CHEMICAL DATA FOR WATER SAMPLES COLLECTED
DURING FOUR UPRIVER CRUISES ON THE
MISSISSIPPI RIVER BETWEEN NEW ORLEANS,
LOUISIANA, AND MINNEAPOLIS, MINNESOTA,

MAY 1990-APRIL 1992

Edited by John A. Moody

U.S. GEOLOGICAL SURVEY

Open-File Report 94-523

Denver, Colorado
1995




U.S. DEPARTMENT OF THE INTERIOR
BRUCE BABBITT, Secretary
U.S. GEOLOGICAL SURVEY

Gordon P. Eaton, Director

IThe use of brand, trade, or firm names in this report is for identification purposes only and
does not constitute endorsement by the U.S. Geological Survey.

For additional information write to:

Chief, Branch of Regional Research
U.S. Geological Survey

Box 25046, Mail Stop 418

Federal Center

Denver, CO 80225-0046

Copies of this report can be purchased from:

U.S. Geological Survey
Open-File Reports-ESIC
P.O. Box 25425

Denver, CO 80225
[Telephone: (303) 236-7476]



CONTENTS

Page
Chapter 1 - Introduction by John A. Moody 1
Abstract 1
Background 1
Objectives of study 2
Purpose and scope 5
Sampling locations 6
Water discharges 10
Specific conductance and temperature 14
Acknowledgments 14
References 17
Chapter 2 - Dissolved herbicides by Donald A. Goolsby 19
Abstract 19
Introduction 19
Sample collection and processing methods 20
Analytical methods 20
Immunoassay methods 21
Microtiter plate imnmunoassay method 21
Magnetic particle immunoassay method 23
Gas chromatography and mass spectrometry method 24
Quality assurance and precision of results 24
Results of chemical analyses 25
Longitudinal variability 25
Cross-channel variability 26
Tributary concentrations 26
Gas chromatography and mass spectrometry 26
Graphical display of results 26
References 34
Chapter 3 - Nutrients by Ronald C. Antweiler, Charles J. Patton, and Howard E. Taylor-- 89
Abstract 89
Introduction 89
Methods 90
Results of analyses 92
Longitudinal variability 92
Cross-channel variability 92
Tributary concentrations 92
Summary 92
References 92
Chapter 4 - Major and trace elements by David A. Roth, John R. Garbarino, and
Howard E. Taylor 127
Abstract 127
Introduction 127
Analytical methods 128
Analytical results 134
Longitudinal variability 134
Cross-channel variability 134

CONTENTS il



CONTENTS (Cont.)

Page
Tributary concentrations 134
Summary 138
References 138
Chapter 5 - Organic compounds and sewage-derived contaminants by Larry B. Barber, II,
Jerry A. Leenheer, Charles F. Tabor, Jr., Greg K. Brown, Ted 1. Noyes, and
Mary C. Noriega 211
Abstract 211
Introduction 211
Analytical procedures 212
Sample collection and preservation 212
Field parameters 212
Dissolved organic carbon analysis 212
Color 213
Adsorbable organic halide 213
Methylene-blue-active substances 214
Volatile organic compounds 214
Anionic and nonionic surfactant-derived compounds 217
Results 221
Longitudinal variability 221
Cross-channel variability 221
Tributary concentrations 221
Summary 232
References 233

IV CONTENTS



FIGURES

Page
Chapter 1
Figure 1.1. Map showing the Mississippi River and some of its tributaries --———--~-—-— - 4
1.2. Graphs showing water discharge in the Mississippi River as a function
of distance upstream from Head of Passes, La. 13

1.3. Graphs showing the longitudinal variability of surface specific conductance

in the Mississippi River as a function of distance upstream from Head of

Passes, La., for cruises in May-June 1990, June-July 1991, September-

October 1991, and March-April 1992 15
1.4. Graphs showing the longitudinal variability of surface temperature in the

Mississippi River as a function of distance upstream from Head of

Passes, La., for cruises in June-July 1991, September-October, 1991,

and March-April 1992 16

Chapter 2

Figure 2.1-2.4. Graphs showing longitudinal variability of triazine herbicides in the
Mississippi River between:

2.1. Baton Rouge, La., and Grafton, Ill., May-June 1990 cruise -----—------=-=--— 27
2.2. Baton Rouge, La., and Minneapolis, Minn., June-July 1991 cruise ——-— 27
2.3. New Orleans, La., and Minneapolis, Minn., September-October 1991

cruise -- 28
2.4. New Orleans, La., and Minneapolis, Minn., March-April 1992 cruise-—— 28

2.5.-2.6. Graphs showing longitudinal variability of acetanilide herbicides in the
Mississippi River between New Orleans, La., and Minneapolis, Minn.,:
2.5. September-October 1991 cruise 29
2.6. March-April 1992 cruise 29
2.7. Graph showing triazine herbicide concentration, analyzed by microtiter plate
immunoassay, in relation to atrazine concentration, analyzed by gas
chromatography-mass spectrometry 31
2.8. Graph showing triazine herbicide concentration, analyzed by magnetic particle
immunoassay, in relation to atrazine concentration, analyzed by gas
chromatography-mass spectrometry 31
2.9. Graph showing longitudinal variability of smoothed estimates of
atrazine concentration (by microtiter plate method) in the
Mississippi River between New Orleans, La., and Minneapolis, Minn. -—-- 32
2.10. Graph showing longitudinal variability of smoothed estimates of
atrazine concentration (by magnetic particle method) in the
Mississippi River between New Orleans, La., and Minneapolis, Minn, --—--— 32
2.11. Graph showing longitudinal variability of smooth estimates of atrazine
concentration in the Mississippi River using two immunoassay
methods 33

CONTENTS V



Figure 3.1.

Figure 4.1.

Figure  5.1.

Vi

3.2

4.2

4.3.

5.2.

5.3.

54.

CONTENTS

FIGURES (Cont.)

Page
Chapter 3

Graph showing longitudinal variability of nitrate concentration in the
Mississippi River during June-July 1991, September-October 1991, and
March-April 1992 cruises 93
Graph showing longitudinal variability of orthophosphate concentration in

the Mississippi River during June-July 1991, September-October 1991, and
March-April 1992 cruises 94

Chapter 4

Graph showing longitudinal variability of calcium in the

Mississippi River for June-July 1991, September-October 1991, and
March-April 1992 cruises 135
Graph showing longitudinal variability of silica in the Mississippi River

for June-July 1991, September-October 1991, and March-April 1992 cruises - 136
Graph showing longitudinal variability of mercury in the

Mississippi River for June-July 1991, September-October 1991, and
March-April 1992 cruises 137

Chapter 5

Graph showing longitudinal variability of DOC (dissolved organic carbon)

in the Mississippi River for June-July 1991, September-October 1991, and
March-April 1992 cruises 228
Graph showing longitudinal variability of color (humic and fulvic acids)

in the Mississippi River for June-July 1991, September-October 1991, and
March-April 1992 cruises 229
Graph showing longitudinal variability of AOX (halogen containing
compounds) in the Mississippi River for June-July 1991,

September-October 1991, and March-April 1992 cruises 230
Graph showing longitudinal variability of MBAS (anionic surfactants)

in the Mississippi River for June-July 1991, September-October 1991, and
March-April 1992 cruises 231




TABLES

Page
Chapter 1
Table 1.1. Discharge characteristics of some tributaries to the Mississippi River --------- 3
1.2. Upriver cruise names, dates, and the reaches of the Mississippi
River that were sampled 5
1.3. Regression equations relating cross-sectional averaged velocity to
discharge or stage for stream-gaging stations on the Mississippi River --—-- 8
1.4. Water velocities used to calculate distance between sample points
relative to the moving water 9
1.5. Water discharge of the Mississippi River at gaging stations between
New Orleans, La., and Minneapolis, Minn., May 1990-April 1992 --—--~---mm-- 11
Chapter 2
Table 2.1. Cross reactivity for triazine herbicides using the microtiter plate
immunoassay method 22
2.2. Cross reactivity for triazine herbicides using the magnetic particle
immunoassay method 23

2.3. Analytical precision data for triazine and acetanilide herbicides analyzed
by immunoassay during four upriver cruises on the Mississippi River,
May 1990 through April 1992 25
2.4.-2.8. Concentration of triazine herbicides in approximately midchannel of the:
2.4. Lower Mississippi River between Baton Rouge, La., and Cairo, III.,

May-June 1990 cruise 37
2.5. Upper Mississippi River between Cairo, Il1., and Grafton, IIL,
May-June 1990 cruise 40
2.6. Missouri River between the mouth of the Missouri River and St. Charles,
Mo., May-June 1990 cruise 41
2.7. Lower Mississippi River between Baton Rouge, La., and Cairo, IIl,
June-July 1991 cruise 42
2.8. Upper Mississippi River between Cairo, Ill., and Minneapolis, Minn.,
June-July 1991 cruise 45
2.9.-2.12. Concentration of triazine and acetanilide herbicides in approximately
midchannel of the:
2.9. Lower Mississippi River between New Orleans, La., and Cairo, Ill,
September-October 1991 cruise 48
2.10. Upper Mississippi River between Cairo, Ill., and Minneapolis, Minn.,
September-October 1991 cruise 51
2.11. Lower Mississippi River between New Orleans, La., and Cairo, IIL,,
March-April 1992 cruise 54
2.12. Upper Mississippi River between Cairo, Il1., and Minneapolis, Minn.,
March-April 1992 cruise 57

2.13.-2.16. Cross-channel variability of triazine herbicides in the:
2.13. Lower Mississippi River between Baton Rouge, La., and Cairo, IIL,

May-June 1990 cruise 61
2.14. Upper Mississippi River between Cairo, Ill., and Grafton, Il1.,
May-June 1990 cruise 63

CONTENTS Vi



2.17.-2.20.

2.21.-2.22.

2.23.-2.24.

2.25.-2.28.

Table 3.1.

3.2.-37.

Viit CONTENTS

TABLES (Cont.)

Page
Chapter 2 (Cont.)
2.15. Lower Mississippi River between Baton Rouge, La., and Cairo, III,
June-July 1991 cruise 65
2.16. Upper Mississippi River between Cairo, Ill., and aneapohs, Minn.,
June-July 1991cruise 66
Cross-channel variability of triazine and acetanilide herbicides in n the:
2.17. Lower Mississippi River between New Orleans, La., and Cairo, IlL.,
September-October 1991 cruise 67
2.18. Upper Mississippi River between Cairo, [ll., and Minneapolis, Minn.,
September-October 1991 cruise 69
2.19. Lower Mississippi River between New Orleans, La., and Cairo, [ll.,
March-April 1992 cruise 70
2.20. Upper Mississippi River between Cairo, Ill., and Minneapolis, Minn.,
March-April 1992 cruise 72
Concentration of triazine herbicides in some of the tributaries of the
Mississippi River between:
2.21. Baton Rouge, La., and Grafton, 111, May-June 1990 cruise ----—-----—-- - 75
2.22. Baton Rouge, La., and Minneapolis, Minn., June-July 1991 cruise ---—-- 76

Concentration of triazine and acetanilide herbicides in some of the tributaries
of the Mississippi River between:
2.23. New Orleans, La., and Minneapolis, Minn., September-October 1991
cruise-- 77
2.24. New Orleans, La., and Minneapolis, Minn., March-April 1992 cruise--—- 78
Concentration of herbicides determined by gas chromatography and mass
spectroscopy in the Mississippi River and some of the tributaries between:

2.25. Baton Rouge, La., and Grafton, 11, May-June 1990 cruise —-------—--—-- 80
2.26. Baton Rouge, La., and Minneapolis, Minn., June-july 1991 cruise -------- 82
2.27. New Orleans, La., and Minneapolis, Minn., September-October 1991
cruise-- 84
2.28. New Orleans, La., and Minneapolis, Minn., March-April 1992 cruise—— 86
Chapter 3
Calibration ranges, detection limits, precision, and accuracy for nutrient
analyses 91

Concentration of nutrients in approximately midchannel of the:
3.2. Lower Mississippi River between Baton Rouge, La., and Cairo, 11,

June-July 1991 cruise 95
3.3. Upper Mississippi River between Cairo, Ill., and Minneapolis, Minn.,
June-July 1991 cruise 98
3.4. Lower Mississippi River between New Orleans, La., and Cairo, IlL.,
September-October 1991 cruise 101
3.5. Upper Mississippi River between Cairo, 111, and Minneapolis, Minn.,
September-October 1991 cruise 104
3.6. Lower Mississippi River between New Orleans, La., and Cairo, IlI.,
March-April 1992 cruise 107
3.7. Upper Mississippi River between Cairo, 111, and Minneapolis, Minn.,
March-April 1992 cruise 110



TABLES (Cont.)

Page
Chapter 3 (Cont.)
Table 3.8.-3.13.  Cross-channel variability of nutrients in the:
3.8. Lower Mississippi River between Baton Rouge, La., and Cairo, Il1,
June-July 1991 cruise 113
3.9. Upper Mississippi River between Cairo, Ill., and Minneapolis, Minn.,
June-July 1991 cruise 114
3.10. Lower Mississippi River between New Orleans, La., and Cairo, II1,
September-October 1991 cruise 115
3.11. Upper Mississippi River between Cairo, Ill., and Minneapolis, Minn.,
September-October 1991 cruise 117
3.12. Lower Mississippi River between New Orleans, La., and Cairo, 1,
March-April 1992 cruise 118
3.13. Upper Mississippi River between Cairo, 111, and Minneapolis, Minn.,
March-April 1992 cruise 120
3.14.-3.16. Concentration of nutrients in some of the tributaries of the Mississippi River
between:
3.14. Baton Rouge, La,, and Minneapolis, Minn., June-July 1991 cruise ---—-- 123
3.15. New Orleans, La., and Minneapolis, Minn., September-October 1991
Cruise - 124

3.16. New Orleans, La., and Minneapolis, Minn., March-April 1992 cruise--—- 125

Chapter 4

Table 4.1. Analytical detection limits and expected percent relative standard
deviation at two concentrations for analytes measured quantitatively -----—- - 129
4.2. Accuracy and precision data for elements determined quantitatively by
inductively coupled plasma-optical emission spectrometry based on the
standard reference water samples used in the analysis of the upriver
water samples 130
4.3. Accuracy and precision data for mercury determined by quantitative cold
vapor atomic fluorescence spectrometry based on the standard
reference water samples used in the analysis of the upriver water samples-- 133
4.4.-4.11. Concentration of major and trace elements in approximately midchannel of the:
4.4. Upper Mississippi River between Cairo, Ill., and Grafton, Ill.,

May-June 1990 cruise 140
4.5. Missouri River between the mouth of the Missouri River and St. Charles,
Mo., May-June 1990 cruise 142
4.6. Lower Mississippi River between Baton Rouge, La., and Cairo, Ill.,
June-July 1991 cruise 144
4.7. Upper Mississippi River between Cairo, Ill., and Minneapolis, Minn.,
June-July 1991 cruise 150
4.8. Lower Mississippi River between New Orleans, La., and Cairo, Il1,
September-October 1991 cruise 156
4.9. Upper Mississippi River between Cairo, IIl., and Minneapolis, Minn.,
September-October 1991 cruise 162
4.10. Lower Mississippi River between New Orleans, La., and Cairo, Il1,
March-April 1992 cruise 168

CONTENTS IX



Table 4.11.

4.12.-4.18.

4.19.-4.22.

Table 5.1.
5.2.

5.3.

5.4.

55.-5.7.

X CONTENTS

TABLES (Cont.)
Page
Chapter 4 (Cont.)

Upper Mississippi River between Cairo, Ill., and Minneapolis, Minn.,
March-April 1992 cruise 174

Cross-channel variability of major and trace elements in the:
4.12. Upper Mississippi River between Cairo, 1., and Grafton, IlI.,
May-June 1990 cruise 180
4.13. Lower Mississippi River between Baton Rouge, La., and Cairo, IlI.,
June-July 1991 cruise 184
4.14. Upper Mississippi River between Cairo, Ill., and Minneapolis, Minn.,
June-July 1991 cruise 186
4.15. Lower Mississippi River between New Orleans, La., and Cairo, 111.,
September-October 1991 cruise 188
4.16. Upper Mississippi River between Cairo, Ill., and Minneapolis, Minn.,
September-October 1991 cruise 192
4.17. Lower Mississippi River between New Orleans, La., and Cairo, 1l1.,
March-April 1992 cruise 194
4.18. Upper Mississippi River between Cairo, Ill., and Minneapolis, Minn.,
March-April 1992 cruise 198
Concentration of major and trace elements in some of the tributaries of the
Mississippi River between:
4.19. Baton Rouge, La., and Grafton, Ill., May-June 1990 cruise ----------—---—---- 202
4.20. Baton Rouge, La., and Minneapolis, Minn., June-July 1991 cruise ---—-- 204
4.21. New Orleans, La., and Minneapolis, Minn., September-October 1991

cruise-- 206
4.22. New Orleans, La., and Minneapolis, Minn., March-April 1992 cruise---- 208

Chapter 5
Instrumental conditions for volatile organic compound analysis by purge and
trap gas chromatography and mass spectrometry 215
List of target volatile organic compounds determined by purge and trap gas
chromatography and mass spectrometry 216
Gas chromatography and mass spectrometry operating conditions for
solid-phase extraction analysis 219

Summary of molecular ions [M*], molecular ions minus the trifluoroethyl

ester moiety [M*-99] for trifluoroethyl derivatives of linear alkylbenzene
sulfonate, dialkyltetralinsulfonates, and sulfophenyl carboxylic

acids; and [M*] and base peaks for alkylphenol and alkylphenol mono-,

di-, and triethoxylates 220
Summary of accuracy and precision data for quality assurance samples:

5.5. June-July 1991 cruise 222
5.6. September-October 1991 cruise 223
5.7. March-April 1992 cruise 224




TABLES (Cont.)

Page
Chapter 5 (Cont.)
Table 5.8. Summary of recovery data for distilled water spiked with 1 microgram per
liter of volatile organic compound standard mix and analyzed as quality-
assurance samples for June-July 1991, September-October 1991, and
March-April 1992 cruises 225
5.9.-5.14. Concentration of dissolved organic compounds in approximately midchannel
of the:
5.9. Lower Mississippi River between Baton Rouge, La., and Cairo, IIl,,
June-July 1991 cruise 234
5.10. Upper Mississippi River between Cairo, Ill., and Minneapolis, Minn.,
June-July 1991 cruise 240
5.11. Lower Mississippi River between New Orleans, La., and Cairo, IlI.,
September-October 1991 cruise 246
5.12. Upper Mississippi River between Cairo, Ill., and Minneapolis, Minn.,
September-October 1991 cruise 252
5.13. Lower Mississippi River between New Orleans, La., and Cairo, Il1.,
March-April 1992 cruise 258
5.14. Upper Mississippi River between Cairo, Ill., and Minneapolis, Minn.,
March-April 1992 cruise 264
5.15.-5.20. Cross-channel variability of dissolved organic compounds in the:
5.15. Lower Mississippi River between Baton Rouge, La., and Cairo, Ill,,
June-July 1991 cruise 270
5.16. Upper Mississippi River between Cairo, Ill., and Minneapolis, Minn.,
June-July 1991 cruise 272
5.17. Lower Mississippi River between New Orleans, La., and Cairo, Ill.,
September-October 1991 cruise 274
5.18. Upper Mississippi River between Cairo, Il1., and Minneapolis, Minn.,
September-October 1991 cruise 278
5.19. Lower Mississippi River between New Orleans, La., and Cairo, I,
March-April 1992 cruise 280
5.20. Upper Mississippi River between Cairo, I1., and Minneapolis, Minn.,
March-April 1992 cruise 284

5.21.-5.23. Concentration of dissolved organic compounds in some of the tributaries of the
Mississippi River between:

5.21. Baton Rouge, La., and Minneapolis, Minn., June-]uly 1991 cruise -——--- 288
5.22. New Orleans, La., and Minneapolis, Minn., September-October 1991
cruise -- 290

5.23. New Orleans, La., and Minneapolis, Minn., March-April 1992 cruise--— 292
5.24. Concentration of linear alkylbenzene sulfonate (LAS), homologs as a fraction
of total LAS, and isomers as a fraction of total C;; LAS homolog--------—-—-—-- 294

CONTENTS XI



CONVERSION FACTORS AND ABBREVIATIONS

Multiply By To obtain
Length

micrometer (um) 0.00003937 inch
millimeter (mm) 0.03937 inch
meter (m) 3.281 foot
kilometer (km) 0.6214 mile

Area
square meter (m?) 10.76 square foot
square kilometer (km?) 0.3861 square mile

Volume

microliter (uL) 0.00003382 ounces, fluid
milliliter (mL) 0.03382 ounces, fluid
liter (L) 0.2642 gallon
cubic meter (m) 35.31 cubic foot

Flow
centimeter per second (cm/s) 0.03281 foot per second
meter per second (m/s) 3.281 foot per second
cubic meter per second (m3/s) 35.31 cubic foot per second
cubic meter per year (m>/year) 35.31 cubic foot per year
kilometer per hour (km/h) 0.6214 mile per hour

Mass
milligram (mg) 0.00003527 ounce, avoirdupois
gram (g) 0.002205 pound, avoirdupois
metric ton 2,205 pound, avoirdupois

Temperature

degree Celsius (°C) F=18°C+32 degree Fahrenheit

The following terms and abbreviations also were used in these chapters:

Concentration
gram per milliliter (g/mL)
milligram per liter (mg/L)
microgram per liter (ug/L)
nanogram per liter (ng/L)
parts per million (ppm)
parts per billion (ppb)

The following equations were used to compute loads of chemicals:
concentration (mg/L) x flow (m>/s) x 8.64 x 10" = metric ton per day
concentration (ng/L) x flow (m>/s) x 8.64 x 10°° = kilogram per day
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CHAPTER 1 - INTRODUCTION
by John A. Moody

ABSTRACT

Surface-water samples were collected approximately every 18 to 28 km relative to the water from
a research vessel that was underway 24 hours a day up the Mississippi River from New Orleans,
Louisiana, to Minneapolis, Minnesota, in order to study the longitudinal variability of chemicals, the
cross-channel variability of chemicals, and the effects of sewage outfalls.

The methods and data for computing the water discharge associated with each sample and the
distance between samples collected from a moving vessel on a flowing river are explained and listed
in this chapter. The product of this water discharge and the concentration of chemical constituents
listed in later chapters gives the approximate flux of these chemicals. The distance between samples
in the moving water permits the calculation of chemical gradients and the determination of the spatial
scales of the longitudinal chemical variability.

BACKGROUND

The Mississippi River drains about 40 percent of the conterminous United States. At Vicksburg,

Miss., it has a mean annual water discharge of about 500 x 10° m3/ yr. At 193 river kilometers
downstream from Vicksburg, approximately 25 percent of the water discharge is diverted from the
Mississippi River into the Atchafalaya River and remaining water is discharged into the Gulf of
Mexico.

The Mississippi River consists of the Lower Mississippi River, starting at the mouth of the river at
Head of Passes, La. (Lower Mississippi River Mile 0.0), and extending 1,535 km upstream to the
mouth of the Ohio River at Cairo, Ill. (Lower Mississippi River Mile 953.8), and the Upper Mississippi
River, which begins at the mouth of the Ohio River (Upper Mississippi River Mile 0.0) and extends
about 1,360 km upstream to Minneapolis, Minn. (Upper Mississippi River Mile 854). In the Upper
Mississippi River, there is a series of 29 navigation locks and dams starting at Upper Mississippi River
Mile 185 near St. Louis, Mo. These navigation dams create a series of navigation pools connected by
short reaches of free flowing river. The Mississippi River downstream from St. Louis, Mo., is free
flowing but has been channelized by the U.S. Army Corps of Engineers.
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Between 1987 and 1992, the U.S. Geological Survey investigated the transport of chemical
pollutants in the Mississippi River (Leenheer and others, 1989; Meade and Stevens, 1990; Pereira
and others, 1990, 1992, 1994; Pereira and Rostad, 1990; Taylor and others, 1990; and Moody and
Meade, 1993). The strategy for this investigation was to begin upstream, follow the same water
mass downstream, and sample the water mass as it passed selected sites downstream. Logistic
constraints (use of a single vessel to sample the tributaries and the Mississippi River and limited
time to process samples) resulted in samples being collected ahead of, behind, and within the
water mass (Moody, 1993). In order to interpret these samples, a knowledge of the spatial
variability of chemicals in the Mississippi River was needed. There are at least 14 tributaries with

water discharges greater than 3 x 10° m>/yr (see table 1.1 and fig. 1.1), which contribute water and
a variety of chemicals to the Mississippi River at different times and at different locations along
the length of the Mississippi River from Minneapolis, Minn., to New Orleans, La., creating a
possibly complicated spatial distribution. The need to understand the spatial variability was the
motivation for collecting data at closely spaced intervals along the length of the Mississippi River.

OBJECTIVES OF STUDY

The main objective of this study was to determine the longitudinal spatial variability of
selected chemicals in the Mississippi River in order to aid the interpretation of more detailed
chemical data collected during 10 downriver sampling cruises between July 1987 and May 1992.
Additional objectives were to determine the spatial variability of chemical constituents at
different seasons of the year, at different discharges, and at or below sewage outfalls for large
municipalities.

2 CHEMICAL DATA FOR WATER SAMPLES COLLECTED DURING FOUR UPRIVER CRUISES ON THE
MISSISSIPPI RIVER BETWEEN NEW ORLEANS, LOUISIANA, AND MINNEAPOLIS, MINNESOTA,
MAY 1990-APRIL 1992



Table 1-1.~Discharge characteristics of some tributaries to the Mississippi River

[Discharges were taken from the U.S. Geological Survey’s water-resources data reports
for the appropriate States without adjustment for inflows between the last downstream

gaging station and the mouth of the tributary; m*/yr, cubic meter per year; and

%, percent]
Location of Mean annual Percent of
Period mouth of water discharge  discharge of
Tributary of record tributary, in 10° m/yr) Mississippi River
river miles downstream
Upstream  Upstream from the mouth
from from of the tributary
mouth of  Head of (%)
Ohio River Passes, La.!
Minnesota 1934-88 844.0 1,798.0 3.4 34
St. Croix 1902-88 811.5 1,765.3 3.9 25
Chippewa 1928-89 763.4 1,717.2 6.8 28
Black 1931-89 698.2 1,652.0 1.6 6
Wisconsin 1914-89 630.6 1,584.4 7.8 18
Rock 1939-90 479.0 1,432.8 55 11
Iowa 1914-89 434.0 1,387.8 6.2 11
Skunk 1914-89 395.7 1,349.5 22 4
Des Moines 1912-89 361.4 1,315.2 52 8
Ilinois 1938-89 218.0 1,171.8 19.6 24
Missouri 1897-89 195.3 1,149.1 72.0 43
Kaskaskia 1969-90 117.3 1,0711 33 2
Ohio 1928-90 0.0 953.8 243.1 57
White 1949-70 - 598.8 233 5
Arkansas 1927-89 - 581.5 374 7
Yazoo? 1969-89 - 437.2 123 2
TOTAL 453.6

"Head of Passes is where the mouth of the Mississippi River divides into three channels or

passes.

2Data provided by Henry Noble, U.S. Army Corps of Engineers, Vicksburg District.
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Figure 1.1.--Mississippi River and some of its tributaries.
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PURPOSE AND SCOPE

The purpose of this report is to publish in one volume the sampling and analytical procedures as
well as the large set of chemical data. The chemical data included in this report are specific
conductance, triazine and acetanilide herbicides, nutrients (NO3, PO4, NH,4, and NO,), mercury,

major and trace elements, and organic compounds with special emphasis on sewage-derived
contaminants.

The report contains data from four upriver cruises. The cruise dates and the reaches of the
Mississippi River that were sampled are listed in table 1.2. During the first cruise (May-June 1990)
sampling was done on the Lower Mississippi River and part of the Upper Mississippi River to the
mouth of the Illinois River. The first cruise comprised three parts—May 26 to May 29, 1990, June 4 to
June 6, 1990, and June 9 to June 10, 1990. During the other three upriver cruises (June-july 1991,
September-October 1991, and March-April 1992) sampling was done on both the Lower and Upper
Mississippi Rivers, which included about 2,900 river kilometers.

Table 1-2.--Upriver cruise names, dates, and the reaches of the Mississippi River that were sampled

Cruise name Dates River reach
May-June 1990 May 26-29, 1990 Baton Rouge, La., to Cairo, Ill.

June 4-6, 1990 Cairo, Ill., to mouth of Illinois River

June 9-10, 1990 Mouth of Missouri River to St. Charles, Mo.
June-July 1991 June 23-July 2, 1991 Baton Rouge, La., to Minneapolis, Minn.
September-October 1991 Sept. 25-Oct. 4, 1991 New Orleans, La., to Minneapolis, Minn.
March-April 1992 March 24-April 4,1992  New Orleans, La., to Minneapolis, Minn.

PURPOSE AND SCOPE 5



SAMPLING LOCATIONS

The spatial variability of chemicals in the Mississippi River was determined by collecting
water samples at about 16-km intervals (this corresponds to 10 river-mile intervals on the
navigation charts). Water samples were collected as close as possible to the midpoint of the river
from the 17-m research vessel ACADIANA, which is operated by the Louisiana Universities
Marine Consortium. The vessel traveled upriver at 11-14 km/h and was underway 24 hours per
day, stopping only for fuel and locking through navigation dams, so that a nearly equally spaced
sampling interval was maintained relative to the water in the river channel. The midpoint of the
river was determined by the ship’s radar, but this point was not always at the centroid of flow
because of the asymmetry of the channel, which changed between meander bends. During the
first three upriver cruises, three to five additional water samples were collected across the river at
about every 160 km, or downstream from major tributaries, to determine the cross-channel
variability and hence the degree of lateral mixing. During the last cruise (March-April 1992), this
strategy was changed to determine the degree of heterogeneity downstream from river
confluences or to detect the influence of sewage outfalls at or downstream from large
municipalities. Cross-channel variability was not assessed in well-mixed reaches of the river as it
had been during the first three upriver cruises. Samples from tributaries were collected either by
going up the tributary a short distance (if the tributary was navigable—Yazoo, White, Ohio,
Missouri, [llinois, and St. Croix) or by positioning the vessel as close as possible to the riverbank
just downstream from the mouth of the tributary.

Because the water samples were collected at about 16-km intervals while the river was
flowing between 2 and 8 km/h, the water samples were actually spaced about 18 to 24 km apart
relative to the moving water. The spacing between some samples may be greater than 24 km
because the vessel was stopped for a few hours to refuel or lock through a navigation dam.

In this report, the samples are located by two distances: (1) The river navigation distance
where the sample was collected (measured in miles upstream from the mouth of the Mississippi
River at Head of Passes, La., upstream from the mouth of the Ohio River at Cairo, Ill., or upstream
from the mouth of the Missouri River) and (2) the relative distance with respect to the moving
water (measured in kilometers from a starting point which was arbitarily chosen as the location
of the first sample). This relative distance would be the same as the distance between samples
collected at a fixed location at regular time intervals. A good example of the difference in the two
distances is in the listings for the cruise up the Missouri River on June 9-10, 1990 (see table 2.6,
chapter 2). While going upstream, the research vessel encountered enormous amounts of debris
that clogged the cooling-water intakes for the engines and forced the vessel to stop, go back
downstream, and tie up to a dock for a day of repairs. If the data were plotted versus the river
navigation distance, 11 samples would be plotted at Mile 28.0; however, if the samples are plotted
versus the relative distance, the samples would span a distance of 138 kilometers.
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The water velocities used to calculate the relative distance were based on either stage or discharge
measurements made at established stream-gaging stations. The regression equations used to
calculate the water velocity are in table 1.3. Velocities for the stream-gaging stations located within
each reach were averaged to give the reach-averaged velocities listed in table 1.4. Because the stream-
gaging stations are commonly in narrow, stable reaches of the river, these estimated velocities may
have a bias error and be larger than the reach-averaged velocity. In the free-flowing lower Mississippi
River, velocities (which range from about 2 to 8 km/h) may have a bias error as much as 20 percent
larger than reach-averaged velocities, so the error in values of the relative distance between samples
might be on the order of 2 km. In the reach of the Upper Mississippi River, the stream-gaging stations
are usually just downstream from a navigation dam where the river has a small cross-sectional area,
and the velocities may have a bias error as much as 50 percent larger than the reach-averaged velocity
for the entire pool. Velocities in this reach of the Upper Mississippi River are less than one-half those
in the Mississippi River downstream from St. Louis, Mo., so the bias error in the relative distance
between samples would also be on the order of 2 km. The relative distance provides a more accurate
measure of chemical gradients in the river and gives a pseudosynoptic picture of the longitudinal
variability of chemicals in the Mississippi River. The upriver cruise data, however, have been plotted
using the river navigation distance so the effects of tributary inflow can be compared when all cruises
are plotted on the same graph—using relative distance places the mouth of a tributary in a different
location on each cruise depending upon the starting point, water velocity, and velocity of the research
vessel.
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Table 1.3.--Regression equations relating cross-sectional averaged velocity to discharge or stage
for stream-gaging stations on the Mississippi River

[N, number measurements in regression equation; R?, coefficient of determination;
V, velocity in kilometer per hour; S, stage in meters; and Q, discharge in cubic
meters per second]

River mile Site name N R? Equation

Upstream from Head of Passes, La.

230 Baton Rouge, La. 31 0.87 V =0.514S + 0.69
306 Tarbert Landing, Miss.! 43 0.93 V =0.230S + 2.08
363 Natchez, Miss. 45 0.96 V =0.367S + 1.32
436 Vicksburg, Miss. 45 0.93 V =04135+3.14
566 Arkansas City, Ark. 35 0.96 V =0.476S + 2.35
663 Helena, Ark. 41 0.92 V =0.3845 + 3.41
735 Memphis, Tenn. 36 0.93 V =0.5125 + 4.19
918 Hickman, Ky. 36 091 V =0.364S + 2.63

Upstream from the mouth of the Ohio River

44 Thebes, TIL. 37 0.94 V =0.361S + 2.58
110 Chester, TIl. 25 0.92 V =0.436S + 3.24
179 St. Louis, Mo. 39 0.94 V =0.443S + 2.84
217 Grafton, IIL. 32 0.99 V =0.00067Q + 0.04
364 Keokuk, Iowa 18 0.90 V= 0.069Q1/ 24031
512 Clinton, Iowa 36 0.94 V =0.061Q"/2-0.54
633 McGregor, lowa 34 0.93 V =0.043Q'/2-0.21
811 Prescott, Wis. 18 0.88 V =0.00091Q + 0.90

Upstream from the mouth of the Missouri River
98 Hermann, Mo. 25 0.90 V=0436S + 2.67

IStage is at Red River Landing, La. (Mile 302), and discharge and mean velocity are measured at
Tarbert Landing, Miss. (Mile 306).
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Table 1.4.—-Water velocities used to calculate distance between sampling points relative to the
moving water

[km /h, kilometer per hour; LMR, Lower Mississippi River mile measured upstream from
the mouth of the Mississippi River at Head of Passes; UMR, Upper Mississippi River
mile measured upstream from the mouth of the Ohio River; MO, Missouri River mile
measured upstream from mouth of the Missouri River]

Cruise dates Water velocity' River reach
(km/h) (river miles)

May-June 1990 Cruise

May 26-29, 1990 58 LMR Mile 230-315
83 LMR Mile 315-581
8.0 LMR Mile 581-954

June 4-6, 1990 6.2 UMR Mile 0-195
3.8 UMR Mile 195-218

June 9-10, 1990 59 MO Mile 040

June-July 1991 Cruise

June 23-27, 1991 48 LMR Mile 230-566
57 LMR Mile 566-735
45 LMR Mile 735-954

June 27-July 2, 1991 55 UMR Mile 0-195
36 UMR Mile 195-361
29 UMR Mile 361-631
21 UMR Mile 631-703
1.9 UMR Mile 703-844

September-October 1991 Cruise

September 24-29, 1991 1.8 LMR Mile 89-315
33 LMR Mile 315-954

September 30-October 4, 1991 39 UMR Mile 0-195
20 UMR Mile 195-361
21 UMR Mile 361-631
1.4 UMR Mile 631-703
1.2 UMR Mile 703-844

March-April 1992 Cruise

March 25-30, 1992 51 LMR Mile 89-315
57 LMR Mile 315-400
6.9 LMR Mile 400-700
5.7 ~ LMR Mile 700-954

March 31-April 5, 1992 55 UMR Mile 0-195
4.1 UMR Mile 195-361
3.7 UMR Mile 361-434
2.6 UMR Mile 434-631
1.8 UMR Mile 631-844

Welocities are calculated from regression equations in table 1.3 and averaged for the stream-
gaging stations located within the reach given in the last column.
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WATER DISCHARGES

In order to calculate the flux of chemicals (in metric tons per day or kilograms per day), the
water discharge is listed in table 1.5 at gaging stations on the Mississippi River for the day the
research vessel passed the gaging station. Discharges at the mouths of the tributaries are the
water discharges at the gaging stations closest to the mouths of the tributaries for the day the
research vessel passed the mouth. Discharges for sampling locations between gaging stations
have been computed by linear interpolation between stations or between a station and the mouth
of a tributary (see fig. 1.2). Because discharge values are interpolated and because there were no
measured discharges at the mouth of each tributary, the discharges listed in each table of chemical

data in this report are accurate to about 200 m>/s.
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Table 1.5.--Water discharge of the Mississippi River at gaging stations between New Orleans, La.,
and Minneapolis, Minn., May 1990-April 1992

[Discharges are given for the day the research vessel passed the location; m®/s, cubic
meter per second; NA, not applicable; ~, approximate; negative discharge represents a
diversion of water from the Mississippi River to the Atchafalaya River]

River mile Water discharge (m3/s)
Upstream Upstream
from from May- June- September- March-
Location mouth of  Head of June July October April
Ohio R. Passes, La. 1990 1991 1991 1992
Lower Mississippi River
Baton Rouge, La.! NA 230 26,000 16,000 4,500 22,300
Tarbert Landing, Miss.2 NA 306 27,800 16,500 6,200 21,400
Old River Outflow? NA 315 5,500 -2,300 41,400 4,700
Natchez, Miss.> NA 363 33,000 17,600 7,200 25,200
Vicksburg, Miss.> NA 436 33,700 16,900 7,100 26,100
Mouth of YazooR.12  NA 437 ~480 ~2,000 ~440 ~340
Arkansas City, Ark3  NA 566 36,300 15,600 6,200 26,400
Mouth of Arkansas R.1?  NA 581 4,600 480 0 1,100
Mouth of White R4 NA 599 1,600 750 200 1,100
Helena, Ark.* NA 663 29,900 13,700 5,600 23,000
Memphis, Tenn.* NA 735 31,700 13,400 5,600 23,300
Hickman, Ky.* NA 918 29,900 11,400 5,500 17,400
Mouth of Ohio R 0 954 16,600 4,000 1,800 8,900
Upper Mississippi River
Thebes, 1. 44 998 12,300 7,800 3,700 7,600
Mouth of KaskaskiaR.” 117 1,071 300 20 5 160
St. Louis, Mo.® 179 1,133 8,500 7,300 3,200 7,800
Mouth of Missouri R® 195 1,149
June 05 3,300 1,800 1,100 2,100
June 06 3,400 NA NA NA
June 09 6,500 NA NA NA
June 10 6,900 NA NA NA
Grafton, ¢ 217 1171 5,500 5,400 2,000 6,000
Mouth of Hlinois R.” 218 1172 1,300 370 140 680
Lock & Dam 248 273 1,227 NA 4,600 2,000 4,100
Lock & Dam 22° 301 1,255 NA 4,400 2,100 4,000
Lock & Dam 21° 325 1,279 NA 3,900 2,000 3,600
Lock & Dam 20° 343 1,297 NA 4,000 1,800 3,500
Mouth of Des Moines R.1° 361 1315 NA 940 30 330
Lock & Dam 19° 364 1,318 NA 3,000 1,800 3,400
Lock & Dam 18° an 1,365 NA 3,000 1,600 3,400
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Table 1.5.~Water discharge of the Mississippi River at gaging stations between New Orleans,
La., and Minneapolis, Minn., May 1990-April 1992--Continued

River mile Water discharge (m3/ s)
Upstream Upstream

from from May- June- September- March-

Location mouth of  Head of June July October April
OhioR. Passes, La. 1990 1991 1991 1992

Upper Mississippi River-—-Continued

Mouth of lowa R.}° 434 1,388 NA 460 83 300
Lock & Dam 17° 437 1,391 NA 2,400 1,600 2,800
Lock & Dam 16° 457 1411 NA 2,500 1,500 2,900
Mouth of Rock R.7 479 1,433 NA 130 80 240
Lock & Dam 14° 493 1,447 NA 2,600 1,400 2,600
Lock & Dam 13° 523 1477 NA 2,300 1,300 2,700
Lock & Dam 12° 557 1,511 NA 2,300 1,300 2,700
Lock & Dam 117 583 1,537 NA 2,300 1,300 2,700
Lock & Dam 1010 615 1,569 NA 2,300 1,200 2,600
Mouth of Wisconsin R.11 631 1,585 NA 180 140 380
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