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Fecal indicator bacteria were isolated from water and sediment samples obtained from a sewage sludge
disposal site in the Middle Atlantic. Some were found to be resistant to several antimicrobial agents. Isolation of
these microbes 30 months after cessation of sludge dumping indicates their survivability in the environment.

Pollution of coastal and oceanic environments is not only
esthetically displeasing but also potentially hazardous to
human health. The problem seems to be more acute for the
densely populated northeast United States. In 1973, the U.S.
Environmental Protection Agency designated a sewage
sludge dumpsite 40 nautical miles (74 km) off the Delaware-
Maryland coast in the Middle Atlantic Bight (Fig. 1). By
1979, this dumpsite had received 305 x 106 kg of sewage
sludge from the cities of Philadelphia, Pa., and Camden, N.J.
The dumpsite occupies an area of 50 km2 and is located in
water 45 to 60 m deep. Dumping of sludge at the Philadelphia
dumpsite ceased on 25 November 1980. More than 20
oceanographic cruises were made to the site from 1973 to
1983 to assess the environmental effects of dumping (7). The
present report concerns the isolation of drug-resistant coli-
form bacteria from water and sediments 30 months after
sludge dumping ceased at this site.
During a cruise to the Philadelphia dumpsite in June 1983,

samples of water and bottom sediments were collected and
examined for the presence of indicator bacteria. Sediments
were collected with a Smith-McIntyre bottom sampler. The
top 5-mm layer of sediment was removed, and most-proba-
ble numbers of total and fecal coliforms were determined
according to Standard Methods (1) as described previously
(3, 8). The membrane filter technique was used to enumerate
fecal indicator bacteria from 100-ml samples of bottom-hinge
water samples. Bacteria isolated on-board were later identi-
fied with the API 20E system (Analytab Products, Plain-
view, N.Y.). Resistance of these bacteria to 13 different
antibiotics was determined as described previously (4, 5).
Samples were collected from several stations located at

the Philadelphia dumpsite. Four of 24 water samples and 6 of
63 sediment samples yielded total or fecal coliform bacteria
or both. Species identification of bacterial isolates and
resistance determinants carried by them are shown in Table
1. Of 10 isolates, only 2 were completely sensitive to all
antimicrobial agents tested. The remaining eight isolates
carried between one and six resistance determinants. At
least three isolates were resistant to three or more antibiot-
ics. These multiple resistance strains are the most likely to
carry R-plasmids which are transferable to other bacteria.

Isolation of drug-resistant coliforms from the Philadelphia
dumpsite 30 months after the cessation of sludge dumping
indicates that these bacteria are capable of extended survival
in the marine environment. After the disposal of sludge in
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water, the bacteria are greatly reduced in numbers as a result
of dilution and die-off. However, bacteria contained in
sludge particulate matrix reach the ocean bottom and be-
come a part of bottom sediments which are maintained at a
constant temperature of ca. 7°C. We believe that the protec-
tive sludge matrix and low temperature are contributing
environmental conditions that apparently sustain the viabili-
ty of these bacteria. It has previously been shown that
bacteria survive longer in the presence of sediments than in
seawater alone (2).

Drug-resistant bacteria have been isolated from sediments
of another sewage sludge disposal site located in the New
York Bight apex (6, 9, 10). Those studies indicated that
bottom sediments may act as long-term reservoirs of drug-
resistant bacteria which may be reintroduced into the envi-
ronment by storms, dredging, boating, and other activities.

Resistant bacteria may be concentrated by filter-feeding
shellfish which inhabit waters overlying the dumpsites.
Consumption of such shellfish by humans may result in
colonization of the human gut by these bacteria. Although
not pathogenic themselves, these bacteria may transfer their

FIG. 1. Philadelphia sewage sludge dumpsite shown as a solid
rectangle between 40- and 70-m isobaths. Rectangle with broken
lines is an acid-waste site which is no longer in use.



APPL. ENVIRON. MICROBIOL.

TABLE 1. Drug resistance pattern of bacteria isolated from sewage sludge disposal site

Antibiotic resistance'
Station no. Sample Bacteria

typea AM C FR CF GM N VT Tri Px SP Te TS KN

11 Sed Enterobacter cloacaec R S S R S S S S S S S S S
20 Sed Klebsiella pneumoniae R S S S S S S S S S S S S
307 Sed Citrobacter freundii R S S R S S S S S S S 9 S
439 W Proteus vulgaris R R R R S S S S R S R S S
G19 W Aeromonas hydrophila R S S S S S S S S S S S S
T15 Sed Klebsiella oxytocac R S S R S S S S S S S R S
T18 Sed Klebsiella pneumoniaec S S S S S S S S S S S S S
OC-2 W Centers for Disease R S R R S S S S S R R S S

Control group 5 E-1
OC-7 Sed Escherichia colic S S S S S S S S S S S S S
OC-10 W Enterobacter agglomerans S S S S S S S S S R S R S
a W, Water sample; Sed, sediment sample.
b S, Sensitive; R, resistant; AM, amipicillin; C, chloramphenicol; FR, furadantin; CF, cephalothin; GM, gentamicin; N, neomycin; VT, vetasulid; Tri,

trimethoprim; Px, polymyxin; SP, spectinomycin; Te, tetracycline; TS, triple sulfa; and KN, kanamycin.
' Fecal coliforms.

resistance to already colonized bacteria or other human
pathogens. Further studies are necessary to determine the
occurrence of transferable drug-resistant bacteria in fish and
shellfish in and around the dumpsite. The dumpsite should
also be monitored regularly to determine how long these
bacteria can survive under existing field conditions.
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