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ABSTRACT

Bacterial and viral pathogens may be present in animal, and
especially municipal, wastes. This requires that caution be exer-
cised when using these materials for crop production. These wastes
should not be applied to root crops during the current growing
season, or to above-ground crops 1 month before harvest. Animals
should not be allowed to graze areas for 2 to 3 weeks after waste
application. Waste should be applied on the basis of crop fertility
requirements based on optimum nutrient utilization, thereby mini-
mizing pathogen-loading rates. Disease outbreaks have occurred
when crops grown on soils receiving raw sewage were eaten raw, or
when an area was grazed shortly after waste application. No inci-
dence of disease has been reported from land application of treated
wastes. Thus, treatment of municipal waste before application is
important. A zero-tolerance for pathogens in wastes land-applied
for crop growth would seem unnecessary when proper manage-
ment is used.

Additional Index Words: waste loading rates, crop growth,
pathogen hazard, virulence, aerosols, waste utilization.

The practice of using organic wastes for crop nutrients is
not new. Centuries ago, the Romans recognized that crop
growth was improved when manure was added to the soil.
During the era of inexpensive fertilizers and energy, it was
more convenient to regard municipal and animal wastes
as disposal problems rather than resources. Now, where
suitable crop-producing areas are available, wastes are
considered valuable resources. Unfortunately, utilization
of municipal and animal wastes is not without problems,
e.g., whether the application of municipal and animal
wastes to cropland presents unique pathogen hazards, and
whether the soils become disease vectors.

Historically, utilization of animal wastes for crop pro-
duction has been an accepted practice, and people are not
normally disturbed by animals feeding and defecating in
the same area (Menzies, 1977). However, in municipal
wastes human pathogens are more concentrated, and there
are social and aesthetic pressures against using these wastes
for crop production. In this discussion, we will attempt
to assess the potential bacterial and viral health hazards
associated with utilization of animal and municipal wastes
for crop production, and to describe management tech-
niques for prevention of health hazards. Here the term
pathogen is used to describe bacteria and viruses capable
of causing human or animal infection.

Much more is known about bacterial pathogen survival
in soil than about viruses, primarily because virus detec-
tion and study methods are not as precise and are more
difficult and expensive to perform. Bacterial and viral
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pathogens and indicator organisms generally associated
with wastes, and the survival of some of these organisms,
has been reviewed by Bitton (1975), Gerba et al. (1975),
Burge (1974), Cornforth (1974), Bernarde (1973), Miller
(1973}, Foster and Engelbrecht (1973), and Sepp (1971).
Generally, bacterial pathogens will survive in soil or water
from a few days to 5 or 6 months, with some reports in-
dicating survival as long as 5 years. However, 2 to 3
months is apparently sufficient to decrease numbers to a
negligible level; much depends on temperature, inoculum
level, timing, application rate, and soil conditions. Data
on soil survival of viruses are limited. Enteroviruses can
survive up to 170 days, while f; survives over 175 days
(Gerba et al., 1975); it is likely 170 days is the maximum
under most conditions. The spectrum of human patho-
gens is neither as broad nor as numerous in animal wastes
as it is in human wastes.

Often pathogens can be isolated from fields receiving
waste applications, and it is easy to assume a health
hazard will exist. As Bernarde (1973) stated: ‘“‘One must
be chary of the type of microbiological thinking that
equates the mere presence of microbes with illness or the
potential for illness. The fact is that illness is an unusually
complex phenomenon that does not have a 1:1 relation-
ship to microbes.”

Effects of Waste Treatment on the Removal and Survival
of Bacterial Pathogens

Before soil application, most organic wastes are treated,
or animal wastes are stored for a time. Treatment or
storage alters the environment for indigenous organisms
and causes population shifts. By their nature, most patho-
gens are poor competitors outside the host and, if they
do not die, multiplication is unlikely. However, patho-
gens can be isolated from wastes that have undergone
rather severe treatment, like activated sludge, trickling
filter oxidation, or chlorination, and the end products
could pose health problems (Dunlop, 1968; Miller, 1973;
Popp, 1973). However, aerobic compost maintained at
60 to 70C for 3 days seems to eliminate pathogens (Wiley
and Westerbey, 1969).

The effect of treatment on some representative bac-
terial pathogens in sewage is shown in Table 1. Chlorina-

Table 1—Estimated waste water pathogens applied to soil

Number of organisms per 3,636,363 liters (million gallons)}

Raw waste Primary  Secondary Organism applied

Pathogen water effluent effluent Disinfection] per ha per day §
Salmonella 2X10'® 1X10'° s50X10%® 5.0X10° 9.75 X 103
Mycobacterium  2X10%  1X10®  15X107 15X10* 3.0 X102
Virus 4X10'% 2X10' 20X10° 20X10° 40 X10?

1 Source: Foster and Engelbrecht, 1973.
1§ Conditions sufficient to yield a 99.9% kill.
§ Applied at a rate of 5.1 cm/week (2 inches/week).
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tion of secondary effluent significantly lowers pathogenic
bacteria numbers; however, the viruses are more resistant
to chlorination. Therefore, while chlorination reduces
numbers, significant numbers remain.

Pathogen survival has been followed in livestock ma-
nure treatment facilities, but not extensively, likely be-
cause few problems have occurred. Will et al. (1973)
found Salmonella survived in model oxidation ditches for
17 to 47 days, and in sludge for 87 days. Diesch (1971)
found Leptospira could survive up to 18 days in a model
oxidation ditch, and 11 days in effluent and sludge. How-
ever, L. icterohaemorrhagiae survived only 24 hours at
26C in fecal emulsion; the determining factor seemed to
be overgrowth by competing organisms. Rankin and
Taylor (1969) reported salmonella survived in cattle ma-
nure slurry for 12 weeks. When stabilization ponds were
operated in series with detention ponds, S. typhi numbers
decreased 99.5% in 20 days. Escherichia coli was de-
creased 99.98% during the same period but, in heavily
polluted water, S. typhi was more resistant to die-off than
E. coli (Rankin and Taylor, 1969). These results stress
that indicator organisms are not always reliable for de-
termining the presence or absence of a pathogen. This is
true for municipal wastes, also.

Effects of Waste Treatment on Virus Survival

Although virus numbers are reduced by waste treat-
ment, generally they are more resistant to treatment than
indicator bacteria (Table 1). Viruses vary greatly in sensi-
tivity to chlorination. Kabler et al. (1963) reported that
3 to 100 times more Cl is required to kill most viruses
than to kill S. typhosa or Shigella disenteriae. Wellings
et al. (1974) found that chlorinated and unchlorinated ef-
fluent from activated sludge contained 6,089 and 18,106
PFU (plaque-forming units/100 liters, respectively. This
is only a threefold reduction—less than the reduction
shown in Table 1. The difference can be explained by
organic matter load, pH, contact time, temperature, and
Cl level. With coxsackie virus serotype B, a 0.5 ppm
residual Cl contact for 8 hours is considered adequate for
inactivation (Bush and Isherwood, 1966). Grab samples
of primary effluent and secondary-chlorinated sewage ef-
fluent contained enterovirus but, after sewage percolated
through 61 cm of soil, no virus was detected (McMichael
and McKee, 1965). Soil can be a very effective filter, al-
though, as Duboise et al. (1974) pointed out, virus break-
through can occur in soil. Bitton (1975) concluded that
research on adsorbents for virus removal is needed: soil
clays are very effective. Christie (1967) found that the
poliovirus titer in field lagoons was decreased from 10°
to approximately 10°/ml. Bush and Isherwood (1966)
stated that virus in municipal wastes could be controlled
by filtering sludge through sand, but this may not be a
fool-proof method. ‘

Even though most viruses are resistant to treatment,
Clarke and Kabler (1964) reported that the only docu-
mented cases of waterborne viral outbreaks have been
from viral hepatitis. Viruses must be given important con-
sideration with waste utilization when > 100 identifiable
viruses can be isolated from human feces (Bernarde,

1973).
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Factors Affecting Bacterial Survival in Soil

There is much variability in pathogen soil survival,
which likely reflects the organism’s ability to survive for
nonparasitic periods. Obligate parasites, like some Nets-
serta, live only a few minutes outside the host, while
sporeformers such as Bactllus antracis live in the soil for
years. Fortunately, enteric pathogens generally do not
survive long outside the host (Sepp, 1971). It is difficult
to objectively discuss pathogen survival in soil because in-
vestigators commonly used inoculated systems which did
not duplicate natural processes; inoculum levels were
often high and accompanied by protective substances
from the culture medium. However, Gerba et al. (1975)
stated that it appears 2 to 3 months in the soil is sufficient
to reduce most bacterial pathogens to negligible numbers.

Several factors influence organism survival in soil and
waste material: treatment, moisture, sunlight, pH, tem-
perature, antibiotics, toxic substances, competitive organ-
isms, nutrients, and organic matter, of which moisture is
the most important (Gerba et al., 1975). The effects of
some of these factors are easier to measure than others.
Generally, drying decreases pathogen numbers, and sun-
light is strongly bactericidal. Alkaline pH, within limits,
is more favorable for pathogen survival, and organic mat-
ter will normally protect the organisms. Low tempera-
tures also promote survival of these organisms (Gerba et
al., 1975). This subject was reviewed in detail by authors
mentioned earlier.

Factors Affecting Virus Survival in Soil

Presently little information exists on factors influenc-
ing virus persistence in soil. Much research is needed here.
In comparison with the factors which influence bacterial
survival, one can readily eliminate nutrient availability,
microbial antagonism, and antibiotics. Gerba et al. (1975)
reviewed the literature and found kaolinite clay and ca-
tions can prolong virus survival in sea water and in sand
saturated with distilled water. Also, virus survival in soils
seems primarily dependent on the nature of the soil, mois-
ture, pH, and temperature. Gratzek (1967) stated that, in
general, viruses do not survive long outside the host. But
Wellings et al. (1974) demonstrated viruses can survive
aeration and sunlight, and later showed that virus survived
13 days in caked sludge exposed to Florida sunlight
(1976).

Virus retention by soils was studied by Drewry and
Eliassen (1968). Virus adsorption by soil was affected
greatly by the soil-water system pH, with adsorption being
more rapid at lower pH. However, virus adsorption to
soil particles does not mean virus inactivation. Bag-
dasar’yan (1964) reported that enteroviruses adsorbed on
loamy and sandy loam soils were considerably stable,
even when temperature was changed. Survival of the virus
in sterile and nonsterile soil was almost the same. Schaub
et al. (1974) showed that viruses adsorbed to clay were
just as infectious as free viruses. Virus particles adsorbed
to sand also are capable of infecting tissue cultures (Lefler
and Kott, 1974). Thus, conceivably, virus adsorption to
soil may prolong survival, but soil adsorption generally ef-
fectively removed the virus from host contact. Depending



on conditions, viruses have been shown to survive 25 to
170 days in soil (Bagdasar’yan, 1964). Soil adsorption of
viruses will be considered more completely under field
application.

Aerosols

Aecrosol production has been one concern with waste
treatment and waste disposal by sprinkler irrigation.
Sorber and Guter (1975) felt the probability of inhaling
aerosols containing pathogens near spray irrigation sites
was significant, especially if the aerosol contains Myco-
bacterium tuberculosis. Sorber et al. (1974) concluded
that to minimize virus aerosol risk, virus should be re-
moved or destroyed before spraying. When Merz (1957)
studied an irrigation sprinkler with a 9.1-m spray radius
by using a bacterial indicator, he found that a 8.3- to 16.6-
kmh wind extended the mist zone 32 m downwind.
Others® (Randall and Ledbetter, 1966; Adams and Spend-
love, 1970; Napolitano and Rowe, 1966) reported that
sewage trickling filters, aeration tanks, and laboratory-
created sprays left no aerial bacterial buildup seconds
after spray cessation. .

Exposure of workers who handle wastes is possibly the
best indicator of potential aerosol danger. Burge (1974)
stated: ‘It has been estimated that a man working within
1.5 m of the downwind edge of an aeration tank would
inhale a viable bacterial pathogen every two breaths. Yet
there are no special programs in the United States to im-
munize workers exposed to such hazards.” Bernarde
(1973) cites examples showing that waste workers do not
experience unusual health problems.

Aerosols containing pathogenic viruses and bacteria are
exposed to environmental factors. When a microbe en-
counters a situation where the cell is unable to function
normally, the cell usually dies. However, Foster and
Engelbrecht (1973) concluded that airborne viruses can
have relatively long virability. It was demonstrated that
polio virus aerosols persisted for > 34 hours at a high
relative humidity (RH). Some viruses are not significant-
ly inactivated at any RH, and others are very sensitive to
RH changes. The primary factor in virus stability to in-
activation at different RH is the lipid composition. Lipid-
containing viruses are less sensitive to low RH than lipid-
free viruses (DeJong et al., 1973). DeJong et al. (1973)
listed five possibilities for inactivation of virus in aerosols:
oxidation, surface inactivation, dehydration, crystalliza-
tion processes, and reaction with highly concentrated
media components. In more recent work, DeJong et al.
(1976) found Semiliki forest virus was rapidly inactivated
at 40 and above 70% RH. They felt that at RH below
20% dessication was the probable inactivation mechanism,
while at higher RH inactivation was due to damage of the
virus coat.

In general, the effect of aerosols is minimal when ef-
fluents are dispersed by sprinkler irrigation on days with
low wind velocity, warm, bright sunlight, and a RH be-
tween 40 and 60%. Irrigation equipment spraying the

3C. R. Albrecht. 1958. Bacterial air pollution associated with
the sewage treatment process. M.S. Thesis. Univ. of Florida,
Gainesville.

largest droplet size that is practicable is desired to de-
crease aerosol dispersion.

Field Application of Wastes

Stern (1974) concluded that, although there is no evi-
dence that land-spreading of digested or otherwise stabi-
lized sludge has caused disease to man or animals, it can-
not be overlooked that remaining pathogens may con-
tribute to the disease. Conversely, Walker (1975) stated
that . .although pathogens are present in sewage
sludges, the threat to human health seems low.” Pro-
cessed sludges can be applied to soil with much less con-
cern than unprocessed sludges, and most pathogens in
sludge-amended soils will perish or be in insignificant
number in 2 to 3 months.

In actual field studies, Dunlop et al. (1951) and Dunlop
and Wang (1961) recovered salmonella from a significant
portion of irrigation water samples contaminated with
raw sewage and primary-treated and chlorinated effluents.
However, Dunlop and Wang (1961) isolated salmonella -
from only 1 of 97 samples of vegetables irrigated with this
water. Dunlop et al. (1951) were unable to recover
salmonella from vegetables furrow-irrigated with the
water, but postulated that root crops could be contami-
nated.

Rudolfs et al. (1951a), who applied sewage effluent
and fecal suspensions to fruit and leaves, concluded that
if irrigation or night soil application is terminated 1 month
before harvest, it was unlikely that the fruit would trans-
mit human bacterial enteric disease. Rudolfs et al.
(1951b) concluded that vegetables eaten raw can be’
grown without health hazard in soils receiving sewage ap-
plications the year before. They said that salmonella and
Shigella will not survive on vegetable surfaces > 1 week;
Sorber and Guter (1975) agreed with their findings.

Falk (1949) applied S. cerro to growing tomatoes and
was unable to isolate the organism 7 days after applica-
tion. He stated: ‘“Tomatoes grown on soils receiving
night soil or sewage sludge would yield fruit which, if
eaten raw, would not be likely vectors for the transmis-
sion of human bacterial enteric diseases.” Muller (1957)
applied settled sewage to carrots, cabbages, potatoes, and

gooseberry bushes, and detected salmonella in the soil and
on living potato tubers after 40 days, on carrots after 10
days, and in cabbage leaves and gooseberries after 5 days.
Sepp (1971), in a review of microbial health hazards from
the use of wastes for crop nutrients, concluded that the
consumption of raw vegetables irrigated with sewage has
caused outbreaks of typhoid and worm infections. As
early as 1936, Diehl recommended that, for current use
on garden crops, sewage should be sterilized or filtered.
Hales (1974) pointed out that the handling of dried
sludges is no more dangerous than the work carried out
daily by slaughtermen and poultry packers, but the po-
tential danger is more obvious. Wierzbicki (1952) de-
scribed a sewage land-irrigated system in Lower Silesia
that has been operating since 1906. Various vegetables
were grown but not irrigated during the growing season.
Workers employed in the fields for over 30 years did not
have an illness or disease outbreak that could be attributed
to the agricultural utilization of these wastes. After Wells
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(1961) reviewed the literature on health hazards in sew-
age irrigation, he felt the use of sewage for growing crops
was not hazardous.

The hazards to animals that are grazing areas on which
sewage has been applied may not be as great as many fear.
For 6 months Crawford and Frank (1940) fed raw sew-
age, treatment plant effluent, and sludge to pigs and cattle
without apparent harm. Foster and Engelbrecht (1973)
cited an example where grass was sprayed with 4.3 X 107
tubercule bacilli/m? (4 X 10%feet?), and fed to guinea
pigs with no apparent effects, but at heavier inoculations
they died. In contrast, Maddock (1933) sprayed grass
with 12,912 X 102 Bacterium tuberculosis organisms/m
(120 X 103%/feet?) and, after 14 days, the grass could still
infect guinea pigs. When he applied 10¢ organisms/g of
soil, he recovered B. tuberculosis 6 months later. While
virulent mycobacteria have been found on grasses receiv-
ing municipal effluent or sludge, it is generally accepted
that animals can safely graze such areas 2 weeks after ap-
plication. Predicted values for tubercule bacilli in un-
chlorinated effluent are about six orders of magnitude be-
low the levels which had no effect on guinea pigs. A
source of mycobacterium is sewage from sanitariums; it
would seem reasonable that sewage from these sources
should receive special treatment before entering the sys-
tem.

Several cases of animal sickness have occurred when
fresh sewage was applied to pastures, or when sewage ac-
cidentally overflowed onto pastures. When human sewage
overflowed onto an area where milk cows were grazing,
30 out of 90 cows became infected with S. aberdeen
(Bicknell, 1972). Kenner et al. (1971) measured the per-
sistence of salmonella in grassy areas treated with three
different sludges from Nov. to June; salmonella was de-
tected for 56 to 112 days after application. Hales (1974)
stated that some degree of danger of salmonella infection
in livestock can be expected if animals are grazed on pas-
tures to which liquid digestor sludge is freshly applied
without a 1- to 3-week waiting period. He cited the case
of a farmer who used digested sludge for 5 years on pas-
ture and cropland, and has not yet encountered a case of
salmonellosis in his dairy herd. A known disease out-
break has never occurred from the application of an-
aerobically digested sludge to the land. When 2 or 3
weeks restriction before grazing is practiced after munici-
pal waste application, animal disease problems have not
been evident.

Several recent studies have been conducted on the fate
of viruses when effluent or other virus-containing solu-
tions are applied to soil. Drewry and Eliassen (1968) ap-
plied Ty, T,, and f, bacteriophages to nine different soils
in columns. They found all the soils tested removed sig-
nificant quantities of virus, but removal was generally de-
pendent on pH, cation concentration, cation exchange
capacity, clay content and organic matter content. Bitton
et al. (1976) found pH 6.5 sandy soil columns retained
T, and poliovirus type 1, but virus adsorption decreased
substantially when the percolating solution was secondary
effluent. Lance et al. (1976) found most of poliovirus
type 1 remained in the top 5 cm of 250-cm calcareous
sand columns percolated with spiked secondary effluent.
However, five of forty-three 100-ml effluent samples con-
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tained the virus; most desorption was prevented by adding
CaCl,. They found a 99.99% or more reduction of virus
could be expected with the columns. Gerba et al. (1975)
summarized their laboratory viral studies. They said soils
vary in their ability to adsorb viruses, with sand being
least effective. However, viruses can pass through soil
columns and will differ in ability to pass through. They
concluded that intermittent loading of soils with effluent
may be more effective for virus removal. From their
studies, Duboise et al. (1974) suggested that, for land ap-
plication, the intermittent use of large irrigation systems
over large areas of land would be advantageous for maxi-
mum soil absorption of virus.

Gerba et al. (1975) cited an example where poliovirus
type 1 survived at least 32 days in soil irrigated with ef-
fluent. They also pointed out a study in the Soviet Union
which showed enterovirus could be isolated from a field
irrigated with municipal effluent. They indicated they
felt viruses do not normally move far in the soil.

In Florida, Wellings et al. (1974) sprinkled 5 to 28 cm/
week of waste water effluent on a sandy soil. After very
heavy rains, they found poliovirus in 305- and 610-cm-
deep wells. They said the soil/water ratio is very im-
portant in maintaining virus adsorption to soil particles.
Obviously, when more water passes through, the risk of
passing virus is greater. After about 8 years operation, in
1974, renovated waste water at Flushing Meadows was
assayed for virus every 2 months (Gilbert et al., 1976a,
1976b). No viruses or Salmonella sp. were detected in
the renovated waste water; fecal coliforms, fecal strep-
tococci, and total bacteria were reduced about 99.9%
after passage through 9 m of soil. The loading rate was
extremely heavy—about 6.9 m of municipal effluent every
other 14-day period. The secondary sewage effluent
averaged 2,118 PFU/100 liters, including poliovirus type
3, poliovirus type 2, echovirus type 7, echovirus type 15,
coxsackie virus ‘B,, Reovirus types 1 and 2, and unde-
termined Reovirus types. They felt human viral patho-
gens do not move through soil to ground water, and are
apparently adsorbed and degraded by soil. Bitton (1975)
reviewed the literature and indicated virus movement
through a continuous stratum of common soil should
present no great hazard to underground water supplies.

There are some contradictions in the literature, but
virus movement through the soil must be a function of
virus- and water-loading rate. If crop production is the
goal, virus-loading rates will be low. For example, Gilbert
et al. (1976a) found an average of 2,118 PFU/100 liters
secondary sewage effluent, while Wellings et al. (1974)
found 6,089 PFU/100 liters chlorinated effluent, 18,106
PFU/100 liters unchlorinated effluent, and 7,455 PFU/
100 liters raw sewage, which would amount to 538,
1,546, 4,599, and 1,894 PFU/m? per 2.54 cm applied,
respectively. At application rates to meet crop needs,
virus-loading rates would not seem overwhelming. Ob-
viously, where soils are underlain by fractures or fissures
potentially leading to ground water supplies, other meth-
ods of disposal are recommended. Also, waste application
areas must be located to prevent surface runoff into sur-
face waters.

The critical consideration is waste-loading rate. When-
ever possible, application rates should be adjusted to crop



requirements for maximum resource utilization and
pathogen dilution. Higher rates only increase runoff pos-
sibilities, the size of the area requiring intensive manage-
ment, and chemical pollution problems. Where high ap-
plication rates are necessary, alternate disposal schemes
should be used. The management schemes devised at the
Flushing Meadows project, for example, would seem a
viable alternative.

Virulence

Figure 1 depicts the factors necessary for land applica-
tion of wastes to present a pathogen hazard. First, patho-
gens must be present in the waste, which is the case. How-
ever, the pathogens must be virulent and present in suf-
ficient numbers to cause infection. Many pathogens lose
virulence when the organism is removed from the host.
Thus, even though the organism is detected, if it is not
virulent the organism’s presence is academic. However,
few studies assessing pathogens in wastes, on plants, and
in soil have measured virulence of recovered pathogens.
Before tissue-culture methods were developed for detec-
tion of virus, animal inoculations were commonly used.
Tissue culture studies do not always indicate viral
virulence, and even established virulence is not sufficient
evidence of a hazard. The organism must be virulent and
present in sufficient numbers to cause disease, and the
host must be susceptible to the disease.

If the organisms in waste are virulent and present in
infective numbers, more questions should be answered.
Does the organism retain virulence in the soil at infective
numbers? If not, a problem does not exist. Mallman and
Litsky (1951) established that S. typhosa retained its
virulence in soil under their experimental conditions.
They inoculated several soils with S. typhosa, and found
it persisted for 12 to 50 days and retained the Vi antigen
(antigen denoting pathogenicity). Viruses adsorbed to
clay and sand also have maintained virulence for 25 to
170 days (Bagdasar’yan, 1964; Schaub et al., 1974; Lefler
and Kott, 1974). Even though initially virulent, the or-
ganism must remain virulent and survive in the soil in in-
fective numbers. The soil is a hostile environment for
most pathogens and causes pressure on the organism to
maintain infective numbers. If the organism can retain
virulence and survive in infective numbers, historical evi-
dence of disease outbreaks must be available. The only
evidence of disease outbreaks has been when raw wastes
have been placed on crops eaten raw too soon after waste
application, or when the area has been grazed shortly after
raw waste application. No incidence of disease has been
reported from application of secondary activated, an-
aerobically digested, or chemically treated sewage plant
effluents (Burge, 1974; Menzies, 1977). Using Table 1,
one can calculate that < 1 salmonella organism would be
applied per m? of ground per day at the irrigation rates
used.

Using the perspective outlined, one can see why dis-
ease outbreaks have not occurred. When pathogens are
isolated in the waste, or from a waste application,
hazards are presumed. As shown, this is not a reasonable
assumption. We do not intend to unjustifiably de-
emphasize the fact that pathogen hazards exist with im-

Pathogen "free"

Waste Material

Pathogens Present

Avirulent Virulent

Safe for Land
Disposal

Present in Present in

wumbers Infaective Numbers

Rapid loss of
Virulence or Virulent Pathogens

Viability Able to Compete or
Survive and Maintain
Virulence in Soil
With
Caution ?

Historical Evidence
of Human and
Animal Infection ?

Fig. 1—Factors necessary for land application of wastes to present
a pathogen hazard.

properly utilized wastes, but with proper utilization
pathogens are not a problem.

Conclusions

Pathogens are present in fresh wastes, treated wastes,
soil, water, and aerosols. However, disease outbreaks have
only occurred when crops grown on soils that have re-
ceived raw sewage were eaten raw, or when cattle have
grazed an area shortly after raw waste application. No
incidence of disease has been reported from the applica-
tion of treated wastes (Menzies, 1977). Waste treatment
and soil application generally decrease pathogen survival
and virulence. A zero-tolerance requirement has been
mentioned for some pathogens in wastes applied to soil,
but this would be unrealistic because pathogens have been
isolated from pristine areas.

The problem of waste disposal on the land must be
evaluated by historical evidence, which indicates that ani-
mal and properly treated municipal wastes can be utilized
at rates required for optimum crop growth with a mini-
mum of pathogen hazard. However, these wastes should
not be applied to root crops during the current growing
season, or to above-ground crops 1 month prior to harvest.
Animals should not be allowed to graze these areas for 2
to 3 weeks after application. Waste should be applied on
the basis of crop fertility requirements and/or water
needs, whichever is less. This will keep pathogen-loading
rates minimal. If economics dictate higher loading rates,
sanitary landfills or alternate methods are more desirable
because less area will have to be managed. Runoff from
waste application areas should be prevented.

In conclusion, Menzies (1977) stated that the “return
to the land of organic wastes generated by living organ-
isms is part of the natural cycle. In ‘uncivilized’ nature,
the soil decomposes these residues for recycling and de-
contaminates them of any disease organisms that they
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may contain. One does not need to be a dedicated organ-
ic farmer to recognize the fundamental importance of
both these functions. No system of waste management
that either avoids or abuses this cycle can be considered
permanent.” Bernarde (1973) said: “From a communi-
cable disease standpoint, land disposal is far less hazard-
ous than disposal in rivers and streams.”
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