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Total-coliform-bacteria counts ranged from 40 colonies per 100 milli-
liters to 5,000 colonies per 100 milliliters in the Mississippi River at
Venice and in Baptiste Collette Bayou. Total-coliform counts exceeded 70
colonies per 100 milliliters 95 percent of the time for all stations.
Fecal-coliform and fecal-streptococci bacteria were also monitored,
Pathogenic bacteria were isolated at all sites and possible sources of
bacterial input were identified.

Corophium, Nereis, Asebellides, and Carinoma were the organisms that
occurred most frequently and in greatest numbers in samples collected from
the Mississippi River at Venice and Baptiste Collette Bayou, Rangia was
the most numerous organism collected but occurred in only one set of
samples from one site. Saltwater intrusion and substrate type appear to
be the dominant factors influencing the kinds of organisms present and
their distribution within the study area.

Data collected during the study indicates that, although the
Mississippi River is the major factor influencing the quality of the
aquatic enviromment in the Baptiste Collette Bayou distributary system,
factors within the bayou system--such as scaltwater intrusion, local
wildlife, and cattle populations--can significantly affect the water
quality of the distributary.

INTRODUCTION

Downstream from New Orleans the Mississippi River is the factor
controlling water quality in its distributaries and adjacent wetlands,
These areas, of great importance to the commercial food industry of
Iouisiana, function as breeding, nursery, and feeding grounds to many of
the important local commercial fish and benthic invertebrate species. The
Mississippi River may also serve as a major source of enteric bacteria to
the wetlands and the nearshore oyster reefs. Distributaries of the river
also serve as major thoroughfares for ship and barge traffic to the Gulf
of Mexico.

Purpose and Scope

As part of the ongoing evaluation of the Mississippi River by the
U.S. Geological Survey in cooperation with the Iouisiana Office of Public
Works, a study was conducted on Baptiste Collette Bayou (fig. 1), the
first major distributary of the Mississippi River downstream from New
Orleans, to determine the factors that affect water quality, suspended
sediment, and benthic-invertebrate and bacterial populations in the
distributary. Samples for benthic invertebrates, water quality, and grain
size of bed material were collected quarterly starting in July 1980 at
four sites on Baptiste Collette Bayou and one site on the Mississippi
River at Venice. Samples for bacterial analyses were collected and
in-situ measurements of dissolveg oxygen, specific conductance, pH, and
temperature were made on a monthly basis at these sites. Discharge data
and suspended-sedment samples were collected on three occasions. Data
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during low flows were discarded because salt contamination was not
accounted for during analysis. Suspended-sediment data collected from
Baptiste Collette Bayou at discharges of 530,000 ft3/s and 342,000
ft°/s in the Mississippi River at Tarbert Landing show a decrease in
concentration as the water flowed from the Mississippi River (fig. 2).
The suspended-sediment concentration decreased by 31 and 54 percent,
respectively, between samples collected near the head of Baptiste Collette
Bayou and the Main Pass at Breton Sound for two different discharges.
Suspended-sediment concentrations decrease as distance away from the
Mississippi River at Venice increases, except in Kimbel Pass (3.2 mi from
the Mississippi River)}. The increase in suspended-sediment concentration
at this site is probably due to wave action caused by the large volume of
ship traffic that passes near this site.

Suspended-sediment concentrations measured during the study period
ranged from 167 to 435 mg/L near the head of Baptiste Collette Bayou to
73 to 354 mg/L for Main Pass at Breton Sound. Kimbel Pass consistently
had the highest suspended~sediment concentrations, ranging from 162 to
B42 mg/L.

The composition of suspended-sediment samples collected during the
study was approximately 95 percent clay and silt and 5 percent sand.
Major deposition of sediment at both of the aforementioned flows occurred
as the bayou entered Breton Sound.

TIME OF TRAVEL

Longitudinal dispersion and time of travel in Baptiste Collette
Bayou and its passes were determined to aid in the study of pathogenic
and fecal bacteria die off, flow patterns, and to provide information
necessary for the development of plans to minimize effects of contaminants
spilled in the study area., This information was collected by injecting a
dye tracer near the head of Baptiste Collette Bayou (0.3 mi distance from
the Mississippi River) in August 1981 at a discharge of 22,700 ft3/s in
Baptiste Collette Bayou and 342,000 £ft3/s in the Mississippi River at
Tarbert Landing. The dye~-tracer study was conducted during an ebbing-
tide cycle. The location of the leading edge, peak, and trailing edge of
the tracer cloud (for any elapsed time after injection of the dye) in
Baptiste Collette Bayou and its passes is shown in figures 3, 4, and 5.
Traveltime for the leading edge of the tracer cloud through Baptiste
Collette Bayou and Main Pass (fig. 3) and out into Breton Sound was 4.9
hours. The duration of the tracer cloud in Baptiste Collette Bayou and
Main Pass was 7.6 hours (also shown in fig. 3), and the peak concentration
passed into Breton Sound 5.7 hours after injection at the head of Baptiste
Collette Bayou. Similar information on traveltimes through Baptiste
Collette Bayou and Kimbel and BEmeline Passes is shown in figures 4 and
5. Traveltimes for the leading edge of the tracer cloud through Baptiste
Collette Bayou and through Kimbel Pass and Emeline Pass were 4,9 and 5,8
hours, respectively. Similarly, the peak concentration passed through
Kimbel Pass and Emeline Pass into Breton Sound in 5.4 and 6.2 hours,
respectively. Total duration of the dye cloud in Kimbel Pass was 6.8
hours and in Ereline Pass duration was 7.2 hours.

6
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Figure 2.--Changes in suspended-sediment concentration and percent of
sediment samples finer than 0.62 millimeter in Baptiste Collette Bayou
as distance from the Missisgippi River at Venice increased.

Iongitudinal-dispersion information can be useful in developing
plans to minimize the effects of a contaminant. It enables estimation of
the time it takes a contaminant to arrive at a site and how long the
contaminant remains at the site. The longitudinal dispersion of the
leading edge, peak, and trailing edge of the dye cloud at three different
locations for the tracer injected into Baptiste Collette Bayou are shown
in figures 6, 7, and 8. Figure 6 shows the longitudinal dispersion of a

0.62 MILLIMETERS
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Figure 6.--Longitudinal dispersion of a conservative contaminant released
into Baptiste Collette Bayou when discharge was 22,700 ft3/s (cubic
feet per second) in Baptiste Collette Bayou and 9,530 ft3/s in Main
Pass.
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was 22,700 ft3/s (cubic feet per second) in Baptiste Collette
Bayou and 5,980 ft3/s in Kimbel Pass.
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tracer in Baptiste Collette Bayou and Main Pass at a discharge of 22,700
f3/s and 9,530 ft3 /s, respectively. The duration of the tracer
cloud in Baptiste Collette Bayou increased as distance downstream from
the injection point increased. For example, the tracer cloud arrived at
a site 1.5 mi downstream from the injection point 0.8 hour after the
tracer was injected into the bayou. It remained at this site for 0.5
hour after the leading edge was detected. At a site 6.0 mi downstream in
Main Pass, the leading edge of the tracer arrived 4.9 hours after the
injection was made. The peak arrived at this site 5.7 hours after the
injection and was still present 2.7 hours after it was first detected.
Thus, if a toxic substance was dumped into Baptiste Collette RBayou, the
water at the Main Pass site 6.0 mi downstream would be affected for a
pericd cf 2.7 hours, while at the site 1.5 mi downstream from the head,
the water would be affected only 0.5 hour.

In addition to knowledge of when a contaminant will arrive at a
given point, it is also important to know the peak concentration of the
contaminant as it passes that point. This information can be used to
determine if the concentration of the contaminant will be hazardous so
the appropriate action can be taken. Peak concentration can be
determined from the following equation.

unit concentration times weight of contaminant spilled
discharge at sampling site,

Peak concentration =

where unit concentration is the peak concentration resulting from 1 1b of
tracer in 1 f£t3 of water, assuming 100-percent recovery.

If the elapsed time that a contaminant has been in the water, the
unit concentration (determined from fig. 9), and the discharge are known,
the maximum peak concentration can be computed. For example, if 1,000 1b
of contaminant were spllled at the head of Baptiste Collette Rayou at a
discharge of 22,700 £t3 /s, the unit concentration at mile 6 of Main
Pass would be 5,570 mg/T.. The contaminant could be expected to reach
thig site in 4.9 hours and peak in 5.7 hours (fig. 3). The peak
concentration would be:

5,570 x 1,000 1b

Peak concentration = 3 = 582 mg/L
9,530 £t /s

It should be noted that the unit-concentration curve for Main Pass
was slightly lower than would be expected when compared to Emeline Pass
and Kimbel Pass due to inflow at two pipeline canals just above the lower
Main Pass site. Inflow appears to be tide dependent as both canals are
dammed off approximately 1.5 mi away from their entrance into Main Pass.
No tracer was found in these canals; and it appears that these canals
receive inflow during high tide, serving as a storage area, and drain
during low tide. This would account for the slight dilution that was
observed for the unit-concentration curve for Main Pass.

14
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Maximum,

WATER QUALITY

Inorganic Chemical Quality

minimam, and mean concentrations of inorganic chemical

constituents and physical characteristics of water samples collected from
the Mississippi River at Venice and Baptiste Collette Bayou are listed in
Mean concentrations of major ions increased as distance away

table 2.

from the river increased.

i5

For example, the mean concentration of calcium
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at the Mississippi River at Venice sampling site was 47 mg/L. Mean
calcium concentrations increased to 51 mg/l near the head of RBaptiste
Collette Bayou, then to 53 mg/L at Kimbel Pass, and finally to 77 mg/L at
Baptiste Collette Bayou Main Pass at Breton Sound. Data for magnesium,
sodium, potassium, sulfate, and chloride show similar changes. Water at
the Main Pass at Breton Sound site was predominantly saltwater, which
explains the increases in concentrations of major ions at this site.
Table 3 shows changes in specific conductance and calcium, magnesium, and
chloride concentrations for different sampling dates, discharges, and
sites. All parameters show increased concentrations away from the river
at discharges of less than 250,000 fc3/¢ at Tarbert Landing. Concentra-

tions of calcium, magnesium, and chioride, and specific-conductance
values in the Mississippl River at Venice for the September 1980, May and
July 1981, and February 1982 sampling trips were similar in the Baptiste
Collette distributary system with the exception of Main Pass at Breton
Sound. Discharges in the Mississippi River exceeded 250,000 ft3/s
during these sampling periods and freshwater was overriding the effects
of saltwater from the gulf in much of the reach sampled. The higher
values of the major ions and specific conductance at Main Pass at Breton
Sound are due to the influence of gqulf saltwater.

The data in table 3 indicate that the effects of gulf saltwater on
the fresh river water at Main Pasg at Breton Sound are inversely related
to discharges in the Mississippi River. In September 1980 specific~-
conductance values for the Mississippi River at Venice and for the upper
Baptiste Collette Bayou sites (table 3) were similar, ranging from 499
umhos/cm at the river site to 492 pmhos/cm at Kimbel Pass. In contrast,
Main Pass at Breton Sound had a specific conductance of 8,050 umhos/cm,
Discharge in the Mississippi River was 270,000 ft3/s at thig time. In
July 1981, when the discharge in the Mississippi River had increased to
518,000 ft3/sy specific-conductance values were similar for the
Mississippi River and all Baptiste Collette Bayou sites, including the
Main Pass at Breton Sound site. Specific conductance values ranged from
338 pymhos/om at the river to 346 umhos/cm at the Main Pass at Breton
Sound site. Concentrations of calcium, magnesium, and chloride varied in
a similar manner for these sampling dates,

During periods of low flow and saltwater intrusion into the
Mississippi River, specific-conductance values and calcium, magnesium,
and chloride concentrations were higher for the Baptiste Collette Bayou
sites than for the river site. Samples collected in January and Qctober
1981 (table 3) show this quite clearly. Discharges in the Mississippi
River were 159,000 ft3/s and 231,000 ft3/s, respectively, during
these sampling periods.

Increases in major ion concentrations and specific conductance from
river to bayou sites can be explained by the manner in which saltwater
moves up the Mississippi River and then back down Baptiste Collette Rayou.
Figure 10 shows specific-conductance profiles for the Mississippil River
at Venice and for Baptiste Collette Bayou during a period of saltwater
intrusion in the Mississippi River. The Migsissippi River is 45-75 ft
deep at the Venice cross section, with similar depths at the head of
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DEPTH, IN FEET BELOW WATER SURFACE

Baptiste Collette Bayou. Baptiste Collette Bayou is 45~63 ft deep at its
head, and river water coming into it at this depth had a specific
conductance of approximately 1,000 pmhos/cm. River water at the surface
had a specific conductance of 511 umhos/om. Specific-conductance values
in Baptiste Collette Bayou near its head were somewhat higher at the
surface and bottom when compared to river water due to mixing of the river
water caused by turbulence at the head of the bayou° As the water
progresses further into Baptnste Collette Bayou, it mixes more and more
until a uniform density is reached as is shown by the constant specific
conductance from surface to bottom (fig. 10).

Specific-conductance values were uniform from the surface to the
bottom at Emeline, Kimbel, and Main Pass. The specific conductance
remains relatively constant as water moves down the bayou and stratifies
again at Breton Sound. ‘This is shown by the specific-conductance values
for Main Pass at Breton Sound, which ranged from 22,600 umhos/cm at the
surface to 45,800 umhos/cm at the bottom Discharge in the Mississippi
River at iarbert Iandlng was 296,000 £t3 /s at this time and the toe of
the saltwater wedge in the river was between river mile 18 and 20 and
receding.

Y YT I T T T 717171 i 1
| —Kimbel Pass /
. Main Pass at
10 “d-—Main Pass Breton Sound
o0 | | o Emeline Pass o
30 |- +—Baptiste Collette Bayou near head ]
3
40 -
50 — —
Mipsissippi River at Venice
60 [~ -
Mississippi River at mile 14.5 /
70 / Mississippi River -
at mile 11.9
[
80 - -
90 [ B 1 (SN IR T IO 2 1 I
500 1000 5000 10,000 50,000

SPECIFIC CONDUCTANCE, IN MICROMHOS PER CENTIMETER AT 25°C

Figure 10.--Specific-conductance profiles for Baptiste Collette Bayou and
the lower Mississippil River near Venice during a period of saltwater
intrusion in the Mississippi River, February 1981, at a discharge of
296,000 cubic feet per second at Tarbert Landing.
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The amount of mixing that occurs in the bayou is influenced by (1)
the magnitude of density differences between the different layers of
river water entering the bayou, (2) wind direction and speed, and (3)
tide. In some cases density differences are <o large that complete
nixing does not occur within the bayou (fig. 11). This is shown in the
specific-conductance profile for Baptiste Collette Bayou and the lower
Mississippi River for February 1981, during a prolonged period of
saltwater intrusion in the river. Discharge in the Mississippi River was
170,000 ft3/s and the toe of the salt wedge was near river mile 62.
Specific-conductance values were stratified at Baptiste Collette Bayou
near its head, ranging from 6,400 umhos/cm at the surface to 21,000
Umhos/cm at the bottom, Significant mixing of water in Baptiste Collette
Bayou did not occur until it reached the Main Pass site. Even here,
specific-conductance values ranged from 11,100 pmhos/cm at the surface to
14,700 umhos/cm on the bottom. Stratification was minor at Main Pasg at
Breton Sound due to moderately strong winds (10-15 ni/h) and an ebbing
tide, which reduced the effects of the gulf water on the water coming out
of Baptiste Collette Bayou.

T 173 \ 1
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20 —

40 |—

50 o

70 |—

DEPTH, IN FEET BELOW WATER SURFACE

80 —

oL 1111 N R L]

500 1000 5000 10,000 50,000

SPECIFIC CONDUCTANCE, IN MICROMHOS PER CENTIMETER AT 25°C

Figure 11.--Specific~conductance profiles for Baptiste Collette Bayou and
the lower Mississippi River during a period of prolonged saltwater
Intrusion in the Mississippi River, February 1981, at a discharge of
170,000 cubic feet per second.
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Minor Elements

Tables 4 and 5 show concentrations of minor elements in water samples
and bed samples collected from Baptiste Collette Bayou and from the
Mississippl River at Venice., Concentrations in water and bed samples at
all sites were below HPA (U.S. Envirommental Protection Agency) criteria
limits for freshwater-aquatic life (U.S. Environmental Protection Agency,
1976) with the possible exception of mercury in water. ILaboratory
analytical methods used cannot measure less than 0.1 ug/L mercury in
water. In most cases mean concentrations of minor elements in water were
about the same for the river as for the bayou sites. For example, the
mean total arsenic concentration ranged from 3.0 pg/I. at the river site
to 2.0 ug/L at Main Pass at Breton Sound. Mean concentrations of minor
elements in bed material tended to increase as distance from the river
increased due to increased deposition. For example, iron in bed material
increased from a mean concentration of 2,500 ug/L at the river site to
6,100 ug/L at Main Pass at Breton Sound. %Zinc in bed material increased
(mean concentration) from 14 pg/g at the river site to 26 ng/g at the
gulf site. Arsenic, chromium, and copper in bed material also increased
as distance from the river increased but all levels were low. There were
no differences in the mean concentrations of cadmium, lead, and mercury
in bed samples between river and bayou sites. Comparisons of bed-material
samples collected in June 1977 (Dupuy and Couvillion, 1979) with samples
collected during 1981-82 indicate a decrease in concentrations of arsenic,
chromium, zinc, and mercury in bed material between the two sampling
periods (table 6). Arsenic in bed material ranged from 6 to 12 ug/g for
Baptiste Collette Bayou samples collected in 1977 and from 1 to 6 ug/y
for samples collected in 1981-82. Mercury in bottom material showed the
largest decrease in concentration between the two sampling periods. It
ranged from 0.1 ug/g to 1.0 ug/g in 1977 and was 0.01 Vg/g (0.01 Wg/g is
minimum detection limit) in 1981-82. Decreases in zinc and chromium were
similar to the decreases in arsenic between the two sampling periods.
This decrease in concentrations of minor elements in bed material may be
due to dredging operations that took place in Baptiste Collette Bayou
after the 1977 sampling and the subsequent removal of bed material from
the channel.

Pesticides

Pesticide and organic-compound concentrations in water and insecti-
cide and organic-compound concentrations in bed material from samples
collected from the Mississippi River at Venice and Raptiste Collette
Bayou are shown in tables 7 and 8. Insecticides such as DDT, (including
its breakdown products DDD and DDE), dieldrin, endosulfan, and endrin
were found in mean concentrations ranging from 0,003 ug/L to 0.001 Wg/L.
For other insecticides--such as chlordane, toxaphene, and malathion--and
PCB the mean concentrations ranged from 0.1 ug/L for samples collected
from the Mississippi River to 0.08 ug/L for samples from Baptiste Collette
Bayou. All other insecticides and herbicides were found in equally low
concentrations in water samples from both the river and the bayou. 1In
general, values for all water pesticides rarely exceeded 0.1 Wg/L and
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were usually in the range of 0,001 ug/L. Water-pesticides data indicate
very little change in concentrations between the river and bayou sites.
Phenolic compounds were found in mean concentrations ranging from 2.2
wg/L at the Mississippi River site to 3 ug/L at Main Pass at Breton
Sound. Pesticides and organic compounds in water do not appear to be a
problem in the study area.

Bed-insecticide concentrations ({(table 8) were low for all study
sites, rarely exceeding 1 ug/kg. Chlordane, bDDD, DDT, and the organic
compound PCB were exceptions to this observation. These four compounds
generally showed increases in concentrations in samples collected from
bayou sites compared to river samples. Maximum concentrations for these
compounds in the Mississippi River at Venice were: chlordane 3 ypg/kg,
bDD 1.5 ug/kg, BDT 0.1 ug/kg, DDE 1.6 ug/ka, and PCB 7 ug/kg. Samples
from Emeline Pass and Main Pass at Breton Sound contained the highest
corcentrations of these compounds., Maximam concentrations for Emeline
Pass samples were 10 pg/kg for chlordane, 3.1 ug/kg for DDD, 2.3 ua/kg
for DDE, and 31 ug/kg for PCB. Maximue concentrations for Main Pass at
Breton Sound samples were 6 ug/kg for chlordane, 6.6 ug/kg for DDD, 3.4
ug/kg for DDE, 8.8 ug/kg for DDT, and 20 ug/kg for PCB.

Bed-pesticide data showed a decrease in concentrations similar to
that noted for minor elements in bed material between the 1977 and 1981-82
sampling periods (table 6). The decrease in bed PCB values between the
two sampling periods was the most dramatic. Bed PCB concentrations ranged
from 0 to 120 ug/kg for bayou samples collected in 1977 to 1 to 31 ug/kg
for samples collected in 1981-82. Corcentrations of DDD and DDE also
decreased between 1977 and 1981-82. Removal of dredged material between
sampling periods may be the major reason for decreases in bed-pesticide
concentrations.

Bacteria

Bacteria samples were collected periodically from the Mississippi
River at Venice and Baptiste Collette Bayou from September 1980 to April
1982, Samples were analyzed for total-coliform, fecal-coliform, and
fecal-streptococci bacteria. Pathogenic bacteria were sampled from July
1981 to April 1982. Results of all bacterial analyses are presented in
table 9.

Total-coliform bacteria ranged from 60 colonies/100 ml, to 3,200
colonies/100 mL for the Mississippi River at Venice. Total-coliform
colonieg in the Baptiste Collette Bayou system ranged from 40 colonies/
100 mL to 5,000 colonies/100 mL. Counts for the Mississippi River at
Venice exceeded 70 colonies/100 ml, 93 percent of the time, and counts for
Baptiste Collette Bayou exceeded 70 colonies/100 ml, approximately 95
percent of the time. This is significant because louisiana water-quality
criteria for type four shellfish production state that the median monthly
total-coliform concentration shall not exceed 70 colonies/100 mlL and not
more than 10 percent of the samples shall ordinarily exceed a concentra-
tion of 230 colonies/100 mL (Iouisiana Stream Control Commission, 1977,
p. 18).
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Fecal-coliform bacteria ranged from 10 colonies/100 mL to 1,900
colonies/100 mL for the Mississippi River at Venice and from 4 colonies/
100 nL to 1,000 colonies/100 wl. for the Baptiste Collette Bayou sites.
Fecal-coliform bacteria counts exceeded State criteria for primary contact
recreation (200 colonies/100 mL) 53 percent of the time for the Missisg-
sippi River at Venice and 54 percent of the time for the Baptiste Collette
Bayou samples. No counts for the river or bayou sites exceeded State
criteria for public-water supply (2,000 colonies/100 mL) .

Counts for fecal-streptococci bacteria ranged from 4 colonies/100 mi
to 1,300 colonies/100 mL for the Mississippi River at Venice and from 4
colonies/100 mL to 7,400 colonies/100 mL for the Baptiste Collette Bayou
system. The effects of bacterial die-off on differences in bacteria
counts between river and bayou sites are negligible due to the short
travel time through the system.

Numbers of total-coliform, fecal-coliform, and fecal-streptococei
bacteria varied between the Mississippi River at Venice and the Baptiste
Collette Bayou system. Torty-six percent of the samples showed an
increase in bacterial concentrations as distance away from the river
increased. Fifty-four percent showed no change or a decrease in
bacterial numbers as distance from the river increased. It appears from
these findings that the river is responsible for most, but not all, of
the indicator bacteria present in the Baptiste Collette Bayou system., At
times, however, significant numbers of these bacteria are derived from
sources within the distributary itself.

Fecal-coliform to fecal-streptococci (FC/FS) ratios are possible
indicators of bacterial sources. Geldreich (1970) found that, for
certain conditions in freshwater, FC/FS ratios indicate the following:

Ratio Source
>4 Human waste
>2 -4 Mixed, mainly human
>1 =2 Uncertain
z.7-1 Mostly animal
<.7 Livestock or poultry

Twenty percent of the 83 river and bayou samples analyzed had FC/FS
ratios greater than 4. Ratios for the Mississippi River at Venice were
greater than two 21 percent of the time., Baptiste Collette Bayou had the
greatest number of samples for which the FC/FS ratio exceeded two (five
out of 15 samples). The occurrence of ratios greater than two decreased
as distance downstream in Baptiste Collette Bayou increased, with the
exception of the station, Main Pass at Breton Sound, which sghowed a
slight increase. The number of samples with FC/FS ratios greater than
two (17} and the number with FC/FS yatios of one or lower (43) indicate
that cattle and waterfowl are probably major sources of enteric bacteria
in the Mississippi River at Venice and the Baptiste Collette Bayou
system, This 1is further substantiated from field observations of
numerous cattle grazing along the distributary and the left bank of the
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river and a large resident waterfowl vopulation, which increases greatly
during the winter migratory period. Ratios for samples collected during
the winter of 198182 were predominantly less than one (19 of 23 samples) ;
however, ratios for the same period Il-year earlier were predominantly
greater than one, 3 of 22 samples having ratios less than one. Both
sampling periods were during peak waterfowl-migration periods and would
be expected to show similar results. The major difference was due to the
abnormally low discharge during the winter of 1980-81, which allowed salty
gulf water to intrude into the river and infiltrate the distributary
system. The following year, the river discharge was greater and saltwater
intrusion was not significant.

The FC/FS ratio in relation to source that Geldreich found for
freshwater may not hold for saltwater. Differences in salt tolerances of
coliforms and streptococci could dramatically change ratios in brackish
environments. This is an area that needs further research before any
conclusions concerning FC/FS ratios in saltwater can be made.

Pathogenic bacteria were isolated from all five sites during the
study period. Sixty-two percent of the pathogenic bacteria found in
Baptiste Collette Bayou samples were found when the Mississippi River
water at Venice had none. Potentially pathogenic bacteria were present:
in 75 and 88 percent of the samples from Emeline Pass and Kimbel Pass,
respectively. These were also the only two sites where Salmonella and
Shigella were isolated. The Mississippi River at Venice and Baptiste
Collette Bayou near head had an incidence rate of 38 percent.. Baptiste
Collette Bayou at Breton Sound had an incidence rate of 50 percent, while
Main Pass had a rate of 60 percent, Potentially pathogenic bacteria
isolated at these sites were Proteus mirabilis, Providencia rettgeri, and
P stuartti, Citrobacter freundii, Pseudomonas aeruginosa, Enterobacter
sakazakil, and B cloacae, Serratia liquefaciens, and Morganella morganii
(Youmans and others, 1975, Joklic and smith, 1972). Salmonella and
Shigella species were also isolated and serologically identified.

All samples in which pathogenic bacteria were found had FC/TS ratios
less than four with most pathogens (86 percent) occurring in samples with
FC/FS ratios less than one. This indicates that human wastes are not the
major source of pathogenic bacteria within the study area., Numerous
authors have found pathogens occurring in wildlife, domestic animals, and
even in fish, amphibians, and reptiles (Lofton and others, 1962; Faddoul
and others, 1966; Janssen and Mevers, 1968; Geldreich, 1970; Lawton and
Morse, 1980; Morse and others, 1980). The low FC/FS ratios, along with
the obsgervations of large resident wildlife and cattle populations within
the study area, would indicate that cattle and wildlife are possible
sources of pathegenic bacteria in the Baptiste Collette Bayou area. This
conclusion should be qualified, as human-source pathogens may be ingested
by native fishes and can remain viable in the gut of fish for as long as
100 days (Lawton and Morse, 1980; Morse and others, 1980). Pathogenic
bacteria may alsc persist in bottom sediments, even when overlying water
is low in indicator organisms (Geldreich, 1970). Pathogenic bacteria
have been demonstrated to have variable survival rates when compared to
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indicator organisms. The survival rates are dependent upon temperature,
waste composition, and abundance of bacterial predators (Ahmed, 1975;
Mitchell and Starzyk, 1975; Dutka and Kwan, 1980: McCambridge and
McMeekin, 1980). Because of this, it is not possible to entirely rule
out human waste as a source of pathogenic bacteria.

Geldreich (1970) found the following correlation between
fecal-coliforms and pathogenic bacteria:

Percentage of samples
Numbers of fecal coliform in which Salmonella
were detected

1-200 27.6 positive
201-2,000 85.2 pogitive
over 2,000 98.1 positive

Data for Baptiste Collette Bayou and the Mississippi River at Venice
showed a lower incidence rate for fecal coliforms and pathogens: 69
percent of the samples which had fecal-coliform counts greater than
200/100 nmL also had pathogenic bacteria present.

Lin and others (1974) reported no correlation between total-coliform
numbers in water and fecal coliforms. Figure 12 alsc shows a lack of
correlation between total-coliform numbers in water and FC/FS ratios of
samples collected from the Mississippi River and Baptiste Collette
Bayou. Total-coliform bacteria also appear to be poor indicators of
pathogenic bacteria (Geldreich, 1970; Bagdasaryan and others, 1975).
However, data from the study area showed that total-coliform bacteria was
almost as good an indicator of pathogenic bacteria as fecal-coliform
bacteria. Sixty-two percent of the samples that had total-coliform
counts greater than 70/100 mL also had pathogenic bacteria present, and
63 percent of the samples that had fecal-streptococci counts greater than
200 had pathogenic bacteria present. All three of the indicator bacteria
correlated poorly with the presence of pathogenic bacteria. Because of
this, future sampling should include data on pathogens to determine the
extent of pathogenic-bacterial contamination in this important shell-fish
producing area.

Benthic Invertebrates

Composition of benthic-invertebrate communities by taxa and numbers
of individuals can vield useful information about the hydrology and water
quality of aquatic habitats (Mackenthun and Ingram, 1966)., Because
benthic invertebrates form resident comunities of organisms that move
very little throughout their aquatic existence, significant changes in
the hydrology or water quality of their habitat will be reflected in
changes in the composition of those benthic-invertebrate communities.
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Figure 12.--Total-coliform bacteria versus fecal-coliform bacteria/fecal-
streptococci bacteria ratio from the Mississippil River at Venice and
Baptiste Collette Bayou, September 1980 to April 1982.

Benthic invertebrates were collected from the Mississippi River at
Venice and from four sites in the Baptiste Collette Bayou distributary
gystem from May 1980 to February 1982. Table 10 1lists all organisms
collected during the study period. Rangia, a brackish water clam, was
the most abundant organism collected. The next most abundant organisms
collected were Corophium, an amphipod, the polychaete worms Nereis and
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Table 10.--Total number of benthic organisms identified from four sites on
Baptiste Collette Bayou and one site on the Mississippl River at
Venilce, Iouisiana, May 1980 to February 1982

{List compiled from one sample collected at three stations in the cross
section at each site on six different sampling dates. Numbers in table
represent total number of organisms identified at each sampling section
for all seven sampling dates. X indicates presence of colonial-type
organisms]

Baptiste Main

Benthic Mississippi . _ Pass
organisms River at Collette Hreline  Kimbel at

identified Venice Bayou near Pass Pass Breton
head
Sound

Ciliatea
Peritrichida
Vorticellidag~mw=m~= D —-— - X
Vorticella-—---- —_— X % —— ——
Anthozoa
Actiniaria
Unidentified
individuals—---~ ——— e - —— 1
Hydrozoa
Hydroida
Unidentified
individualg--~-~- m—— eeeee - — 1
Rhynchocoel g« ww—m—m—e
Unidentified
individualgmmmem=—~ ——— ——— - | ——
Anopla
Paleonemertini
Car inomidae
Carinomg===~-wwwn 12 6 28 24 11
Polychaeta
Unidentified
individualg-==w=ww- 25 5 4 4 15
Amphinomida
Anphinomidae

Capitellida
Opheliidae

Cirratulida
Cirratulidae
COSSULgm——————— 3 me—ee - ——— m———
Phyllodocida
Nereidae
Nereig-———m————- 37 4 94 38 25




Table 10.--Total number of benthic organisms identified from four sites on
Baptiste Collette Bayou and one site on the Mississippi River at
Venice, Iouisiana, May-1980 to February 1982--Continued

Baptiste Main

Benthic Mississippi , o Pass
organisms River at Collette Imeline  Kimbel at

identified Venice Bayou near Pass Pass Rreton
head
Sound

Polychaeta--Continued
Spionida
Spionidae
Streblospiro-=-- 4 e 10 1 15
Terebellida
mnpharetidae
Asebellidegeww——- 7 6 74 33 4

Hirudinea
Pharyngobdellida
Erpobdellidae
Unidentified
individuals~~~ —— e 1 T
Oligochaeta
Opisthopora
Haplotaxidae
Unidentified
individualg--- — e — —— 1
Plesiopora
Lumbriculidae
Unidentified
individuals~-- e — - 1
Tubificidae
Aulodrilug=m—-——-
Branchiura-—----
Limnodrilug-——-—-
Peloscoleg~——mmww~
Thidentified
individualg---
Crustacea
Aanphipoda
Corophiidae

N H N

[
§
i
1
H
H

Ul

-

(&)

ot

Decapoda
Unidentified
individualg~~—m~== _— R 1 e
Grapsidae/



Table 10.-~Total number of benthic organisms identified from four sites on
Baptiste Collette Bayou and one site on the Mississippl River at
Venice, Ipuisiana, May 1980 to February 1982--Continued

Baptiste Main

Benthic Mississippi , _ Pass
organisms River at Collette Emeline  Kimbel at

identified Venice Baygu near Pass Pass Breton
ead
Sound

Crustacea~-Continued
Decapoda--Continued
Palaemonidae
Palaemoneteg==—--~ _——— e —-— 1 e
Portunidae
Callinecteg~——m- 1 2 - 3 3
Upogebiidae

Xanthidae
Rhithropanopeus- —— 1 - —— e———
Harpacticoida
Unidentified
individualg====m~ — e — 1 e

Isopoda

Idoteidze

&
6]
o]
1
!
i
f
i
{
i
1
i
1
i
f
1
!
I
|
t
1
!
1
!
1
!
jamlli o}

Thoracica
Balanidae
Balanug—-=—mmwm= - 1 1 2 1
Insecta
Coleoptera
Hydrophilidae
Berosygm———wwem- —_—— 1 —— —— em——
Collembola
Isotomidae
Isotomurug=-—-~- ——— 1 —— —— e
Diptera
Ceratopogonidae

Chironomidae
Cryptochironomus K 1 o
Dicrotendipeg=--- —-— 1 - 2
Polypedilum-~-—- m——— e 1 —— m———
Ephemeroptera
Fohemeridae
Pentagenig-==---~ 1 1 _ o m——
Polymitarcidae
Tortopus---~~-==~ 11 25 1 30 @ e

Gomphug-=mm===== 1 it -— e
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Table 10.--Total number of benthic organisms identified from four sites on
Baptiste Collette Bayou and one site on the Mississippl River at
Venice, I[ouisiana, May 1980 to February 1982--Continued

i Main
; et ey Baptiste
Benthic Mississippi ) ) Pass
organisms River at Collette Fmeline  Kimbel at

identified Venice Bayou near Pass Pass Breton
head
Sound

Gastropoda
Mesogastropeda
Hydrobiidae

Neogastropoda
Columbellidae

Bivalvia
Heterodonta
Corbiculidae
Corbiculamm—w=—=~ 1 2 —— ——— e
Heterodontida
Dreissenidae

Sipuncula
Unidentified
individualg=—m=—- —— e _— e 1
Teleostomi
Perciformes
Gobiidae==w~wmmm—— e e e —-——— 1




Agebellides, the nemertean Carinoma, and other polychaete worms. These
organisms also occurred most frequently and were found at all five sites.
The burrowing mayfly Tortopus was relatively widespread and numerous. Tt
was found at four of the five sampling sites, but only in samples
collected during the July sampling trips. Decapods, especially the blue
crab, Callinectes, were ubiquitous but in low numbers. Cross-sectional
profiles of each site showing substrate type and dominant organisms at
three verticals are shown in figures 13-15.

The most abundant organisms present at the Mississippi River at
Venice sgite were (in descending order) Corophium, Nereis, unidentified
polychaetes, Carinoma, and Tortopus (fig. 13A). The substrate in the
center was predominantly f£ine sand, which is very difficult to cclonize.
Polychaetes were the dominant organism found at this vertical. . These
worms are tube dwellers that use fine sand particles in construction of
their cases. Corophium was the dominant organism found at the two bank
verticals. The composition of the bank substrates ranged from fine sand
and silt to medium silt and clay. The organisms found at these stations
are burrowers requiring a relatively stable substrate to exist. Tortopus
was found only in the July 1980 samples; however, their burrows were found
throughout the study. Tortopus has a relatively long nymphal period in
the water and its presence in various stages of nymphal develotment would
tend to rule out upstream areas as the source of these organismg. Not
collecting Tortopus during the other sampling periods indicates that
either the Shipek bottom grab was not penetrating deep enough into the
substrate or that Tortopus has a negative response to saltwater, which
had intruded to a point upriver from the sampling site. This response
may be in the form of burrowing deeper into the substrate and becoming
quiescent or evolvement of a shorter time period in the nymphal stage,
which would decrease the chances of collecting them.

Corophium was the most asbundant organism collected at the site near
the head of Baptiste Collette Bayou (fig. 13B) and was present at all
three verticals in the cross section. It was present at the right bank
vertical 70 percent of the time and was present 14 percent of the time at
the other two verticals. Tortopus was collected in the center, and its
presence there coincided with 1its presence in the Mississippi River
samples. Some polychaete worms were collected at this site but not in
great numbers. The substrate ranged from fine sand and silt to fine silt
and clay.

The polychaete worms Nereis and BAsebellides and the nemertean
Carinoma were the most numerous organisms captured at the Emeline Pass
site (fig. 14A). Nereis and Carinoma also occurred more frequently than
other forms. Corophium was present at this site, occurring frequently
but in low numbers. A single Tortopus was captured at this site. This
organism probably drifted in from an upstream area, because the substrate
at the Emeline Pass site did not appear suitable for colonization by
Tortopus. Polychaetes were the dominant organisms at all three verticals,
probably because the substrate type (fine sand and silt) favored coloniza-
tion by these organisms,
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Figure 13.--Channel profiles of sampling sites listing the per-

centages of dominant organisms and organic material and showing
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and (B) Baptiste Collette Bayou near head,
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Figure 15.-~Channel profiles of sampling sites listing the per-
centages of dominant organisms and organic material and showing
particle size of bed materials, Main Pass at Breton Sound.

Dominant organisms present at the Kimbel Pass site (fig. 14B) were
Corophium, Nereis, BAsebellides, Tortopus, Carinoma, Rangia, and uniden-
tified tupificid worms. 'he substrate was variable, ranging from hard
clay on the left bank to fine sand and silt on the right bank. Tortopus
was found in relatively large numbers on the clay substrate but was
completely absent from the silt substrate. Corophium showed a similar
distribution. Nereis and tubificid worms were found on the right bank in
relatively large numbers and in small numbers on the left bank.

Rangia was the most abundant organism found at Main Pass at Breton
Sound (Fig. 15). It was present during only one sampling trip and its
great numbers masked the importance of the more frequently occurying
organisms. Nereis, Streblospiro, unidentified polychaetes, and Carinoma
were the most numerous and frequently occurring organisms at this site,
excluding Rangia. These organismg were evenly distributed across the
channel. Corophium and Callinectes were also present but in low numbers.
This was the only site where Tortopus was not found. The substrate at
the site ranged from soft clay at the banks to fine sand and silt at
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center channel. Although this site was dredged by the U.S. Army Corps of
Engineers in November 1981, samples collected 1 month before and 3 months
after dredging were similar in composition and numbers (table 11).
Population densities were low in both samples. The relatively rapid
recolonization was probably due to (1) drift of organisms into the area
from upstream reaches of Main Pass and also from Breton Sound via tidal
action and (2) the relatively small area dredged.

Table 11.--Benthic invertebrates present in Baptiste Collette Bayou, Main
Pags at Breton Sound, 1 month before and 3 months after dredging

activities
Before dredging After dredging
Carinoma--- 5 Carinoma-—-- 4
Nereig———w- 2 Nereig-—---- 3
Upogebia--- 1 Corophium--- 1
Milodrilus- 3 Fdotegm——w—w- 1

Callinectes- 1

Distribution and abundance of benthic invertebrates are dependent
upon stream velocity, substrate type, organic detritus, salinity, and
water-quality conditions (Hynes, 1970). The benthic communities of the
lower Mississippi River at Venice and the Baptiste Collette Bayou distri-
butary system are euryhaline, being tolerant of large variations in
salinity. The presence of saltwater at these sites for extended periods
of time restricts the kinds of organisms that are able to colonize these
areas. In this respect, salinity has a major impact on the benthic
communities, Organisms such as Nereis, Corophium, Carinoma, and
Asebellides are tolerant of large changes in salinity and were present
year round at all sites. Other organisms, such as Tortopus and Corbicula
(which are intolerant of high salinities}) and Parhyalella (which 1is
intolerant of low salinities), are stenochaline, being intolerant of large
variations in salinity, and are present only during those periods when
conditions were favorable. This is apparent when comparisons are made
between benthic samples collected in 1976-77 and 1980-82 for the Missis-
sippi River at Venice. Wells and Demas (1979) reported Corophium, the
chironomid Cladotanytarsus, unidentified tubificids, Nereis, and Corbicula
as the most numerous organisms collected during the 1976-77 study. These
samples were collected following the 1973-75 high-water vears. Initially,
samples contained primarily freshwater organisms. As the 1976-77 study
progressed, saltwater intruded upstream from Venice for a period of 4
months, Polychaetes, crabs, and some tubificids hegan to appear in the
sampling program as the duration of the saltwater wedge lengthened,
Unlike Corbicula these organisms were able to survive when changes in
salinity occurred and continued to exist after the saltwater wedge was
moved downstream by higher flows. It was predicted in the earlier study
(Wells and Demas, 1979) that the "typical" benthic community at Venice
was euryhaline and was just beginning to re-establish itself after the
high-water years of 1973-75. Organisms collected during the 1980-82
study verify this. Corophium, Nereis, Carinoma, and Streblospirc were
the dominant organisms collected. Corbicula, unable to tolerate high
salinities, was almost completely absent from the 1980-82 samples.
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Hynes (1970) stated that the major factor controlling the occurrence
of benthic invertebrates is the substratum. This appears to be true for
the study area. Figures 16~18 show the variation in total number of
organisms, total number of genera, and specific conductance at each of
three verticals in a cross section for each sampling date. Variation in
nurbers and types of organisms between the verticals within a
cross section was considerable. Variations in total numbers and types of
organisms between sites do not appear to be caused by differences in
water guality, except for salinity and related variables. Specific-
conductance values and water-quality parameters were Ssimilar for the
Mississippl River at Venice gite and for the three upstream Baptiste
Collette RBayou sites. Major differences in taxa between sites were found
at the Main Pass at Breton Sound site (fig. 18) where gpecific-
conductance values were much different. The mayfly Tortopus was never
collected at this site where saltwater was present much of the time, and
it was not found at the other sites when saltwater was present. All
other dominant organisms were found at all five sites during all ranges
in sgpecific conductance. Variations in species composition within and
between sites appears to be governed more by substrate preference hy
crganisms than any other factor. Table 12 lists the seven most numerous
organisms collected and the substrates they were collected from. Samples
from fine sand and medium silt were the least populated. Fine silt and
clay substrates contained the greatest number of organisms indicating it
is the most suitable of the substrates in the study area for colonization.

Table 12.--Occurrence in different substrates of the seven meost abundant
organisms collected from the Mississippi River at Venice and Baptiste
Collette Bayou, May 1980 to February 1982

Total Fine TFine sand/ Medium Fine silt/

Organism number  sand silt silt clay
CAL L NOMEL = e o e e 82 2 31 14 35
NErel gu st 198 33 22 10 133
Asebhel lidegm e wm v 124 - 49 3 72
Unidentified Polychaetes- 53 pA 5 3 43
Coroph LU = mwmwm s — 2,878 1 213 41 2,623
TOLEOPU G v e oo e 67 —- 2 1 64
RANG L& e o o o o 4,853 — 17 - 4,836

PO T L e o o s st 8,255 38 339 72 7,806

The species that exist at a particular site can be indicative of the
water quality at that site. Certain organisms are more tolerant of
pollutants and poor water quality than others. The tolerance of benthic
invertebrates collected from Baptiste Collette Bayou and the Mississippi
River at Venice area range from moderate tolerance to total intolerance
of poor water-quality conditions (Weber, 1973). Tortopus and many of the
decapods collected are indicative of good water quality. The low organic
content found in the substrate (figs. 13-15%) indicates 1little or no
organic deposition in the study area.
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Figure 18.--Total number of organisms and genera present at each
cross-sectional station by site, sampling date, and specific
conductance for Main Pass at Breton Sound.
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SUMMARY AND CONCLUSIONS

Discharges in Baptiste Collette Bayou are affected by winds and
tides. Discharge was relatively constant during the study, ranging from
22,700 ft3/s to 26,600 ft3/s at the head of Baptiste Collette Rayou
for corresponding flows of 342,000 ft3/s to 530,000 f£t3/s in the
Mississippi River at Tarbert Landing. Flow in Baptiste Collette Bayou is
distributed unequally between the three passes, with approximately 42
percent of the discharge going down Main Passg, 24 percent down Kimbel
Pass, and 34 percent down Fmeline Pass. Major pipeline canals transecting
these passes are dammed off and have little interchange with the passes
except for one location between Kimbel and Main Pass.

Suspended sediment was approximately 95 percent silt and clay in
Baptiste Collette Bayou. Suspended-sediment concentrations decreased by
31 and 51 percent between the heads of Baptiste Collette Bayou and Breton
Sound during flows of 530,000 ft3/s and 342,000 ft3/s in the Missis-
sippi River. Major deposition of sediment at both flows occurred where
the bayou enters Breton Sound.

Time of travel for peak concentration of a tracer at a discharge of
22,700 f£3/s in Baptiste Collette Bayou was 5.7 hours from the heads of
Baptiste Collette Bayou through Main Pass into Breton Sound. Peak travel-
times through Kimbel Pass and Emeline Pass to Breton Sound were 5.4 and
6.2 hours, regpectively.

Water quality in Baptiste Collette Bayou was very similar to the
Migsissippl River water at Venice when discharge was greater than 250,000
ft3/s° At discharges of less than 250,000 ft3/s in the Mississippi
River, concentrations of major ions such asg calcium, magnesium, and
chloride increased in the bayou as distance away from the river increased
due to saltwater intrusion. Minor-element and pesticide concentrations
in water samples from Baptiste Collette Bayou were below EPA criteria for
freshwater aquatic life (U.S. Environmental Protection Agency, 1976), with
the possible exception of mercury, and generally mirrored concentrations
found in the Mississippi River at Venice. Concentrations of wminor
elements, insecticides, and organic compounds in bed material in Baptiste
Collette Bayou were low, with the exception of chlordane, DDD, DDT, and
PCB. Bed PCB values exceeded 19 ng/kg at two sites, Eneline Pass and
Main Pass at Breton Sound. Concentrations of some minor elements and
organic compounds in bed material decreased between samples collected in
1977 and 1981-82 from Baptiste Collette Bayou. Removal of dredged
material between sampling periods may to be the major reason for these
decreases.
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Bacteria data compiled from samples collected from Baptiste Collette
Bayou and the Mississippi River at Venice indicate that the Mississippi
River is resgponsible for most, but not all, of the indicator bacteria
present in the Baptiste Collette Bayou system. At times, however,
significant numbers of these bacteria are derived from sources within the
distributary itself. Total-coliform bacteria counts for Baptiste Collette
Bayou exceeded Louisiana water-quality criteria for type four shellfish
production in 95 percent of the samples {Louisiana Stream Control Commig-
sion, 1977y . However, no relation was found between total-coliform
counts and FC/FS ratios. Fecal-coliform/fecal~streptococci ratios of two
or greater indicate human-waste products as sources of bacterial popula-
tions. Eighty percent of the river and bayou samples analyzed had FC/FS
ratios less than two. Forty-three percent of the river and bayou samples
analyzed had FC/F$ ratios less than 1, indicating cattle and waterfowl as
the probable major sources of enteric bacteria in the Mississippi River
at Venice and the Baptiste Collette Bayou system. Pathogenic bacteria
were isolated from the Mississippi River at Venice site and all of the
Baptiste Collette Bayou sites during the course of the study. Sixty-two
percent of the pathogenic bacteria found in Baptiste Collette Bayou
samples were found when the Mississippl River water at Venice had none.
Also, no pathogenic bacteria were isolated when FC/FS ratios exceeded
two, indicating cattle and waterfowl within the Baptiste Collette Bayou
system as the probable sources of pathogenic bacteria in the bayou.

Benthic invertebrate populations from the Mississippi River at Venice
and Baptiste Collette Bayou were similar. Corophium, an amphipod, the
polychaete worms Nereis and Asebellides, the nemertean Carinoma, and other
polychaete worms were the organisms that occurred most frequently and in
greatest numbers. Tortopus, a mayfly, and the blue crab, Callinectes were
also present at most sites, Saltwater intrusion into the Mississippi
River and Baptiste Collette Bayou is the dominant factor affecting the
kinds of organisms that can exist in the study area., Substrate type
determined organism distribution within the system. Benthic organisms
collected from Baptiste Collette Bayou and the Mississippi River at Venice
range from moderate tolerance to total intolerance of poor water-quality
conditions., lLow-organic content found in the substrate indicates little
or no ordanic deposition in the study area.

Benthic-invertebrate, water~quality, and bacteria dJdata indicate
that, although the Mississippi River is the major factor influencing the
quality of the aquatic environment of the study area, factors from within
the system--such as saltwater intrusion and local wildlife and cattle
populations--can  significantly affect the water quality of the
distrilutary.
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