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from a Hillsborough County wastewater treatment plant that processes 9 million gallons daily.
Initial HFUF samples consisted of Dulbecco’s phosphatebuffered saline (D-PBS; pH 7.4) spiked with 5 ml of raw sewage (5 ⫻ 10⫺4 dilution). Spiked environmental samples included 10 liters of ambient water spiked with 5 or 2.5 ml of raw
sewage. Fecal indicator bacterium (FIB) concentrations of the
unamended samples were determined by membrane filtration
using standard methods for Enterococcus spp., Escherichia coli
(16), and fecal coliforms (2) to demonstrate the ambient microbial water quality at the sites. Water samples were first
tested for existing MST markers before spiking with sewage.
Ten-liter samples of unamended ambient water (Ben T. Davis
Beach and Sweetwater Creek) were collected to assess the
method’s ability to detect diluted targets following method
verification with spiked experiments. Subsequent sewage
spikes into unamended samples were performed to ensure that
any lack of detection using the HFUF protocol was not due to
inhibition. Water samples were collected for processing by the
standard protocols from each site in concert with HFUF samples (5). The Sweetwater Creek sample allowed only 300 ml to
be filtered instead of the standard 500 ml due to its high
turbidity (160 nephelometric turbidity units [NTU]).
The design and operation of the recreational dead-end concentrator (Rec DEC) have been previously described (9, 10). A
new F80A Hemoflow polysulfone high-flux capillary dialyzer
(Fresenius Medical Care North America, Lexington, MA) was
used for each sample. Samples were fed into the filters by a
peristaltic pump in approximately 6.5 min. All Rec DEC components were cleaned between sample feedings with 10%
bleach followed by 10% sodium thiosulfate. Elution of each
filter was performed using 250 ml of 4 M urea-50 mM lysine
(pH 9.0) that was incubated in the filter fibers for 2 min before
collection of the retentate.
The pH of each retentate was adjusted to 3.5 to retain
HPyVs (11, 12), and then 25 ml was filtered through a 0.45m-pore-size nitrocellulose membrane. Each membrane was
placed into a Mo Bio PowerSoil microcentrifuge tube (Mo Bio
Laboratories, Carlsbad, CA), and extraction of total DNA was
performed as previously described (5). Conventional PCR was
used to determine the presence or absence of MST markers.
Assays targeted a species-specific region of the 16S rRNA gene

Microbial source tracking (MST) uses analytical methods to
determine the possible source(s) of fecal contamination in
environmental waters (reviewed in reference 14). Human fecal
pollution (i.e., sewage) is known to contain pathogens that
pose serious health risks (6, 8). Identifying sewage impacts can
prevent illness, through public warnings and environmental
remediation. Detection of sewage has been demonstrated with
genetic markers from microorganisms associated with humans
(3, 4, 7, 11, 15), each of which has pros and cons (5, 14). A
useful addition to MST would be the concentration of samples
when the standard protocol (e.g., filtering 500 ml) (5) is not
feasible due to turbidity of the water or dilution of the target(s). Hollow-fiber ultrafiltration (HFUF) concentrates particulates from water, with little increase in total assay time (9),
while simultaneously retaining parasites, bacteria, and viruses
(13). Dead-end HFUF of culturable enterococci in recreational water was successfully demonstrated in Florida (9) and
California (10). The objective of this study was to assess the
utility of HFUF for concentration of higher-volume samples
that would permit detection of diluted MST markers from
surface water samples by PCR. Three markers representing a
variety of microbial types were targeted: (i) human-associated
Bacteroidales (Bacteria), (ii) human polyomaviruses (HPyVs;
virus), and (iii) Methanobrevibacter smithii (Archaea).
Water samples were collected in Hillsborough Country, FL.
Freshwater originated from the unimpacted headwaters of the
Hillsborough River (28°5⬘56.98⬙N, 82°18⬘44.05⬙W) and estuarine
water from remediated Ben T. Davis Beach (27°58⬘5.71⬙N,
82°34⬘26.46⬙W). Sewage-impacted water samples were collected
from Sweetwater Creek (27°59⬘57.27⬙N, 82°33⬘37.10⬙W), which
received approximately 500,000 gallons of sewage from a sewer
main break. Samples were collected within 5 days and 45 days of
the spill. The 5-day sample was collected after the spill was reported, while the 45-day sample was collected to test a more
diluted sample of the same water. Raw sewage (influent) for
spiked samples was collected on the day of the HFUF experiment
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Hollow-fiber ultrafiltration (HFUF) and PCR were combined to detect human-associated microbial source
tracking marker genes in large volumes of fresh and estuarine Florida water. HFUF allowed marker detection
when membrane filtration did not, demonstrating HFUF’s ability to facilitate detection of diluted targets by
PCR in a variety of water types.
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TABLE 1. PCR detection of human-associated MST markers from
surface water samples following HFUF with Rec DEC

Sample type

Date
(mo/day/yr)

Sewage
spike
(ml)

Detection of humanassociated markersc
Human
Bacteroides

M.
smithii

HPyV

02/05/08
02/20/08

5
5

P
P

P
P

P
P

Hillsborough River

08/06/08
09/08/08
10/01/08

5
5
2.5

P
P
P

P
P
P

P
P
P

Ben T. Davis Beach

03/27/09

0
2.5

A
P

A
P

A
P

Sweetwater Creek

a
b
c

04/02/09
05/05/09

0
0
2.5

Pa
Ab
P

Pb
Pb
P

Pa
Pb
P

Marker detected using previously published membrane filtration protocol.
Marker absent using previously published membrane filtration protocol.
P, present; A, absent.

of human-associated Bacteroidales (3) with slight modifications
(5), the conserved T antigen of human BK and JC polyomaviruses (1, 5), or the nifH gene of Methanobrevibacter smithii
(5, 15).
Each marker was detected in all HFUF spiked samples (Table 1). The procedure was also successful in detecting the
markers with the reduced sewage spike volume (2.5 ml) for the
Ben T. Davis Beach and Sweetwater Creek samples (Table 1).
Detection of smaller amounts of spiked sewage was not attempted in this study; however, previous work determined
detection limits of 10⫺3 to 10⫺4 dilution for HPyVs and M.
smithii (5) and 10⫺5 to 10⫺6 dilution for Bacteroidales (3, 5).
Ambient FIB levels were highest at Sweetwater Creek followed by Ben T. Davis Beach and the Hillsborough River, as
expected. No markers were detected with the ambient beach
water alone; however, the combined procedure was able to
detect each marker in the first unamended Sweetwater Creek
sample (5-day sample). PCR of samples processed using the
standard protocol failed to detect M. smithii. HPyVs and M.
smithii were detected in the second unamended Sweetwater
Creek sample (45-day sample) following HFUF alone.
HFUF combined with PCR detected human-associated
MST markers in both fresh and estuarine waters. The combination was particularly advantageous over membrane filtration
because much higher volumes could be sampled when dilution
of sewage had occurred. The absence of the human Bacteroidales marker on 5 May 2009 coupled with the presence of the
other markers may be due to different decay rates of the
targets or to the physical fate of the markers when they enter
the water. Sweetwater Creek is tidal, and microbes that tend to
be transported to sediments would likely persist longer than
those remaining in the water column. HFUF’s ability to permit
detection of diluted PCR targets in impacted waters can increase the sensitivity of PCR-based methods in environmental

waters, which could contribute to applications such as total
maximum daily load (TMDL) assessments and implementation and beach monitoring. Future studies utilizing HFUF
combined with PCR for MST makers should focus on determining the public health significance of detecting these markers from higher-volume samples in relation to the presence of
microbial pathogens in such samples.
This study was funded in part by a grant from the U.S. Army
Research, Development, and Engineering Command and by U.S. EPA
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