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Traditionally, the use of enterococci has been recommended as the fecal indicator bacteria
of choice for testing marine recreational water quality, and prior studies have shown that
bathers shed large numbers of enterococci into the water. The current study expands upon
prior research by evaluating shedding from both toddlers and adults, and by the expansion
of measurements to include enterococci shedding via three different methods (membrane
filter (MF), chromogenic substrate (CS), and quantitative polymerase chain reaction (QPCR))
and shedding of alternative fecal indicator bacteria (Bacteroidales human markers UCD
and HF8 via gPCR). Two sets of experiments were conducted. The first experiment con-
sisted of two groups of 10 adults who bathed together in a large pool. The second study
consisted of 14 toddlers who bathed individually in a small pool which allowed for sand
recovery. Sand recovery was used to estimate the amount of sand transported on the
bodies of toddlers and to estimate the number of fecal indicator bacteria released from this
sand. The numbers of estimated enterococci shed per adult ranged from 1.8 x 10* to
2.8 x 10° CFU, from 1.9 x 10® to 4.5 x 10° MPN, and from 3.8 x 10° to 5.5 x 10° GEU based on
the MF, CS, and qPCR methods, respectively. The estimated numbers of Bacteroidales
human markers ranged from 1.8 x 10* to 1.3 x 10° for UCD, and ranged from the below
detection limit to 1.6 x 10° for HF8. The estimated amount of sand transported per toddler
(n=14) into the water column after sand exposure was 8+6g on average. When
normalizing the numbers of enterococci shed from toddlers via sand by the 3.9 body
surface area ratio, the differences between toddlers and adults were insignificant.
Contributions of sands to the total enterococci (MF) shed per toddler was 3.7 + 4.4% on
average. Although shedding via beach sand may contribute a small fraction of the
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microbial load during initial bathing, it may have a significant role if bathers go to water
repetitively after sand exposure.

© 2009 Elsevier Ltd. All rights reserved.

1. Introduction

Beach advisories are issued when water quality exceeds the
microbial standards which in the U.S. are based upon E. coli
and enterococci for fresh and marine waters, respectively
(U.S. EPA, 1986). For many advisories (NRDC, 2007), the source
of pollution (i.e. humans, animals, and/or environmental) is
rarely identified. Humans represent a non-point source of
fecal indicator bacteria to recreational waters, and quanti-
fying their bacterial load during bathing can help in devel-
oping effective beach management strategies which minimize
the number of beach advisories.

Traditionally, measurements of fecal indicator bacteria in
recreational waters have relied on common culture-based
methods such as membrane filtration (MF). However, more
recently measurements have expanded beyond MF to include
chromogenic substrate (CS) and quantitative polymerase chain
reaction (QPCR) for alternative measurements of fecal indicator
bacteria. This expansion was due to the fact that the MF method
requires a 24 h incubation period, and the method does not
differentiate between bacteria of animal versus human origin.
In this study, CS (another culture-based method which has
gained considerable use in the regulatory community) and gPCR
methods were integrated with the use of the standard MF
method for water analysis. Integrating molecular with tradi-
tional laboratory techniques could provide data about non-
culturable microbes and possible sources (i.e. humans versus
animals). While the molecular methodology for the detection of
general and human-specific Bacteroidales has not been adopted
by the U.S. EPA for routine monitoring, research has shown that
it can be potentially used for identifying bacterial contamina-
tion from human origin (Gawler et al., 2007; Walters et al., 2007;
U.S. EPA, 2007); in addition, the U.S. EPA has included Bacter-
oidales in its recent epidemiologic studies (Wade et al., 2006),
suggesting its potential future use for routine monitoring.

The main objectives of the this study were to measure
shedding of enterococci and Bacteroidales using traditional and
emerging laboratory methods, and to evaluate shedding from
toddlers and adults. The field experimental design for the
current study was based upon the prior work of Elmir et al.
(2007). The added value of the current study was the evaluation
of shedding from toddlers (all prior studies used adult volun-
teers), and the use of additional methods of fecal indicator
bacteria analyses (i.e. enterococci by CS and qPCR, and Bacter-
oidales by qPCR) as no data are available which directly measure
fecalindicatorbacteria sheddingusing these alternate methods.
The use of the same field study design allowed for the compar-
ison of the MF method results between the Elmir et al. (2007)
study and the current study.

2. Materials and methods

Two distinct sets of experiments (‘“large pool” and “small
pool”) were conducted as described earlier by Elmir et al.

(2007). The study was approved by both the Miami Dade
Department of Health Internal Review Board (IRB 1491; DOH
IRB Number, H07164) and by the University of Miami Internal
Review Board (IRB 20070306). Consistent with IRB approval,
consent forms were signed by each volunteer (or parent/
guardian) and volunteer identity was kept confidential. The
experiments took place at the same sub-tropical non-point
source recreational marine beach location as described by
Elmir et al. (2007). At the time of the current study the
measured salinity was 34 ppt, pH was 7.9, and water temper-
ature was 31 °C.

2.1. Large pool field study

The Elmir et al. (2007) “large pool” field study protocol was
used as the basis to evaluate the numbers of enterococci and
Bacteroidales released from the bodies of adult bathers. The
same source water, and type and size of inflatable pool were
used as in the previous work. In this current study, the “large
pool” protocol differed from Elmir et al. (2007) only in that
additional microbial parameters were measured (i.e. addition
of enterococci by CS and qPCR and analysis of Bacteroidales),
and in that the study was repeated two times on the same day
using two groups of adult participants (10 per group) instead of
only one group. In addition, 5 L samples were collected (versus
100 ml samples in the original study) to allow for the analysis
of additional bacterial indicators. As in the prior “large pool”
study, each group of 10 adult bathers were subjected to four
15-min bathing cycles where participants were not exposed to
beach sand during the first two cycles, and were exposed to
beach sand during the last two cycles. The “large pool” field
study was conducted on a single day in July 2008, with the first
group starting at 9 am and the second group starting at noon;
each group participated in the study for a period of approxi-
mately 1.5 h.

2.2. Small pool field study

The Elmir et al. (2007) “small pool” field study protocol was
used to estimate the amount of beach sand transported on the
bodies of humans, and to estimate the fecal indicator bacteria
released from this sand. The “small pool” experimental
protocol used in the current study was identical to the Elmir
et al. (2007) study, with the exception that the participants
were toddlers in regular diapers (instead of adults), and that
water samples were split for analysis of enterococci by MF, CS,
and gPCR and for Bacteroidales HF8 and UCD markers. As in
the prior study, the sediment was analyzed only by MF
because the small sand sample size did not permit for the
analysis of additional microbial parameters.

The “small pool” field study was conducted during two
different dates in July and August of 2008. In brief, during this
“small pool” study, each toddler wearing a bathing suit over
diapers spent 15-30 min on the beach sand (e.g. playing,
sitting, lying, walking, etc.). Thereafter, each individual
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