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Tests for potentially pathogenic amoebae were carried out on soil samples from the following sites: (i)
farmlands fertilized with municipal sewage wastes, (ii) a stream receiving sewage effluent from a sludge lagoon,
(iii) a ravine receiving storm runoff from a cattle farm, (iv) farmlands not fertilized with sewage wastes, and
(v) a vegetated shoreline of a waterfront estate not used for farming or livestock production. Study sites were
located on the eastern shore of Maryland, bordered to the north by Delaware and to the south by Virginia.
Twenty-four species of soil amoebae, including five potentially pathogenic Acanthamoeba species (members of
the family Acanthamoebidae), were identified. All of the sites yielded two or more of the potential pathogens.

Small, free-living amoebae belonging to the genus Acan-
thamoeba or Naegleria are now recognized as potential
pathogens of humans and animals (11). Singh and Das (20)
found that pathogenic species of both genera were recover-
able from municipal sewage wastes, and DeJonckheere (4)
found that they were common in thermally polluted waters.
Naegleria fowleri Carter 1970 and Acanthamoeba culbert-
soni Singh and Das 1972 have been recovered from human
patients as well as experimentally infected laboratory ani-
mals. N. fowleri causes primary amoebic meningitis and is
recognized as a primary cause of death in humans, and A.
culbertsoni causes granulomatous amoebic encephalomyeli-
tis and is considered to be an opportunistic pathogen, usually
fatal to immunocompromised patients (11). More recently,
several other Acanthamoeba species have been recovered
from the eyes of human patients suffering from amoebic
keratitis, especially among those wearing contaminated con-
tact lenses (2). Although most species of free-living amoebae
isolated from soil and water and tested in laboratory mice fail
to cause death, temperature-tolerant species are often patho-
genic. Today, it is widely accepted that foul or polluted
environments are the principal sources of potentially patho-
genic species of free-living amoebae.
The present study was designed to compare five different

ecosystems with respect to their potential as sources of
pathogenic free-living amoebae: (i) farm soils fertilized with
municipal sewage wastes, (ii) farm soils not receiving sewage
wastes, (iii) a freshwater stream receiving discharged ef-
fluent from sewage lagoons, (iv) a deep ravine receiving
surface water runofffrom a cattle farm, and (v) shoreline soil
from a large waterfront estate not subject to runoff from
sewage or animal sources. All study locations were in Talbot
County on the Maryland eastern shore. The objective of the
study was to determine whether sewage sludge used as farm
fertilizer could serve as a source of human pathogens intro-
duced into groundwater or tributaries of the Chesapeake
Bay.

MATERIALS AND METHODS
Soil samples from five study sites (see below) were col-

lected with sterile tongue depressors, placed in sterile plastic
snap-cap culture dishes (Becton Dickinson Labware, Ox-
nard, Calif.), and stored on ice until they were returned to
the laboratory. The samples were then stored in a refriger-

ator until used for culture preparation the next day. Cultures
were prepared and amoebae were identified by using proce-
dures previously described for soil or sediments (17, 19). The
study sites, which were sampled in July and August 1986,
were as follows: (i) open fields on two farms fertilized with
sewage sludge (stations 1 and 2); (ii) shoreline areas on two
farms not fertilized with sewage (stations 3 and 4); (iii)
shoreline areas of a stream receiving effluent from sewage
lagoons (station 5); (iv) a deep, rocky ravine subject to
surface runoff from a cattle farm (station 6); and (v) shoreline
areas of a large waterfront estate not subject to contamina-
tion by sewage or animal wastes (station 7). Shoreline waters
were tested for salinity, pH, and temperature, and soils were
tested for pH and temperature. Small colonies of amoebae or
cysts appearing on primary cultures were removed on small
agar blocks and subcultured for temperature tolerance at
incubator temperatures of 37 to 39°C. Identifications were
made by using existing keys (15) and references cited
therein. Species lists were prepared to compare results
among the seven study stations.

RESULTS
Station characteristics and amoeba diversity. (i) Station 1.

Station 1 was located on a large farm that produced wheat
and soybeans and that was fertilized with sewage sludge in
winter 1984 and spring 1985. The soil sample was sandy,
light brown, and extremely dense and compact as a result of
prolonged heat and dry weather; the soil temperature was
28°C, and the pH was 5.5 to 5.9. Seven species were
recovered, with five growing at 37 to 39°C, and two of these,
A. hatchetti and A. rhysodes, were known to be pathogenic
to laboratory mice (Tables 1 and 2). The station was not in
proximity to water.

(ii) Station 2. Station 2 was located on a large wheat farm
that was fertilized with sewage sludge in spring 1986. The
soil sample was slightly brown to gray and hard as a result of
prolonged hot dry weather; the soil temperature was 28 to
30°C, and the pH was 6.7 to 6.9. Twelve species of amoebae
were recovered, with eight growing at 37 to 39°C, and four of
these, A. hatchetti, A. rhysodes, A. lenticulata, and Acan-
thamoeba sp., were known to be pathogenic (Tables 1 and
2). The station was not in proximity to water.

(iii) Station 3. Station 3 was located on a large farm that
produced corn and that had never been fertilized with
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TABLE 1. Amoebae recoveries by station

Recovery from station: Fre-
Species 1 2 3 4 5 6 7 quen-

(dry) (dry) (wet) (wet) (wet) (damp) (wet) cy

Acanthamoeba
spp.

A. hatchetti + + + + + + + 7/7
A. polyphaga + + + + + + + 7/7
A. lenticulata - + + - + + - 4/7
A. rhysodes - + - - - + + 3/
Acanthamoeba + + + - - - + 4/7

sp.

Naegleria
N. gruberi - + + - + + + 5/7
Naegleria sp. - - - - + + - 2/7

Vahlkampfia
V. avara - - - + - - 1/7
V. hartmannia - + + - + + - 4/7
V. ustiana + - - - + - - 2/7
V. aberdonica - + - - - - - 1/7
V. lobospinosa - - - + - 1i
Vahlkampha sp.. . . . . .- + 1/

Paratetramitus + - - - 1i
jugosus

Vannella sp. + - - - 1/7
Hartmannella sp. + + + + - + + 6/7
Thecamoeba + + + - - + + 5/7

similis
Mayorella sp. + - - 1/7
Platyamoeba

P. schaefferi + + + - + + - 5/
P. stenopodia - - - - - + - 1/

Schizopyrenus sp. - - - - + - - 1/7
Gephyramoeba sp. - + - - - - - 1/7
Leptomyxa sp. - - - - - - + 1/7
Cochliopodium sp. - - - - + - - 1/7

Other taxa
Testaceans - - - - + + - 2/
Ciliates - - + - - + + 3/7
Nematodes - - - + + + + 4/

sewage sludge. The sample was made up of wet, highly
organic soil from a vegetated shoreline near the headwaters
of a brackish tributary that supports large populations of
waterfowl during winter. The soil temperature was 24 to
27°C, the pH was 5.6 to 5.9, and the salinity was 9%&o. Eleven
species of amoebae were recovered, with six growing at 37
to 39°C, and three of these, A. hatchetti, A. lenticulata, and
Aconthamoeba sp., were known to be pathogenic (Tables 1
and 2).

(iv) Station 4. Station 4 was located on a large farm that
produced corn and that had never been fertilized with
sewage sludge. The sample was well-drained, fine to medium
wet sand from an open unvegetated beach. The soil temper-
ature was 27 to 29°C, the pH was 5.5 to 6.3, and the salinity
was 12%o. Six species of amoebae were recovered, with two
growing at 37 to 39°C, and one of these, A. hatchetti, was

known to be pathogenic (Tables 1 and 2).
(v) Station 5. Station 5 was located at a narrow, freshwater

stream that received sewage effluent from Talbot County
sewage lagoons. The soil sample was a thin (2-mm) brown
mud overlying black, highly organic, foul-smelling muck.
Red-brown deposits (presumably iron) were present as irreg-

ular streaks or patches in the shoreline muck. The soil
temperature was 27 to 28°C, and the pH was 5.5 to 6.3. Ten
species of amoeba were recovered, with six growing at 37 to
39°C, and two of these, A. hatchetti and A. lenticulata, were
pathogenic, (Tables 1 and 2).

(vi) Station 6. Station 6 was located in a deep, rocky,
shaded ravine with muddy soil but no running water except
during rains and runoff from a cattle farm during periods of
wet weather. The sample was dark brown to mahogany-
colored damp mud; the soil temperature was 23°C, and the
pH was 5.6 to 6.3. Twelve species of amoebae were recov-
ered, with six growing at 37 to 39°C, and two of these, A.
lenticulata and A. rhysodes, were pathogenic (Tables 1 and
2).

(vii) Station 7. Station 7 was located on a gently sloping
shoreline at a private waterfront estate not in proximity to
sewage or animal wastes. The site was bordered by aquatic
grasses, with ducks, geese, and swans seasonally present.
The sample was made up of fine to medium dark brown sand;
the soil temperature was 30 to 35°C, the pH was 5.7 to 6.5,
and the salinity was 12%o. Nine species of amoebae were
recovered, with six growing at 37 to 39°C, and two of these,
A. lenticulata and A. rhysodes, were pathogenic (Tables 1
and 2). The tidal cove bordering this station has periodically
been closed to oyster harvesting because of seasonally high
sewage bacteria contamination.
A total of 24 species of amoebae (Table 1) were recovered

from Talbot County soils, with none of the test stations
yielding more than 12 species. Twelve species grew at 37 to
39°C (temperature tolerant), with four known to kill experi-
mentally infected mice. Farms fertilized with sewage sludge
(stations 1 and 2) yielded 13 of 24 species, with 8 of 12
growing at high temperatures and 4 of 8 known to be
pathogenic. Stations contaminated with human or farm
animal wastes (stations 5 and 6) yielded 15 of 24 species,
with 8 of 12 growing at high temperatures and 3 of 8 known
to be pathogenic. The temperature-tolerant strain designated
Naegleria sp. was not tested for pathogenicity and was
recovered only at stations 5 and 6, both freshwater stations.
The three stations not contaminated with known point
source sewage or animal wastes (stations 3, 4, and 7) yielded
13 of 24 species, with 8 growing at high temperatures and 3
of 8 known to be pathogenic. Thus, with the exception of the
two stations yielding Naegleria sp., there was little or no
difference between the test and control stations.

TABLE 2. Heat-toleranta amoebae by station

Recovery from station: Fre-
Species

1 2 3 4 5 6 7 quency

Acanthamoeba
A. hatchettib + + + + + - + 6/7
A. lenticulatab - + + + + + 5/7
A. rhysodes - + - - + - 2/7
Acanthamoeba sp. + + + - - + 4/7

Naegleria Sp.b + + - 2/7
Vahlkampfia

V. hartmannia + + + + + - 5/7
Vahlkampfia sp. . . . . . . + 1/7

Hartmannella sp. + + + + + + 6/7
Schizopyrenus horticola + - - 1/7
Platyamoeba schaefferib + + + + + - 5/7
Gephyramoeba sp. + -. . .1/7
Leptomyxa sp. . . . . . . + 1/7

a Growth at 37 to 39°C.
b Previously recognized as growing at 37°C or higher.
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Of the 13 genera of amoebae identified, 6 had species (9 of
24 species) that were present at four or more of the seven
stations: Acanthamoeba, Naegleria, Hartmannella, The-
camoeba, Vahlkampfia, and Platyamoeba (Table 1). Sum-
mary data showed that except for the limited distribution of
Naegleria sp., there were few or no differences in the
occurrence of temperature-tolerant or potentially pathogenic
amoebae between control and test stations. The presence of
one or more known pathogens suggested that all of the
stations had been contaminated with sewage wastes at some
time in the past. It is known that all of the brackish-water
creeks at or near the shoreline stations have been perodically
closed to shellfish harvesting in recent times (see Discus-
sion). Summary data by station showed that station 2, with
the greatest amoeba diversity (12 species) and the largest
number of potential pathogens (4 species), had received
sewage sludge several months prior to the study. In contrast,
control station 4 had only six species, with one potential
pathogen.

DISCUSSION

Land disposal of solid sewage wastes is considered to be
an effective means of decreasing the organic loads that
otherwise would be discharged into rivers, bays, and oceans.
Burge and Marsh (1) listed several advantages of using solid
wastes as a fertilizer for farmland soils: (i) depleted nutrient
reserves are replaced; (ii) the physical structure of the soil is
improved, and (iii) wastewater may be stored rather than
discharged into the water bodies. The same authors also
listed several disadvantages: (i) the potential toxicity of
chemicals to plants and animals, and (ii) the accumulation of
heavy metals, allergens, and pathogens in soil. Reddy and
Dorn (16) reported that the presence of cadmium in sewage
wastes was of concern because of possible inhalation of
contaminated dust by persons working in sludge-treated
fields; they also found that cattle raised on sludge-treated
farmlands had three times more cadmium in their tissues
than did control cattle. In further studies, Dorn et al. (5)
investigated 47 farms that were treated with sludge and 46
that were not and found no significant differences in health-
related problems in farm residents. They did caution, how-
ever, that care should be taken in using their data because of
differences in levels of disease agents in sludge and differ-
ences in rates of land application. Dubinski et al. (6) studied
freshwater tidal wetlands and found that they may retain
heavy metals in excess of ambient concentrations during
growing seasons because vegetation reduces soil erosion,
whereas loss of these metals into the environment may

increase during winter because of ice shear, storm runoff,
and tidal action. Studies cited above illustrate the complex-
ity of the pros and cons of land disposal of sewage sludge as

an alternative to ocean dumping, e.g., physical characteris-
tics of farmlands, potential for environmental contamina-
tion, and potential health-related problems in humans and
animals.

Stations selected for the present study included sludge
farms where storm runoff and soil erosion effects were

minimal and control farmlands where runoff and tidal waters
would have an influence on the diversity of amoebae present
in soils. The cattle ravine and sewage lagoon streams were

selected as point sources of fecal pollution. Diverse environ-
mental and ecological characteristics of the eastern shore of
Maryland include opportunities for fecal pollution from rural
drain fields, city sewage disposal systems, and fecal drop-
pings from wildlife that feed on sludge farms, etc. Most of

the rivers and creeks in Talbot county have been closed to
shellfish harvesting at one time or another because of high
levels of sewage-associated bacteria in the water column.

I chose small, free-living amoebae for my study because
several members of the genus Acanthamoeba present in soil
and water are capable of causing fatal brain disease, blind-
ness, or impaired vision in humans. Strains of the amoebae
capable of killing experimentally infected mice are routinely
recovered from municipal sewage wastes (20) and thermally
polluted waters (4). Pathogenic species have also been
recovered from Baltimore Harbor, Md. (19), ocean sludge
disposal sites (14, 18), and waters closed to shellfish harvest-
ing because of sewage pollution (12). Griffin (8) found that
pathogenic N. fowleri grew at 42°C, A. culbertsoni grew at
42°C, and A. rhysodes grew at 37°C; and Sawyer et al. (19)
found that pathogenic A. hatchetti grew at 40°C. Therefore,
it was originally believed that disease caused by certain
free-living amoebae was associated only with strains that
grew at animal body temperatures. Griffin (8) also reported
that nonpathogenic strains of A. polyphaga, A. castellanii,
and A. rhysodes did not grow above 36 to 37°C. Since that
time, however, these three species and A. hatchetti have
been cultured from samples obtained from the eyes of human
patients. All Acanthamoeba species must now be considered
potential pathogens.

Attempts have not been made to estimate the numbers of
amoebae or their cysts in polluted sediments. However, the
numbers of A. polyphaga amoebae in sediments from a
freshwater lake in Nebraska did not exceed 600/100 g from
January to June but increased to 1,950/100 g in August (13).
Numbers of nonpathogenic N. gruberi amoebae and cysts in
Michigan soils (21) also were higher in summer months
(16,280/100 g) than in cooler months (159/100 g). Therefore,
there appears to be a seasonal influence on the numbers of
amoebae in soil: a natural characteristic that probably is
disrupted by the intentional loading of soils with sewage
sludge. For example, the largest number of pathogenic and
nonpathogenic amoeba species recovered in my study was
from station 1, which received sludge only several months
prior to sampling. Station 4, with the smallest number of
species, was a shoreline station with little or no vegetation
and subject to wind and tidal action. Results from my study
suggest that land disposal of sewage wastes negates the
natural checks and balances that minimize the health hazard
posed by potentially pathogenic free-living amoebae.
The health hazard posed by contaminated airborne dust

has been documented by Lawande (9), who briefly exposed
opened culture plates during the hartmattan or dusty season
in Nigeria and recovered five genera of soil amoebae,
including two Acanthamoeba species that killed experimen-
tal mice. Lawande et al. (10) also cultured nasal swabs from
50 Nigerian children following a fatal case of Naegleria
infection in a child. Of the 50 children, 12 (24%) had soil
amoebae in their nasal passages; 2 had pathogenic N.
fowleri. Wang and Feldman (22) cultured throat swabs from
2,289 patients and recovered amoebae from 33 of them,
including Hartmannella and Acanthamoeba species. Air-
borne dust, contaminated water, infected wounds, contam-
inated contact lenses, etc., are now recognized as sources of
infection by certain free-living amoebae.
The potential public health hazards associated with the

land disposal of sewage wastes have not been fully recog-
nized by public health officials, sanitarians, or the medical
profession. The lack of concern is due to the relatively small
number of human cases reported worldwide. This failure is
due, in part, to a widespread lack of familiarity with the
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clinical symptoms of amoebic infection; the failure to recog-
nize small, single-celled amoebae in histologic specimens;
and probable natural immunity in healthy individuals. It has
been suggested that humans are exposed to soil- and water-
borne amoebae from early childhood, affording them the
opportunity for long-term acquired natural immunity, and
that fatal infections occur primarily in patients with deficient
immune systems. Serum from healthy individuals has been
shown to lyse both pathogenic A. culbertsoni and A. rhy-
sodes (7). Much earlier, Culbertson et al. (3) published
several significant findings from animal experiments: (i) mice
infected with small numbers of Acanthamoeba species did
not always die or become paralyzed; (ii) in nonfatal infec-
tions, granulomas were found for as long as 7 months
postinfection; and (iii) amoebae were embedded in the nasal
mucosa of infected monkeys but not in cerebral brain
lesions. Experimental studies clearly indicate that subacute
asymptomatic amoeba infections may be more widespread
than currently appreciated. For example, fatal cases of
meningitislike disease in which a causative agent is not
isolated from patient tissues are not reportable to public
health officials in Maryland. Second, some cases of human
amoebic eye disease that did not respond to treatment were
first thought to be due to herpesvirus infection. Increased
awareness of free-living amoebae as agents of fatal or
nonfatal human disease has resulted in an increase in the
number of human infections reported in recent years.

In conclusion, my studies were designed to document the
presence and persistence of potentially pathogenic, cyst-
forming amoebae on farms fertilized with solid sewage
wastes. Control stations not subject to truck-delivered sew-
age wastes and stations naturally contaminated with sewage
lagoon effluent and animal wastes were also tested for
pathogens. All stations were positive for pathogenic species,
as expected in a location (Talbot County) inundated with
rivers and creeks contaminated by discharges from sewage
treatment facilities and land runoff. The study area also
suffers from severe shoreline erosion and shorelines subject
to sewage contamination by tidal waters. My studies clearly
show that open farmlands, often bordered by tributaries of
the Chesapeake Bay and contaminated with sewage and
animal waste, are unreasonably degraded by further addi-
tions of municipal sewage wastes. The complex land and
water use interaction in Talbot County, including the recent
finding that the county sewage lagoon system was rated as
the third worst in the state, would seem to provide a logical
basis for rejecting applications or revising existing regula-
tions for out-of-state sludge disposal in county farmlands,
especially those bordered by tidal rivers and creeks. Finally,
the public health risks associated with sewage wastes are
difficult to assess, since subacute long-term effects associ-
ated with heavy metals, pesticides, and pathogenic organ-
isms are not always immediately apparent in otherwise
healthy individuals.
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