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astewater treatment has evolved into an important
mechanism that used to protect public health from infec-
tious disease. In the 1850s, water drawn from the Thames
River below London’s sewage outfall was found to be a source
of a cholera outbreak (1). As a result, ‘sewage farms’ were
established to treat and dispose of wastewater. Gradually,
more effective technologies, which required less land, were
developed to treat wastewater. The processes of primary and
secondary biological treatment eventually eliminated the
need for sewage farms in the early part of the past century.
Today, conventional sewage treatment uses chemical and
biological processes to separate solids from water in sewage
(2). Raw sewage typically moves through a series of process-
es that, depending upon the plant, include primary, second-
ary and, in some cases, tertiary treatment. In primary
treatment, settleable and floatable solids are removed from
the waste flow. In conventional activated sludge secondary
treatment, biodegradable dissolved colloidal solids are
removed. The solids removed through primary and secondary
treatment (primary and secondary sludge) are typically
processed in an anaerobic digester, in which putrescible
solids are digested into stable organic matter. The solids that
result from the digester are known as biosolids, sewage
biosolids or, simply, sewage sludge. Biosolids may be further
treated through dewatering, heat drying, lime stabilization,
composting or other processes. Regardless of the method of
treatment, there are few options for end use or ultimate dis-
posal of sewage biosolids. In Canada, approximately 388,700
dry tonnes of biosolids are produced every year (3). About
43% of these biosolids are applied to land, 47% are incinerat-
ed and 4% are sent to landfill, with the remainder used in
land reclamation and other uses. Land application has been
increasing in recent years as many municipalities move away
from incineration and landfill disposal due to environmental
concerns with these processes. By comparison, the United
States and Europe apply approximately 60% and 34%, respec-
tively, of their biosolids to agricultural land.
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Biosolids, for the most part, are provincially regulated in
Canada. In Ontario, biosolids are regulated through
Regulation 347 of the Environmental Protection Act (4). The
Ontario Ministry of Environment uses the Guidelines_for the
Utilization of Biosolids and Other Wastes on Agricultural
Land (5) to assist them in issuing Certificates of Approval.
Certificates of Approval are required for all land application
sites and include explicit management conditions that are
enforceable by the Province under the Environmental
Protection Act (4). Biosolids that are sold as a fertilizer may
fall under the Agriculture and Agrifood Canada Fertilizer
Criteria and the Bureau de Normalization du Quebec
Fertilizer Regulation.

Biosolids are used in agriculture because they contain
high concentrations of essential crop nutrients, primarily
nitrogen and phosphorous. The nutrients are recycled into
crop production and are used in place of inorganic fertilizers.
Groups opposed to land application of biosolids are primarily
concerned about two things: the sources of sewage dis-
charged to municipal sewage treatment plants as well as the
presence of pathogens in sewage biosolids. Some groups
have argued that biosolids should be first sterilized and then
disposed in a sanitary landfill. Their concerns stem from the
fact that many municipal sewage treatment plants receive
treatable industrial sewage and, in some cases, landfill
leachate in addition to domestic sewage. However, it should
be noted that all dischargers are regulated through sewer use
bylaws to ensure that hazardous wastes are not discharged
into sewage treatment systems. Landfill leachate, as with
any other discharge, must meet this requirement. Municipal
industrial sewer use control programs regulate dischargers
through sewer use agreements that are monitored and
enforced (6). Industrial source control programs in munici-
palities across the country have, in large part, been responsi-
ble for controlling the quality of biosolids.

Biosolids also contain a variety of pathogens, grouped
into bacteria, viruses, protozoa and helminth worms cate-
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gories (1,7). Typically, the densities of these pathogens are
reduced two and three orders of magnitude by wastewater
treatment and biosolids processing (2,8). This reduction,
while significant, leaves appreciable numbers of some organ-
isms in digested sewage biosolids. The pathway for infection
by pathogens in biosolids is through direct ingestion, inhala-
tion of bioaerosols or contact of an infectious agent with
mucous membranes or damaged skin (8).

While biosolids management practices are designed to
prevent exposure to the public through these pathways, a
recent study by Dowd et al (9) and the Hazard ID on work-
ers exposed to class B biosolids released by the National
Institute of Safety and Health (NIOSH) in the United States
(10) have served to elevate public concern about transmis-
sion of airborne pathogens. The NIOSH Hazard ID reports
that a limited number of air samples collected at land appli-
cation and storage sites confirms the potential for workers
to be exposed to pathogenic organisms and recommends a
range of personal protective equipment (ie, gloves and
hygienic practices), depending upon the activity in which
the worker is engaged. The Dowd risk assessment, based
upon computer modelling, concludes that there is some risk
of infection to biosolids land application site workers as
well as to surrounding residents from storing and land
applying biosolids (9). Dowd et al (9) stated that the model-
ling results represent a worse case scenario and indicated a
need for epidemiological screening of biosolids workers.

Conversely, other studies report that the methods used for
biosolids land application do not result in airborne release of
biological agents to the same extent as in wastewater treat-
ment facilities (11). Waste water treatment workers who are
exposed to higher amounts of airborne releases of organisms
have not been found to be at higher risk than the general pop-
ulation. A study of the health effects of occupational exposure
to wastewater carried out in the United States followed over
100 wastewater treatment plant workers at three activated
sludge sewage treatment plants (12). The study included
stool examinations, cultures and antibody surveys, and con-
cluded that there was no increased incidence of infection in
workers.

There have been a number of epidemiological studies of
biosolids land application. One study, looking at human and
animal health on 47 farms receiving biosolids and 46 control
farms not receiving biosolids in Ohio, concluded that the
risks of respiratory or digestive illness, as well as general
symptoms, were not significantly different between the
biosolids farms and control farms (13). The study used
monthly questionnaires concerning general human and ani-
mal health, annual tuberculin testing, and quarterly blood
and fecal sampling for microbiological testing. The authors
concluded that the absence of observed human or animal
health effects was due to the controlled application practices
that were in accordance with established United States
Environmental Protection Agency requirements.

A second study related to the Ohio study collected over
300 samples of biosolids from four different sewage treat-
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ment plants in Ohio and tested them for the presence of
viruses (14). Serology methods were then used to measure
objectively infection as well as subclinical infection in people
on farms where biosolids were used and control farms. Stool
specimens were tested for enteric bacterial pathogens. This
study did not find a significant difference between biosolids
farms and control farms over the five years of the study.

Most of the infectious agents in biosolids are poorly
adapted to survival in soil and the environment (7). Soil is an
effective filter, by both physically obstructing the movement
of bacterial organisms and by adsorbing viruses to soil col-
loids (15). A number of studies have looked at the potential
for contamination of ground and surface waters from sewage
biosolids and have found that it is not significant (1). One
reason for this is that proper management practices limit the
potential for water contamination. It should also be noted
that the number of pathogens from human sources added to
the soil by biosolids is relatively small compared with the
densities of native pathogens present in soil. Fertile soils,
which contain protozoa, fungi, slime molds, diatoms, bacte-
ria and viruses, are one of the most microbially active,
diverse and dense environments on earth (7).

The issue of biosolids safety is not clear-cut. There are
known risks associated with biosolids that must be managed
responsibly. It is important to evaluate the risks of biosolids
land application in light of other common, widespread agri-
cultural practices such as the land application of animal
wastes. When put into this context, the risk of infectious dis-
ease to rural residents specifically from biosolids land appli-
cation appears to be relatively small. Science continues to
move forward, but definitive answers will remain elusive.
Currently, the balance of evidence supports ongoing land
application of biosolids to recycle nutrients and organic mat-
ter as a benefit to individual farmers and society as a whole.
Health professionals have to participate in the continual
improvement of our water supply and wastewater treatment
systems.
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