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ABSTRACT

Samples of Scranton fine sand obtained from established fields
of millet (Pennisetum typhoides) receiving 0, 1.27, 2.54, and 5.08
cm of cow manure slurry irrigation per week were inoculated with
either a culture of Salmonella enteritidis serotype Enteritidis or
fresh slurry containing fecal coliforms. The numbers of viable
enteric organisms per gram of soil (dry weight) were determined
at various times after inoculation. An inverse relationship was ob-
served between death rates of the fecal organisms and the previous
rate of slurry irrigation. Salmonella and fecal coliforms had a high-
er death rate in soil samples which had previously received 0 or
1.27 cm of slurry irrigation per week than in soil samples which
had previously received higher irrigation rates.

Additional Index Words:
waste disposal.
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There is a national trend for large dairy cattle herds to be
confined to minimum land areas near cities. The proper
disposal of animal wastes produced by these herds is a
growing problem since insufficient information is avail-

able about adequate treatment processes. One method
being examined in North Florida is the disposal of dairy
herd waste on land by sprinkler irrigation. In this system,
organic compounds are mineralized by the soil micro-
flora, the nutrients are assimilated by plants, and they
are recycled in the farm by crop harvesting and forage
feeding. This method is appealing in Florida where clima-
tic conditions permit some crops to be grown through-
out the year.

In order for the system to succeed, it must not create a
public health hazard for the surrounding farm commun-
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ity. Any agricultural practice which favors extended
growth and/or survival of enteric pathogens creates a
health hazard since it increases the likelihood of disease
transmission.

This study examined the effects of various rates of ir-
rigation of cow manure slurry on the survival of Salmonel-
la enteritidis serotype Enteritidis and fecal coliforms with-
in Scranton fine sand (Mollic Psammaquent).

LITERATURE REVIEW

The public health implications associated with the disposal of
fecal contaminated waste waters on land are varied. Soils receiving
fecal wastes may become contaminated with various pathogenic
microorganisms. Direct contact with the polluted soil then con-
stitutes an occupational hazard for agriculturists (6). The public
health hazards caused by soil pollution include contamination of
improperly protected wells and springs by seepage, flooding, or
storm water runoff and contamination of watersheds supplying
recreational or potable water (20). Transmission of pathogenic
organisms to food from contaminated soil by insects or rodents is a
potential danger (20). Additionally, soil splashed by raindrops,
wind-driven dust, and soil raised during caltivation have been im-
plicated in transporting fecal bacteria from soil to vegetation (7).
Falk (7) and Rudolfs, Falk, and Ragatskie (16) have emphasized
that Entamoeba histolytica cysts and Ascaris ova survive longer
than vegetative bacterial forms in soil and plant environments.

There is little direct evidence for the transmission of enteric dis-
eases by consumption of raw vegetables grown in soil fertilized
with human or animal manure (7). However, vegetation grown 
fecal contaminated soil can become contaminated with pathogenic
and parasitic organisms (5, 7, 16). Contaminated vegetation may
be difficult to disinfect, especially in areas where injured plant
tissues protect the pathogens (16). For these reasons, the human
consumption of raw vegetables grown in soil receiving fecal wastes
is not recommended in the USA (2, p. 364-396).

A similar problem occurs in the use of fecal contaminated irriga-
tion water. Enteric pathogens sprayed onto vegetation may survive
and infect animals grazing on the contaminated vegetation. This
problem was recognized as a result of a salmonellosis outbreak in a
dairy herd that had been grazing on pasture which had been sprayed
3 weeks previously with a slurry of farm waste waters (11).
Geldreich and Bordner (9) have shown that the Salmonella occur-
rence in irrigation water reached almost 100% frequency when the
fecal coliform density exceeded 1,000 organisms/100 ml. Their
studies (9) showed that the recovery of pathogens from farm pro-
duce grown in sewage irrigated soils was dependent upon: (i) the
incidence of waterborne disease in the area from which the sewage
was collected; (ii) the number of pathogens in the inoculum; (iii)
the type of soil; (iv) soil pH; (v) the availability of nutrients; (vi) 
antagonistic effects of the soil micro flora; and (vii) climatic effects
including high temperature, low humidity, and prolonged exposure
to sunlight.

The interrelationship between man and animals makes salmonel-
losis a more difficult disease to control than some other communi-
cable diseases (4). A tendency has been reported for young farm
animals to show symptoms and for adult animals to become asymp-
tomatic carriers of Salmonella (4). Thus, it is the adult animal
which creates the greatest potential hazard to public health because
the adult animal is more likely to enter the human food supply un-
detected (4). The incidence of Salmonella carriers for cattle in the
USA is 13% (17), with serotype Typhimurium isolated most fre-
quently from investigated cases (18).

The survival of Salmonella sp. in soil has been described by
Rudolfs et al. (16). The viability of Salmonella typhi ranged from
24 hours in peat to more than 2 years in frozen moist soils. Longer
survival occurred in moist soils. The soil type exerted an effect on
the survival of Salmonella sp. because of variation in moisture hold-
ing capacity. Colder temperature increased the survival in soil.
Survival of S. typhi was much longer in soil than in feces at tem-
peratures below freezing. The pH of peat soil was unfavorable to
Salmonella. Sunlight was reported to have an unfavorable effect

on the survival of Salmonella due to heating and drying effects
rather than to radiation effects. The presence of a competitive soil
microflora influenced the survival of S. t~phi in soil. This was il-
lustrated by longer survival of the pathogen in sterilized soil than in
nonsterile soil. S. typhi recovered from inoculated soils had no loss
of the Vi antigen which confers increased virulence to the organ-
ism (12).

Many of the same factors in soil affecting survival of Salmonella
affect fecal coliforms (16). McCoy and Crabtree (13) showed 
Escherichia coli could grow temporarily in heavily manured moist
soil just below the surface manure crust. Mallmann and Litsky (12)
examined the influence of adding sterilized raw sewage on the sur-
vival of coliforms. Their study revealed that within 11 weeks the
coliform indices fell more rapidly in the control soil (receiving no
sewage) than in the soil receiving 20% concentration of sludge.
They concluded that increasing the organic content of the soil
caused an increase in longevity of coliforms in soil. This study
demonstrated the potential problem that may be generated by the
application of sewage to soil and the resulting effect that this ma-
terial may have on pathogen survival.

MATERIALS AND METHODS

Waste Disposal Facilities

Manure and wash water from approximately 170 cows were col-
lected daily in a 75,200-1iter concrete holding tank (14). The
source of the wash water was from the sprinkler cow wash system,
and washings from the milking parlor and the holding area. The
daily effluent was removed from the tank by a centrifugal pump
(50 HP) and transported 218 m to three test plots. The slurry had
an average organic matter content of 1.3%. Three large sprinkler
guns distributed the slurry over three 0.40 ha (1-acre) plots. During
the fall and winter season, plots were irrigated in 0.63-cm incre-
ments with weekly applications totaling 0, 0.63, 1.27, and 2.54 cm
(15). During the spring and summer season, plots were irrigated 
1.27-cm increments with weekly applications totaling 0, 1.27,
2.54, and 5.08 cm. The plots were situated on well-drained Scran-
ton fine sand (Mollic Psammaquent) with an average water table
depth of 0.61 m ranging from the surface to 1.2 m. Plots of oats
(Avena sativa L., ’Florida 500’), sorghum-sudangrass (Sorghum
bicolor L., ’Grazer S’), and pearl millet [Pennisetum typhoides
(Burm.) Stapf and Hubbard ’Gahi-I] had been rotated annually.
Soils were sampled during the summer under established pearl
millet.

Enteric Indicator and Pathogen Survival

The survival of Salmonella enteritidis serotype Enteritidis and
fecal coliforms in bottled soil incubated at 22C in the dark was
studied for 8 weeks. Two soil samples were taken from fields that
had received 0, 1.27, 2.54, and 5.08 cm of slurry irrigation per
week for the past 3 years. The samples were obtained 6 hours after
irrigation. The average moisture content of the samples was
10.2%, with a range from 10.0% to 10.8%. The soil samples were
transported to the laboratory, sieved through 2-ram pores, mixed
thoroughly, and analyzed for organic matter, pH, total nitrogen,
cation exchange capacity, and ammonium acetate exchangeable
phosphorus according to standard procedures (3).

Fecal coliform populations in the soil samples were determined
by the three-tube most probable number technique (1) followed 
confirmation on Eosin Methylene Blue Agar (Difco) (10). 
gram samples of soil were added to sterile 100-ml dilution bottles
stoppered with foam tube plugs. The fecal coliform population of
the samples was adjusted to 1.3 X 105 cells per gram with fresh
cow manure slurry containing a known fecal coliform index. Two
bottles of each soil treatment were diluted with sterile saline (0.85%
NaCI) at 0, 1, 2, 4, and 8 weeks after inoculation and the surviving
fecal coliform populations determined. Soil moisture was read-
justed on a weekly basis to its average original level (10.2%) with
sterile deionized water.

Another set of soil samples received viable S. enteritidis serotype
Enteritidis cells. These ceils were grown for 24 hours in Trypticase
Soy Broth (BBL) at 35C, washed, and resuspended in sterile saline.
The saline suspension was added to each bottle to give a final popu-
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Table 1-Reduction in numbers of fecal coliforms and Salmonella
enteritidis in Scranton fine sand

Time required for reductic~

Fecal collforms S. enterltidls
Previous Observed Calc. Observed Calc.

cm/week days

0.00 4.0 7.5 8.0 2.0 4.5 4.0
1.27 4.0 8.0 8.0 3.5 8.0 7.0
2.54 6.5 10.5 13.0 4.5 10.0 9.0
5.08 8.5 13.5 17.0 6.0 13.0 12.0

* Ninety and ninety-nine percent removals are expressed as t0. z and t0.0so

lation of 7.8 X 105 viable cells per gram of soil. Uninoculated soil
samples were examined and found to be free of Salmonella. The
population size of the S. enteritidis standard suspension was de-
termined by dilution pour plating into Brain Heart Infusion Agar
(Difco) and counting colonies after 24 hours incubation at 35C.
After 0, 1, 2, 4, and 8 weeks, two samples of each soil treatment
were diluted with sterile saline, and three replicate samples of three
decimal dilutions from each bottle were inoculated into M-
Tetrathionate Broth (Difco) for selective enrichment of Salmonella.
All incubated steps in the recovery of Salmonella were conducted
at 35C. Positive enrichment tubes were verified by streaking on
Salmonella-Shigella Agar and MacConkey Agar (Difco), transferring
lactose negative colonies to Triple Sugar Iron Agar slants (Difco),
and testing for KCN resistance, urease, indole, and lysine decar-
boxylase production. Salmonella cultures were confirmed by slide
agglutination with Bacto-Salmonella Antiserum Polyvalent A-1
(Difco, groups A through I, Vi antigens 1 through 12, and 22).
Cells suspended in saline served as a control for autoagglutination.

RESULTS

The survival curves of fecal coliforms and Salmonella in
Scranton fine sand previously receiving various irrigation
rates of manure slurry are shown in Fig. 1 and 2. The rate
of decline for both groups during an 8-week period was
greatest in the soil which received no treatment. Both
groups had a reduced death rate in soil previously receiv-
ing manure application. The decline of both groups was
most rapid during the first 2 weeks of incubation. After
4 weeks incubation, a stationary population of fecal colt-
forms was reached in the treated soil samples whereas the
population continued to decline in untreated soil.
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Fig. 1-The survival of fecal coliforms in Scranton fine sand.
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Table 2-Chemical analyses of soil samples previously receiving
cow manure slurry

Previous Irrigation rates

Analysis 0.00 1.27 2. 54 5. 08

-- era/week-
% organic matter 3. 64 4.03 4.59 4.65
% organic carbon 2.12 2,34 2.67 2.70

pH 5.6 5.5 5.7 6.1
% total nitrogen 0. 67 0.7 5 0. 80 0. 84
Cation exchange capacity, meq/100 g soil 5.3 6.7 8. 9 54.0
Exchangeable phosphorus, meq/100 g soil 14. 25 16. 88 17.50 25. 44

The observed time to bring about 90% (t0.1) and 99%
(t0.0~) reduction in numbers of organisms determined
from Fig. 1 and 2 are presented in Table 1. A 90% reduc-
tion in numbers of fecal coliforms and Salmonella follow-
ing inoculation into soil occurred within 8.5 and 6.0 days,
respectively. Observed values at the 99% reduction level
were within 1 day’s deviation of the calculated values with
the exception of observed values of fecal coliforms in soil
treated with irrigations of 2.54 and 5.08 cm/week. Cal-
culated values can be obtained at the 99% reduction level
if one assumes that there is no aftergrowth, and initial de-
cline rates are exponential. These assumptions appear to
hold for survival curves of Salmonella, but not for fecal
coliforms. Although no aftergrowth of fecal coliforms
was observed, the decline in numbers to a 99% reduction
level deviated from ideal exponential curves and appeared
to be a composite of several curves.

DISCUSSION

The decline of fecal coliforms and Salmonella was
greater in soil samples previously receiving no treatment
than in soil samples which had received manure irriga-
tions. The fact that most observed values at the 99% re-
duction level conform with calculated values supports the
contention that real differences exist between death rates
in soil receiving the various treatments. The graphical de-
scription of S. enteritidis serotype Enteritidis survival in
soil fits closer to an ideal exponential curve that does the
curve for fecal coliforms. The former population consists
of cells almost uniform in susceptibility to unfavorable



soil environmental factors whereas the fecal coliform
group is composed of various species which provide
phenotypic and perhaps genotypic differences in suscepti-
bility to unfavorable conditions in soil resulting in death.
A stabilization in numbers after 4 weeks of incubation in-
dicates maintenance of a population well adapted to the
soil environment. An increase in nutrient availability in
soils receiving manure application was observed (Table 2)
suggesting a mechanism whereby extended survival occurs.

Results of this study indicate several long-term ecologi-
cal effects of increasing the manure slurry irrigation rates
on the receiving soil. Over a period of 3 years, frequent
recontamination of soil with manure slurry resulted in a
modified soil environment which favored extended sur-
vival of Salmonella enteritidis. Therefore, reapplication of
manure slurry on land can be cited as a management
scheme which may create a public health hazard. The po-
tential danger associated with the use of contaminated
soil would be expected to increase with increasing rates of
application. By following this same reasoning, Scranton
fine sand becomes progressively less of an efficient dis-
posal system following continuous applications of cow
manure slurry. Higher rates of irrigation (5 cm/week)
tend to reduce the period of efficient operations; lower
rates or new disposal sites should be considered as alterna-
tives in the planning schedule of sprinkling operations.
The emergence of drug resistant Salmonella in farm ani-
mals fed antibiotic-supplemented feed (4, 8) and their
survival when applied to nutrient-rich rhizospheres may
contribute to the hazards associated with Salmonella
survival in soils receiving waste waters. There is a definite
need for further inquiry in this area.

The results of this study parallel and therefore strength-
en the results obtained in an earlier study by Mallmann
and Litsky (12). However, there are several important
distinctions in the two studies. In the earlier study, condi-
tions in the soil favoring survival of total coliforms were
created in the laboratory by adding sterilized sewage
sludge. The soil used in this study had been exposed to
continuous irrigation over a 3-year period under natural
field conditions. Geldreich et al. (10) have emphasized
the superiority of fecal coliforms over total coliforms as
an indicator group in the study of fecal pollution in soil.
Aftergrowth of the latter group has been shown to occur
following rainfall without renewed contamination (20).
The manure slurry used as the fecal coliform inoculum in
this study was the same as was applied to the fields. In
the earlier study (12), sewage sludge, modified by heat
sterilization, was used to change conditions in soil previ-
ously unfavorable to E. coli.

Fecal coliforms are known to persist in polluted soils,
therefore, their detection in soil does not necessarily indi-
cate "recent" fecal pollution. However their ability to
survive at a rate comparable to Salmonella in soil does
point out their usefulness as indicator organisms. Similar
findings have been observed with bottom sediments of
polluted rivers (19).

Our studies on a pilot scale irrigation system show that
pathogen survival is a problem which should be considered

and controlled in the design and operation of a waste
treatment process involving sprinkler irrigation on land.
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