a failure to fully understand the mechanisms
responsible for cell death and how enhanced cell death can be
affected by sludge bioprocess operating conditions. In these
contexts, the efficacics of thermophilic aerobic, thermophilic
anaerobic and mesophilic anasrobic sludge biotreatment processes
are discussed in this review paper. In order 1o achieve both effective
and economic biotreatment performance, a  combination of
thermophilic asrobic pre-treatment for hygienization and mesophilic
anaerobic tregtment for stabilization is recommended.
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INTRODUCTION

The discharge of large volume water-borne waste streams into the natural
environment is a direct consequence of the introduction of unrestricted
piped water distribution to mdividual premises and the introduction of
the water-closel as the conventional means for sanitary waste removal
from the mid-nineteenth century onwards, Two major lypes of agueous
waste streams exist, municipal sewage, comprising a highly complex
mixture of domestic sewage, hospital and trade wastes, and industrial
wastewater streams. The latter are sometimes less complex in
composition and can be free from sanitary waste. Both types of stream
can contain some storm water surface run-off with associated pollutants.
Prior to the enactment and enforcement of effective water pollution
designed to protect fresh surface, estuarine and coastal marine waters and
groundwater reservoirs, variously polluted waste streams were
discharged directly into the environment with negligible concern for
either their ecological impact or their potentially adverse effects on
human health, However, increasingly stringent environmental legislation
and better enforcement has, in more recent decades and in the majority of
industrialized countries, resulted in the widespread introduction of both
municipal sewage and industrial wastewater treatment, most commaonly
by aerobic mesophilic activated sludge biotreatment  plants.
Unfortunately, this has created a further problem; waste sewage sludge
treatment for either safe disposal or safe utilization in the environment.
This review paper summarizes current knowledge concerning cell death
during sewage sludge biotreatment processes.

Municipal sewage mirrors both the activities undertaken in and the
general health of the municipality responsible for its production.
Noxious components include pathogenic agents ranging from viruses, o
a variety of micro and macroorganisms derived from both animal and
human faccal matter, These include pathogenic bacteria, protozoa and
flukes, and eggs of intestinal worms. Other hazards such as toxic organic
chemicals, residues from hospitals, clinics, households and trade and
industrial sources and toxic inorganic chemicals, most commonly from
workshops and industrial activity are common.  Should animal
slaughterhouses (abattoirs), meat processing and/or animal wasle
rendering plants be discharging wastewater to sewer in any particular
drainage area, the additional minuscule risk of prior release from
specified waste material must also be assessed,
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Many different variations in activated sludge plant design are employed.
Inevitably, activated sludge biotreatment (secondary) stage plants are
operated in conjunction with both mechanical (preliminary) and physical
(primary) solids separation stage processes. The objectives of aerobic
secondary treatment are the bio oxidation of both dissolved and finely
divided biodegradable organic matter 1o produce a reduced mass of
flocculated bacteria (sludge) and carbon dioxide, the nitrification of
ammonium to nitrate, and where appropriately designed. complete
denitrification of nitrate to elemental nitrogen. Some activated sludge
plant designs also seek to eliminate phosphate by bioaccumulation
mechanisms, rather than by its utilization in bacterial growth processes,
whi.]e others employ chemical phosphate precipitation with various salis
during biotreatment. The biomass (sludge) produced during secondary
I_Jiuln:atmunl 15 concentrated and either recycled to maintain bioprocess
intensity or wasted. Secondarv biotreatment is an unsicady state process
partially due to diurnal changes in volumetric sewage flow and short
term fluctuations in sewage component composition, but also as a result
of the plant operating protocols employed that seek to minimize sludge
production by empirical means. The effect of protozoan predation
requires mention at this point, as it results in a reduction in overall sludge
production and improved treated water clarity.

Waste sewage sludge is frequently considered to be flocculated microbial
hiomass and associated particulate solids that comprise the sludge wasted
from secondary treatment, but in some operations, waste preliminary
sludge and/or waste primary sludge are combined with it.  Sewage
treatment plants were introduced in order to reduce surface water
pollution to levels where natural self-purification mechanisms could
adequately cope with the residual pollutant loads discharged into any
particular receiving water, although over reliance was Ffrequently placed
on the dilution of particular pollutants present in a discharge to less than
detectable, apparently no effect, concentrations.  Although it has been
frequently claimed that sewage treatment focused on the maintenance of
public health and environmental safety, the removal of pathogenic toxic
and other noxious components from municipal sewage during treatment
is essentially an incidental, rather than an intentional event.  Some toxic
chemicals, depending on their properties, can be sorbed onto particulate
matter removed in primary physical treatment and, hence, even if
biodegradable, will not be biodegraded prior to incorporation into waste
sewage sludge.  Some non-biodegradable toxic chemicals will also
become secondary waste sludge components. Soluble non-hiodegradahle
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