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FACTORS FOR CONVERTING INCH-POUND UNITS TO INTERNATIONAL SYSTEM (S1) OF
METRIC UNITS

For use of those readers who may prefer metric units rather than
inch-pound units, the conversion factors for the terms used in this re-
port are listed below:

Multiply inch-pound units By To obtain metric units
cubic foot (ft3) 0.02832 cubic meter (m3)
cubic feoot per second (ft3/s) 0.02832 cubic meter per sccond (m3/s)
cubic foot per second per 0.01093 cubic meter per second perv
square mile {(ft3/s)/mi2] square kilometer [(m3/3)/km2]
foot (ft) 0.3048 meter (m)
foot per second {(ft/s) 0.3048 meter per second {m/s)
gallon (gal) 3.7854 liter (L)
inch (in.) 2.540 centimeter (cm)
mile (mi) 1.609 kilometer (km)
mile per hour (mi/h) 1.609 kilometer per hour (km/h)
million gallons per day 1.548 cubic foot per second (ft3/s)
(Mgal/d)
pound (1b) 0.4536 kilogram (kg)
453.6 gram (g)
pound per day (1b/d) 0.4536  kilogram per day (kg/d)
pound per minute (lb/min) 0.4536 kilogram per minute (kg/min)
square mile (mi?) 2.590 square kilometex (kmz)
ton 0.9072 wmetyric ton
ton per day 0.9072 metric ton per day
ton per mitlte 0.5642  wmetric ton per kilometer
yard (yd) 0.9144  meter (m)

To convert temperature in degree Celsius (°C) to degree Fahrenheit
(°F), multiply by 9/5 and add 32,
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HYDROLOGY AND WATER QUALITY OF THE LOWER MISSISSIPPI RIVER

By Frank C. Wells

ABSTRACT

The average flow for Mississippi River at Vicksburg, Miss., 1931-76,
is about 570,000 Ft3/s (cubic feet per second); and the average flow
downstream from the Old River outflow channel at Red River Landing, La.,
and Tarbert Landing, Miss., (hercafter referred to as Red River-Tarbert
Landing), 1928-76, is about 460,000 ft3/s. Peak discharges of 1.3 wil-
lion and 1 million ft3/s at vicksburg and Red River-Tarbert Landing,
respectively, can be expected to occur on an average of once every 2
years,

An average suspended-sediment load of 630,000 tons per day is trans-
ported past Red River-Tarbert Landing; approximately 77 percent is silt
and clay. Suspended-sediment concentrations at Red River-Tarbert Landing
range between 100 and 1,000 milligrams per liter 90 percent of the time.

Concentrations of dissolved solids at both St. Francisville and
Luling, La., are less than 300 milligrams per liter 90 percent of the
time. Calcium is the predominant cation, and bicarbonate is the predom-
inant anion,

Concentrations of trace metals are within the recommended limits for
public-water-sunply sources 99 percent of the time. Nickel and zinc ave
the most abundant trace metals in the bed material of the viver, averag-
ing 12,3 and 29.7 micrograms per gram, respectively.

The average water temperature at St. Francisville, La., is 17.5°C,
and at Luling, La., is 18.0°C.

Average concentrations of fecal coliform bacteria at Plaquemine and
Violet, La., are 1,000 and 3,100 colonies per 100 milliliters, respectively.

Dissolved-oxygen concentrations in the Mississippi River exceed 75-
percent saturation 90 percent of the time. The difference between the



average dissolved~oxygen concentrations at St. Francisville and Venice,
La., is less than 0.5 miiligram per liter.

Average concentraticns of phenolic compounds range from 1.8 to 2.6
micrograms per liter and exceed 1 microgram per liter approximately 40
percent of the time. DDT, dieldrin, and endrin are the most frequently
occurring organochlorine insecticides in the Mississippi River. Diazi-
non is the most frequently detected organophosphorous insecticide, and
2,4-D is the most prevalent herbicide. Chlordane, DDT, DDD, DDE, and
dieldrin have been detected in over 50 percent of the bed materials ana-
lyzed; however, concentrations rarely exceed 10 micrograms per kilogram,
Concentrations of volatile organics are generally less than 10 micro-
grams per liter and appear to be evenly distributed in the river between
St. Francisville and Belle Chasse, La. Fourteen semivolatile compounds
have been identified from the river in concentrations of generally less
than > micrograms per liter,

The leading edge of the saltwater wedge in the Mississippi River is
well defined with little mixing occurring at the freshwater interface.
Chloride concentrations at the river surface exceed the recommended
limit of 250 milligrams per liter for public water supplies approxi-
mately 13 to 25 miles downstream from the toe of the wedge.

The most common and most numerous benthic organisms collected from
the Mississippi River are Corbicula and tubificid worms; differences in
benthic community structure are due primarily to differences ian hydro-
iogic conditions,

An average of 6,300 million gallons per day of water was withdrawn
from the river for industrial and municipal purposes in 1975, including
approximately 3,700 million gallons per day for electrical power-
plants,

Little difference is noted in average S-day biochemical oxygen de-
mand between St. Francisville and Venice, La. Average decomposition or
decay-rate coefficients (ki) for the Mississippi River range from 0,046
(day~l, baseg) at St. Francisville to 0.058 at Luling and Violet, La.
Reaeration rates (kz) for the Mississippi River between Baton Rouge and
Belle Chasse, La., range from 0.055 at 200,000 ft3/s to 0.080 at 1 mil-
lion ft3/s. Reaeration rates between Belle Chasse and Head of Passes,
lLa., range from G,016 at 200,000 £t3/s to 0,045 at 1 million ft3/s,

Time-of-travel information presented can be used to predict the
longitudinal dispersion and peak concentration of a contaminant passing
a point on the Mississippi River if the discharge rate and time and
place of injection are known. Depending upon the concentration and tox-
icity of a contaminant discharged into the Mississippi River, it is
possible that a 100-mile reach of the rviver could be closed to use for
municipal water supply,



INTRODUCTION

The Mississippi River is of vast economic importance to the State
of Louisiana and the United States. The viver is navigable by ocean-
going vessels as far upstream as Baton Rouge and by barge traific for
nearly the entire length of the river and major tributaries, the Arkan-
sas, Ohic, and Missouri Rivers. The ports of New Orleans and Baton
Rouge, La., the second and fourth largest ports in the Nation, respec-
tively, serve an area that encompasses approximately 55 percent of the
land area of the Nation and approximately 40 percent of the population.
Over 200 million tons of waterborne commerce was handled by the two
ports in 1975, grain and petroleum products comprising the two largest
categeries of commodities,

The Mississippi River also serves as a large source of good-quality
water for industrial and municipal purposes. It is the primary scource
of water for public water supplies downstream from Donaldsonville, La.
In 1976, 214 Mgal/d was used for municipal supplies, and 6,100 Mgal/d
was used for industrial purposes.

Populations of cities and towns near the river and industrial de-
velopment along the banks of the river have increased greatly in recent
years, Accompanying the population and industrial growth is the in-
crease in municipal and industrial wastes discharged into the river.
Increased waste loads could cause the quality of the river teo deteri-
orate so that it would be unfit for some present-day uses without addi-
tional treatment,

Purpose and Scope

The purpose of this report is to define the chemical, physical, and
biclogical characteristics of the lower Mississippi River; the suitabil-
ity of the river water for municipal and industrial uses; the ability of
the river to assimilate wastes; and the rate at which wastes are trans-
ported by the river. The study area extends from the Arkansas-Louisiana
State line to the Gulf of Mexico with the major emphasis batween S5t.
Francisville and Head of Passes, La. (fig. 1).

Acknowledgments
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New Orleans and Venice, La., for the use of their personnel, boats, and
docking facilities during data-collection phases ol the study.

STREAMILOW

The Mississippi River at its mouth has a drainage area of approxi-
mately 1.24 millien miz, which is exceeded in size by only the Amazon
and the Congo Rivers. Of this area, about 1 percent {13,000 miz) is in
Canada, and the remainder is in the central United States. Tributaries
to the river extend from New York in the east to Wyoming and Montana in
the west.

Some of the largest rivers in this country make up the headwaters
of the Mississippi. The drainage area, the average discharge, and the
average unit discharge for the four largest tributaries are listed in
the following table.

Drainage area and average discharge of major tributaries of the Mississippi River

{B:-lsed on most downstream gaging stations I

Drainage area Average discharge Umt discharge

Tributary and gaging station (miZ) (ftg,"s} I (fL /sY/ mi
Missourt River at Hermann, Mo wem-cvemen—w 528, 200 80, 00 0,15
Ohio River at Metropolis, i------m~-mm-m-- 203, 00U 265, 000 1,31
Arkansas River at Little Rock, Ark----wwmw-- 158,030 42,000 .26
Red River at Alexandria, La.2/ —cmeeaoconn §7, 500 32, 000 .47

A/ Although the Red River is not a natural tributary te the Mississippt River, its discharge is
included in the total cutflow of the Mississippi River system.

Daily discharge records have been published for Mississippi River
at Vicksburg, Miss., by the Geological Survey since July 1931. Tor the
Mississippi River downstream from the Old River outflow channel, records
have been published by the U.S. Army Corps of Engineers as follows: for
Red River Landing, La., 1928-63, and for Tarbert Landing, Miss., 1964-76,
(hereafter referred to as Red River-Tarbert Landlngﬁ/) Flows in the
lower Mississippi River are affected by diversion into the Atchafalaya
River through the 0ld River Control Structure (mile 314.53). Prior to
completion of the 0ld River Control Structure in 1963 the Atchafalaya
River had been receiving increasing flows from the Mississippi River.

1/ The term "Red River-Tarbert Landing" is a joint name used in this report to represent that
measuring station on the Mississippl River immediately downstream [rom the diversion.  For the period
1928-63, this was Red River Landing, La., TFrom 1984 to 1976, the river has been measured at Tarbert
Landing, Miss, This name is not an official station name of the U. 5. Army Corps of Engineers or the
U.S. Geological Survey,



Studies indicated that without the 0ld River Control Structure the Mis-
sissippi River would have changed its course to that of the Atchafalaya
River by 1975. The 0ld River Control Structure reduced that possibility
and now restricts the flow entevring the Atchafalaya River to approxi-
mately 25 percent of the total flow in the Mississippi River upstream
from the control structure, This diversion at the Qld River Control
Structure allows 30 percent of the combined flow of the Red River and
the Mississippi River to be carried down the Atchafalaya River. Because
of the 014 River diversion, discharges at Vicksburg have avervaged ap-
proximately 20 percent higher than those discharges downstream from the
diversion at Red River-Tarbert Landing (fig. 2).

The average flow of Mississippi River at Vicksburg, Miss,, 1931-76,
is about 570,000 £t3/s; the average flow downstream from the 0ld River
diversion, 1928-76, is about 460,000 ft3/s. The annual mean discharge
at Vicksburg has ranged from a low of 272,000 ft3/s for the 1931 water
year to a high of 995,000 ft3/s for the 1973 water vear. Annual mean
discharge at Red River-Tarbert lLanding has ranged from 243,000 ft3/s for
the 1954 water year to a high of 729,000 ft3/s for the 1973 water year.

The daily duration hydrographs and frequency curves for Mississippi
River at Vicksburg, Miss., and Mississippi River at Red River-Tarbert
Landing are shown on plates 1 and 2, respectively, Highest flows in the
river occur from February through May. The discharge at Vicksburg ex-
ceeds 1 million ft3/s approximately 20 percent of the time during these
months., Likewise, the discharges at Red River-Tarbert Landing exceed
800,000 ft3/s approximately 20 percent of the time during this same
period. Lowest flows generally occur during September, October, and
November. The 50-percent flow duration (median discharge) during these
months is approximately 300,000 ft3/s at Vicksburg and 220,000 ft3/s at
Red River-Tarbert Landing.

High Flows

The largest flood recorded on the Mississippi River occurred in May
1627 when a discharge of approximately 2,28 million ££3/s ocecurred at
Vicksburg, Miss. This same flood produced a discharge of approximately
1.78 million ft3/s at Red River Landing, La. Although the 1927 flood is
the largest flood of record in terms of peak discharge, the 1973 flood
is the largest flood of record in terms of duration. During the 1973
flood, Mississippi River at Vicksburg was above flood stage for a period
of 88 consecutive days. Only once since 1927 has the discharge at Vicks-
burg exceeded 2 million f£t3/s. This occurred in February 1937 when the
peak discharge reached 2.08 million £t3/s. Since 1927, only two floods
have equaled or exceeded 1,5 million ft3/s downstream from the 0ld River
diversion. In April 1945 the flow at Red River Landing peaked at 1.52
million ft3/s, and in May 1973 the flow reached 1.54 million £t3/s at
Tarbert Landing, Miss, The lowest annual peak discharges recorded at
Vicksburg and Red River-Tarbert Landing are 703,000 and 539,000 £t3/s,
respectively, both occurring during the 1954 water year,
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Following the 1927 flood, the U.S. Army Corps of Engineers began a
vast flood control program. Flood-control reservoirs were built, canal-
ization was done, and levees were built to contrel the viver. The Corps
of Engineers flood control program was designed to handle a flow of 3
million £t3/s (combined flow of the Red and Mississippi Rivers) at the
latitude of 014 River. One-half of a flood of this magnitude would be
transported through the Atchafalaya River basin, and the remainder
through the Mississippi River (fig. 3). Of that water diverted through
the Atchafalaya basin, 680,000 ft3/s would be carried by the Atchafalaya
River main channel; 250,000 ft3/s would be discharged through the West
Atchafalava Floodway; and 600,000 fe3/s would be diverted through the
Morganza Control Structure into the Morganza Floodway. The remaining
1.5 million ft3/s in the Mississippi River would flow past Baton Rouge,
La., to the vicinity of Norco, La., where an additional 250,000 ft3/s
would be diverted through the Bonnet Carre Floodway (mile 128.0) into
Lake Pontchartrain. The remaining 1.25 million £t3/s would flow down
the Mississippi River past New Orleans, La., to the Gulf of Mexico,

The Bonnet Carre Floodway has been used six times since its com-
pletion: 1937, 1945, 1950, 1973, 1975, and 1979. ‘The Morganza Floodway
has been used only during the 1973 flecod. During the 1973 flood, a max-
imum discharge of 142,000 fe3/s was diverted through the Morganza Flood-
way, and a maximum discharge of 195,000 ft3/s was discharged through the
Bonnet Carre Floodway. The combined diversions through the Bonnet Carre
¥loodway, Morganza Floedway, and the 01d River Control Structure during
the 1973 flood amounted to about 40 percent of the flow at Vicksburg,
Miss., (Chin and others, 1975)}.

The high-flow frequency curves for Mississippl River at Vicksburg,
Miss., (pl. 1B) and Mississippi River at Red River-Tarbert Landing
(pl. 2B) represent the frequency at which the highest mean discharge for
the selected number of consecutive days can be expected to occur. For
example, at Vicksburg a mean discharge for 30 consecutive days of 1.5
million ft3/s can be expected to occur on the average of once in a 5-
vear periocd. During 1973 the highest mean discharge for a period of 60
consecutive days (March 31-May 29) was 1.82 million ft3/s. This 60-day
mean discharge has a 90-year recurrence interval. The l-day high-{low
frequency curve can be used for flood-frequency analysis. 1t shows the
relation of flood peak to the recurrence interval, For example, on the
average of every 2 years, peak discharges at Vicksburg and Red River-
Tarbert Landing will equal or exceed 1.3 million and 1 million ft3/s,
respectively. Likewise, the peak discharge of 1.962 million ft3/s at
Vicksburg on May 12, 1973, has a recurrence interval of 26 years. The
peak discharge of 2.28 million ft3/s for the May 1927 flood has a 100-
year recurrence interval.

Low Flows

The duration and frequency of low flows are of vital importance to
users of the river. Low-flow periods of long duration increase saltwater
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intrusion from the Gulf of Mexico, increase the effects of waste loads
on the chemical quality of the river, and restrict navigation. The low-
est measured discharge for Mississippl River at Vicksburg, Miss., was
99,400 ft3/s, measured by the Geological Survey on November 1, 1939,

The lowest daily mean flow of 100,000 ft3/s was also reported on this
date. The minimum daily discharge based on stages at Red River-Tarbert
Landing was 75,000 ft3/s, recorded on November &, 1939; however, this
discharge may be low, as explained by Everett (1971). The lowest meas-
ured discharge for this station is 83,200 ft3/s on November 2, 1939,

The low-flow frequency curves for Mississippi River at Vicksburg,
Miss., {(pl. lA} and Mississippl River at Red River-Tarbert Landing
{(pl. 2A) show that a l-day mean low flow of 125,000 ft3/s has a recur-
rence interval of 10 and 3% years, respectively. This same mean dis-
charge for 30 consecutive days can be expected to occur on an average of
once every 6 years at Red River-Tarbert Landing and once every 20 years
at Vicksburg.

SUSPENDED SEDIMENT

Sediment transported by the Mississippi River moves as suspended
sediment or along the bottom as bedload. This report refers only to
suspended sediment. An average suspended-sediment discharge of 630,000
tons per day is transported past Red River-Tarbert Landing and is ulti-
mately deposited in the lower Mississippi River or the Gulf of Mexico.
Approximately 77 percent of the suspended-sediment discharge is trans-
ported as silt and clay (particle size smaller than 0.062 millimeter),
The remainder is transported as sand {particle size larger than 0.062
millimeter),

Concentrations of suspended sediment in Mississippi River at Red
River-Tarbert Landing from 1950 to 1975 ranged from 14 to 2,400 mg/L
(milligrams per liter), and concentrations of suspended silt-clay ranged
from 13 to 2,330 mg/L. Minimum concentrations of suspended sediment
generally occur in the late summer and fall, and maximum concentrations
generally occur in late winter or early spring. Approximately 90 per-
cent of the time, concentrations of suspended sediment and suspended
silt and clay ranged between 100 and 1,000 mg/L.

The amount of suspended material carried by the river is dependent
upon streamflow, turbulence, sediment-particle size, water temperature,
and availability of sediment. Suspended-sediment concentrations in the
Mississippl River generally increase as the river discharge increases,
Peak sediment concentrations, however, usually occur before peak dis-
charges. At higher flows in a flood event, the availability of sediment
is generally less than the river is capable of transporting, Figure &
illustrates this situation for three flood events. The amplitude and
shape of the sediment curves are dependent upon antecedent flow condi-
tions in the river.

i0
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FPigure 4.--Relation of suspended-sediment concentration to river dis-
charge for Mississippi River at Red River-Tarbert Landing for three
flood events,

Suspended-sediment discharge represents the total weight of suspend-
ed sediment transported by the river, The daily duration hydrograph for
suspended-sediment discharge and suspended-silt-clay discharge (fig. 5)
shows that the highest sediment discharges generally occur from January
through June. Suspended-sediment discharges are generally greater than
500,000 tons per day during these months. The greatest difference be-
tween total suspended-sediment discharge and suspended-silt-clay dis-
charge are also noted at these times because more sand is transported by
the river during periods of high river discharge. During March, April,
and May 1975, approximately one-third of the total suspended-sediment
load was sand.

The lowest suspended-sediment.discharges generally occur during the
low-flow months of August through November. During these months, sedi-
ment discharges are generally less than 300,000 tons per day, and the
total suspended-sediment and suspended-silt-clay discharges more closely

11
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approximate one another. During August, September, and October 1975,
approximately 90 percent of the suspended-sediment discharge was sitc
and clay,

The average suspended-sediment discharge for Mississippi River at
Red River-Tarbert Landing is 630,000 tons per day. Daily suspended-
sediment discharges ranged from a low of 4,000 tons pex day to a high
of 4.97 million tons per day. The average suspended-silt-clay dis-
charge is 483,000 tons per day. Daily suspended-silt-clay discharges
ranged from 3,000 to 4.1 million tons per day.

Sediment concentrations decrease as water moves downstream from
St. Francisville, La,, at discharges of 600,000 f3/s or less {fig. 6).
The decrease in concentrations during low-flow periods is due primarily

to sand deposition, The velocity and turbulence of the river are not

great enough teo keep the larger particles in suspension, For examplie,
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at a discharge of 475,000 ft3/s, the concentration of suspended sand
decreased 84 percent between St. Francisville and Venice, La. The
suspended-silt-clay concentrations decreased only 28. percent, During
periods of flow in excess of 600,000 ft3/s, sediment concentrations in-
crease as water moves downstream, Scouring of the riverbed occcurs at
higher discharges, -and the velocity and turbulence of the river are
great enough to keep the larger particles in suspension,

Figure 7 shows the percentage of suspended sediment vemaining in
suspension at New Orleans and Venice, La., at various discharges com-
pared to the original concentration at St, Francisville, La., It is
evident that more suspended sediment remains in suspension at higher
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discharges. At a discharge of 600,000 ft3/s, approximately 93 percent
of the suspended sediment measured at St, Francisville remains in sus-
pension at Venice; at discharges of 300,000 fr3/s, only 20 percent re-
mains in suspension at Venice. Figure 7 also shows that most of the
sediment deposition in the river takes place upstream from New Orleans.
At a discharge of 300,000 fe3/s, 60 percent of the sediment had settled
out by the time it veached New Orleans. Between New Orleans and Venice,
dn additional 20 percent had settlied out, leaving only 20 percent of the
original concentration recovded at St. Francisvilie in suspension below
Venice.

fhe vertical distribution of suspended sediment in the Mississippi
River varies with depth; higher concentrations occur near the river hot-
tom (fig. 8). At discharges exceeding 600,000 ft3/s, approximately 15
percent of the suspended sediment is in the upper 20 percent of the
water column, and approximately 26 pevcent is located in the lower 20
percent. At discharges of less than 600,000 ft3/s, 18 percent of the
suspended sediment occurs near the surface, and 22 percent occurs neay
the bottom. Most of the vertical distribution of suspended sediment can
be attributed to variations in sand concentrations., Concentrations of
silt-clay vary less than 2 percent from top to bottom. Sand concentra-
tions, however, increase with depth. At discharges in excess of 600,000
ft3/s, approximately 10 percent of the suspended sand is located in the
upper 20 percent of the water column, and 37 percent is located in the
lower 20 percent., At discharges of less than 600,000 ft3/s the verti-
cal distribution of sand ranges from approximately 13 percent near the
surface to 32 percent near the bottom. The average composition of sus-
pended sediment is 82 percent silt-clay and 18 percent sand near the
surface and 64 percent silt-clay and 36 percent sand near the bottom,

WATER QUALITY

fnorganic Chemical Quality
Major Ions

The chemical quality of the Mississippi River varies with fluctua-
tions in river discharge. As the river discharge increases, the dissolved-
solids concentration decreases (fig. 9). However, during the initial
increase in discharge the dissolved-solids concentration also increases.
This increase in dissolved solids is caused by inflow of highly mineral-
ized water washed into the river during early storm runoff. Concentra-
tions of dissolved solids are less than 300 mg/L 90 percent of the time
at both St. Francisville and Luling, La. Daily variations in dissolved
solids are generally less than 10 mg/L.

Concentrations of disscolved solids in the Mississippi River change
very little as the water moves downstream from the Arkansas-Louisiana
State line (mile 505.0). A gradual decrease in dissolved solids (genex-
ally less than 15 mg/L) occurs between the Arkansas-Louisiana State line

15
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and Baton Rouge, La. The largest changes occur during periods of low
flow. At a discharge of 186,000 ft3/s the dissolved-solids concentra-
tion decreased from 315 mg/L at mile 505 to 298 mg/L at Baton Rouge
(mile 235), At a discharge in excess of 600,000 ft3/s, no differences
in dissolved solids were noted between mile 505 and Baton Rouge. The
decrease in dissolved solids at lower flows between the Arkansas-
Louisiana State line and Baton Rouge is attributed to the inflow of less
mineralized water from the Yazoo and Big Black Rivers,

In the industrial area downstream from Baton Rouge, La., dissolved-
sotids concentrations in the river increase slightly. Increases in dis-
solved solids between Baton Rouge and Belle Chasse, La., generally range
between 10 and 70 mg/L. The largest increases cccor at discharges of
less than 250,000 ft3/s. Because there is no surface-water inflow be-
tween Baton Rouge and Belle Chasse, the increase in dissclved solids can
be attributed to industrial and municipal wastes discharged into the
river. Chemical constituents accounting for the largest increase in
dissolved solids are chloride and bicarbonate,

No appreciable differences in mineralization occur with depth in
the river except in the area affected by saltwater intrusion. The only
places where significant cross-sectional differences in mineralization
oceur are downstream from Vicksburg, Miss,, and New Orleans, La. Imme-
diately downstream from Vicksburg, less mineralized water from the Yazoo
River causes a decrease in the dissolved-solids concentrations along the
left bank. Downstream from New Orleans, a small increase in dissolved
solids is eoften noted along the left bank. This increase in dissolved
solids may be caused by small volumes of saltwater entering the river
from the industrial canal during locking operations. For example, in
June 1977, chloride concentraticns increased from 34 mg/L just upstream
from the industrial canal to 48 mg/L along the left bank 4 mi downstream,
The chlovide concentration in the industrial canal at this time was
3,800 mg/L.

Data collected at St, Francisville and Luling, La., are used to
define the inorganic chemical quality of the Mississippi River upstream
from and within the heavily industrialized area between Baton Rouge and
New Orleans, La. Ranges in concentration, mean values, and duration of
occurrence 0f selected physical and inorganic chemical characteristics
are given in table 1. Calcium is the predominant cation with sodium,
magnesium, and potassium in lesser amounts. Bicarbonate is the predomi-
rant anion with lesser amounts of sulfate and chloride. The average con-
centrations and duration of the inorganic constituents are slightly
higher at Luling than at St. Francisville. The average concentration
of dissolved solids is 10 mg/L higher at Luling than at St. Francisville.

Specific conductance, a measure of the ability of water to conduct
an electrical current, is related to the quantity and types of ionized
substances in water. Because of the simplicity of the determination,
specific conductance can be used to estimate dissolved-solids concentra-
tions as well as concentrations of individual chemical constituents,

18
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The dissolved-solids concentration, in milligrams per liter, of water in
the lower Mississippi River is approximately 61 percent of the specific
conductance (fig. 10). In figures 10 and 11 the relation of total solids,
hardness, and specific chemical constituents to specific conductance at
St. Francisville and Luling, La., is shown graphically. The correlaticon
coefficients listed on the curves are a measure of the interdependence of
specific conductance and the majer anions and cations. A complete lack of
correiation between the two variables would give a correlation coefficient
of 0, and a perfect correlation would give a correlation coefficient of 1.
Using these curves, concentrations of the major ions can be estimated

from specific conductance. From a conductance value of 400 micromhos per
centimeter at St. Francisville the following ionic concentrations can be
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Figure 10.--Relation of specific conductance to dissolved solids and
hardness for the Mississippi River at St. Francisville and Luling,
La.

20



‘gl ‘Buiin pue S11TASIDURI I8 I ISATHE
tTddTesTSSTH @uUl 103 suolied pue suotue xolew pue aduplDNpUOD o131o0ds uvemijaq uorle(oy--°"11 VINBIA

0,52 1¥ HILIWILNIO 53d SOHWOHDIN NI 'FONVLIDONANOD 214103ds

0es  00¢ O0Sy 00y  0GE  00E  0ST oGS 00S 0S¥ 00y 0S8 008 0S2
Q M I m I I 0

O
o
prad
o
m
pd
-
3
p
b
5
- 408 & F 08
4
=
1UBI2144800 UOITRIBII0D = 4 =
_ - oo 001
Butn T = —— = e @
>
SiIASIOUBLY 15 =
- e - oL @ 0zt
U
51
e
L
— - orL 3 oyt
m
3
L — 09t 08t
| | i ! ; 081 o8t

21

HILIT H3d SWYHDITIIN NI 'NOILVHLNIONOD



estimated: bicarbonate, 135 mg/L; sulfate, 55 mg/L; chloride, 24 mg/L;
hardness, 150 wg/L; calcium, 41 wmg/L; sodium, 21 mg/L; magnesium, 12 wmg/L;
and dissolved solids, 245 wmg/l. It should be noted that these curves
provide a reasonable estimate of ionic concentrations and not actual
values,

Trace Metals

The occurrence of trace metals in water is a matter of concern to
water users and planpers because of the potentially harmful physiologi-
cal effects of these c¢lements. Undesirable concentrations of trace
metals in water may render it unsuitable as a public water supply. Many
trace metals may also be concentrated at successive steps in the aquatic
food chain, vendering fish and other aquatic life undesirable for human
consumption,

In addition te geologic sources, other sources of trace metals in
the lower Mississippi River are industrial and municipal waste-water
discharges. Because most of the discharges of industrial and municipal
wastes to the lower Mississippi River are downstream from Baton Rouge,
La., concentrations of trace metals at St. Francisvilie, La., are con-
sidered representative of the reach upstream from Baton Rouge.

A statistical summary of trace-metals data (table 2) collected be-
tween St, Francisville and Head of Passes, La., shows that concentra-
tions of trace metals in the Mississippi River are relatively low.
Average concentrations of dissolved and total arsenic, cadmium, and mer-
cury; dissolved and hexavalent chromium; and dissolved lead and nickel
are less than 5 pg/L (micrograms per liter), . Average concentrations of
dissolved copper, total lead, and total nickel are less than 10 pg/L at
all locations; total copper and dissolved-zinc concentrations are less
than 20 pg/L. The average concentration of dissolved iren in the Mis-
sissippi River is .generally less than 30 ug/L.

During the period 1973-78, only 11 samples were found to contain
concentrations of trace metals in excess of the recommended limits for
public water supplies. These were collected at St, Francisville, La.,
on three occasions: twice at Plaguemine, Union, and Violet, La., and
once at New Orleans and Venice, La. No metals have been found to be in
excess of the recommended limits of public water supplies at Luling, La.
Cadmium has been detected in excess of the recommended limits for public-
water-supply sources on five occasions: once each at St. Francisville,
Piaquemine, and Union and twice at Vioclet. Total chromium has been de-
tected in excess of 50 pg/L once at St, Francisville and once at a mis-
cellaneous sampling location in the New Orleans, La., harbor area.

Total mercury has been detected in excess of 2 pg/L once each at St.
Francisville, Plaquemine, Union, and Venice, Avsenic, dissolved iron,
lead, and zinc have not been detected in concentrations exceeding the
recommended limits for public-water-supply sources.
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Most trace metals have a strong affinity for the suspended sediment
transported by the river. During periods of deposition the riverbed acts
as a depository for sediment, including the metals attached to the sedi-
ment, Analysis of bed material for trace metals, therefore, provides in-
formation on the presence and distribution of metals over a long period
of time. Aveas having high concentrations of trace metals in bed mate-
rial are potential sources of contaminaticn. During periods of high flow
the bed material is scoured, and these metals may be resuspended in the
river.

Table 2 shows that there is essentially no difference in the average
concentrations of arsenic, cadmium, chromium, copper, iron, lead, nickel,
and mercury between St. Francisville and Head of Passes, La. The only
noticeable increase in metals occurs at Vieolet, La., where total zinc
concentrations are higher than at other locations. The average total
zinc concentration at all locations, excluding Violet, is 38 ug/L. The
average concentration of total zinc at Violet is 66 pg/lL. The highest
concentration of total zinc (250 ug/L) was detected at Violet. As little
difference is noted in concentrations of metals between St. Francisville
and Head of Passes, data from all locations were combined to determine
the duration of occcurrence of trace metals in the lower Mississippi River.
Total arsenic, total lead, total nickel, total zinc, and total and dis-
solved copper are the most prevalent metals, occurring in approximately
95 percent of the samples. Dissolved chromium and total and dissolved
cadmium occur least often, being detected in less than 25 percent of the
samples.

Analysis of bed material from 19 miscellaneous sampling sites be-
tween Baton Rouge and Head of Passes, La., shows that concentrations of
trace metals in bed material of the Mississippi River are relatively low
(table 3). The average concentrations of arsenic, cadmium, chromium,
copper, and lead were less than 10 ug/g (micrograms per gram). Concen-
trations of mercury in bed material did not exceed 1 mug/g. Nickel and
zinc are the most abundant wetals in the bed material, The average con-
centration of nickel was 12.3 pg/g, and concentrations of zinc ranged
from 6 to 88 ng/g with an average concentration of 29,7 pg/g.

The data in table 2 indicate that industrial and municipal wastes
have not significantly increased the concentrations of trace metals in
the Mississippi River downstream from 5t. Francisville, La. Ninety-nine
percent of the time, concentrations of trace metals in the Mississippi
River are within the recommended criteria proposed by the U.8, Environ-
mental Protection Agency for public water supplies. Trace metals de-
tected in the water or bed material of the Mississippi River should not
pose any sericus ecclogical problems.
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Table 3.-- Variation in traceanetal concentrations in bed material of the Mussissippi River at miscellaneows
sampling sites between Baton Rouge and Head of Passes, La., [1973-77

lConC@ntr:ltions are in micrograns per gi‘zlm]

Number Range in concentration Percentage of samples in which concentrations
Metal of ’ were equal to or less than those shown
vieta
samples  Maximam  Minimam  Mean 90 70 54 30 10
Arsenic ~~==-- 50 12 4] 3.0 8 4 2 i -
Cadmium ---- 58 3 0 1.1 2 i - - -
Chromimm---- 56 40 1 8.8 17 12 6 3 1
Copper--mwmw-= 56 28 0 6, 2 18 6 2 . -
Leadwme——=—== 54 30 <l e 20 10 - - -
Mercury——ww-- 56 .8 0 L 04 W1 - - - _
Nickel-~e-uwe 56 30 1 12.3 24 16 10 8 S
Zincwrm=m--—- 56 88 . 6 29.7 75 40 15 10 5
Temperature

Water temperature can greatly affect industrial and ecological as-
pects of the Mississippi River. High tewperatures reduce the cooling
capacity of the water used by many industries located along the river
and speed up bicchemical reactions such as waste assimilation, bacteria
dievoff, and other life processes. High temperatures also lower oxygen-
saturation levels and reduce stream-reaeration rates, Lower Cempera-
tures slow down reaction rates while increasing oxygen-saturation levels,
reaeration rates, and cooling capacities,

Water temperatures of the Mississippi River at St. Francisville,
La., have ranged from 1.0 to 30.5°C and are less than 28.0°C 95 percent
of the time {(table 1). The average water temperature at St. Francis-
ville is 17.5°C., Water temperatures at Luling, La., are slightly warmer
than those at $t. Francisville, ranging from 3.0 to 32,0°C. The average
temperature at Luling is 18.0°C. Highest average monthly temperatuves
for St. Francisville and Luling occur in July and August (table 4), and
lowest average monthly temperatures occur during January. Differences
between the average monthly temperatures at St, Francisvilie and Luling
are equal to or less than 1.0°C from December through July. Discharges
are highest at these times, minimizing the effects of solar radiation
and the return of heated industrial effluents. From August through No-
vember the differences in average monthly temperatures between St, Fran-
cisville and Luling range from L.0 to 2.0°C with the largest difference
cceurring in Noevember. Solar radiation and the retuyn of heated indus-
trial effluents have a more proncunced effect on the temperature of the
river at this time because the river discharges are generally less than
300,000 £t3/s during these months.



Table 4, ~-Monthly temperature of the Mississippi River at St. Francisville, La., (1954-77} and Luling,
La., (1957-77)

) Percentage of time values were equal to
Range in Average
or less than those shown

Month Station temperature temperature
L L]
e ¢e 90 70 50 30 10
v St. Francisville--- 1.0-14.0 7.0 10,0 8.0 7.0 6,0 4,5
January ==-=- Lulingss wesssmaun 3.0-14,5 7.5 10,0 80 7.0 60 50
N St. Francisville--~ 3,0-14. 5 7.5 10,0 9,0 8.0 7.0 5.0
FebIIan === 4 | uling- -mmmememn- 4,0-14.5 7.5 10,0 9.0 80 7.0 50
ol St, Francisville---  4,0-15.5 .5 13.5 12,0 10.5 8.0 7.5
Mureh -ommme Luling--=-------- 4.5-15.5 105 13.5 2.0 105 9,0 7.5
- St. Francisville---  9.0-21.0 15,0 19.0 17,0 15,5 140 12,0
RpnE T {Lul'mg ___________ §.5-21.5 155 19.5 17,0 155 14.0  12.5
St. Francisville--- 15.5-26.5 21.0 24,0 22,0 21.0 19.8 18.0
l\i‘l) ———————— {Luling ___________ 17.0U-26.5 21.0 24—.0 22-0 2j-0 20.0 }9'0
St. Francisville--- 17.0-28.5 25,0 27,5 26,5 26.0 25.0 23.0
June mrmmemes {Luling ___________ 21.0-29,0 25.5 28,0 27.0 26,5 25,5 23,5
_ St. Francisville--- 23,0-30.5 28.0 29,5 20,0 280 27.5 26,0
July ==rommos {Luling ........... 23,5-32,0 28,5  29.5 20,0 280 27.5  26.0
(St. Francisville--- 20.5-30,5 28,0 30.0 20,5 29.0 280 26,5
August----o ) Luling-==n=nn--~ 26. 5-32, 0 26,0 30,0 29.5 29.0 280 27.0
St. Francisville--~ 15, 5-29.0 26,0 285 27.5 265 255 23.0
September--- {Luling ----------- 23.0-3,0 27,5 29,0 280 27.5 27.0  25.5
St. Francisville---  9,5-27,5 20,5 24.0 22,0 21.0 19.5 17.0
October----- { Lulingsnnmrmnnmmn 15.5.28.0 22,0  27.0 24,0 22.0 21,0 19.0
wor .. St Francisville--~  3.5-21.0 14,5 180 16,5 150 13,5  1L.5
Novem e""{].unug ........... 9.5-23.0 16.5 20,0 180 165 150  13.0
Becember .. § St Francisville=--  3.5-16.0 9.5 12,0 11,0 10.0 85 7.0
BCEMBELTT Y Liling- == -=mmmmmm 4.0-16. 5 10.5 13,5 12,0 11,0 9.5 80
Bacteria

Coliform bacteria have long been used as indicators of the sanitary
quality of water because they originate from the intestinal tracts of
humans and other warmblooded animals. However, poor correlations to
sanitary quality occur with respect to the total cotliform group because
some strains are not specific to fecal material. A more specific indi-
cator of fecal pollution from warmblooded animals is fecal coliform bac-
teria, Concentrations of fecal coliform bacteria have been used to
determine a correlation between fecal coliform and the presence of Sal-
monella (a pathogenic organism} in nonsaline waters (Geldrich, 1969).
The percentage of occurrence that Salmonella can be expected at differ-
ent levels of fecal coliform concentrations in freshwater is given in
the following tabulation:
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Levels of fecal coliform Percentage of

concentrations occurrence of
(colonies per 100 millilitexs) Salmeonella
1- 200 28
201-2,000 85
>2,000 98

The lowest concentrations of total and fecal coliform in the river
cccur at St. Francisville, La., and at the Carrollton Street water in-
takes in New Orleans, La., (table 5). The highest concentrations cccur
downstream from Baton Rouge and New Orleans at Plaquemine and Violet,
La., respectively. Average concentrations of fecal coliform bacteria
at St. Francisville and New Orleans are less than 400 colonies per 100
mL (milliliters) and dess than 800 colonies per 100 mL, respectively,
90 percent of the time. At Plaquemine, approximately 25 ml downstream
from Baton Rouge, the average concentration of fecal coliform bacteria
is 1,000 colonies per 100 mL, and concentrations exceed 2,000 colonies
per 100 mL approximately 10 percent of the time. At Violet approxi-
mately 20 mi downstream from the New Orleans Carrollton Street water
intakes, the average concentration of fecal coliform bacteria is 3,100
colonies per 100 mL, an increase of approximately 850 percent over con-
centrations at the Carrollton Street water intakes, Concentrations of
fecal coliform bacteria at Violet are greater than 2,000 colonies per
100 mL 30 percent of the time. Such frequent occurrences of high con-
centrations of fecal coliform bacteria strongly suggest that Salmonella
or other pathogenic organisms may be present in the river. Salmonella
have been isolated and serologically confirmed from the river at both
Plaquemine and Violet. Concentrations of fecal coliform bacteria at
Violet exceeded the recommended limits for public-water-supply sources
approximately 30 percent of the time.

The high concentrations of fecal coliform bacteria downstream from
Baton Rouge and New Orleans, La., can be attributed to inadequately
treated sewage discharged into the river. Baton Rouge currently (1979)
has primary sewage treatment at two of its three sewage-treatment facil-
ities, 1Its central plant began secondary treatment in 1979. The other
two plants will provide secondary treatment by about 1985. New Orleans
currently discharges raw sewage into.the river; however, the city's
sewage is scheduled to receive secondary treatment by early 1980. The
better sewage-treatment facilities designed for Baton Rouge and New
Orleans should result in considerably lower bacteria concentrations
downstream from the two cities.

Disscolved Oxygen

Dissolved-oxygen concentrations are of primary importance in any
aquatic ecosystem, Fish and other aquatic life require adequate levels
of dissolved oxygen for egg and larvae development as well as normal
growth and activity. There is no specific dissolved-oxygen concentra-
tion that is favorable to all agquatic species and ecosystems. However,
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low dissolved-oxygen concentrations are unfavorable to almost all aquatic
organisms. The National Academy of Sciences and National Academy of En-
gineering (1973) suggested 4 mg/L as the lowest acceptable oxygen concen-
tration for freshwater aquatic life and wildlife.

The principal source of oxygen in the Mississippi River is reaera-
tion of the water from atmospheric oxygen. The solubility of oxygen in
water is inversely related to temperature. As the temperature of the
water increases, the amount of atmospheric oxygen the water is capable
of holding decreases. Consequently, the highest dissolved-oxygen concen-
trations are usually found during the winter months, and the lowest con-
centrations during the warm summer months.

Periodic measurements of dissolved oxygen at routine sampling sites
on the Mississippl River show that dissolved-oxygen concentrations are
relatively high (near saturation). The dissolved-oxygen saturation lev-
els of Mississippi River water exceed 75-percent saturation 90 percent of
the time., The maximum, minimum, and mean dissolved-oxygen concentrations
and dissolved-oxygen saturation percentages for six locations on the Mis-
sissippi River are given in table 6,

Although very little difference is noted in average dissolved-oxygen
concentrations between S$t. Francisville and Venice, La., there does ap-
pear to'be a slight downstream decrease in the average concentration.

The saturation values indicate that the river is well aerated, capable of
assimilating oxygen-consuming wastes, and capable of supporting aquatic
organisms. Dissolved-oxygen concentrations below the &4, 0-mg/L limit rec-
ommended by the National Academy of Sciences and National Academy of En-
gineering (1973) have not been measured at the routine sampling sites on
the Mississippi River, Only once since 1973 has dissolved oxygen less
than the 5.0-mg/l, recommended limit for the Mississippi River (Louisiana
Stream Control Commission, 1977) been observed at these sites, (See
table 6.)

Table 6.--Statistical summary of dissolved-oxygen concentrations inthe lower Mississippi River, 1973-77

Maximum Minimum Mean Maximum  Minimum  Mean

Station
Milligrams per liter Percentage of saturation
St, Francisville-——-—smmemmmnr v 12.6 5.7 8.6 100 71 86
Plaquemine = =wwwwummmmmmmm e m o o 12.1 5.7 8.5 102 73 86
TFEOE e oo o e 12,8 5.6 8.5 103 67 86
Lulingewr e o mm s s e 12,1 5.0 8.3 99 64 84
WiOL@tm o amrmrr = = i e 11.6 5.2 8.4 104 66 85
Venicemmmmemmmem e e 11.9 4.9 8.2 102 64 83
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At New Orleans, La., dissolved-oxygen concentrations have been mon-
itored continuously since 1973, and a minimum dissolved-oxygen concen-
tration of 3.8 mg/L was recorded on August 26, 1977. This low reading
was of short duration, and the daily average concentration for this date
was 4.1 mg/L. The longest continuous period of time that dissolved-
oxygen concentrations remained below 5.0 mg/L was 14 days in August 1975,
Although dissolved-oxygen concentrations have been less than 5.0 mg/L on
some occasions, they are generally of short duration; and average daily
concentrations are generally greater than 5.0 mg/L.

Maximum dissolved-oxygen concentrations have exceeded 11.5 mg/L at
all sampling stations. Maximum dissolved-oxygen concentrations occur
during the months of January and February when water temperatures are
lowest.

Organics

Organic compounds are present in almost alt surface waters of the
world, Naturally occurring organic compounds commonly found in surface
waters result from decaying vegetation, algae, and microscopic organisms,
Most of these substances found in streams are produced on land and are
washed into waterways during periods of runoff. In addition to natu-
rally occurring organic compounds, increasing amounts of organics are
entering water as a result of man's activities. Leading sources of
these organiec compounds are industrial and municipal wastes and yunoff
from agricultural and urban areas. Over 1,500 organic compounds have
been identified in industrial waste waters, rivers, lakes, and ground
waters; and approximately 450 different organic compounds have been
identified in drinking waters around the world (Keith, 1976),

The identification and quantification of these organic compounds is
a difficult task, generally requiring extremely sophisticated and ex-
pensive equipment. Organic analyses commonly involve specialized tech-
nigues to identify specific compounds, such &s phenclic compounds, or
groups of compounds, such as pesticides. This report describes four
specialized groups of compounds identified in the Mississippi River:
phenolic compounds, pesticides, volatile organics, and semivolatile or-
ganics. The organic compounds in each group listed above are extracted
and identified according to different analytical procedures. Some com-
pounds identified by one method may also be extracted and identified by
another method, Therefore, there may be some overlap of compounds. For
example, phenols may be extracted and identified by methods used for
phenolic compounds and also by methods used for semivolatile organics.

Phenolic Compounds
Phenolic compounds include a wide variety of organic chemicals,

Sources of phenolic compounds include the distillation of coal and wood,
wastes from 0il refineries and chemical plants, and chemical and microbial
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degradation of pesticides. Thenolic compounds affect water in many ways.
The most noticeable effect is production of taste and odor problems in
fish and in municipal water supplies.

Average concentrations of phenolic compounds at monthly sampling
stations on the Mississippi River range from 1.8 ug/L at 5t, Francisville,
Plaquemine, and Venice, La., to 2.6 ng/L at Violet, La. (See table 7.)
Concentrations are equal to or less than 1 pg/L 60 percent of the time
at all sampling stations and less than 7 ne/L 95 percent of the time at
all sampling stations except Vieolet. At Violet, phenolic compounds are
equal to or less than 10 ng/L 95 percent of the Cime. On 10 occasions,
concentrations of phenolic compounds at Violet have exceeded 10 pg/L.

Table 7. --Statistical summary of concentrations of phenclic compounds in the Mississippi River
between St. Francisville and Venice, La., 1973-77

l‘Concentmtions are in micrograms per liter.]

Percentage of time values were equal

Number Range in concentration
, to or less than those shown
Station of

samples Maximum Minimum Mean 95 g0 80 70 60
St. Francisville-- 110 11 0,0 1.8 7 5 3 z 1
Plaguemine----- 116 22 .0 18 7 5 3 2 3
Unionwwmaremmme 113 42 LA 2.2 7 3 3 2 1
Luling---—------- 102 12 .0 1.9 7 5 3 2 1
Violet-=-——m-mnw 171 73 L9 2.0 10 [ 3 2 1
Venice-——-=-nww- 113 19 .0 1.8 7 3 3 2 1

Concentrations of phenolic compounds in the Mississippi River ex-
ceed the 1 upg/L recommended as a limit for domestic water supplies ap-
proximately 40 percent of the time, BExcessive concentrations of phenolic
compounds may adversely affect municipal water supplies because they are
not efficiently removed by conventicnal treatmenrt processes. Furthey-
more, chlorination of water supplies containing phenolic compounds may
produce chlorophenols that severely increase taste and odor problems.

Pesticides

Pesticides include a great many compounds used in improving agri-
cultural yields and reducing the mass growth of aguatic plants. The ma-
jor source of pesticide residues in water is runoff f£rom treated lands
and waters, industrial discharges, and domestic sewage, Many pesticides
are extremely stable, degrading very slowly or forming persistent degra-
dation products. Aquatic organisms may accumulate these compounds di-
rectly by sorption from water or by eating smaller organisms in the food
chain that are contaminated with pesticides. Most chlorinated pesticides
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are relatively inscluble in water and ave rapidly adsorbed on suspended
sediment, In rivers, much of the chlorinated pesticide residue is trans-
ported on suspended sediment,

For the purpose of this report, pesticides are grouped into three
general categories according to their chemical ccmpesition: organochlo-
rine insecticides, organophosphorus insecticides, and chlorophenoxy acid
herbicides. The range in concentration, avevage concentration, and
standard deviation of residues detected in the Mississippi River are
given in table 8.

The organochlorine and organophosphorus insecticides are used to
control plant-destroying and disease-carrying insects as well as house-
hold and livestock pests. The organochlorine insecticides are an im-
portant group of insecticides in assessing water quality because of the
large number of compounds, wide use, great stability, and toxicity in
the envirenment. The organochlorine compounds are considered hazardous
because of their persistence and accumulation by aquatic organisms,

Some of these compounds are toxic to various aquatic organisms at con-
centrations of less than 1 pg/L (National Academy of Sciences and Na-
tional Academy of Engineering, 1973). Governmental regulations have
restricted the use of many of these compounds in recent years because of
their stability and toxicity. DDT, dieldrin, and endrin are the most
frequently occurring organochlorine insecticides in the Mississippi River.
DDT has been detected in approximately 25 percent of the samples; how-
ever, concentrations rarely exceed 0.2 pg/L. Dieldrin has also been de-
tected in approximately 25 percent of the samples, but concentrations
have not exceeded 0.1 pg/L. Endrin has been detected in approximately
10 percent of the samples at concentrations of 0,01 ng/L.

The regulaticns that have been imposed to restrict the use of or-
ganochlorine insecticides have caused the number and usage of organo-
phosphorus insecticides to increase in recent years., Diazinon is the
most frequently detected organophosphorus insecticide in the Mississippi
River, occurring in approximately 40 percent of the samples, Concen-
trations of diazinon have been detected as high as 1.2 ug/L; however,

95 percent of the time concentrations have not exceeded 0.05 ng/L.

Chlorophenoxy herbicides are often used to control aquatic plants in
stream¢ and reservoirs as well as to control weeds in agricultural areas.
These compounds are commonly found in the Mississippi River. The most
prevalent chlorophenoxy herbicide, 2,4-D, occurs in approximately 70 per-
cent of the samples. However, concentrations of 2,4-D are relatively
low, ranging from 0.00 to 0.15 pg/L. Concentrations are less than 0.08
ng/L 90 percent of the time, Silvex and 2,4,5-T have been found in de-
tectable concentrations approximately 20 and 60 percent of the time, re-
spectively. Concentrations of 2,4,5-T have been equal to or less than
0.04 pg/L 95 percent of the time, and silvex concentrations have not
exceeded 0.01 pg/L.
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Analysis of bed material for organochlorine and organophosphorus
insecticides from £8 sites along the Mississippi River between Baton
Rouge and Head of Passes, La., indicate that only organochlorine insec-
ticides are present in the bed material in detectable quantities. The
organochlorine insecticides are much more stable than the organophos-
phorus insecticides and persist in the environment for much longer
periods of time. The presence of organochlorine insecticides in the
bed material provides information on possible scources of contamination
during pericds of high flow and scouring of bed material,

Chlordane, DDT, DDD, DPE, and dieldrin are the organochlorine in-
secticides detected most frequently in the bed material, occurring in
over 50 percent of the sample. The frequency of occurrence of each of
these compounds is given in table 9,

Table 9. -~Frequency of occurrence of [ive organochiorine insecticides in the Lower Mississippi River

{Con:entr;uions are in micrograms per kilogmm]

Percentage of samples in which the concentrations were equal

to or less than those shown

Compound
S0 70 50 30 10
Cilordaner=wmmrm—rcccmce e e e 8.5 3.5 U, 4 ——- -——
DD - e m e e 6. 4 3.0 1.3 0.1 -
DI rmm o m e mmm e 1.0 --- ——- ——— N
I R e LR T P 3.2 1.4 .4 - -
Pleldrin ecermmom e i 1.5 .7 .3 - ———

The frequent occurrence of relatively high concentrations of or-
ganochlorine insecticides in the bed material is indicative of heavy use
of these insecticides in recent years in the drainage area upstream from
Baton Rouge, La. It should be noted however that the U.S. Envirconmental
Protection Agency has suspended the production and use of these five in-
secticides, and & decrease in their concentrations should be noted in
the future.

Volatile Organics

Volatile organics include a large number of organic compounds hav-
ing lew molecular weights and boiling points less than 150°C. The most
common volatile organics of interest are the trihalomethane compounds,
These compounds received national recognition when the U.3. Environmen-
tal Protection Agency (1974) released its "Draft Analytical Report--New
Orleans Water Supply Study." 1In that study, chloroform was detected in
the drinking water of New Orleans, La., at a concentration of 133 ug/i.
National Organics Reconnaissance Survey of 80 cities conducted in 1975
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revealed that volatile halogenated organics were common in the finished
water of many municipalities, but not in the raw water. The study con-
cluded that the halogenated volatile organics were produced during the
chlorination process of water treatment. Because the Mississippl River
was not sampled for volatile organics in the above-mentioned studies,
their prevalence in the raw-water supply of New Orleans was unknown.
Volatile organic compounds were sampled as part of this study to iden-
tify the compounds and quantify the level of volatile organics in the
lower Mississippi River. WNo attempt was made to analyze for velatile
organics in the New Orleans drinking water,

Samples for determination of volatile organics were collected from
the Mississippi River at St. Francisville, Plaquemine, Union, Luling,
and Belle Chasse, La., in June 1977 at a discharge of 215,000 ft3/s; in
Octaber 1977 at a discharge of 400,000 ft3/s; and again in July 1978 at
a discharge of 350,000 ft3/s. Samples were collected at midchannel, 20
ft below the surface, using a sewage sampler to minimize agration. Sam-
ples were treated with ascorbic acid to prevent chlorination and oxida-
tion of the organics in the water sample and were stored at 4°C until
time of analysis. Analyses were completed within 7 days of collection
by the Physical and Engineering Sciences Division of Gulf South Research
Institute, New Orleans, La., using a Hewlett Packard?/ 5982 GC/MS (gas
chromatograph/mass spectrometer) system, The analyses were performed
using the Bellar sparging technique developed by the U.$. Environmental
Protection Agency (Bellar and Lichtenberg, 1974).

Fight volatile organic compounds were identified in the samples
from the Mississippi River, and concentrations were generally less than
10 pg/L. Benzene, toluene, and chloroform were detected at all five
sampling sites (table 10). Dichloromethane was detected at S5t. Francis-
ville, Plaguemine, Union, and Belle Chasse, La. Tetrachloroethylene was
detected at St. Francisville and Luling, La., and dichloroethane was de-
tected at Union and Belle Chasse. Trichlorofluoromethane was detected
at St. Francisville and Belle Chasse. Tetrachloroethane was detected
only at Luling, The volatile organics appear to be fairly evenly dis-
tributed in the reach of river between St. Francisville and Belle Chasse.
At least five of the eight compounds were detected at each sampling lo-
cation. Although no firm conclusions can be drawn from three sets of
samples, it appears that industrial and municipal wastes from the Baton
Rouge-New Orleans, La., area have a minimal effect on concentrations of
volatile organics in the river. The relatively low concentrations of
these volatile organic compounds may be attributed to the fact that they
are relatively volatile and relatively insoluble in water.

2/ The use of brand names in this report is foy identification purposes only and does not imply
endorsement by the U.S. Geological Survey.
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Table 10.-~Concentrations of volatile organics in the lower Mussissippi River, 1977-78

[Concentrations are in micrograms per liter; N, not detected; T, trace]

A KN

Concentration

Station Compound

June October July
1877 1977 1978
Benzene «--wememm e G, 85 N 1.0
Tetrachloroethylene~-~--vvmeeum- 1.8 N N
St. Francisvillemmemmmmene { Toluene------omommmom oo oo 4.8 N 1.9
Chloroform ----ccmcmmmmooo oo 2.8 N T
Dichloromethane ----—=---n--n -~ N N <1.0
| Trichlorofiucromethane--------n~ N N 3.0
[ Renzene ~—wmmevmmommmmo o a2 N 1.0
Tolueng-----~mmmemmmmm e - - 1.6 N 1,0

Plagueming ~-~=~-~-=no-- ¢ Chloroform wecvmmmcnuwnocnennn 1.4 N N
Dichloromethane ~--=--r-mnmmnnn N 6.0 <1.0
! 1, 2-Dichloromethane- -~ -ncoo--un N N 1.0
(Benzene ~-—---———--—m—meememn . 86 T 1.0
Toluene --~mesmre o mmmrmee e 1.8 T 1.0
Unionwenmemmrare oo en e { Chloroform -=------cmmmomnmeem - 2.3 .2 3.0
Dichloromethane ~wrwrmvnnmmunn. N 4,0 <1,0
. 1, 2-Dichloromethane ~~--mwmwnoe N 1.0 1.0
[ Benzene = cees oo cnoom oo s 10. 6 N -
Tetrachloroethyleng-~-~-~mmvmnex 8.9 N o

Luling------=~~-----v-=- ¢ Toluene wmmmmmcmom e 4.1 N -
Chloreform —=wecemmmmrm e 3.8 N ——-
| Tetrachloroethane -~ -—-------o-- 1.2 N -
L BENZENE ~wre oo s o e e e .32 N <1.0
Teoluengrrumvmnnmrmrrruramnrunw 1.3 N N
Chloroform —-rs-cm-crmmenenncan 2.1 1,0 <1.0
Belle Chasse ~-wwr-m=vrnn J 1, 2-Dichloroethane ---=~-—-mnon= N 4,0 3.0
Dichloromethane mrr=rne—rmenann N 6,0 N
Trichlorofluoromethane---------- N N 3.0
| Tetrachlorcethylene~-~emememeem- N N <i,0

Semivolatile Organics

Semivolatile organics include a variety of organic compounds of nat-
ural origin as well as pollutants from industrial and municipal wastes.
Because of the wide range and complexity of these compounds, no widely
accepted analytical methodology has yet been developed. One of the most
difficult tasks involved in semivolatile analysis is separating the or-
ganics from the water and from one another (Keith, 1976). PFurther dif-
ficulties arise from contamination and in methods of quantifying these
compounds.,
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Samples for determination of semivolatile organics were collected
from the Mississippi River in December 1976 at a discharge of 185,000
ft3/s, in June 1977 at a discharge of 215,000 ft3/s, and in July 1978 at
a discharge of 350,000 ft3/s. Sampling sites were identical to those
used for volatile organic samples. Samples were collected at three ver-
ticals in the river cross section. Point samples were taken at surface,
0.1, 0.3, 0.5, 0.7, and 0.9 of the depth at each vertical for a total of
18 samples at each sampling site. Samples were collected with a 200-
pound P-63 point sediment sampler equipped with a Teflon nozzle and a
Teflon gasket. Point samples were collected in quart jars and compos-
ited in a 9-liter glass container equipped with a ground-glass stopper.
All glass containers were heat treated in excess of 300°C prior to sam-
pling to prevent contamination. The samples were stored at 4°C and were
transported to the laboratory within 24 hours of collection. Analyses
were performed by the Physical Engineering Sciences Division of Gulf
South Research Institute, NWew Orleans, La. All analyses were per formed
within 3 weeks of collection, using a Hewlett Packard 5982 GC/MS system,

The analytical methodology for separation of semivolatile organic
compounds involved liquid-liquid extraction with dichloromethane. This
method is similar in principle to the procedure used by the U.S5. En-
vironmental Protection Agency (1977) for analyzing industrial effluents.
The December 1976 samples were extracted at a neutral pH (pH of river
water). The June 1977 and July 1978 samples were extracted at two pH
levels: pH 1 and pH 11 (fig. 12). Standards containing virtually all
compounds in the Environmental Protection Agency list of priority pol-
lutants were prepared and analyzed as part of the analytical precedure,
Tdentification of each compound was based on retention time indices and
mass spectral data. Quantification of the results of all gas chromatography-
mass spectrometer (GC/MS) analyses were performed by comparison of in-
tegrated peak areas of compounds identified in the sample chromatogram
with peak areas of known quantities of the same compounds in the stand-
ard sample. Low recovery rates from the base and the acid extracts may
have resulted in the loss of some compounds and prevented the complete
recovery and analysis of acids and phenols in the acid fraction, The
data on semivolatile organics should be considered semiguantitative
because the analytical procedures are still being researched.

Fourteen semivolatile compounds were detected in Mississippi River
water (table 11). Six additional compounds have been isolated but re-
main unidentified. Concentrations of the semivolatile organics were
generally less than 5 pg/L, and nine were detected in concentrations of
less than 1 ug/L. The most frequently detected semivolatile organics
were the phthalate compounds. This include dibutyl phthalate, dioctyl
phthalate, butyl benzyl phthalate, bis (2-ethylhexyl) phthalate, and
one unindentified phthalate compound. Atrazine, a popular herbicide
used for weed control, has been detected at all five sampling locations
in concentrations ranging from a trace to 4.0 ug/L.
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Figure 12,~-Procedural diagram showing. preparation of semivolatile ocrganic
samples for gas chromatography/mass spectrometry analysis,
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Table 11, ~-Concentrations of semivolatile organics in the lower Mississippi River, 1976-78

l_Concentrations are in micrograms per liter; N, not detected; T, trace_]

St. Francisville Plaguemine Union Luling Belle Chasse
12-76 |6-77 |7-78112-7610-77 (7~ 78| 12«76 |6-77 (7-78|12-76106- 77| 12-76 {6- 77 | 7- 78

Coniferal alcohol--{C.08 | N N N N N N I|N N N N N N N
Dibuty! phthalate--[2.8 | 2.2 | N 2.3 I N N 3.2 | N N 6.4 { N 0,9 §0,9 | N
Dioctyl phthalate--| 1. 0 N N 2,6 I N N 1.2 § N N .6 | N .1 | N N
Butyl benzyl

phthalate ~--==~~ .2 N N A N N N N N N N N N N
Di-isobutyl

phthalate - = ==w-- N N 10,7 N N jO0.2 N | N N N N N N N
Bis{2- ethylhexyl}

phthalate ~-~----- N 1.3 1 N N |0.2] N N |56 N N 1,9 N [6,8] N
ALrazing — - wnenm N 4,01 .8| N T N .6 | 1.91{4.0C .5 9] .3 |20 N
Naphthalene~ww~-~ N N N .1 N N .6 N N N N N N N
Methyl

naphthalene-~=~=- N N N | N N .7 U N N N N N N N
Dimethyl

naphthalene=«ww. N N N N N N .5 § N N N N N N N
Naphthalamine -~-| N N N .2 N N N N N N N N N N
Phenyl- B~

naphthalamine ~--{ N N N N N N N { N N N N g | N N
Methyl anthracene~| N N N N N N 1 N N N N N N N
Pyrenes=v=wmmm—n= N N N N N N N N N 1 N 1 | N N

There are presently no analytical schemes that would permit econom-
ical routine sampling and analysis to determine whether recommended
limits for all wvolatile and semivolatile compounds have been exceeded.
Recommended criteria have been proposed under the Safe Drinking Water
Act (P,L. 95-217) for trihalomethane compounds, which include chloro-
form, bromodichloromethane, dibromochloromethane, and bromoform. FPro-
posed regulations would limit the total concentration of these compounds
in drinking water to 100 pg/L. Chloroform is the only trihalomethane
compound that has been identified in the river, and its concentration
has not exceeded 3.8 pg/L in any of the samples collected as a part of
this study,

The U.S. Environmental Protection Agency (1978) has prepared a list
of approximately 60 volatile and semivolatile organic compounds that
serve as indicators of organic chemical contamination. Seven of the
volatile organics and approximately one-half of the semivolatile organics
identified from the Mississippi River are included in this list. This
indicates that the organic compounds identified from the Mississippi
River may have originated from industrial effluents. It should be noted,
however, that the organic compounds identified from the Mississippi
River are present in relatively low concentrations and occur just as
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frequently at St, Francisville, La., {(which is upstream from most indus-
trialization) as along the industrial complex between Baton Rouge and
New Orleans, La.

Saltwater Intrusion

The thalweg of the lower Mississippi River is below sea level as
far upstream as river mile 350, approximately 15 mi downstream from
Natchez, Miss. Saltwater from the Gulf of Mexico generally intrudes
some distance upstream from the mouth of Southwest Pass most of the time.
The extent of intrusion depends primarily on river discharge; however,
flow duration, wind velocity and direction, tides, and riverbed config-
uration all influence the upstream movement of saltwater. The maximum
absolute distance of saltwater intrusion observed anywhere in the world
occurred on the Mississippi River in 1939 and 1940 when saltwater was
observed near Luling, La., at river mile 120, approximately 140 mi up-
stream from the mouth of Southwest Pass (Lupachev, 1976),

Because saltwater is denser than freshwater, saltwater moves up-
stream beneath the freshwater as a wedge. The toe or leading edge of
the saltwater wedge in the Mississippi River is well defined with little
mixing occurring at the freshwater-saltwater interface. TFor example, in
October 1976, at mile 57.0 the chloride concentration increased from 65
mg/L at a depth of 65 ft to approximately 6,000 mg/L at a depth of 75 ft
(fig. 13). Some mixing does occur at the freshwater-saltwater interface
at shallower depths, however, causing the wedge to become less strati~
fied downstream from its leading edge. A highly stratified wedge is
typical of deep rivers having a large freshwater discharge (Wright, 1971,
and Everett, 1971).

Since records began in 1929, the maxzimum extent of saltwater intru-
sion into the Mississippi River occurred in October 1939 and November
1940 when the wedge was detected by the Corps of Engineers at mile 120.0
near Luling, La. During both years, the discharge at Red River Landing,
La., was less than 100,000 ft3/s. During 1952-54 and 1956 the saltwater
wedge moved up to the Kenner Hump at mile 115.0 (depth approximately 45
ft below Naticnal Geodetic Vertical Datum of 1929) but did not pass this
point because the discharge was not less than 100,000 ft3/s. The move-
ment of the 1940 saltwater wedge and the discharge hydrograph for Red
River Landing is shown in figure 1&.

Movement of saltwater into the river is primarily through Southwest
Pass, which averages about 10 ft deeper than South Pass and 15 ft deeper
than Pass a Loutre. As the river discharge decreases, the saltwater
wedge moves up Southwest Pass and South Pass. The saltwater wedge in
Southwest Pass will reach Head of Passes (mile 0,0) at a discharge of
approximately 350,000 ft3/s. ‘The saltwater wedge in South Pass will not
reach Head of Passes until the discharge drops below 300,000 ft3/s,
Saltwater intrusion has not been observed in Pass a Loutre at discharges
greater than 200,000 ft3/s,
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Figure l4.--Migration of saltwater wedge with change in river discharge
at Red River Landing, La., September-November 1940. (Modified from
U.S. Army Corps of Engineers, unpublished data.)

The maximum upstream migration of the saltwater wedge is difficult
to determine because constant discharges do not prevail for a sufficient
length of time. However, based on historical data collected since 1939,
reasonable estimates of upstream migration can be estimated from the
graph in figure 15. For example, at a discharge of 200,000 ft3/s the
saltwater wedge should be located near Port Sulphur, La., at river mile
40.0. Likewise, at a discharge of 125,000 ft3/s the saltwater wedge
should be located near Algiers, La., at river mile 92.0.

Using the graph in figure 15 in conjunction with the low-flow fre-
quency curves for the Mississippi River at Red River-Tarbert Landing
(pl. 2), the recurrence intervals for saltwater intrusion at various
locations can be estimated. For example, from figure 15 it can be esti-
mated that a discharge of 125,000 ft3/s should allow the saltwater to
migrate to river mile 92,0 near Algiers, La. An average discharge of
125,000 ft3/s has a 7-day low-flow recurrence interval of &4 years, in-
dicating that on the average of once every & years, the saltwater wedge
should reach the vicinity of Algiers, La. Data show that between 1939
and 1977, a period of 38 years, the saltwater wedge has reached or
passed Algiers nine times, an average of once every 4.2 years. Simi-
larly, the saltwater wedge has only passed the Kenner Hump twice since
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Figure 15,--Relation of discharge at Red River-Tarbert Landing to up-
stream migration of saltwater wedge in the Mississippi River.

1939 and only when the discharge was less than 100,000 ft3/s. This av-
erages out to once every 19 years. An average discharge of 95,000 fe3/s
at Red River-Tarbert Landing has a 7-day low-flow frequency recurrence
interval of 20 years.

Because some mixing does occur at the freshwater-saltwater inter-
face, chloride concentrations in the river increase downstream {rom the
toe of the wedge rendering the water unsuitable for municipal and most
industrial purposes. Data indicate that chloride concentrations at the
river surface exceed the recommended limits of 250 mg/L for public water
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suppiies anywhere from 15 te 25 mi downstream from the toe of the wedge.
The maximum observed chloride concentrations at the Carrolliton Purifica-
tion Plant (mile 104,0), Algiers Purification Plant (mile 95,0), and
Port Sulphur (mile 40) for discharges ranging from less than 100,000 to
180,000 {t3/s are listed in the following table.

NMaximum chloride concentrations at varying discharges for three locations on the lower Mississippi River

Chloride concentration {mg,/ L) Chloride ceoncentration (mg/L)
Discharge Discharge
(2 s) Carroliton  Algiers Port Sulphur (1t3/5) Carrollton Algiers Port Sulyphur
100, 000 120, 000 120 250 1, 200
or less 360 800 2,200 140, 000 _— - 400
114, 000 180 400 1, 60O 180, 000 --- - 200

The recession of the saltwater wedge is dependent primarily upon
discharge and the lecation of the saltwater wedge in the river. Move-
ment of the saltwater wedge downstream from the Kenner Hump requires a
fairly large increase in discharge. Tt appears that the Kenner Hump
acts as a barrier protecting the wedge from increased discharges. While
discharges must decrease to approximately 100,000 ft3/s for the salt-
water wedge to veach the "hump,' data indicate that the wedge will re-
main at that location until discharges approach 150,000 fe3/s.

The recession of the saltwater wedge downstream from New Orleans,
La., is generally rapid and responsive to increases in discharge. For
example, during a 3-week period in November 1940 the discharge at Red
River Landing, La., increased from approximately 100,000 to 145,000 ft3/&
and the saltwater wedge remained at the base of the Kenner Hump (pl. 3).
As the discharge continued to increase to above 150,000 ft3/s, the wedge
moved downstream quite rapidly, moving a distance of approximately 80 mi
in 7 days.

Benthic Invertebrates

Sampling Locations and Procedures

Benthic invertebrates form resident communities of individuals that
move very little within a particular reach of a stream or lake through-
cut their lifetime in the water. The composition of these communities
can be indicative of the hydrologic and water-quality conditions where
these organisms live (Mackenthun and Ingram, 1%966). Any significant
change in the hydrology or water quality can change the composition of
benthic invertebrate communities. Therefore the number of tana of ben-
thic invertebrates at a location, &s weil as the number of individuals
within a taxon, can yield valuable information about the hydrology and
water quality of that habitat.
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Benthic invertebrates were sampled from April 1976 through May 1977
at four sites in a reach of the Mississippi River extending from St. Fran-
cisville to Venice, La. The study was designed to define the benthic
invertebrate communities in the lower Mississippi River and to determine
differences between benthic invertebrate communities upstream and down-
stream from the Baton Rouge and New Orleans, La., industrial and munici-
pal complexes. The sampling site at St. Francisville is upstream from
the industrial and municipal complexes, and organisms found at this loca-
tion are considered to be repvesentative of relatively clean, unpolluted
water, The sampling sites at fLuling, Belle Chasse, and Venice, La., are
adiacent to and downstream from the major industrial and municipal com-
plexes., 1f wastes from fhese areas are affecting the benthic inverte-
brates, the numbers and types of organisms found at these locations
should differ from those at St. Francisville.

The discharge of the river during the study ranged from approxi-
mately 160,000 to 700,000 ft3/s. At discharges of less than 250,000
ft3/s, saltwater from the Gulf of Mexico intrudes upstream from Venice,
ta., This saltwater was present at Venice as a saltwater wedge from
August through December 1976.

Benthic invertebrate community samples were collected at five cross-
sectional stations per site: left bank, left center, center, right cen-
ter, and right bank. Threc samples for benthic invertebrate analysis
were collected at each station., 1In addition, at each station in the
cross section a hed sample was collected for analysis of particle size
and losgs on ignition., These samples helped define the substrate type
{(either sand, silt, or clay) and the amcunt of organic matter present.
Six sets of samples were collected seasonally, based on temperature and
discharge,

U.S5. Standard Ne., 30 sieves were used to separate the organisms
from the bed material substrate. Sieved organisms were preserved with
70-percent denatured ethyl alcohol for later study and identification in
the laboratory. Representative samples of specimens were sent to the
Atlanta Central Laboratory of the U.S. Geological Survey for taxcnomic
verification, Diversity indices were calculated using the following
formula as proposed by Wilhm and Dorris (1968, p. 478) and recommended
by Slack, Averett, Greeson, and Lipscomb (1973, p. 24):

S
d= -—z '11'1-1082?‘}*
1=10 n

where d is a measure of diversity, niy is the number of individuals per

taxon, n is the total number of individuals, and s is the total number
of taxa in the sample of the community.
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Benthic Pepulations and Habitats

Table 12 lists all organisms collected during the 13-month study
period. Corbicula, an asiatic clam, and unidentified tubificid worms
occurred most frequently and were the most numerous organisms collected.
Several chironomid genera, Coelotanypus, Demicryptochironomus, and Crypo-
chironomus; the tubificid Limnodrilus; and the hydroid Cordylophora were
abundant at most sites., The amphipeds Gammarus and Corophium, the ne-
mertean Prostoma, and the chirvonomids Polypedilum and Paracladopeima
were ubiquitous but in low numbers. Profiles of substrate type and
water velocity at each of the four sampling sites on the Mississippi
River, along with the relative abundance and diversity of benthic orga-
nisms collected at each station, are shown in figure 16,

Table 12.--Benthic organisms identified from sampling sites on the Mississippt River, St. Francisvilleto
Venice, La., April 1276-May 1977

{List compiled from three samples collected at five stations in the cross section at eachsite onsix differ-
ent dates, a total of 360 samples. Numbers in table represent total number of organisms identified at

each sampling station for all six sampling dates. X indicates presence of colonial-type organisms]

St. St.
Organism Francis- Luling Belle Venice Organism Francis~ Luling Belle Venice
ville Chasse ville hasse
Hydrozoa QOligochaeta
FHydroida Plesiopora
Clavidae Tubificidae
Cordylophora -~ X X X X Aulodrilus--==- --- 7o 16
Phylactolaemata Branchiurg =~~~ --- S5 mewnn e
Plumatellina Limnodrilus --- 82 47 77 4
Plumatellidae Potamothrix —==  —-u  cwwwn 1 ~ee--
Plumateila ===~ X  ~---n —roos wenw- Unidentified--- 564 609 316 124
Fredericellidae Onisthopora
Fredericella--- === -~---- X wunn- Haplotaxidae
Lophopodidae Unidentified---  w==  ~---- I
Lophopodella-- X wwwan mmeem —ooee Polychaeta
Enopla Spionida
Heplennemertini Spionidae
Tetrastem- Streblogplawrrr  =wm mmomm e 135
matidae Phyllodocida
Prostomagmmm~--- - 16 3 14 Nereidae
Anopla Nereig-==-~~-- ——e e meeee 45
Carinomidae Cirratulida
Carinoma~---- e mmmem —mmee 9 Cirratulidae
Turbellaria Cossura===wmnn R ettt 2
Tricladia Terebellida
Planariidae Ampharetidae
Dugesia------- e e 3 - Asebellidesam=-= === ceeen oo 4

46



Table 12, ~-Benthic organisms identified from sampling sites on the Mississippl River, St. Francisville to
' Venice, la., April 1976-May 1977~-Continued

. St ) ) Belle ) . St . . Belle )
Crganism Francis- Luling Venice Organism Francis~ Luling Venice
. Chasse . Chasse
ville ville
Hiradinea Insecta~~con.
Pharyngobdellida Diptera~~con,
Erpobdellidae Chironomidae~-con.
Dina ~=me-cmuw I L I T Coelotanypug-— -~ 27 27 114 1
Unidentified- -~ «-- 1 e Procladiug = we=m-m ——- 1 e —mmem
Crustacea Demicryptochi-
Mysidacea TONOMUS == === 76 4 G -
Mysidae Cryptochironomus- 77 28 84 7
Taplromysis--- ~--  —-—-- —--—n 1 Dicrotendipes —~~~= -=~  —-=-- 1 2
Isopoda Einfeldia ~~~------ e 1
Asellidae Kiefferulug- - =~~~ mmm e 2 m=—--
Asellus —mwmwonw M e e 3 Lauterborniella --- 7 e mmmme e
Amphipoda Paracladopelma -~ 4 e 4 1
Gammaridae Paratendipes m=m~w- 1 2 mmmme e
Gammarus ~-~- 11 2 18 g Polypedilumni ~~~-~ - 1 1 16
Corophiidae Micropsectia wemm= e |
Corphium ~«=-~ I 18 1,001 Cladotanytarsus--- L L LI 258
Decapoda Cricotopus -~ -—~~~- e mmmem meene 1
Palaemonidae Metriccnemug» «mv  --v  sme-- 1 -
Palaemoneteg== ~==  ~nen= P Psectrocladiug=w-~  =wn  cemew R
Portunidae Unidentified ----- | 1 § wemen
Callinectes—=--  ==w  comen - .- 2 Ceratopogonidae
insecta Palpomyia-Bezzia
Collembola eI G 1 1 -
Isotomidae Psychodidae
Isotomurus —-v-  ~vw  —e—me —meoo 4 Telmatoscopus wr-  —-—  wenew boeen
Odonata Tabanidae
Gomphidae Chrysopse mmww—nm-m B e | QTS
Gomphiiger =~ 1 e e e Gastropoda
Ephemeroptera Mesogastropoda
Ephemeridae Hydrobiidae
Pentagenia---- 93  «eww- 1 1 Somatogyrus ~~--- 1 I ettt
Hexagenia -~~~ 69 e L ovmmem Bivalvia
Polymitarcidae Heterodonta
Tortopus —----- 119 e e 14 Corbiculidae
Tricheptera Corbicula--==wmww 85 2,761 3,381 33
Hydropsychidae Mactridae
Hydropsyche-r=  ——- 1 mwmee e Rangla ~=~-mnmmmmn e mmmmm e 4
Diptera Schizodonta
Chironomidae Unionidae
Ablabesmyia -~ . Lampsilig~-mommn- 1 mmemee e e
Clinotanypus -~ 1 e maie e
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At St, Francisville, La., the most numerous organisms collected were
unidentified tubificidae; the mayflies Tortopus, Hexagenia, and Pentagenia,
Corbicula; Limnddrilus; Cryptochironomus; and Demicryptochironomus.

The composite diversity at St, Francisville at the generic level was
2.8. The majority of organisms collected at the St. Francisville site
(fig. 16A) were from the left and right barks, Tubificid worms and may-
flies were the most abundant organisms at these two stations.

Populations at the center, left-center, and right-center stations
were very low in number and composed primarily of Demicryptochironomus.
The substrates at these stations ranged from fine to medium sand and
were considered to be relatively unstable.

Diversity at the generic lewvel at St. Francisville, La., ranged
from a high of 2,2 at the left bank to a low of 1.3 at the center sta-
tion. The left-bank station had a more stable environment than the cen-
ter station. The stable substrate, the relatively low velocities, and
a constant source of allochthonous organic matter from overhanging trees
probably contributed to the higher diversity and density of organisms
observed at the left-bank station,

Benthic populations at Luling and Belle Chasse, La., are very sim-
ilar in their distribution pattern across the transect (fig. 16, A and
B). Concentrations of organisms were highest at the center, left-center,
and right-center stations, where the substrate ranged from a very fine
to fine sand. Corbicula was the only organism present in quantity at
these stations. The Corbicula collected at these stations were in good
physical condition, indicating healthy, reproducing populations, The
composite diversity at the genevic level for Luling and Belle Chasse was
1,0 and 1.1, respectively,

Although fewer organisms were collected at the left- and right-bank
stations at Luling and Belle Chasse, La., the diversity of organisms at
these stations was higher than at the center and near-center stations.
Tubificid worms and chironomids were present in much greater numbers at
the bank stations, usually comprising more than 50 percent of the popu-
lation, The substrate type at the bank stations ranged from medium silt
to very fine sand.

The types and numbers of organisms present at Venice, la., (fig. 16D)
differed from those at all other sites. The amphipod Corophium, the
chironomid Cladotanytarsus, the polychaete Streblospio, unidentified
tubificids, and the polychaeta Nereis were the most abundant organisms
collected, The composite diversity at the generic level was 2.2. The
presence of submerged periphytic algae and saltwater were the two major
influences on the benthic populations at Venice. Corophium and Clado-
tanytarsus were the most numerous organisms and were found predominantly
at the right-bank station where organic vegetation and detritus were
abundant., Substrates at Venice ranged from coarse silt to very fine
sand,
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Corbicula were found in a few samples collected at Venice, but the
individuals were small. TFrom the small size and low numbers of Corbicula
collected at Venice, it appears that they were transieats brought in by
drift and were unable to colonize in the saline environment.

Polychaetes, crabs, tubificids, and some chironomids were also in-
fluenced by the presence or absence of the saltwater wedge. These orga-
nisms were able to survive when changes in salinity occurred and were
still present after the saltwater wedge had been pushed downstream by
higher discharges. It appears that the "typical benthic communities at
Venice, La., are euryhaline in nature and are just beginning to reestab-
lish themselves following the three high-water years, 1973-75.

Community Structure and Distribution

the benthic community structure of the lower Mississippl River is
influenced by substrate type and stability, channel gecmetry, river ve-
locity, presence of vegetation and organic detritus, and salinity., ¥or
example, at the bank stations, velocities are generally less than 1.0
ft/s; and the substrate types ranged from medium silt to very ifine sand.
Burrowing organisms such as tubificids, chironomids, and ephemerid-type
mayflies adapt well to this type of environment. Sampling verified this
at all bank stations with the exception of the right bank at Tuling, La.,
where the substrate generally consisted of small amounts of silt over-
lying a concrete vevetment. Differences were also observed in the struc-
ture of the bank-site communities. Larval mayflies, which are extremely
sensitive to many pollutants, were present in large numbers only at St.
Francisville, La. However, numerous mayfly adults were observed at both
Luling and Belle Chasse, La., and burrows were found in the substrate at
the right-bank stations at Belle Chasse, The absence of larval mayflies
at tuling and Relle Chasse may be due to station location, channel mor-
phology, or to changes in water quality brought about by the municipal
and industrial complexes bordering the river. However, water-qguality
data collected at these stations since 1973 show little differences be-
tween the St. Francisville, Luling, and Belle Chasse stations.

The presence of aquatic vegetation and organic detritus from trees
and shrubs along the banks also influences the habitats at bank stations.
This was especially noticeable at the left bank at St. Francisville, La.,
and the right banks at Belle Chasse and Venice, La. QCorophium were quite
abundant in the periphytic algae along the right bank at Venice where
approgimately 1,000 Corophium were recovered.

At the center, left-center, and right-center channel stations, ve-
locities are higher than at the bank stations; and substrate type is gen-
erally coarser, ranging from very fine sand to coarse sand. The largest
particle sizes were found at the right-center location at St. Francis-
ville, La., where some gravel was noted in the samples. This combination
of coarse substrate and velocities in excess of 3.0 ft/s produced an un-
stable substrate that was unsuitable for habitation. Only 36 organisms
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were recovered from this station during this study. Fine and medium
sand substrates were also present at Luling and Belle Chasse, La.; how-
ever, the velocities at these sites are generally less than 3.0 ft/s,
and the substrates are wmore stable. This sand-substrate, moderate-
velocity type of environment [avors dense streamlined organisms such as
Corbicula. At Venice, La., the substrates at the left-center and cen-
ter stations were also composed of fine sand; however, these stations
did not support many organisms due to the presence of saltwater.

Piffervences in the benthic invertebrate communities at the four
sampling lecations are evident. Differences in community structure be-
tween sampling sites can be attributed primarily to changes in hydro-
logic conditions. Berg (1943, 1948) felt that substrate type and velocity
are the two most important ecological factors in clasgsifying streams,
and data collected during this study seem to verify his finding. Data
also indicate that industrial and municipal wastes discharged into the
river have little widespread effect on the benthic populations, The
low organic content in the bed material shows no evidence of organic
deposition. The majority of organisms collected during the study, with
the exception of the tubificid worms, are not capable of surviving in
substrates containing large amounts of decomposable organic waste
(Weber, 1973). Although dredging operations affect the benthic popu-
lations locally, no effects were noted at the sampling sites. The large
variation in the benthic community within a site further supports the
theory that hydrologic conditions are the primary factor in determining
benthic populations in the river.

USE OF RIVER WATER

The Mississippil River is of great importance as a navigational
waterway, as a source of water for industrial and municipail use, and for
receiving industrial and municipal wastes. Major industrial and elec-
trical plants located on the lower Mississippi River are shown on plate
L. Approximately 6,300 Mgal/d of water was withdrawn from the river in
1975 for industrial and municipal uses and for electyical power genera-
tion (table 13)., About 95 pevcent of this water is returned to the
river as waste water. The largest users of water along the river are
electrical generating plants that withdraw approximately 3,700 Mgal/d of
water. Nearly all of this water is returned to the river as heated
effluent.

Municipal Supplies

Most cities and towns from Donaldsconvillie to Venice, La., use Mis-
sissippi River water for municipal water supplies. The total municipal
pumpage from the river in 1975 averaged 214 Mgal/d, an increase of ap-
proximately 15 percent since 1970. The largest users of water for mu-
nicipal purposes are Jefferson and Orleans Parishes, which account for
almost 90 percent of the tetal municipal pumpage.
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Table 13, --Pumpage of water {rom the Mississippi River downstream {rom the Old River Control Structure
for industrial, municipal, and electrical generating uses, 1975

Pumpage from river (Mgal/d)

Parish
Industrial Miunicipal Electrical

Waost Feliciana-—-——————c-memmvommmmr e re e e 36 mmeee —meee
Pointe Coupee —=~mm e e o e e o e 2.5 meee- e
Fast Baton Rouge--—--—c—wwmummn s e o e e L 5
West Baton Rouge —~wwemrermmm s mm e e emen= e
Tbervilie ——— e e 640 eeees 630
ABCEREION = = oo e e e 120 o e
ASSTUTEPEION == = = — o e s 5.5 2 e
St JaAMEs—mm e m e e e e = 270 i
St. John the Baptist-~rmrmmmmmo e oo 84 r e
St. Charles—=-———- - r o o e 540 5 1, 500
J@FfEISON == o v e o 34 58 1, 500
Orleans = mmmmmmm o~ m o m o oo e —m 130 24
St. Bernarderm e me e c o o e e e e 570 .0 emee-
P QeI in @8- == mmm m o o m e e e e e 31 6.4  meme-

Total by user~r=m-=memm e m— e 2,463 214 3, Gou

Total WaLET LISE = = i s o ot o e e S S G, 337

The recommended criteria for selected constituents in public water
supplies established by the National Academy of Sciences and National
Academy of Engineering (1973) are listed in table 14, The ranges in
concentrations of these constituents in Mississippi River water at New
Orleans, La., and other locations along the river are generally well
within these recommended limits., The major exception is chlovide con-
centration in areas affected by saltwater intrusion, This is especially
true in Plaquemines Parish where saltwater becomes a problem when dis-
charges fall below 250,000 ft3/s. At discharges of less than.175,000
ft3/s the intakes of the Boothville, Empire, and Port Sulphur, La.,
waterplants are affected by saltwater. The Boothville plant stores
freshwater in ponds during periods of high flow. This water is used to
dilute brackish river water during low-flow periods to meet accepted
chloride criteria for drinking water. The Empire and Port Sulphur plants
must cease operations if the chloride concentration becomes excessive at
their intakes. In the event of & shutdown, freshwater from Che West
Point-a-la-Hache waterplant can be pumped to the Fmpire and Port Suiphur
areas. If the chloride concentration becomes excessive at the West
Point-a-la-Hache plant, many of the people in lower Plaquemines Parish
will temporarily be without a source of freshwater.
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Table 14, -~Recommuended criteriz for maximum concentrations of selected constituents in public-water-
supply sources and observed concentrations for Mississippi River at New Orleans, 1a.

[Concentrations are in milligrams per liter except as noted |

Recommended maximum Observed concentration

Constituent concentrationl’ Maximum Minimum Average
Ammonig--—-ww=mmnn-om- 0.5 v, 68 0,00 0,08
Fecal coliform&i--------- 2,000 1, 800 5 370
Total coliform@immemrm==- 20, 000 16, 000 180 3, 400
Chloride--~wwmm-mm-mnmun 250 64 11 26
Colotdihmrmmmmmmmmm o oo 75 60 0 13
Fluorided weeeamcaeoonn 1.4 1.4 .0 4
Hardness-=--w=mrrmr--con —cecmne- 210 100 146
ropr===-----wwwmnnoocen .3 .51 L 00 .04
Nitrate as nitrogen {(N}--- 10 2.0 .00 . 84
Nitrite as nitrogen {N)-==~- 1.0 .09 .00 .01
Sulfate-=—r-==o=m-mmmmmmmm 250 88 30 55
Disscived solidg~mmmmmmo-= 500 327 130 240

1.National Academy of Sciences and National Academy of Engineering (1973). Alternative criteria
may be found in "Quality Criteria for Water" (U.S, Environmental Protection Agency, 1976).

2. Concentrations, in colonies per 1UQ mi.

3, Platinum-cobalt units.

4/ Maximum concentration based on annual averages of maximum daily air temperature of 26, 5~
33.0°C.

Industrial Supplies

Demands for water from the Mississippi River for use by industries
and for generating electrical power have increased approximately 200 per-
cent since 1960. The average daily withdrawal of water from the river by
industries and powerplants during 1975 was about 6,100 Mgal/d. About
2,500 Mgal/d was used by industrial plants. Most of this water is used
for cooling purposes and is returned to the river. Nearly all of the
3,700 Mgal/d withdrawn by electrical generating plants is used for cocl-
ing and is returned to the river as heated effluent.

The largest increases in water use in the near future will undoubt-
edly be for generating electricity. Two powerplants, cne coal fired and
one nuclear powered, are under construction near St. Francisville, La,
These two units will withdraw a combined average of 62 Mgal/d of water
from the river. The nuclear powerplant under construction at Wateriord,
La,, will use an average of 1,400 Mgal/d. This is in addition to the
618 Mgal/d currently withdrawn for the existing Waterford facility.
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Waste Disposal and Assimilation

The Mississippl River is imporvcant to industry and municipalities
not only as a souvce of water but also as a means of waste disposal.
The total waste-water discharge into the river by industry and electii-
cal powerplants is about 5,700 Mgal/d or 8,800 fro/s During low {low
this amounts to approximately & percent of the total flow of the river.
The three types of waste discharged into the river arce inerganic, or-
ganic, and thermal.

Everett (1971) reported that dissolved solids discharged into the
river between $t. Francisville and Luling, La., had increagsed from about
4,000 tons per day in 1958 to 20,000 tons pexr day in 1969. This repre-
sented an increase in dissolved-solids concentrations between Lthe two
locations of approximately 5 mg/L in 1958 and 20 mg/L in 1969. Since
1969, govermental regulations have limited the amounts and types of
waste discharged into the viver. These regulations have curtailed the
increase in dissolved solids discharged into the viver. The dissolved-
solids load added to the river between St. Francisville and Luling has
remained fairly constant since 1970, averaging approximately 18,000 tons
per day or an average of about 15 mg/L. During the two water years
1976-77, an additional 6,000 tons per day (an average of 6 mg/L of dis-
solved solids) was discharged into the rviver between Luling and Belle
Chasse, La.

Tnorganic Waste Assimilation

Waste discharged into the river has a more pronounced effect on the
water quality of the river during periods of low flow because there is
less water to dilute the waste. For example, in November 1976 at a dis-
charge of 270,000 ft3/s the dissolved-solids concentration increased 62
mg/L between St. Francisville and Belle Chasse, La., representing a 30-
percent increase in dissolved-solids load. 1In March 1975 at a discharge
af 825,000 ftj/s the dissolved-solids concentration increased 7 mg/L, a
load increase of 6.5 pexrcent. The river can assimilate more waste dur-
ing periods of high flow because there is more water to dilute the waste.
This is illustrated on plate 5 wheve mean daily discharge and daily con-
centrations of chlevide during 1977 are plotted for 5t, Francisville,
Luling, and Belle Chasse, La. During March and April the discharge gen-
erally exceeded 600,000 £t3/s, and chloride concentrations were generally
less than 25 mg/L. TLittle differences were noted among the concentra-
rions at St, Francisville, Luling, and Belle Chasse during this period,
During January, February, June, July, and August when the river dis-
charge was generally less than 300,000 ft3/s, chloride concentrations
were considerably higher than during perieds of high flow; and larger
differances were noted among the three stations,

Although large amounts of inorganic waste are discharged into the
Mississippi River daily, it appears that the river can adequately assim-
ilate the waste at the present time, It should be noted that it takes a



continuous discharge of 540 1b/d (0.375 1lb/min) of a conservative waste
per 100,000 ft3/s of water to increase the downstream concentration of
that waste 1 ug/L. Similarly, it takes a continuous rvelease of 270 tons
per day (375 lg/min) per 100,000 ft3/s of a conservative waste to in-
crease the downstream concentration L mg/L. Larger river discharges
would require proportionately larger volumes of waste discharge to in-
crease downstream concentrations. For example, at a discharge of 300,000
{t3/s it would require a continuous release of 1,620 1b/d of a conserva-
tive waste te increase the downstream concentration 1 pg/L or 810 tons
por day to increase the downstream concentration 1 mg/L. From 1973
through 1977 the avevage discharge of the viver has been approximately
550,000 ft3/s; and the average concentration of dissolved arsenic, cad-
mium, chromium, lead, mercuvy, and nickel at sites from St. Francisville
to Venice, La., gencrally differed by less than 1 pg/L each. An average
increase of 1 ug/L at a discharge of 550,000 ft3/s would represent an
average dissolved waste load of each of these compounds of 3,000 ib/d.

Acidic- and Basic-Waste Assimilation

Many industries along the Mississippi River discharge acidic and
basic wastes into the river., At present, these wastes have very little
effect upon the pH of the water; downstream changes in pH generally vary
less than 0,2 pH units, However, large increases or accidental spillage
of acidic or basic waste into the river could significantly alter the pH
of the river downstream, making it unsuitable for industrial or munici-
pal use and harmful to the river ecosystem.

The buffering capacity of water is the ability of water to resist a
change in pH. The buffering capacity of the Mississippi River per unit
volume of water is closely related to the bicarbonate-ion concentration
and is greatest during periods of low flow when the bicarbonate concen-
tration is highest. Figure 17 shows the effect of acidic and basic
wastes on the pH of Mississippi River water at various bicarbonate con-
centrations. Figure 17 also shows that the pH of the water is more re-
sistant to change by acidic waste than basic waste, For example, six
equivalents of acid as hydrogen ion would lower the pH of 1,000 gal of
river water with a bicarbonate concentration of 130 mg/L approximately
1.7 phi units (7.6 to 5.9). ©8ix equivalents of a base as hydroxyl ion
weuld increase the pH of that same water approximately 2,3 pH units
(7.6 to 9.9).

Using the buffering-capacity curves, river discharge, and bicarbonate-
ion concentration, the ability of the river to assimilate acidic and
basic wastes can also be determined. Assimilation of these wastes is
closely associated with the total load of bicarbonate ion. The load may
be computed from the following formula:

L=0xCx0.0027,
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where L=load, in tons per day;
C=concentration, in willigrams per liter; and
Q=discharge, in cubic feet per second,

EQUIVALENTS OF BASE

Y 8 10 12
10 R l E ...mﬁj
|
9 .. —i
Specific conductance Bicarbonate
(Micromhos at 25°CY  (Milligrams per liter)
A 245 80
a8 297 104
C 377 130
D 434 148
i E 493 176
57 - -
x ;
o
6 |- ~
z
5 _
A B C D £
4 I e . [ ”I ..
0 2 4 6 8 10 12

EQUIVALENTS OF ACID

Figure 17.--Buffering-capacity curves for Mississippi

River water showing

equivalents of acid or base necessary to produce agiven pil change in

1,000 palions of water.

Figure 18 shows that the river can assimilate more acidic and basic
wastes during high flow when bicarbonate loads are high than during pe-
riods of low {low and low bicarbonate loads, Tor example, an instanta-
neous release of 150,000 tons of (40-percent) hydrochloric acid would,
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after mixing, lower the pH of the viver 1.4 pll units from 7.7 to 6.3 at
a bicarbonate load of 175,000 tons per day. This same amount of acidic
waste would lower the pH of the viver 2.5 pH units {rom 7.6 to 5.1 at a
bicarbonate load of 125,000 tons per day,

Qrganic-Waste Assimilation

Large amounts of organic waste are discharged into the lower Mis-
sissippi River every day. Many organic wastes have an adverse elfecct on
the water quality of the river because they impart disagrecable taste
and odor to the water, Tood fish aifected by certain organic wastes al-
g0 have a distinct oily taste., Some organic wastes, particularly chlo-
rinated hydrocarbons, are toxic. Other organic wastes such as humic
substances and simple low-molecular weight organic compounds are readily
converted to low-molecular weight chlorinated hydrocarbons during chlo-
rination of municipal water supplies (Stevens and others, 1976). Anothex
problem commonly associated with organic waste is the consumption of
dissolved oxygen during aevobic decomposition of organic compounds.

Municipalities along the river currently discharge both raw and
treated sewage into the river. The average daily contributicn oforganic
matter per person is equivalent to about (.17 1b/d of BOD (biochemical oxy-
gen demand) (Hardenbergh and Rodie, 1963). BOD is the amount of oxygen
required to stabilize organic matter by aerobic bacterial action. Based
on a population of approximately 1.5 million persons along the viver be-
tween St., Francisville and Venice, La.,, the total BOD leoad added to the
river by municipal waste would be approximately 130 tons per day,

Dissolved oxygen is essential for aquatic life in the river and for
the natural self-purification of the river. The principal functions
controlling dissolved-oxygen concentrations in the river are (1) the
amount of oxygen-consuming waste in the river and (2) the amount of re-
aeration from atmospheric oxygen. The amount of biodegradeable oxygen-
consuming wastes is measured by the BOD. The standard BOD measurement
is the 5-day BOD (BODs) that measures the amount of oxygen consumed over
a 5-day period at 20°C. This determination typically measures most of
the carbonaceous BOD. Table 15 shows a statistical summary of BODs data
collected between St, Francisville and Venice, La., during the five
water years 1973-77. Little difference is noted in the average BOD5 be-
tween stations. MNo increase is noted in the average BODs concentrations
downstream from New Orleans, La., where raw sewage is discharged into
the river. BRased on a current population of approximately 600, 000 served
by the New Orleans sewerage plant and a (.17 1b/d per capita of BOD, the
increase in BOD load from the city would amount to about 50 tons per day
or 0.1 mg/L in 200,000 ft3/s of water. To increase the BOD concentra-
tion 1 mg/L in 100,000 ft3/s would require a population of approximately
3 million to produce the required BOD waste lcad. This far exceeds the
population along the reach of river from St. Francisville to Venice.

59



Table 15.--Statistical summary of 5-day biochemical oxygen demand (BCDg)data for the Mississippi River

{Concentrations are in milligrams per liter}

Range in concentration

Station Number of
samples . o

Maximum Minimum Mean
St. Francisville-—m—emooaoaeooo 105 8.3 0.1 2,51
Plaquemine -—-------~-=cmuun 93 8.2 4 2,52
UniOneermnr - cmmme e emmecme o 9u 7.9 .3 2. 40
Luling-wermrommmm e 93 8.6 .1 2.47
Violel-=ommammmmm e o oo 134 8.9 1 2.27
VeniCe ~m----s-sssnuumnnnn-n 89 7.6 ol 2. 38

Studies were conducted on the river at St. Francisville, Plaquemine,
Luling, and Violet, La., to (1) determine ultimate BOD (BODy), (2) detect
the presence of nitrogenous BOD, and (3) determine the decomposition or
decay rate coefficient (kj). Data from these studies were analyzed us-
ing a computer program developed by Jenanings and Bauer (1976).

The ultimate BOD represents the total amount of oxygen that would
be consumed 1f all the biodegradable waste had been biochemically de-
composed. BODy values for the Miésissippi River are generally less than
10 mg/L. Little difference in the average BOD, values was noted in
samples from the St. Francisville, Plaguemine, Union, and Violet, la.,
sites, BODy values from five tests conducted at each of the four sta-
tions ranged from 3.1 mg/L at Plaquemine to 15.2 mg/L at Luling. The
average BODy value for all samples was 6.2 mg/L.

Little evidence of nitrogenous BOD was noted in the river. Nitro-
genous BOD represents that oxygen utilized by bacteria to oxidize or-
ganic nitrogen and ammonia td nitrite and nitrate. These biochemical
reactions are carried out by highly specialized groups of bacteria that
are more restricted in number and much more sensitive to environmental
coenditions than those bacteria responsible for carbonaceous BOD (Veltz,
1970).

The decomposition or decay-rate coefficients (ky) for the Missis-
sippi River are relatively low. Tests show that average ki (day‘l,
baseg) values ranged from 0,046 at St. Francisville, La., to 0.058 at Luling
and Violet, La. These values are about one-haif the (0.1 reaction rate Veltsz
{1970) states as normal for mixed organic waste of urban and industrial
complexes.

Reaeration of the river from atmospheric oxygen is proportional to
the oxygen deficit in the river--that is, the difference between oxygen
saturation and actual oxygen concentration. The larger the deficit, the
greater the reaeration potential. The rate of abscrption of oxygen is
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often expressed as
defdt=ky (Cg-C),

where Cg=oxygen concentration at saturation;
C=actual oxygen concentration;
t=time, in days; and
ko=the ceefficient of reaeration.

Langbein and Durum (1967) found that ko, the coefficient of reaeration,
is closely related to mean depth and mean velocity of a vriver and can be
determined from the following formula:

k2:3.3v/Hl'33,

where v is mean velocity, in feet per second, and W is mean depth, in
feet, Using this formula, ko values for the Mississippi River between
Baton Rouge and Belle Chasse, La., and Belle Chasse and Head ol Passes,
La., were determined at varicus discharges and are listed in table 16,
The table shows that as discharges increase, kp values also increase.
The ko values are also higher in the reach between Baton Rouge and Belle
Chasse where the river is shallower and faster than downstream from
Belle Chasse. Using ks values determined in the following manner, Lang-
bein and Durum (1967) showed that the total assimilative capacity (re-
agration capacity) of the viver--that is, the total load of oxygen in
tons per day that can be absorbed by the viver for each unit of oxygen
(mg/1) less than saturation--may be estimated from the following formula:

tAC=— L % QLx kg,
2,700 v

where Q=discharge, in cubic feet per second;
v=yelocity, in feet per second;
L=length, in miles; and
kzzdays‘l.

Applying this formula for the two reaches of river, the maximum assimi-
lative capacity of the river per unit of dissclved oxygen less than the
saturation value is graphically shown in figure 19. The assimilative
capacity is much greater in the reach from Baton Rouge Lo Belle Chasse
than from Belle Chasse to Head of Passes because of greater turbulence
in the river vesulting in higher ky values, The assimilative capacity
per viver mile is also greater in the upper reach of the river, ranging
from an average of 2.0 tons per mile at 200,000 £t3/s to-5 tons per
mile at 1 million ft3/s per unit of dissolved oxygen deficit per day.
Between Belle Chasse and Head of Passes, the assimilative capacity
ranged from an average of 1.0 tons per mile at 200,000 ft3/s to 4.5
tons per mile at 1 million ft3/s per unit of dissolved~oxygen deficit
per day.
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Table 16, -~Reaeration coefficients for two reaches of the lower Mississippi River

[ Average velocities were determined from time~of-travel studies conducted on the river, and average
depthsinthe reaches were estimated]

Baton Rouge to Belle Chasse Belle Chasse to Head of Passes
Discharge
(f3./8) H v k2 H v ko
(£) (ft/s) (days=1) (ft) (ft/s) (days™ 1y
200, 000 35 1.9 0,055 60 1.1 0,016
400, 000 42 2.6 . 059 52 2.0 . 028
600, 000 50 3.6 . 065 64 2.7 .035
%00, 000 55 4.7 075 66 3.3 . 042
1, 000, 000 60 5.6 . 080 68 3.8 . 045
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Figure 19.--Total assimilative capacity (reaeration capacity) in tons per
day of oxygen per unit deficit of dissolved oxygen for two reaches
of the Mississippi River.

The net result of decomposition of organic wasfe and reaeration
from atmospheric oxygen is a gradual decline in dissolved-oxygen concen-
trations downstream from Baton Rouge, La., (fig. 20). Differences in
dissolved-oxygen concentrations between Baton Rouge and Venice, La., are
generally less than 1 mg/L. The largest differences in dissolved-oxygen
concentrations occur during the summer months when the rate of organic
decomposition increases because of higher water temperatures. The abil-
ity of the river to dilute the waste is also less during these months
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FE

because river discharges ave generally low. For example, during a sam-
pling trip in August 1976 the diffevence between dissolved-oxygen con-
centrations measured at St. Francisville and Venice, La., was 1.5 mg/L.
(See fig., 20.) The river discharge at this time was approximately
200,000 ft3/s, and the temperature was 28.5°C.  The sharpest decrease
occurred downstream from Luling, La., where dissolved-oxygen concentra-
tions decreased approximately 1 mg/lL between Luling and Point-a-la-lHache,
La,

These data show that the river 1s capable of adequately assimilat-
ing the organic waste currently discharged into the river; and when New
Orleans, La., sewage begins receiving secondary treatment, the riverx
should exhibit a lesser decrease in dissolved-oxygen values during the
low-{low summer months.

Thermal Waste

Approximately 95 percent of the 6,000 Mgal/d of water withdrawn
from the river for industrial and electrical generating purposes 1s re-
turned to the river as heated effluent. This heated effluent has little
or no widespread effect on water temperatures in the viver during pe-
riods of medium or high flow, and little differences in temperatures are
noted downstream from St. Francisville, La. During periods of low flow,
heated effluents may amount to as much as & percent of the total flow of
the river, and gradual increases in downstream temperatures are noted.
The largest differences in average monthly temperatures between St.
Francisville and Luling, La., are noted during the low-flow months of
September, Cctober, and November., The average monthly water tempera-
tures between these two stations differ 1.5 to 2.0°C during these months.

Larger increases in water use by electrical power generating plants
may cause greater increases in water temperature downstream from St,
Francisville, la,, in the future. This may be especially true near
Waterford, La. Once the nuclear powerplant at Waterford, La., is com-
pleted it will withdraw approximately 2,000 Mgal/d of water for cooling
purposes, and the Little Gypsy generating plant directly across the
river will withdraw an additional 900 Mgal/d. This will represent a
total of approximateily 3,000 Mgal/d of water withdrawn from the river
for cooling purposes. Assuming 95 percent of this water is returned to
the river, this will amount to approximately 4,400 ft3/s or about 3 per-
cent of the total flow of the river veturned as heated effluent in a
i-mile reach of river during low flow,

Effects of Dredging

One of the most important uses of the lower Mississippi River is
navigation. The river serves as the gateway to an area that encompasses
55 percent of the land area in the Nation and 40 percent of the popula-
tion. Approximately 6,000 ocean~going ships and 120,000 barges visit
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the ports of New Orleans and Baton Rouge, La., annually. Over 200
million tons of waterborne commerce were handled by the two ports in
1975, making New Orleans and Baton Rouge the second and fourth largest
ports in the Nation, respectively.

The tiver is maintained as a deep-water ship channel (40-foot con-
trolling depth) as far upstream as Baton Rouge, La, Upstream from Baton
Rouge the river channel is maintained at a depth of 9 ft and a width of
300 £t. The river is navigable for barge traffic for nearly its entire
length and into the major tributaries of the Arkansas, Ohio, and Mis-
souri Rivers. Dredging the river to maintain these channel dimensions
is a major task of the U.S. Army Corps of Engineers.

Effluents from dredging operations in the Mississippi River are
generally discharged into the main channel of the river where velocities
are high enough to transport the solid material downstream. Dredge ef-
fluents of this type are typically composed of 20 percent sclid matter
from the bed material and 80 percent water. The most obvious effects of
this open-water discharge on the water quality of the river are increases
in turbidity and suspended solids. These effects are generally tempo-
rary, Morve permanent changes may occur, however, in the physical and
chemical composition of the water downstream from the effluent,

The New Qrleans District of the U.S. Army Corps of Engineers con-
ducted a study in the New Orleans Harbor area between March 1975 and
February 1976 to evaluate the effects of dredging operations upon the
water quality of the Mississippi River (U.S. Army Corps of Engineers,
1976). This study involved analyzing samples collected 100 yd upstream
from the dredge-effluent pipe, and 100 yd downstream from the dredge
discharge, These samples were collected by the Corps of Engineers and
analyzed by the U.S. Geological Survey in accordance with procedures
outlined in Brown, Skougstad, and Fishman (1970). The type of dredge
in operation during the study was a 20-inch pipeline cutterhead dredge.
Fighteen sets of samples (three samples per set) were collected during
the fall of 1975 and the spring of 1976. A summary of constituents de-
termined during analysis of the samples appears in table 17.

Comparison of data collected at the three sampling locations shows
that concentrations of suspended solids, total organic carbon, total
chromium, total copper, total lead, total nickel, and total zinc are sig-
nificantly higher in the dredge effluent than in the water upstream from
the dredge. Little difference is noted, however, in the dissolved phases
of the nutrients and metals at the three sampling locations. It is evi-
dent that the dredge effluent has a minimal effect on the quality of the
river water 100 yd downstream, except for turbidity. Little difference
exists in the concentrations of dissolved and total constituents up-
stream and downstream from the dredge discharge.

This study shows that dredging in the New Orleans Harbor area does
not significantly increase concentrations of chemical constituents in
the Mississippi River. This conclusion is further strengthened when the



Table 17.-~Summary of water-quality data collected during dredging operations in New Orleans Harbor,
1975-76

100 yard 100 yard
yards Effluent yards

Parameter
upstream downstream

Average concentration, in milligrams per liter

Nitrate as nitrogen (N}, dissolvedeswnmormnrnm—naooo— 1.1 0,94 1.1
Nitrite as nitrogen (N), dissolved-mmmemmcmmnnnivnnn .01 .03 .01
Ammenia as nitrogen {N), dissolved ---wwwwmmmnmman— .03 .61 .03
Kieldahl nitrogen as nitrogen (N}, dissolved--------~- . 54 1.9 . 50
Phosphorus as P, dissolved ——--wmvwmnr o ceme oo .10 .07 .09
Suspended solidg mmmmmmmmmcm e e e 75 5,730 106
Dissolved oxygen-—-=s==s=mrmmeortmam oo 8.0 4,0 7.8
Chemical oxygen demand---====-=~---—-coounuren- 11 27 12
Biochemical oxygen demandemesmemmemmeo e cwnrmnn o 2.3 51 1.8
Total organic carbon —=~-----—cuscmmmommrna e e 6.5 320 7.4
Cynide ——wmsm e e e oo e .00 .00 .00
Ci} and grease-~rerm=s s s m e e e cma i o o .2 4,6 .G

Average concentration, in micrograms per liter

Phenolsem—rmmmmmmmm ot e e 3.3 9.1 3.2
Arsenic, dissolved-r-resromesm i e 1.1 2.4 1,2
Arsenic, total memmmmmm i 2.5 180 3.2
Cadmium, dissolved--—--c-mcmmunmr e mn oo LA .1 .0
Cadmium, total ——---ervmmvmimmer e e e L1 7.3 .3
Chromium, total--—=cemwmom e oo c oo o <10 180 <10
Chromium, hexavalent ~--—r-wnuuswmmmmmemm e oo .0 .0 .0
Copper, dissolved--—-mr-mmoo—semuenm e e e 4.6 4,7 5.4
Copper, totalrmmmmm e e e e e 6.8 240 7.3
Iron, dissolved-—--——cmrommcmmn e e o 14 14 9.4
Lead, dissolved wmumummrm e e e o oo e .3 .0 .4
Lead, totalessmmmmmr e e 6,3 400 7.2
Manganese, dissolved-=~-mmemccrummunrna oo 50 790 6. 2
Marcury, dissolved emwmmmrr o ce o V11 .12 .10
Mercury, totaleswmemmmms e e e oo e .14 .15 .15
Nickel, dissolved «=msmrmmmmr e e LG 1.0 .
Nickel, totalwmmmrrre e e e 7.3 770 9.2
Zine, dissolved === mmommmm e e e 3.8 4.1 2.9
Zing, totalmmmmm e e e e 33 490 28
Micromhos per centimeter
Specific conductangermrrm-mrommmmr oo e e 385 482 393
Units
PH e e e e oo 7.9 7.8 7.9
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votumes of dredge material are compared to the total suspended-sediment
load transported by the viver. For example, in 1975 the total amount of
dredge material excavated in the New Orleans Harbor area amounted to
less than 2 percent of the total suspended-sediment load transported by
the river.

TIME OF TRAVEL

Accidental spillage of large amounts of industrial or municipal
waste into the Mississippi River could cause the quality of the water to
be unsuitable for downstream water users, Accidental spills of oil or
toxic chemicals as a result of navigational accidents may also affect
the utilization of river water. It has become increasingly important in
recent years to know the rate of downstream movement of river water and
how waste mixes in the river, By knowing the arrival time, duration
(time of passage), and concentration of a contaminant in the river, with-
drawal of water can be discontinued until after a contaminant has passed.

The duration and traveltime of solutes vary with discharge. During
periods of low flow the velocities in the river are less and the travel-
time of the river water between two points is longer than during perieds
of medium or high flow. Because the traveltime of the river is longer
during low flows, a solute or contaminant will have more time to dis-
perse longitudinally. To fully understand traveltime and dispersion
characteristics, time-of-travel studies using rhodamine WT, a fluores-
cent water tracer, were conducted in the river between Baton Rouge and
New Orleans, La., at discharges of 240,000 ft3/s (Stewart, 1967), 364,000
ft3/s (Everett, 1971), and 792,000 ft3/s (Martens and others, 1974). One
time-of~travel study has been conducted between the Arkansas-Louisiana
State line and Plaguemine, La., (Calandro, 1976) and between Belle Chasse,
and Head of Passes, La., (Calandro, 1977). Data colliected during the
latter two studies were used to calibrate a mathematical model deveioped
by McQuivey and Keefer (1976a, b). This model was used to predict time-
of-travel infermatiocn for discharges ranging from 200,000 to 1.5 millicn
ft3/s, The results of these time-of-travel studies apply only to those
solutes whose density and behavior are similar to those of water. Ad-
ditional considerations must be taken with materials that are not sol-
uble in water,

Velocities of the Mississippi River are greater upstream f[rom Baton
Rouge, La., than downstream {fig. 21). Average velocities in the river
between the Arkansas-Louisiana State line and Baton Rouge range from 2.0
mi/h at_a discharge of 200,000 ft3/s to approximately 3.8 mi/h at 1 mil-
lion ft3/s. Downstream from Baton Rouge, the river channel is much
larger, the slope of the river decreases, and the river discharge is
affected by tides. Consequently, velocities in the river between Baton
Rouge and Head of Passes, La., are much slower. Velocities downstream
from New Orleans seldom exceed 3.0 mi/h and decrease to less than 1.0
mi/h at discharges of less than 200,000 fe3/s.
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RIVER MILES ABOVE HEAD OF PASSES

Figure 21,--Longitudinal velocity profiles of the lower
Mississippi River.

Laterxal Dispersion

When a liguid is introduced into a river it disperses longitudi-
nally, laterally, and vertically. Lateral dispersion is important to
downstream users of water because a contaminant could greatly affect a
user on one side of the river and have almost no influence on a user on
the opposite bank, Studies by Everett (1971), Martens and others (1974},
and Calandro (1976, 1977) indicate that lateral mixing in the Missis-
sippi River is not readily achieved. These studies indicate that in the
lower Mississippi River a contaminant must travel a distance of approxi-
mately 20 mi before complete lateral mixing is achieved. For example,
tracers injected near the left bank, center of river, and right bank at
Baton Rouge, La., {(injection point mile 229.0) did not become completely
mixed until the tracer reached Plaquemine, La., {(mile 208.0). The tracer
had passed through approximately 360° of river meanders, A similar
study near Belle Chasse, La., showed that a tracer injected in the cen-
ter of the river was almost completely mixed at Burbridge, 16 mi down-
stream., Complete mixing was accomplished at Point-a-la-Hache, la,, 28 mi
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downstream from the injection point. The tracer in this study has passed
through approximately 90° of river meanders.

Longitudinal Dispersicn

Longitudinal dispersion is useful in developing plans for minimiz-
ing the effects of a contaminant. Longitudinal dispersion can be meas-
ured in miles occupied by a contaminant or tracer cloud or by the time
necessary for the cloud to pass a selected point, Knowledge of the time
it takes (1) for a contaminant to arrive at a specific site and (2) for
a contaminant to pass a specific site is useful in developing plans for
minimizing the effects of contamination. The time-location positions of
the leading edge, the peak, and the trailing edge for any elapsed time
after a spill or injection of a tracer are shown in figures 22, 23, and
24 . These curves can be used to calculate the approximate longitudinal
dispersion of a cloud passing a point if the discharge rate and the time
and place of injection are known. TFor example, assume that an accidental
spill occurred at Baton Rouge, La., (mile 230.0) ata discharge of 400,000
ft3/s and that the longitudinal dispersion at New Orleans, lLa., was
needed. Using the example in figure 22, it is estimated that the lead-
ing edge will arrive at New Orleans in 62 hours (158 hours at New Orleans
minus 96 hours at Baton Rouge)., Similarly, the trailing edge would pass
New Orleans in 84 hours (232 hours minus 148 hours, fig. 24); hence, the
longitudinal dispersion, or the passage time, is 22 hours.

In addicion to knowing how long a contaminant would be present at &
site, it is equally important to know whewn the peak concentration of the
contaminant will arrive and to be able to predict the magnitude of the
peak concentration. The time of arrival of the peak concentration can be
determined from figure 23 using the same procedure as was used to deter-
mine the leading edge from figure 22.

The peak concentration can be determined from the equation

unit concentration times weight of contaminant spilied
discharge at sampling site

Peak concentration=

where unit concentration is the peak concentration resulting from 1 Lb of
tracer in 1 ft3 of water assuming 100-percent recovery. Knowing the
elapsed time a contaminant has been in the water, the unit concentration
(determined from fig. 25), and the river discharge, the maximum peak con-
centration can be computed. JFor example, assume that 2,000 1b of a con-
servative contaminant were accidently spilled at Baten Rouge, La., (mile
230.0) at a discharge of 400,000 ft3/s. Personnel at the New Orleans
Carrollton Street water intakes (mile 103.0) could predict that the peak
concentration would arrive in approximately 70 hours (183-113, fig. 23).
The unit concentration would be 470 pg/L (fig. 25), and the peak concen-
tration would be:

470x2,000 1b 5 | Lo/t

Peak concentration=
400,000 ft3/s
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Figure 25.--Unit-concentration attenuation curve for the Mississippi River.

Using the time-of-travel curves in figures 22, 23, and 24 for lead-
ing edge, peak, and trailing edge and the formula for determining peak
concentration, the movement of the contaminant down the river can be
graphically illustrated., Figure 26 shows the time-concentration curves
at key points downstream from the Arkansas-Louisiana State .line. The
figure was based on a theoretical injection of 2,000 1lb of contaminant
into the river at mile 507.0 at a discharge of 400,000 ft3/s upstream
from the 0ld River Contrel Structure and 300,000 ft3/s downstrveam from
the control structure. The longitudinal dispersion increases from less
than 1 day at Vicksburg, Miss., to over 3 days at Venice, La. A contam-
inant may also affect more than one key location at a time. For example,
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as the peak of the contaminant reaches Point-a-la-Hache, la., the trail-
ing edge is still located near the New Orleans Carrollton Street water
intakes, and the leading cdge of the contaminant is just about to reach
Venice. Depending upon the concentration and toxicity of a contaminant,
it is conceivable that that a L00-mile veach of the river could be closed
to use for wmunicipal water supply.

SUMMARY AND CONCLUSTONS

Flows in the lower Mississippi River ave affected by diversion into
the Atchafalaya River through the 0ld River Contvol Structure. Conse-
quently, discharges at Vicksburg, Miss., have avevaged 20 percent higher
than those at Red-River-Tarbert Landing. Average flow of the Mississippi
River at Vicksburg, Miss., 1931-76, is about 570,000 fed/s, and the aver-
age at Red River-Tarbert Landing, 1928-76, is about 460,000 [t3/s. The
U.S. Army Corps of Engineers f{lood contrel program for the lower Missis-
sippi River is designed to handle a flow of 3 million fe3/s at the lati-
tude of 01¢ River. One-half of this Flood is to be carried through the
Atchafalaya River basin, and one-half through the Mississippi River.

Peak discharge of 1.3 miliion f¢3/s and 1 miliion ft3/s at Vicksburg and
Red River-Tarbert Landing, respectively, can be expected rto occuy on an
average of once every 2 vyears. A l-day mean low flow of 125,000 Fe3/s
can be expected to occur on an average of once cvery L0 years at Vicks-
burg and once every 3% years at Red River-Tarbert Landing.

An average suspended-sediment discharge of 630,000 tons per day,
approximately 77 percent silt and clay, is transported past Red River-
Tarbert Landing. Concentrations of suspended sediment at Red River-
Tarbert Landing have ranged from 14 to 2,400 mg/L, but 90 percent of the
time concentrations ranged between 100 and 1,000 mg/l. Higher suspended-
sediment discharges generally occur from January through June, and the
lower suspended-sediment discharges occur from August through November.
Suspended-sediment concentrations decrease downstream from St. Francis-
ville, La., at discharges of less than 600,000 ft3/s and increase down-
stream at discharges in excess of 600,000 ft”/s. Most sediment deposition
in the yviver between St. Francisville and Venice, La., takes place up-
stream from New Orleans, La. At a discharge of 300,000 ft3/s, 60 percent
of the sediment measured at St. Prancisville is deposited by the time the
water reaches New Orleans. An additional 20 percent settles out between
New Orleans and Venice, leaving only 20 percent of the original concen-
tration at St, Francisville transported past Venice.

Concentrations of dissolved solids at St. Francisville and Luling,
La., are less than 300 mg/L 90 percent of the time. Increases in dis-
solved sclids between 8t, ¥Francisville and Belle Chasse, La., genevally
range between 10 and 70 mg/L, with the largest increases occurring dur-
ing discharges of less than 250,000 ft3/s. 1Increases in dissolved solids
are attributed to industrial- and municipal-waste discharge. Calcium is
the predominant cation in the Mississippi River, and bicarbonate is Che
predominant anion.



Average concentrations of dissolved and total arsenic, cadmium,
lead, and dissolved and hexavalent chromium in the Mississippi River are
tess than 10.5 pg/L. Average concentrations of dissolved and total mer-
cury are iess than 0.1 and 0.2 pg/lL, respectively., Average concentra-
tions of dissolved and total copper and dissolved iron and zinc are less
than 30 pg/L. No significant increase in average concentrations of met-
als occurs between St. Francisville and Head of Passes, La., with the
cxception of total zine, which is higher ac Vielet, La. Concentrations
of trace metals in Mississippil River water are within the recommended
limits for public-water-supply sources 99 percent of the time. Average
concentrations of arsenic, cadmium, chromium, copper, lead, and mercury
in the bed material of the Mississippi River are less than 1C pg/g.
Nickel and zinc were the most abundant trace metals detected in the bed
material, averaging 12.3 and 29.7 ug/g, respectively.

The average water temperature at St. Francisville and Luling, La.,
is 17.5 and 18.0°C, respectively. The largest differences in average
monthly temperature between St, Francisville and Luling are 1.0 to 2.0°C
and occur between August and November when river discharges are gener-
ally less than 300,000 ft3/s,

The lowest concentrations of total and fecal coliform bacteria in
the river occur at St. Francisville, La., and at the Carrollton Street
water intakes in New Orleans, La., (mile 103). The highest concentra-
tions occur downstream from Baton Rouge and New Orleans, La, At Plaque-
mine, La,, the average concentration of fecal coliform bacteria is 1,000
colonies per 100 wmL; and at Violet, La,, the average concentration of
fecal coliform is 3,100 colonies per 100 mL. Salmonella, a pathogenic
bacteria, has been isolated and serologically confirmed at both locatricns.

Dissolved-oxygen concentrations in the Mississippi River are rela-
tively high, exceeding 75-percent saturation 9C percent of the time.
Differences in the average dissolved-oxygen concentration between St.
Francisville and Venice, La.,, is_slight, a decrease of less than 0.5
mg/L. The solubility of oxygen in water is inversely related to temper-
ature; conseguently, the highest dissolved-oxygen concentrations in the
river uvsually occur during the ceold winter monthg, and the lowest con-
centrations during the warm summer months,

Average concentrations of phenolic compounds at monthly sampling
stations range from 1.8 to 2.6 pg/L. Concentrations of phenolic com-
pounds exceed the l-pg/L rvecommended concentration for domestic-water-
supply sources approximately 40 percent of the time.

DDT, dieldrin, and endrin are the most frequently detected or-
ganochlorine insecticides in the Mississippi River. Concentrations of
DDT and dieldrin rarely exceed 0.2 and 0.1 pg/L, respectively. Endrin
has not been detected at concentrations in excess of 0,01 pg/L. The
most irequently detected organophosphorus insecticide is diazinon,
Diazinon concentrations have not exceeded 1.2 ng/L, and 95 percent of
the time concentrations are equal to or less than 0,05 pg/L. The most
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prevalent chlorophenoxy herbicide is 2,4-D, but concentrations are rela-
tively low, ranging from 0.00 to .15 pg/L. The wost frequently occux-
ing organochlorine insecticides in the bed material-of the Mississippi
River are chlordane, DDT, DDD, DDE, and dieldrin. These cowpounds have
been detected in over 50 percent of the samples analyzed; however, con-
centrations rarely exceed 10 micrograms per kilogram,

Benzene, toluene, chloroform, dichlovomethane, tetrachloroethylene,
dichloroethane, trichlorofluoromethane, and tetrachloroethane are vola-
tile organic compounds identified in Mississippi River water in 1977 and
1978. Concentrations of these volatile organic compounds have generally
been less than 10 pg/L. Volatile organics appear to be evenly distrib-
ated in the river, with benzene, toluene, and chloroform being detected
at all five sampling locations between St. Francisville and Belle Chasse,
La.

Fourteen semivelatile compounds have been identified from the Mis-
sissippi River. Concentrations of the semivolatile organics have gener-
ally been less than 5 pg/L, and nine of these compounds have been detected
at concentrations of less than 1 pg/L. The most frequently detected
semivolatile organics have been the phthalate compounds. Atrazine, a
herbicide, has been detected at all five sampling locations between St
Francisville and Belle Chasse, La., at concentrations ranging frem a
trace to 4.0 pg/L.

The leading edge of the saltwater wedge in the Mississippi River is
well defined with little mixing occurring at the freshwater-saltwater
interface. Downstream from the toe of the wedge a progressive increase
in mixing does occur, causing the wedge to become less distinct. Chlo-
ride concentrations at the river surface exceed the 250 mg/L recommended
for public water supplies approximately 15 to 25 mi downstream from the
toe of the wedge. Reasonable estimates of upstream migration of the
saltwater wedge can be predicted based on historical recorvds. Likewise,
recurrence intervals for saltwater intrusion can be predicted using low-
flow frequency discharge curves and upstream migration curves presented.

The most common and most numerous benthic organisms collected from
the Mississippi River arve Corbicula and tubificid worms. The benthic
community structure of the river is influenced by substrate type and
stability, channel geometry, river velocity, vegetation, organic detri-
tus, and salinity. Burrowing organisms, such as tubificids, chiromonids,
and ephemerid-type mayflies, are predominant near the riverbanks where
velocities are low and the bottom substrates range from a medium silt to
a very fine sand, Near the center of the xiver, velocities are higher,
substrate materials are coarser, and only Corbicula are present in large
numbers. Near the river mouth, salinity and aquatic vegetation greatly
influence beathic communities, Differences in benthic community struc-
ture in the Mississippi River are due primarily to different bydrologic
conditions, JIndustrial andé municipal wastes discharged into the river
appear to have little or no widespread effects on benthic populations.
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An average of 0,500 Mgal/d of water was withdrawn from the river
for industrial and municipal purposes during 1975, The largest single
user class was electrical powerplants that withdrew 3,700 Mgal/d., 1In-
dustrial withdrawals amounted te approximately 2,500 Mgai/d, and munic-
ipal withdrawals totaled 214 Mgal/d. Most of the water withdrawn for
industrial use was returned to the river as heated effluent.

The dissolved-sclids load added to the river between St. Francis-
ville and Luling, La,, since 1970 has remained fairly constant, averag-
ing about 18,000 tons per day. The river presently can assimilate the
large amounts of inorganic waste discharged into the viver. Continuous
discharges of 540 1b/d and 270 tons per day of a consevrvative waste dis-
charged into 100,000 ft3/s will increase downstream concentrations 1
pg/L and 1 mg/L, respectively,

The buffering capacity of Mississippi River water is greatest during
low flow when bicarbonate concentrations are high. Mississippi River
water 1s more resistant to a change in pH from acidic waste than from
basic waste, The ability of the river to assimilate acidic and basic
wastes is greatest during periods of high flow when the bicarbonate load
is greatest.

BOD concentrations vary only siightly between St. Francisville and
Venice, La. A waste load from a population of approximately 3 million
people would be required to increase the BOD concentration 1 mg/L in
100,000 ft3/s, BOD values for the Mississippi River are generally less
than 10 mg/L. Little evidence of nitrogenous BOD was found in the river.
Average decomposition, or decay-rate, coefficients (ki) for the Missis-
sippi River are relatively low, ranging from 0.046 (day'l, baseg) at St.
Francisville te 0.058 at luling and Violet, La. Reaeration rates (kp)
for the Mississippi River between Baton Rouge and Belle Chasse, La.,
increase from 0.055 at 200,000 ft3/s to 0.080 at 1 million ft3/s. Re-
aeration rates between Belle Chasse and Head of Passes, La., increase
from 0.016 at 200,000 ft3/s to 0.045 at 1 million ft3/s. The net result
of decomposition of organic waste and reaeration from atmospheric oxygen
is a gradual decline in dissolved-oxygen concentrations downstream from
Baton Rouge.

Dredging does not significantly increase concentrations of chemical
constituents in the Mississippl River. Little difference is noted in
concentrations of either dissolved or total constituents upstream from
the dredge and 300 ft downstream from the dredge.

Time-of-travel studies conducted on the Mississippi River indicate
that a contaminant must travel a distance of approximately 20 mi before
complete lateral mixing is achieved. The time-of-travel information
presented can be used to predict the longitudinal dispersion and peak
concentration of a contaminant passing-a point if the discharge rate and
time and place of injection are known. Depending upon the concentration
and toxicity of a contaminant discharged into the river, it is possible
that a 100-mile reach of the river could be affected by the contaminant,
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Average velocities in the Mississippi River between the Arkansas-pouisiana
State line and Baton Rouge, La.. range [rom 2.0 mi/h at a dischavge of
200,000 fe3/s to approximately 3.8 mi/b at | million £L3 /s,
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PLATE 4. MAP SHOWING LOCATION OF INDUSTRIAL AND
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