Int. J. Environ. Res. Public Health 2005, 2(2), 362-373

International Journal of

Environmental Research and Public Health

ISSN 1660-4601
www.ijerph.org
© 2005 by MDPI

The Seasonality of Fecal Coliform Bacteria Pollution and its Influence
on Closures of Shellfish Harvesting Areas in Mississippi Sound

Paulinus Chigbu'", Scott Gordon?and Paul B. Tchounwou®

'Department of Biology, Marine Science Program, Box 18540, Jackson State University, Jackson, MS 39217, USA.
Mississippi Department of Marine Resources, Bayview Avenue, Biloxi, MS 39530, USA.
*Environmental Toxicology Research Laboratory, NIH — Center for Environmental Health, Jackson State University, Box

18540, Jackson, MS 39217, USA.

*Correspondence to Dr. Paulinus Chigbu. E-mail: paulinus.chigbhu@jsums.edu

Received: 10 January 2005 / Accepted: 10 April 2005 / Published: 14 August 2005

Abstract: Runoff from agricultural lands and farm animal feedlots is one of the major sources of fecal coliforms
in surface waters, and fecal coliform (FC) bacteria concentrations tend to vary with season because of seasonal
variations in climatic factors. However, El Nifio -Southern Oscillation (ENSO) events may affect the extent and
patterns of seasonality in FC levels in coastal waters. Water quality monitoring data for shellfish management
collected during EI Nifio (1990, 1992, 1997), and La Nifia (1999, 2000) years were analyzed to evaluate the extent
to which these events influenced Pearl River stage, and bacterial levels, water temperature, and salinity in the
western part of Mississippi Sound. Models to predict FC levels in relation to various environmental factors were
also developed. In 1990, 1992 and 1997, FC geometric mean counts peaked in late winter (January/February)
reaching 120 MPN (February 1990), 165 MPN (January 1992), and 86 MPN (January 1997), and then decreased
considerably during spring and summer (1.2 — 19 MPN). Thereafter, FC abundance increased slightly in fall and
early winter (1.9 — 24 MPN). Fecal coliform abundance during the 2000 La Nifia year was much lower (1.0 —
10.3 MPN) than in 1992 (1.2 — 165 MPN), and showed no seasonal pattern from January to August, perhaps due
to the relative scarcity of rainfall in 2000. In 1995 (ENSO neutral year), peak geometric mean FC count (46
MPN) was lower than during EI Nifio years and occurred in early spring (March). The seasonal and between year
variations in FC levels determined the number of days during which the conditionally approved shellfish growing
area was opened for harvesting shellfish. For example, from January to April 1997, the area was not opened for
shellfish harvesting, whereas in 2000, the number of days during which the area was opened ranged from 6 - 27
(January to April) to 24 - 26 (October to December). ENSO events thus influenced the extent and timing of the
peak levels of fecal coliforms in Mississippi Sound. Models consisting of one or more of the variables: Pearl
River stage, water temperature, and salinity were developed to predict FC concentrations in the Sound. The
model parameter(s) explained 56 to 91% of the variations in FC counts. Management of shellfish in Mississippi
Sound can be improved by utilizing information on the forecasted three to seven years occurrence of ENSO
events. In addition, since Pearl River stage was the most important variable predicting FC concentration in the
Sound, a study of the levels and sources of FC bacteria in the river, especially the middle and lower sections, is
needed for developing a management plan for reducing FC bacteria pollution in the Sound.
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Introduction

Monitoring of fecal coliform (FC) bacteria in surface
waters is important in order to minimize, if not
eliminate, human exposure to pathogenic bacteria via
recreational water use and ingestion of contaminated
shellfish. The levels of FC bacteria in coastal waters are
influenced by many factors including seasonal variations
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in climatic factors such as precipitation and solar radiation
[1-2], inter-annual variations in climate due to ENSO
events [3-5], tidal movements [6-7], livestock
management practices in a watershed [8], and seasonal
patterns of recreational water use. Therefore, it may not
be appropriate to generalize the peak period of fecal
pollution in surface waters [9-10]. To better design water
quality monitoring programs, develop models for
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predicting FC concentrations, and devise appropriate
management plans for reducing FC bacteria pollution, it
is important to understand the extent of seasonal
variation in FC abundance and the factors influencing it.

The majority of shellfish harvested in the Mississippi
Gulf coast waters occurs in the western part of Mississippi
Sound, an area predominantly classified as conditionally
approved for shellfish harvest. The quality of water in this
area is influenced to a large extent by the Pearl River whose
mean stage, and therefore discharge, varies seasonally [11],
and inter-annually [5]. These seasonal differences are
expected to affect FC levels, and to determine the number
of days during which the conditionally approved shellfish
harvesting waters are opened for shellfish harvesting.
However, the extent of the seasonality of FC levels relative
to environmental factors in the Mississippi Sound, and the
degree to which ENSO events affect the seasonal patterns
are not well documented.

The objectives of this study were to: (a) determine the
extent to which FC bacteria levels vary with season in the
western part of Mississippi Sound, (b) assess the extent to
which seasonal variations in FC abundance could be
predicted by Pearl River stage, water temperature and
salinity, (c) evaluate whether ENSO events influence the
extent and timing of peak FC bacteria levels, and (d)
determine the extent to which seasonal variations in FC
levels influence shellfish harvesting period in the
conditionally approved shellfish growing areas.

Materials and Methods

Water quality monitoring data collected from 1990 to
2000 for shellfish management were analyzed to evaluate
seasonal patterns in, and the influence of ENSO events on FC
levels. Water temperature and salinity were measured, and
samples for FC analysis were collected from a conditionally
approved shellfish harvesting area located in the western part
of Mississippi Sound. This area was chosen for investigation
because it is directly influenced by the Pearl River due to its
proximity to the river mouth. Data analyzed were based on
monthly samples collected, and physico-chemical parameters
measured at three to ten stations. A summary of the total
number of samples examined during the study is presented in
Table 1; a detailed description of the sampling procedure has
been reported by Chigbu et al. [5]. Water samples were
collected approximately one-half meter below the surface in
inverted sterile bottles on the windward side of the boat.
Samples were tightly sealed and transported upright in ice,
with the ice below the neck of the bottles and not subject to
contamination from the melting ice. Water temperature
was measured with a Taylor dial thermometer, and salinity
was recorded with a hand-held refractometer. Water
samples were generally analyzed within six hours of
collection at the U.S. FDA- certified University of Southern
Mississippi, Gulf Coast Research Laboratory. FC levels
were determined by the multiple-tube fermentation
technique, and reported in terms of the Most Probable
Number (MPN) of organisms present per 100 ml of sample
[12]. Pearl River stage data for the USGS Station at Pearl
River, Louisiana, were obtained from the USGS website.
FC counts were compared among months, seasons, and
years using an ANOVA following log transformations.
Seasons were defined as: winter (December — February),
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spring (March — May), summer (June — August), and fall
(September — November). Models describing relationships
between FC abundance and one or more environmental factors
(water temperature, salinity, Pearl River stage and rainfall)
were developed using a stepwise multiple regression analysis.

Table 1: Monthly variation in geometric means of fecal
coliform counts in area 1. Data were pooled for 1990,
1992, 1995, 1997, 1999, and 2000.

Month n Geometric Mean
January 37 30.2 (a,c)*
February 35 50.1 (a)
March 35 20.4 (c)
April 31 8.3 (b)
May 20 3.1(d,f)
June 20 1.7 (d,e)
July 24 1.2 (e)
August 36 1.8 (d,e)
September 43 1.9 (d,e)
October 55 5.1(b,f)
November 49 8.3 (b)
December 49 6.2 (b,f)

*Values with similar letters are not significantly different
(Fisher PLSD test, p > 0.05)

Results

Seasonal Variations in Fecal Coliform Levels, Water
Temperature, Salinity, and Pearl River Stage

Fecal coliform abundance showed clear seasonal patterns
with major peaks in late winter/early spring and sometimes
minor peaks in fall (Fig. 1a,b - 3a,b). During El Nifio years
(1990, 1992, 1997), FC abundance peaked earlier
(January/February) than during ENSO neutral or La Nifia
years (1995, 1999, 2000) when a peak, if present, occurred in
March. In general, FC levels were lower in late spring,
summer and fall (< 25 MPN) than in late winter and early
spring (< 2 — 162 MPN). When all yearly data were pooled,
we observed significant differences in FC abundance among
months (ANOVA, df=11,422; F-value = 23.97; p < 0.0001);
geometric mean FC concentration was highest in
January/February and lowest from June to September (Table
1). A similar pattern was observed when data were pooled
by season; geometric mean FC numbers varied significantly
among seasons (ANOVA, df = 3,430; F-value = 44.48; p <
0.0001) with the highest count occurring in winter (18.20),
followed by spring (9.55), fall (4.47) and summer (1.58) as
indicated by Fisher’s PLSD test, p < 0.003).

Peak geometric mean FC count in late winter/early spring
was higher during El Nifio years (Fig. 1b & 2b), e.g., 1992
(162 MPN) and 1997 (85 MPN) than in ENSO neutral (Fig.
2a) e.g., 1995 (45 MPN) or La Nifia (Fig.3b), e.g., 2000 (2
MPN) years. There was a significant difference among
years in the mean log transformed FC counts obtained from
January to April (ANOVA, p =0.038, df =5,17). The mean
FC value in 2000 was lower than values recorded during
other years (Fisher’s PLSD, p < 0.018). In January,
February and March (1990, 1997), January, February and
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Figure 1: Seasonal variations in the geometric mean fecal coliform abundance, Pearl River stage, water
temperature and salinity in the western part of Mississippi Sound in 1990 and 1992. Fecal coliform data were
not collected in May 1990 and from May to July 1992. No Pearl River stage data was available in May and
September 1990, and May to July, and September 1992. No data were collected for water temperature and

salinity in May 1990 and from May to July 1992.
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Figure 2: Seasonal variations in the geometric mean fecal coliform abundance, Pearl River stage, water

temperature and salinity in the western part of Mississippi Sound in 1995 and 1997.

No samples were

collected for fecal coliforms (June & August), Pearl River stage (June, August & September), temperature
(June & August), and salinity (June & August) in 1995. Samples were also not collected for fecal coliform
counts, Pearl River stage, water temperature and salinity in April, June and September 1997.
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Figure 3: Seasonal variations in the geometric mean fecal coliform abundance, Pearl River stage, water
temperature and salinity in the western part of Mississippi Sound in 1999 and 2000. No samples were
collected for fecal coliforms, Pearl River stage, water temperature and salinity from May to July 1999.
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April (1992), and February, March and April (1995), the
geometric mean FC counts exceeded the threshold level
(14 MPN) above which the shellfish harvesting area must
be closed. In 2000, the geometric mean FC counts were <
14 MPN during each of the months sampled (Fig. 3b).

As expected, Pearl River stage also varied seasonally;
it generally increased from January (1.52 — 3.85m),
peaked in February (4.45 — 5.21m), March (4.32 -
5.09m) or April (4.43m), and then declined to relatively
low levels in summer (0.91 — 1.61m) and fall (1.23 -
1.54m) (Fig. 1c,d — 3c,d). Water temperature varied
seasonally from 5.6 to 32°C with the highest values
occurring in summer 1990 and lowest in winter 1997
(Fig. le,f — 3e,f). Salinity was lowest in winter/spring,
~1 - 8ppt, and generally highest in late fall, ~13 - 24ppt
(Fig. 1g,h — 3g,h).

Relationships between Fecal Coliform Levels and Water
Temperature, Salinity, and Pearl River Stage

The relationships between FC counts and the
environmental variables are shown in Figures 4 & 5.
Fecal coliform geometric mean counts were significantly
related to Pearl River stage in 1990 (r* = 0.65, p = 0.005,
n = 10), 1995 (* = 0.71, p = 0.0021, n = 10), and 1999
(r* = 0.77, p = 0.002, n = 9); relationships in 1992 (r* =
0.27, p = 0.186, n = 8), 1997 (r* = 0.41, p = 0.06, n = 9)
and 2000 (> = 0.01, p = 0.746, n = 12) were poor (Fig.
4). Significant relationships were also observed between
FC levels and water temperature in 1990 (r* = 0.67, p =
0.038, n = 11), 1992 (r* = 0.61, p = 0.017, n = 9), and
1997 (r* = 0.49, p = 0.036, n = 9); relationships in 1995
(r* = 0.08, p = 0.434, n = 10), 1999 (r* = 0.03, p = 0.642,
n =9) and 2000 (r* = 0.269, p = 0.084, n = 12) were poor
(Fig. 5). It was only in 1990 that a significant
relationship was obtained between FC levels and salinity
(" = 0.44, p = 0.025, n = 11). A stepwise multiple
regression  analysis was conducted to select
environmental factors that best predict FC concentrations
in the Sound. The dependent variable in the model was
log transformed FC concentration and independent
variables were water temperature, Pearl River stage and
salinity for each of the years, as well as for all years
combined. The regression equations describing these
relationships are presented below:

Log(FC) = 1.39 + 0.59(RS) + 0.06(SAL) — 2.04Log(WT),
r?=0.91, p=0.002 (1990)

Log(FC) =5.21 —3.41Log(WT), > = 0.56, p = 0.032 (1992)
Log(FC) =-0.56 + 0.49(RS), *=0.64,p=0.009  (1995)

Log(FC) = -0.99 + 0.72(RS) — 0.04(WT) + 0.07(SAL),
r>=0.90, p = 0.006 (1997)

Log(FC) = -0.40 + 0.43(RS), * = 0.78, p=0.002 (1999)

Log(FC) = 0.86 + 0.29(RS) — 0.04(WT), r* = 0.62, p <0.0001
(1990-2000)
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where, FC = Fecal coliform counts per 100ml; RS = Pearl
River stage (m); SAL = Salinity (ppt); WT = Water
temperature (°C).

A comparison of the predicted and observed FC
concentrations for each year and all years pooled is
presented in Fig. 6. Pearl River stage was the most
important factor influencing FC concentration each year
except in 1992, when water temperature was the only
important factor. In 1990 and 1997, river stage, salinity
and water temperature combined explained about 90% of
the variations in FC levels in the area which was higher
than the percent contribution by each of the factors alone.
In 1992, water temperature explained about 56% of the
variations in FC abundance; inclusion of river stage and
salinity in the model did not improve the relationship. In
1995 (ENSO neutral year) and 1999 (La Nifia year), the
stepwise regression procedure identified Pearl River stage
as the most important variable, and it accounted for 64%
and 78% respectively, of the variations in FC abundance.
The concentrations of FC bacteria in 2000 were low (< 2
to ~10 MPN) and thus were not strongly related to any or
all of the three measured environmental factors combined.
When data for the six years were pooled, it was observed
that variations in FC abundance were mainly due to Pearl
River stage and water temperature (r*=0.62).

Relationship between Pearl River Stage and Salinity

Pearl River stage was the most important variable
predicting salinity, and on average, explained about 65%
of the variability in salinity (Fig. 7). A higher percentage
of the variability in salinity was explained by river stage
during El Nifio years 1990 (91%), 1992 (76%), 1997
(85%) than during ENSO neutral, 1995 (47%) or La Nifia
years, 1999 (51%) and 2000 (48%).

Seasonal Patterns of Closure of the Shellfish Growing
Area and its Relationship to ENSO Events.

The shellfish-harvesting season in Mississippi is from
October to April, with little or no harvesting occurring
from May to September. From January to April 1997 the
study area was not opened for shellfish harvesting
because of high FC levels. During the same period in
1999, the maximum number of days that the area was
opened was six (April), whereas from October to
December 1999 the area was opened for at least 22 days
(Fig. 8a). In 2000, the area was opened for harvesting for
many days, ranging from 6 - 27 (January to April) to 24 -
26 (October to December).

Mean salinity (r* = 0.62, p = 0.047, n = 14) and Pearl
River stage (r* = 0.80, p < 0.0001, n = 14) were correlated
with the total number of days that the area was opened for
harvesting shellfish each month (Fig. 8b,c). Pearl River
stage < 3.05 m (10 ft) or mean salinity > 12 ppt appeared
to be the best conditions that met the established
geometric mean FC standard (< 14 MPN) required for the
area to be opened each month for shellfish harvesting.
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Figure 7: Plot of salinity against Pearl River stage for various years.
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Discussion

Fecal coliform dynamics in coastal waters depends
on the amount of bacterial loading from streams and
rivers, water mixing and dispersion in receiving waters,
and bacterial losses due to death and sedimentation. In
the western part of Mississippi Sound, inter-annual
variations in FC levels due to ENSO events are strongly
correlated with Pearl River stage [5]. In a study of three
streams in Virginia [8], it was observed that turbidity,
water temperature, dissolved oxygen and pH explained
64 to 88% of the variations in FC abundance. The
empirical models developed in this study showed that
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Pearl River stage, salinity and water temperature
accounted for about 56 to 91% of the variations in FC
concentrations. These models are useful, especially for
making rapid predictions of FC abundance for shellfish
management decisions pending the completion of bacteria
analysis.

Pearl River drains a large area (23,000 km?) of
forested and developed land, and is one of the two major
rivers flowing into the Sound. It is therefore, not
surprising that it influences to a considerable extent the
dynamics of FC bacteria and salinity in the western part
of Mississippi Sound. A study of the levels and sources
of FC bacteria in Pearl River during base flow and storm
flow, especially in the middle and lower sections of the
river is needed for developing a management plan for
reducing the level of FC contamination in Mississippi
Sound.

Following FC bacteria transport into the Sound via
runoff, their loss rates from the water column depend on a
multitude of factors such as nutrient availability,
temperature, salinity, turbidity, degree of water mixing,
solar radiation, predation and competition [13-18].
However, temperature and solar radiation are considered
the most important abiotic factors [19-21] affecting FC
death rates. For example, Xu et al. [21] found that
temperature, solar radiation, and temperature and
insolation combined, explained 31%, 78%, and 87%
respectively, of coliform bacteria die-off coefficients in a
lagoon on a French Island (Noirmountier) in the Atlantic
Ocean. Burkhardt et al. [22] observed that sunlight
and/or temperature accounted for up to 99% of the
decrease in FC levels in estuarine waters of Alabama and
Rhode Island. Inactivation rates of FC in the dark in
sewage-polluted seawater were found to be higher during
the summer (14 — 20°C) than during winter (8-10°C)
months [23]. Furthermore, the disappearance rates of
fecal coliforms in Mississippi Sound were found to be
higher during the fall than in winter season [24], perhaps
due to the seasonal variations in temperature and/or
intensity of solar radiation. Thus seasonal variations in
water temperature and/or intensity of solar radiation
probably contributed to the relatively low levels of FC
counts during the summer and fall seasons. This is in
addition to predation by protozoans which has also been
reported to be a major biotic factor influencing FC death
rates. For example, in Seine River, France, predation by
protozoans accounted for 47-99% of the mortality of FC
bacteria [25-26].

The seasonal and inter-annual patterns in the total
number of days that the shellfish harvesting area was
allowed to remain open reflected seasonal, as well as
inter-annual patterns of climatic factors and the
abundance of FC bacteria in the area. During the 1997 El
Nifio event, FC geometric mean level was elevated above
14 MPN from January to March, hence the area was
closed to shellfish-harvesting during that period.
Similarly, from January to April 1999 the area was
opened for shellfish harvesting for not more than 6 days.
In contrast, from fall 1999 to fall 2000 (La Nifia years),
FC counts were relatively low (< 14 MPN), hence the
number of days that the area was opened for shellfish
harvesting was generally high (6 to 27 days). It is
plausible, therefore, to state that management of shellfish
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in Mississippi Sound can be improved by using
information on the predicted occurrence of ENSO events
every three to seven years.
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