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Abstract: Fecal material entrained in New Orleans flood waters was pumped into the local environment. Violet Marsh
received water pumped from St. Bernard Parish and the Lower Ninth Ward. Sediment core samples were collected
from canals conducting water from these areas to pump stations and from locations within Violet Marsh. Viable
indicator bacteria and fecal sterols were used to assess the levels of fecal material in sediment deposited after the levee
failures and deeper sediments deposited before. Most of the cores had fecal coliform levels that exceed the biosolids
criterion. All of the cores had fecal sterols that exceeded the suggested environmental quality criterion. Our data show
both a long history of fecal contamination in Violet Marsh and an increase in fecal loading corresponding to the failure
of the levee system. The work was performed as part of the Interagency Performance Evaluation Task Force
investigation into the consequences of the failures of the New Orleans levee system.
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Introduction

Multiple failures of the levee system protection for
the City of New Orleans in the aftermath of Hurricanes
Katrina and Rita in August 2005 led to the flooding of
the metropolitan area. The floodwaters and sediments
contained dissolved and entrained chemical and
microbial contaminants [1, 2, 3]. Subsequent pumping of
floodwater from the city to the adjacent environment and
the removal of sediment, sediment-coated debris and
sediment dust aerosols are potential mechanisms to
distribute these contaminants to the local environment.
The United States Army Corps of Engineers created and
led the Interagency Performance Evaluation Task Force
(IPET) shortly after the flooding by hurricanes Katrina
and Rita to evaluate the performance of the New Orleans
and Southeast Louisiana hurricane protection system and
the consequences of the system failure. As part of the
IPET investigation of the environmental consequences of
the failure of the levee system, the U.S. Army Engineer
Research and Development Center (ERDC) analyzed the
distribution of fecal contamination in the New Orleans
environs during and after the flooding [4].

Methods to assess the quality of surface waters and
sediments with respect to fecal contamination and Federal
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laws regulating these are in a state of flux. Prior to 1986 the
U.S. Environmental Protection Agency (EPA) recommended
the use of fecal coliform measurements as a water quality
indicator to help prevent bathers from contracting
gastrointestinal illness from recreational waters. These bacteria
often did not cause illness directly, but demonstrated
characteristics that made them useful as indicators of the
presence of microorganisms that did cause illnesses. In 1986
EPA published “Ambient Water Quality Criteria for Bacteria”
where they revised their recommendations of indicator
bacteria. In this document EPA recommended the use of
Escherichia coli as an indicator in fresh water and enterococci
for both fresh and marine recreational waters. These revisions
were based on epidemiological studies conducted by EPA
which evaluated the use of several indicator microorganisms.
Accidental ingestion of recreational water was the most
prevalent exposure pathway. The most common bacterial
infections contracted in this way included cholera,
salmonellosis, shigellosis, and gastroenteritis. Common viral
infections included infectious hepatitis, gastroenteritis, and
intestinal disease caused by enterovirus. Protozoan infections
included cryptosporidiosis, amoebic dysentery, and giardiasis.
Many federal, states, local and tribal organizations
were slow to adopt EPA’s 1986 guidance so EPA published
“Draft Implementation Guidance for Ambient Water
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Quality Criteria for Bacteria” in 2002 to assist these
organizations in implementing the 1986
recommendations [5]. The amendment to the Clean
Water Act known as the Beaches Environment
Assessment and Coastal Health (BEACH) Act required
coastal and Great Lakes states to have adopted EPA-
recommended water quality criteria by April 2004. The
National Academy of Science’s National Research
Council recommended that the current use of indicator
microorganisms be supplemented with the use of a tool
box of microbiological, molecular biology and analytical
chemistry techniques to better enable the protection of
public health as mandated by the Clean Water Act and
the Safe Drinking Water Act [6]. Regulatory criteria are
expected to transition from earlier indicator-based
measurement to more direct and defensible criteria. This
shift is reflected in the EPA document “Standardized
Analytical Methods for use During Homeland Security
Events” [7] where microbial indicators are used in the
early Triage and Screening stages of a response, and
methods that can provide more quantitative information
with respect to microbial risk assessment [8] are to be
used in the Determination stage of the response.

In many circumstances indicator microorganisms are
not suitable for determining fecal pollution. The use of
fecal coliform as indicators in tropical waters was shown
to be particularly problematic because some indicators
may grow in such waters [9]. Studies of runoff from New
Orleans into Lake Pontchartrain have shown that many
indicator bacteria are associated with particles in the
water column and quickly settle to the sediment where
re-suspension of the shallow waters serves as a
secondary source [10]. Logistical constraints are imposed
by the fact that samples cannot be stored for long periods
of time before culture and analysis. Live bacterial
indicators do not persist over long periods of time in the
environment so it is not possible to reconstruct historic
records of previous impact using this approach. Because
humans as well as many animals produce fecal bacteria
markers and contribute them to the environment, it can
be difficult to distinguish different sources of
environmental fecal contamination using these markers.
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Biochemical markers such as fecal sterols offer
important advantages in selected applications. The average
human excretes 0.2 — 1.0 g coprostanol per day [11].
Coprostanol comprises 4-60 percent of excreted fecal
sterols and averages 3.43 mg/gram dry weight of feces [12].
Coprostanol is produced from the hydrogenation of
cholesterol by bacteria in the digestive system [13, 14]. In
aerobic water columns, coprostanol is microbially degraded
and half-lives of <10 days at 20°C have been reported [15].
However, coprostanol, like other fecal sterols, is
hydrophobic and associated with particulate matter in
sewage and water columns [16]. Coprostanol is readily
incorporated into bottom sediments, where it has been
shown to persist under anaerobic conditions without
significant degradation for over 450 days at 15°C [17].
Coprostanol can serve as a useful biochemical marker for
determining current and long term inputs of fecal matter to
aquatic systems [18]. Based on surveys of rivers in the
United States and Canada, environmental scientists have
recommended three different environmental quality criteria
for coprostanol; 40 ppb (1.0 nmol/gdw [19]), 20 ppb (0.52
nmol/gdw [14]), and 0.5 ppb (0.13 nmol/gdw [20]).

The same GC/MS analysis used to determine levels of
coprostanol can produce data on other fecal sterols and non-
fecal sterols. The resulting sterol profile can provide
additional useful information on the nature of the fecal
pollution [21]. Ratios of coprostanol to cholesterol that are
greater than one have been used as an indicator of fecal
contamination in aquatic systems. Figure 1 illustrates the
formation processes and transformations of several fecal
sterols. The formation of epicoprostanol is favored in
sewage treatment plants and the ratio of epicoprostanol to
coprostanol has been suggested for use as an indicator of
input of treated sewage relative to untreated sewage.
Although coprostanol is directly formed in the human gut
by the bacterial reduction of cholesterol, it can also be
formed under environmental conditions in a multi-step
process where cholestenone is an intermediate. The
S5B/(5+5a) cholestan-3-one ratio has been recommended
for use in highly productive aquatic systems with relatively
low levels of coprostanol [22].

Figure 1: Structures and environmental transformation pathways of fecal sterols.
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Due to the strategy used to pump out the flooded
city and the hydraulic flows resulting from this operation
and the levee systems, the flooded area of New Orleans
was divided into three separate drainage areas or polders:
New Orleans proper, New Orleans East, and St. Bernard
Parish and the Lower Ninth Ward (Fig. 2). The normal
operating pumps and the emergency pumps that pumped
out flooded New Orleans proper and New Orleans East
drain into Lake Pontchartrain. Violet Marsh received the
pumping from St. Bernard Parish and the Lower Ninth
Ward of New Orleans, the main urbanized areas east of
the Inner Harbor Navigation Canal and south of the
Intracoastal Waterway. The floodwater and sediment in
all three polders frequently exceeded state and Federal
fecal standards, and no trend (increasing or decreasing
contamination) was evident with time as the water was
pumped out [4]. Health advisories were issued during the
flood, mostly because of sewage in the floodwaters, and
effects were seen. Of the 10,047 New Orleans patient
visits during and immediately after the flooding for
which information was available to the Centers for
Disease Control and Prevention, the most common were
attributable to contact with fecal contamination in the
floodwaters and sediments [23].

Figure 2: Map of New Orleans and neighboring areas
showing the partitioning of the pump-out. Flood waters
from New Orleans proper and New Orleans East were
largely pumped into Lake Pontchartrain. Flood water
from St. Bernard Parish and the Lower Ninth Ward of
New Orleans were largely pumped into Violet Marsh.

The Corps of Engineers began to pump out the
floodwater, and the final floodwater was declared
pumped out on October 11, 2005. Many of the normal
pumps that operate to drain the New Orleans area failed
due to the effects of Katrina and the aftermath. Only
Pump Stations #1 and #6 operated in the aftermath to
drain the flood from the Lower Ninth Ward and
Chalmette polder, pumping over the levee into the marsh
beyond (Fig 3). Bayou Bienvenue winds through this
marsh from the north near the municipal sewage

Int. J. Environ. Res. Public Health 2007, 4(2)

treatment plant. This Violet Marsh west of the Mississippi
River Gulf Outlet is accessed primarily by the Violet Canal
to the south. ERDC scientists collected samples of sediment
cores in Violet Marsh, analyzed for viable indicator bacteria
and fecal sterols, and modeled the fate and transport of the
fecal contaminants in order to assess the impacts of
pumping contaminated water and sediment into this
ecosystem near New Orleans.
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Figure 3: Map illustrating the sediment core locations with
respect to the sewage treatment plant and stations that pumped
flood water over the levee and into Violet Marsh. The GPS
coordinates for the core locations are given in Table 1.

This study focused on Violet Marsh which received the
water that was pumped from the Lower Ninth Ward and
Chalmette. The main New Orleans sewage treatment plant
is located there just east of the Industrial Canal and
discharges into Bayou Bienvenue. This sewage treatment
plant was flooded, damaged, and inoperable for weeks. The
floodwater provided a nearly steady-state source of
contamination to nearby ecosystems. The U.S. EPA and the
LADEQ conducted extensive measurement operations
throughout the flooded urbanized New Orleans area from
September through December 2005. Louisiana State
University [2, 24] and Texas Tech University [3] led
independent sampling expeditions in flooded New Orleans,
principally in parts of New Orleans proper. However, there
is a lack of corresponding published data from Violet
Marsh.

Materials and Methods
Sediment Sampling

ERDC scientists conducted a sampling trip 14-16
February 2006 to Violet Marsh outside the polder of the
Lower Ninth Ward and the Chalmette area, using an airboat
to access the Marsh. Sediment core sample locations were
selected in an attempt to identify sources of fecal
contamination and to assess the distribution of fecal
contamination out into Violet Marsh. Sediment cores were
collected from canals conducting water from the Lower
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Ninth Ward to the large stationary pumps that pumped the
water over the levees, and from both the immediate
influent and immediate effluent of the pumps that could
have transported contaminants from these two sources into
Violet Marsh. Sediment core samples were also collected
at various distances from these pumps out into Violet
Marsh to determine the range of transport of these
contaminants into the Marsh. The GPS coordinates and
sample designations of these sites are given in Table 1.
Sediment cores were obtained in sterilized acrylic
sleeves using a stainless steel coring device of 4.0 inches
inside diameter, and 12 in. length. Cross contamination
was minimized by use of an 80% ethyl alcohol solution.
The sealed samples were shipped on ice for analysis. In
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the laboratory the first 5 cm were aseptically removed from
the top of each core and homogenized with a sterile spatula.
Separately the lowest 5 cm were aseptically removed from
the bottom of each core and homogenized. Portions of this
homogenized sediment were frozen and aliquots set aside for
the various physical, chemical and microbiological analyses.
Dry weights were determined by drying an aliquot in the
hood in ambient air for one day.

Bacterial Indicators of Pathogens in Sewage

Microbiological analyses for total coliform (SM 9222-
D), fecal coliform (SM 9222-D) and fecal streptococci (SM
9230-C) were performed on sediment samples using
standard microbiological methods [25].

Table 1: Description of the sediment core locations in and around Violet Marsh

Sample Name Latitude Longitude Description

Sewage Plant 29.984166 -90.001866 Northwest of treatment plant in marsh

Murphy Oil Site 29 940866 -89.931083 xﬁlrlllsrtlerL\t; North of Judge Perez, intersection of drainage canal
Pump 2 Sed 4 29.961400 -89.963983  Before pump #2

Pump 2 Sed 5 29.962183 -89.963783  After pump #2

Pump 3 Sed 8 29.951633 -89.933833  After pump #3

Pump 3 Sed 9 29.951050 -89.934100 Before pump #3

Pump 4 Sed 10 29.922100 -89.890416  After pump #4

Pump 4 Sed 13 29.921133 -89.891266 Before pump #4

Pump 6 Sed 1 29.965925 -89.975072  Before pump #6

Pump 6 Sed 2 29.967916 -89.975088  After pump #6

Sed 3 29.971766 -89.974433  Due north of pump #6, middle of marsh

Sed 11 29.957350 -89.931783 NNE of pump #3, middle of marsh

Sed 12 29.947333 -89.893266  Due north of pump #4 middle of marsh

Bienvenue Basin 1 29.987200 -89.997950  Adjacent to treatment plant aerator within discharge canal

Bienvenue Basin 2 29.989166 -89.989816 Beginning of treatment plant discharge canal

Bienvenue Basin 3 29.986166 -89959183 Towards the end of treatment plant discharge canal

Bienvenue Basin 4 29987733 -80.034683 ggtr;lrlw ;;1(122 kof marsh between discharge canal and intra-coastal
Bienvenue Basin 5 29.997783 -89.917000 Adjacent to intra-coastal waterway canal lock
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Fecal Sterol Analyses

Fecal sterols were extracted from sediment samples
using the methods described in Ringelberg et al. [26].
Sterol standards were purchased from Sigma-Aldrich Co.
(coprostanol, 5B-cholestan-3B-0l; epicoprostanol, 58-
cholestan-3-ol; B-sitosterol, 24-ethylcholest-5-en-3B-ol;
stigmastanol, 24-ethyl-5 -cholestan-3B-ol) and Applied
Science Labs, State College, PA (coprostanone, 583-
cholestanone; cholesterol, cholest-5-en-363-ol;
campesterol, 24-methylcholest-5-en-38-0l). A known
amount of deuterated pyrene in methanol was mixed into
11 gram aliquots of the wet sediment to serve as a
recovery standard. A mixture of
dichloromethane:methanol:water (1:2:0.8, v:viv) was
added to the sample. The sediment sample was then
extracted for 1 hr in an ultrasonic water bath at 10°C, and
then allowed to stand overnight. Equal volumes of
dichloromethane (DCM) and water were added to break
the liquid phases and the entire volume was centrifuged at
5000 rpm for 10 minutes. The DCM phase containing the
total extractable lipids was recovered using a glass pipette.
The DCM was reduced in volume under a stream of dry
nitrogen to approximately 100 pL and then brought to a
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final volume of 2 mL with clean DCM. A portion (100 pL) of
this total lipid extract was derivatized using N-methyl-N-
trimethylsilyl-trifluoroacetamide (MSTFA) (Pierce Chemical,
Woburn, MA) for fecal sterol analysis. The treatment with 25
uL MSTFA involved mixing in tightly capped tubes at 60°C
for 1 hour as per the manufacturer's derivatization protocol.

Fecal sterols by GC/MS were determined using slight
modifications to the standard method proposed by the Florida
Department of Natural Resource Protection [27]. After TMS
derivatization, fecal sterol samples were analyzed using a gas
chromatograph equipped with a 60 m x 0.25 mm (id) DB-
SMS capillary column (0.1 pm film thickness, J&W
Scientific, Folsom, CA) and a Mass Selective Detector
(Hewlett Packard GC6890-5973). Peak identities were
confirmed by comparing retention times and fragment ion
masses (with electron impact ionization at 70 eV) to
standards and the NIST MS database. Areas under the peaks
were converted to concentrations, corrected to the efficiency
of recovery of the deuterated pyrene and then normalized to
the gram dry weight (gdw) of the wet aliquot extracted. The
lower limit for quantization (LLQ) was measured as three
times the standard deviation of matrix spikes. The lower limit
of detection (LLD) was determined as three times the
standard deviation of the noise in blanks. Both the LLQ and
LLD for the fecal sterols were 0.1 nmol/gdw.

Table 2: Levels of fecal indicator bacteria in the surface sediments of cores collected in and around Violet Marsh.

Table plate count results from Top of Soil Core

Total Fecal Fecal 40 CFR 503

Sample Location Conforms Coliforms Streptococci BioSolid Res Std FecColif

CFU/gm CFU/gm CFU/gm 1000
Bienvenue Basin 1 TOP 17,000 < 1,000 <1,000 -
Bienvenue Basin 2 TOP 12,000 < 1,000 <1,000 -
Bienvenue Basin 3 TOP <1000 < 1,000 <1,000 -
Bienvenue Basin 4 TOP <1000 <1,000 <1,000 -
Bienvenue Basin 5 TOP 3,000 < 1,000 <1,000 -
Sewage Plant TOP 10,000 < 1,000 <1,000 -
Murphy Oil Site TOP 1,600,000 630,000 100 >
Pump 2 Sed4 TOP 57,000 14,000 <100 >
Pump 2 Sed 5 TOP 133,000 25,000 <100 >
Pump 3 Sed 8 TOP 84,000 5,000 <100 >
Pump 3 Sed 9 TOP 630,000 70,000 <100 >
Pump 4 Sed 10 TOP 77,000 10,000 <100 >
Pump 4 Sed 13 TOP 128,000 15,000 <100 >
Pump 6 Sed 1 TOP 30,000 8,000 <100 >
Pump 6 Sed 2 TOP 65,000 2,000 <100 >
Sed 11 TOP 33,000 3,000 <100 >
Sed 12 TOP >200000 4,000 <1,000 >
Sed 3 TOP 2,100 3,000 <100 >
Mean 192,073 65,750
Standard Deviation 419,233 178,681
Median 57,000 9,000
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Results
Fecal Bacteria Indicator Culture Data

Samples of sediments removed from the top 5 cm of
each core were analyzed using the Standard Methods Most
Probable Number Analyses of colony forming units (cfu)
for total coliform, fecal coliform and fecal streptococci
(Table 2).

The topmost portion of the collected sediment cores
was expected to be the most recently deposited. Samples
from the bottoms of these cores were not analyzed for
fecal bacteria because these fecal bacteria are not thought
to be able to survive for extended periods of time in
sediments [28]. Only one sample from the top of the
Murphy Oil drainage canal produced a reading that was
above the lower detection limit of the fecal streptococci
analysis. Fecal streptococci are the indicators currently
recommended by the EPA for estuarine and marine
waters, but no sediment quality standards are currently
recommended. In contrast, all the total coliform analyses
except those from the two outermost samples of Bayou
Bienvenue produced moderate to high counts. The
highest coliform values were not at the sewage treatment
plant outfall but from the Murphy Oil drainage canal and
locations indicating input from Chalmette into Violet
Marsh. Fecal coliform counts exceeded the standard for
biosolids set by 40 CFR 503 (1000 cfu/gdw) for all
sample locations except the sewage treatment plant and
all samples from the Bayou Bienvenue. The reason for
relatively low total and fecal coliform bacteria in those
locations was not clear but may be due inhibition of
bacterial growth by co-occurring chemical contaminants
and/or active coliphage activity (data not shown) in these
chronically polluted areas.

Fecal Sterol Data

Coprostanol levels in the tops and bottoms of almost
all cores collected indicated significant historic and
recent fecal impacts on Violet Marsh (Table 3). These
levels are comparable to those in heavily sewage-
impacted coastal marshes in Barcelona, Spain and
Havana, Cuba [22]. Analysis of the sterol content from
the bottom of the cores provided some insights into the
time dependence of the input of fecal matter into Violet
Marsh. In the deeper earlier deposited sediments, the
levels of coprostanol were highest in the two most
western sampling stations in the Bayou Bienvenue; BB1
(61.2 nmol/gdw) and BB2 (87.8 nmol/gdw). Coprostanol
levels rapidly decreased with distance to the east (BB3-5;
3.4-6.0 nmol/gdw). Together, these data suggested the
sewage treatment plant (or other source in this area)
constituted a major long-term source of fecal
contamination but the distribution of this fecal material
into Violet Marsh was rather limited. High to moderate
levels of coprostanol were found in the bottom of the
core taken closest to the sewage plant outfall (20.3
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nmol/gdw) and pump stations #2 (32.8 nmol/gdw), #3 (12.6
nmol/gdw) and #6 (8.0 nmol/gdw), indicating a long-term
source of fecal contamination from these sources. It is
important to note that almost all of the sediments analyzed
exceeded the most lenient coprostanol sediment quality
standard suggested (1 nmol/gdw), indicating that Violet
Marsh has been chronically impacted by fecal material.

The coprostanol levels in sediment from the top of the
cores also showed significant impacts from fecal
contamination. The average level of coprostanol in the most
recent sediment was higher (20.2 nmol/gdw) than that of
the bottom sediment (16.9 nmol/gdw), which suggested
recent increases fecal input. Additionally, the relative
coprostanol distribution pattern in the most recent
sediments was different from that observed from the
analysis of core bottoms. The levels of coprostanol in the
surface sediments of the eastern location in the Bayou
Bienvenue (BB1=28.3 nmol/gdw; BB2=28.5 nmol/gdw)
were approximately half of those found in the sediments of
the bottoms of these cores. This may reflect the lack of
input due to the failure of the sewage treatment system that
resulted from the flooding. In contrast, the surface
sediments associated with pump stations #2, #3, #4 and #6
all contained higher levels of coprostanol than their
respective core bottoms. This suggested that the flooding
resulted in a greater fecal load to Violet Marsh than
originated from Chalmette along the northern levee.

Ratios of the levels of various other sterols recovered
from wetland sediment cores have been used as aids to data
interpretation, particularly in highly productive systems
where coprostanol levels were below 2 nmol/gdw and other
sources of sterols had become significant. None of these
sterol ratios were found particularly helpful in the context
of gaining additional information from the data collected.
The ratio of coprostanol / coprostanol+cholestanol did not
change much with location or sediment depth, suggesting
the relative importance of the different cholesterol reduction
pathways did not change very much with time or location in
the marsh. The ratio of epicoprostanol (formed from
coprostanol in activated sludge) to coprostanol has been
used as an indication of treated VvS. non-treated sewage.
Although this ratio fluctuated, it was difficult to rationalize
these differences in terms of extent of sewage treatment.

Discussion

The pumping of floodwaters and entrained sediments
provided a nearly steady-state source of contamination to
nearby ecosystems for weeks. Although the measured
concentrations in the Katrina storm water pump-out were
reported to be similar to normal rainfall pump-out [2], the
volume pumped out was much greater than normal: by 30
August 80% of New Orleans was flooded with up to 20ft of
brackish water. Hurricane Rita caused several additional
failures of the levees on 23-24 September. The last of the
floodwaters were declared pumped out on October 11.
However this enormous volume did not dilute the
concentration of contaminants below that of normal rainfall;
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Table 3: Map illustrating the sediment core locations with respect to the sewage treatment plant and stations that pumped flood
water over the levee and into Violet Marsh. The GPS coordinates for the core locations are given in Table 1.

Table X: Fecal sterol content of sediment from the tops and bottoms of cores.

A B C D Ratio Ratio Ratio Ratio
Sample Location Coprostanol Epicoprostanol Cholesterol ~ Cholestanol
i nmgllgm dw Emolplgm dw nmol/gm dw  nmol/gm dw AD - BIA AC - AA+D

Bienvenue Basin 1 Top 28.3 1.6 43.5 3.8 7.37  0.06 0.65 0.88
Bienvenue Basin 2 Top 28.5 41.4 355.2 41.0 0.70 145 0.08 0.41
Bienvenue Basin 3 Top 9.2 0.8 43.6 7.9 1.16  0.08 0.21 0.54
Bienvenue Basin 4 Top 9.1 2.6 42.7 5.0 1.81  0.29 0.21 0.64
Bienvenue Basin 5 Top 4.2 0.4 110.9 5.1 082 0.10 0.04 0.45
Sewage Plant Top 27.3 18.1 29.2 6.5 420 0.66 093 0.81
Murphy Oil Site Top 20.8 0.6 17.2 1.3 15.58 0.03 1.21 0.94
Pump 2 Sed 4 Top 3.0 3.7 67.7 3.8 0.79 124  0.04 0.44
Pump 2 Sed 5 Top 61.3 4.6 3447 30.3 2.02 0.07 0.18 0.67
Pump 3 Sed 8 Top 20.6 1.8 145.8 10.0 2.06 0.09 0.14 0.67
Pump 3 Sed 9 Top 39.1 2.2 90.0 9.1 431 0,06 044 0.81
Pump 4 Sed 10 Top 28.1 2.0 324 5.9 472 0,07 0.87 0.83
Pump 4 Sed 13 Top 13.4 1.0 68.6 6.3 2.11  0.08 0.20 0.68
Pump 6 Sed 1 Top 22.0 1.7 117.4 10.5 2.09 0.08 0.19 0.68
Pump 6 Sed 2 Top 9.5 0.8 443 6.8 1.39  0.08 0.21 0.58
Sed 11 Top 21.5 6.0 90.3 7.0 3.06 028 024 0.75
Sed 12 Top 43 0.7 40.6 7.3 0.58 0.17 0.10 0.37
Sed 3 Top 143 1.1 67.5 11.0 .31 0.07 0.21 0.57
Mean 20.2 5.1 97.3 9.9 3.1 0.3 0.3 0.7

Standard Deviation 14.4 10.0 98.0 9.8 3.6 0.4 0.3 0.2

Median 20.7 1.8 67.6 6.9 2.0 0.1 0.2 0.7

Bienvenue Basin I~ Bottom 61.2 2.5 80.2 6.5 938 0.04 0.76 0.90
Bienvenue Basin 2 Bottom 87.8 4.6 1154 11.3 7.78  0.05 0.76 0.89
Bienvenue Basin 3 Bottom 34 0.5 23.4 3.0 1.15  0.14 0.15 0.53
Bienvenue Basin 4 Bottom 6.0 0.5 33.2 7.0 0.86  0.09 0.18 0.46
Bienvenue Basin 5 Bottom 34 0.5 22.0 5.0 0.68 0.14 0.15 0.40
Sewaqe Plant Bottom 20.3 2.7 91.8 19.8 1.02  0.13 0.22 0.51
Murphy Oil Site Bottom 23.9 1.2 15.3 4.6 5.18 0.05 1.56 0.84
Pump 2 Sed 4 Bottom 8.1 0.7 84.5 4.8 1.67 0.09 0.10 0.63
Pump 2 Sed 5 Bottom 32.8 32 99.2 19.1 .72 0.10  0.33 0.63
Pump 3 Sed 8 Bottom 0.9 0.1 4.9 0.4 2.16 0.08 0.19 0.68
Pump 3 Sed 9 Bottom 12.6 0.5 20.3 5.1 250 0.04 0.62 0.71
Pump 4 Sed 10 Bottom 0.0 0.0 2.7 0.9 0.00 - 0.00 0.00
Pump 4 Sed 13 Bottom 0.0 0.0 2,1 0.4 0.00 - 0.00 0.00
Pump 6 Sed 1 Bottom 5.0 0.5 24.0 35 141  0.10 0.21 0.59
Pump 6 Sed 2 Bottom 8.0 1.1 56.5 10.0 0.79 0.13 0.14 0.44
Sed 11 Bottom 14.2 1.4 84.5 12.3 .15 0.10  0.17 0.54
Sed 12 Bottom 6.0 1.3 55.6 9.8 0.61 022 0.11 0.38
Sed 3 Bottom 11.2 1.1 63.3 18.4 0.61 0.10 0.18 0.38
Mean 16.9 1.2 48.8 7.9 2.1 0.1 0.3 0.5

Standard Deviation 23.1 1.2 36.8 6.2 2.6 0.0 0.4 0.3

Median 8.0 0.9 44.4 5.8 1.2 0.1 0.2 0.5
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a similar lack of source dilution was observed in a bayou
in north Louisiana [29].

Tens of thousands of people who remained in the
area were without basic necessities, and without a
working sewage system. The main sewage treatment
plant was submerged, damaged, and completely out of
operation for several weeks. Much of the sewerage
system was antiquated and permanently damaged from
the flooding. Much raw sewage, particularly in the
Lower Ninth Ward and Chalmette area polder, was still
evident in surface waters in February 2006.

The criteria for bodily contact and accidental or
incidental ingestion are developed in terms of groups of
organisms found in fecal material and correlated to
infectious human disease. The applicable legal standard is
the primary contact recreational water quality criterion,
which is 400 cfu/100 mL for fecal coliform bacteria [30,
31]. There are very few bacteriological sediment
standards, and the large National Sediment Quality Survey
[32] omits bacteriological data. However, the Federal
biosolids rules are applicable to transported sediments
which have been impacted by sewage sludge. The
biosolids residential standard (40 CFR 503.32) for fecal
coliform bacteria is 1000 cfu/g.

According to the National Response Plan the EPA
and Centers for Disease Control and Prevention (CDC)
are primarily responsible for management of infectious
agents in the environment. Screening of New Orleans
flood water and sediment samples frequently showed
fecal coliform bacteria levels high above the regulatory
levels of concern. As a result, health advisories due to
infectious material in the flooded New Orleans areas
were issued. The advisories were warranted. Assessment
of the actual human health impacts due to infectious
agents as a result of the flood is an ongoing process but
of the 10,047 New Orleans patient visits during and
immediately after the flooding for which information
was available to the CDC [23] the most common were
gastrointestinal, acute respiratory and skin infections
attributable to contact with the floodwaters and
sediments. In the context of human health it is important
to point out that the high levels of fecal coliform bacteria
revealed by the screening procedures did detect a human
health risk due to infectious agents, that health advisories
were issued and that some summaries of impacts of
human infections have been recently published.

New Orleans proper and New Orleans East were
pumped out into Lake Pontchartrain. The impact on Lake
Pontchartrain appeared to have been minimized by the
large lake volume and currents [33]. In contrast, the
dilution factor which probably mitigated much of the
potential environmental impact on Lake Pontchartrain was
much less a factor on Violet Marsh. Much of the Violet
Marsh is confined by levees and this confined marsh
received a great volume of material that was pumped out
of the Lower Ninth Ward and the Chalmette. The level of
chronic, long-term fecal contamination of Violet Marsh is
similar to other urban sewage-impacted coastal wetlands
areas and is well above suggested sediment quality
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criteria. The pump-out of the Lower Ninth Ward and
Chalmette increased the mean concentration levels of fecal
sterols above this already high background. However,
additional analyses are required to remove uncertainty due to
assumptions we made and the minimal statistical design of
our Violet Marsh survey, and to quantify these impacts.
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