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Executive Summary

Background and Purpose

The 950-mile Lower Mississippi River has national, regional, and local importance and is in need
of ecosystem restoration, yet there is no comprehensive plan to guide water quality
monitoring. Such monitoring is critically important to planning and implementing ecological
restoration activities. The purpose of this report, commissioned by the Lower Mississippi River
Conservation Committee (LMRCC), is to provide a full inventory and summary of data collected
through existing major water quality monitoring efforts on the Lower Mississippi River, and to
provide a more detailed baseline of data availability from current and past programs that were
detailed in LMRCC’s 2014 report. This inventory will help identify challenges and opportunities
for future planning efforts and monitoring programs that will help ensure a healthy, sustainable
river ecosystem into the future.

- By the time the river reaches the Gulf of
Mexico, its flow represents the integration of
natural and anthropogenic drainage processes
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™ across 1.2 million square miles of watershed, or
approximately 40% of the continental United
States. Despite the scale and importance of the
watershed and the Lower Mississippi River
itself, the mainstem of the river has received
little focused attention in terms of holistic
ecosystem and water quality monitoring, with
.. | efforts mainly being limited to monitoring as

part of individual states’ Clean Water Act
requirements or as a part of select federal

programs.

( The ecosystem services provided by the river
benefit the approximately 6.5 million people
who live in this corridor by providing aesthetics,
recreation, clean water, nutrient cycling, and
the natural building and maintaining of

wetlands that protect from flooding and storm
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surge. All of these services, and the river-
related industries that provide $150 billion dollars per year of economic activity, require a
healthy river ecosystem.



Relevance

Because of this great integration of water, what is observed
in the Lower Mississippi River shows signals of activities and
important trends that reflect the health of the entire 1.2

million square mile drainage. These signals cannot be

observed without a robust water quality monitoring and q“%( ’
reporting program.
p g prog i\v

Water quality in the Lower Mississippi River impacts not Image Source: Wikipedia

only local freshwater aquatic ecosystems along its 950-mile length, but ultimately the wetlands,
estuaries, and marine ecosystems of the Gulf of Mexico region. A combination of continuously-
changing physical, chemical, and biological processes interact in the river, its side channels, and
its floodplain and ultimately, water quality conditions are reflective of those processes and
interactions. In order to understand those processes, and the value they provide in terms of
ecosystem services, comprehensive and consistent water quality monitoring coupled with
scientific analysis must be undertaken to understand the data from these monitoring programs.

Water quality monitoring data, especially collected across whole ecosystems over long
timescales, provide scientists the ability to detect changes and trends across time and allow for
better informed, more robust river management. Having a long-term, whole ecosystem water
quality dataset will give managers the ability to understand trends and adaptively manage the
river ecosystem now and in the future.

Results
In the process of data search and discovery for this report, a total of 73 water quality
monitoring sites were found on the Lower Mississippi River mainstem and contiguous

Lower Mississippi Main Stem Sites Long-Term Lower Mississippi Main Stem Sites backwaters. At the

vast majority of these
sites, data collection
was sporadic in nature
with only six sites
having a largely
complete long-term
dataset of 30 years or
longer for at least one
water quality
parameter, and having
data still being
collected at the time

of writing in 2021.
These long-term data sets are needed for many robust analyses of largescale ecosystem health
and change across a large scale.



Conclusions and Implications

The amount of water quality data and ecosystem health information for the Lower Mississippi
River is discernibly lacking given the economic and ecosystem benefits that are derived from a
sustainable and functional Lower Mississippi River as well as the river ecosystem’s potential to

T p— improve the quality of water delivered to the Gulf of Mexico.

Unfortunately, the Lower Mississippi River has received little
of the sustained national attention, planning and funding
related to restoration and water quality as have other river
systems such as the Ohio River and Upper Mississippi River.
While there is good work being done by various
organizations on the Lower Mississippi River, and knowing
the results of this water quality data inventory, it is clear that
an urgent need exists to create a comprehensive Lower
Mississippi River water quality monitoring program and
ecosystem restoration plan, and begin to carry out the work
called for in such a plan. The sooner this work begins, the
sooner the needs of the ecosystem can be understood and

restoration work that enhances the incalculable value of the
Lower Mississippi River can take place.



Part I - Water Quality Inventory

Purpose

This report is a supplement to and expansion of a report commissioned by the LMRCC and
authored by Paul Davis in 2014. The data sources identified and summarized in the 2014 report
have been further examined to assess their current and historical state and general availability
of monitoring data in the Lower Mississippi River. Part | of this report illustrates the current
conditions of water quality monitoring programs and the limited nature of current data
collection efforts, especially as compared to other parts of the Mississippi River Watershed.
Part Il of this report briefly explores monitoring regimes and strategies that may be considered
in any future efforts to create a comprehensive long-term water quality monitoring program on
the Lower Mississippi River. The purpose of this report is not to recommend specific water
guality monitoring outcomes, strategies, and goals for the Lower Mississippi River, nor create a
monitoring operations plan. Rather, it provides a foundational knowledge for LMRCC members,
stakeholders, and the public to understand the data assets in the Lower Mississippi River.

Introduction

The Lower Mississippi River is most commonly characterized as the segment of the Mississippi
River starting at the confluence with the Ohio River and continuing downstream to its mouth in
the Gulf of Mexico and including the Atchafalaya River, a major distributary that also empties
into the Gulf of Mexico. By the time the river reaches the Gulf of Mexico, the river is the
integration of the water draining from 1.2 million square miles of watershed, or 40% of the
continental United States. Because of this great mixing of water, the signals seen in water
quality in the lowest part of the river can potentially show important trends reflecting the
health of the entire 1.2 million square mile drainage. Additionally, the Lower Mississippi River
ecosystem, along its length of around 950 miles, has the potential to significantly impact water
quality both in the river itself and in the water that is delivered to the Gulf, through physical
and biological process that naturally occur in the river, in its side channels, and on its floodplain.
As part of its important provision of ecosystems services, the Lower Mississippi River is the
source of drinking water for many people along its length, provides recreational opportunities,
commercial fisheries, transportation, and tourism.

Despite its national and regional importance, the Lower Mississippi River has not received
focused attention in terms of water quality monitoring and ecosystem restoration, and there is
currently no long-term comprehensive monitoring or restoration plan for this segment of the
Mississippi River as exists on the Upper Mississippi River, Missouri River, and Ohio River.
Despite this lack of a centrally coordinated effort, and lack of a comprehensive plan meeting
the needs of the Lower Mississippi River, there have been successful ecological restoration
projects completed on the Lower Mississippi River. Many of these successful efforts are
“grassroots” endeavors and have been the result of dedicated local and regional champions
such as the LMRCC and its members. These champions do the best they can with limited
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resources and anecdotally, these efforts have led to improved habitat and water quality
conditions in some areas.

The Lower Mississippi River is deserving of a comprehensive ecosystem restoration and
monitoring plan and the funding to carry out such a plan. This report is focused on creating a
baseline understanding of the current and historical availability of water data in the Lower
Mississippi River, one that can be built upon when crafting a future monitoring and restoration
plan. In addition, the report highlights that there is a historic opportunity to craft a program of
monitoring and restoration in this part of the Mississippi River. As will become apparent in the
reading of this report, the Lower Mississippi River is basically a blank slate on which to craft a
long-term monitoring and restoration plan. In order to inform those planning discussions, in
addition to the accounting of data assets, this report will outline general monitoring strategies
that could be valuable as part of a future plan or program for monitoring the health of the
Lower Mississippi River.

Lower Mississippi River Historical Data Availability

Data discovery methods

Data discovery for this inventory was primarily carried out using the Water Quality Portal?, a
data tool created and maintained by U.S. Geological Survey (USGS), U.S. Environmental
Protection Agency (EPA), and the National Water Quality Monitoring Council. The Portal allows
data retrieval from national water quality databases such as EPA water data Storage and
Retrieval (STORET) and USGS National Water Information System (NWIS). These databases are
then stored in a common format and database called the Water Quality Exchange (WQX).
Additional historic data was accessed through state web databases and direct communication
with state agency personnel who provided clarification of data and confirmation of results.
Special attention was paid in the gathering of data to highlight long-term data records that
could constitute a baseline from which to measure change, which would be important in
discussions of future monitoring. Sites with short periods-of-record are not as useful because
they show water quality at only a point in time, which can be influenced by many often-
transient factors. It is only after repeated measurements over long periods of time that the
influence of variation in those factors can be removed. Because some legacy data may not
appear in WQX, an additional effort was made to find state databases and download historical
data to augment the more recent record. The effort to retrieve state data outside the WQX was
mostly concentrated on long-term sites and parameters. Very little was found in this search.
The takeaway of this broad search effort is that in the Lower Mississippi River, outside of the
major databases maintained by state and federal agencies, other water quality data are not
readily discoverable. When additional data was found, it was of minor importance due to the
fact that it was mostly from short-term studies or in formats that lack the proper metadata
context. This study did not attempt to find data from academic studies, as data from these
projects are often proprietary and largely short-term. Thus, these studies are of limited use in a

! www.waterqualitydata.us



whole ecosystem monitoring context, as they often are relevant only to a specific hypothesis
being tested. In short, while every effort was made to find complete and well documented data
records for the mainstem of the Lower Mississippi River, it is possible that there are data that
were not discovered by the processes used for this report. For the data that was discovered,
each site location was plotted and the list was geographically filtered to include only those sites
on the main stem, side channels, and contiguous backwaters of the river.

Results of Data Discovery

Data assets
The Lower Mississippi River has traditionally had limited water quality data assets, as outlined
in LMRCC’s 2014 report. In general, the USGS, through several projects, and the Louisiana
Department of Environmental Quality (LDEQ), through its ambient water quality monitoring
network, are the only agencies who have significant amounts of data on the main stem of the
river. In the course of data discovery for this project, 73 sites were found on the main stem and
side channels of the Lower Mississippi River (Figure 1; Tables 1 & 2). However, the majority of
these 73 sites have a short time period
Lower Mississippi Main Stem Sites . over which samples were collected,
sometimes with only a single sampling
date at a site. Additionally, there are
several sites which appear initially to be
independent sites, but in reality, they are
treated as a single site of combined data.
For instance, LDEQ has three general
locations on the Mississippi River where
samples were taken from either the left
descending bank, right descending bank,
or mid-stream over the period of record
for the location. The aggregated sites
include each of the three locations of the
Mississippi River at Plaquemine, St.
Francisville, and Belle Chasse. Though it
may be argued that these truly are
different sites, when dealing with a

limited data availability these instances

are likely more useful as a single

Figure 1. . . .

combined site. Geographically, the

distribution of all sites is highly clustered with a large concentration of sites in the lowest part
of the river, around and below New Orleans, Louisiana with large gaps occurring between sites
upriver. Most of the sites on the mainstem of the Lower Mississippi River are inconsistent in
their continuity; Figure 2 shows the dates where any parameter was sampled at a particular
site, illustrating the somewhat sporadic and disjointed nature of water quality sampling in the

Lower Mississippi River.



All Mainstem Lower Mississippi Sites and Measurement Dates

1980
Measurement Date
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Scarce long-term data

Only six long-term water quality sites were discovered in the course of writing this report. For
the purposes of this report, a long-term site has a 30 year or longer, mostly continuous record
and is still being sampled near the time of writing. Thirty years is often used as the threshold for
what is considered a long-term site, as it is generally the minimum time period over which
trends can reliably be calculated. All of the long-term sites are highly clustered in the lowest
three hundred miles of the river. Three of the long-term sites are sampled by the USGS and the
remaining three sites are sampled by LDEQ. The three LDEQ sites are actually “composite” or
“aggregated” sites as indicated above, with data having been collected in two or more adjacent
locations in order to make up a continuous record (Table 2).

Table 2. Long-term Water Quality Sites

Period of Water
Quality Record

LDEQ  St. Francisville* 0009, 0055**, 0318, 4031 1966-present

Agency Location Agency Site Number

USGS  St. Francisville 07373420 1976-present
LDEQ Plaguemine* 0053**, 0054, 0319 1966-present
LDEQ Belle Chasse* 0051**, 0052, 0321 1966-present
USGS Belle Chasse 07374525 1976-present
USGS Baton Rouge 07374000 1975-present

* Composite of multiple sites in close proximity combined to make up full long-term time series;
**Current active site in group of composite sites

Further restricting the ability of the long-term sites to
provide a full picture of the water quality and ecological
health of the Lower Mississippi River is the fact that of the

_Long-Term Lower Mississippi Main Stem Sites

six long-term sites, there are two pairs of sites where
different organizations both have collected long-term data
in close proximity to one another. For instance, USGS and
LDEQ both have a site at St. Francisville. This means in
effect, there is long-term sampling at only four locations
(Figure 3). Additional analysis was done to determine which
parameters were sampled on a long-term basis at each of
these six sites. To complete this analysis, available data

. were split into categories of nutrients, physical, biological,

. minor and major metals, minor and major non-metals,

:L“-_:J organic pesticides, other organics, and sediment. These

e
Sarves L Cowt § Cpercmaen: e g, 040 3a

Figure 3. categories were then further refined to a list of the long-
term parameters within each group. This work was made
difficult by the fact that different states use different database formats and naming conventions
in their databases from which data were retrieved for this analysis. Though a common database
format does exist in the form of the WQX, the amount of data that has been migrated to that

database is limited. Many sites in the WQX, even those with a much longer history of
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measurements, begin around the year 2000, necessitating the individual search of disparate
databases in order to find long-term sites.

Tables 3-12 (appended to end of this document) list by group the total number of sites where a
long-term dataset exists for a given parameter. As is apparent in these tables, most parameters
of interest have been collected in a long-term fashion at only a few sites. If a parameter was not
included in the table, it had relatively few measurements reported or had no long-term
datasets across all sites. These sporadically collected parameters were not included in the
tables in this report due to their limited usefulness in planning for future monitoring efforts and
their limited ability to provide information about more than a short snapshot in time. However,
these data are included in the appendix of data files. The vast majority of the omitted
parameters were miscellaneous organic compounds and organic pesticides. As indicated by the
low number of sites where any parameter was collected long-term, there is clearly a paucity of
useful data collected in the Lower Mississippi River that can be used for long-term analysis.
However, for the six sites that have had long-term data collection and are still being monitored
as of 2021, the range of parameters available at those sites is reasonable and can give a
meaningful picture of water quality trends over time at their collection sites.

Long-term site and parameter timeline

To further refine information about the long-term data records of parameters at each site,
measurements of each parameter collected at each long-term site were plotted over time to
show the continuity and availability of specific parameters and are shown in Figures 4-9,
appended to the end of this report. Each dot on the timeline indicates a measurement of the
indicated parameter at the site.

Data discovery summary

As illustrated in previous sections, current and historical water quality monitoring efforts are
not commensurate with the importance of the Lower Mississippi River and the ecosystem
services it provisions, the importance to the national and regional economy, and the
environmental restoration needed to sustain it. With such a small number of sites overall, and
an even smaller number of long-term sites, it is difficult to assess the health of the river and its
water quality. Such efforts often need thirty years of data to be considered valuable for
analyzing trends over time. However, the data resources that do exist can be used as a baseline
in beginning to plan for a new monitoring program that does meet the needs of such a diverse
and important ecosystem.
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Part Il - Considerations for the Future

In Part Il of this report, a general overview of water quality monitoring considerations is offered
for considerations in future discussions by LMRCC or others.

Planning a Water Quality Monitoring Program

Monitoring water quality is essential in the management and sustainability of water resources,
as well as human and environmental health. There are a wide array of monitoring
methodologies available to those charged with designing and implementing a water quality
monitoring program. When designing a monitoring program for an ecosystem as nationally
important and expansive as the Lower Mississippi River, a diverse array of stakeholders should
be brought together to form a coalition to identify goals for the program. Such goals could be
focused on areas such as assessing long-term water quality trends, river ecosystem health,
water quality or biological effects of river management, and providing real-time information to
the public. Equally important are the desired ultimate outcomes based on the monitoring goals,
such as assessing the need for and success of river restoration, promoting long-term
sustainability, and providing for the health and safety of water users. Based on the goals and
desired outcomes, a team including monitoring experts and stakeholders could then craft an
appropriate program including the selection of representative sites, water quality parameters,
appropriate sampling methods, and sampling frequencies. It is important to consider both long-
term and short-term goals, and to use appropriate methods for each. For instance, if long-term
monitoring is an overarching goal, it may be many years before meaningful results are
available, but such a program in combination with short-term hypothesis-based projects can
provide information on both short and long timescales to satisfy funders and the public while
working toward the goals established by the restoration and water quality plan. The results of
any short-term or pilot studies that are undertaken before the work provided for in the long-
term plan is fully underway can be used in an adaptive management context to inform future
monitoring and the long-term plan.

The following sections are general information on monitoring strategies that should be
considered in a discussion of a comprehensive monitoring program.

Comparison and Discussion of General Monitoring Strategies

Spatial versus temporal coverage

After goals are established a major factor to account for in any water quality monitoring plan is
the variability in water quality characteristics over space and time due to natural processes (e.g.
seasonal temperature changes, mineral weathering, rain events, etc.) and human activities (e.g.
agricultural and urban pollutants, point source pollutants, mining, etc.). The magnitude and
timing of these variations are often unpredictable. Effort and costs associated with monitoring
should be considered when determining both sampling frequency at a given site as well as the

number of sites monitored within a system. Monitoring programs with a fine-scale
11



spatiotemporal sampling design may be better suited to identify areas in need of restoration
efforts. Trend analysis of water quality changes requires datasets derived from high resolution
multi-year programs so that there is good representation of all river conditions. There are
examples of successful monitoring programs for many approaches including high spatial
resolution with infrequent samples, high temporal resolution with highly limited geographic
extent, and a combination of a high temporal and high spatial resolution in moderately
expanded geographic extent (for instance, a set of river reaches).

Coverage of habitats

It is important to consider the range of habitats present in a monitoring scheme focused on
overall water quality and ecological health of the river. Habitats such as backwater lakes and
side channels are as important as main channels in gaining a full picture of the ecosystem and
water quality. Site selection is dependent on local environmental factors which can cause
different parts of a system to behave as separate water bodies with diverse water quality
characteristics. Both the sampling method (e.g., grab samples, spot sampling using handheld
sensors, deploying equipment for continuous measurements, etc.) and the sampling frequency
are determined by the goals of the project as well as the habitat type being sampled.

Continuous and discrete measurements

The current state of scientific knowledge related to nutrient dynamics in large rivers and
streams stems from years of collecting discrete measurements at weekly or monthly intervals.
Samples have traditionally been processed and analyzed in laboratories, which could take days
or weeks to produce results. Models based on these discrete samples have produced important
information on timing and sources of nutrient concentrations in freshwater systems. The
development of autonomous in situ optical sensors (e.g. spectral absorption by a photometer),
wet chemical (e.g., colorimetric photometry), and ion-selective electrode (e.g. comparison of
sensing vs. reference electrodes) sensors, in conjunction with new associated telemetry and
data management systems, has given managers access to continuous real-time water quality
information for making decisions immediately. This ability is especially critical during flooding
events or when water quality deteriorates to a point of public health concern. Widespread
incorporation of these types of sensors into monitoring programs has not yet occurred due to
startup and long-term equipment costs, deployment logistics, and difficult/unreliable
calibration methods. Still, continuous water quality data can lead to improved water resource
management and can help scientists better understand drivers of system impairments. There
are trade-offs with both continuous and discrete monitoring programs and often a combination
of sampling types is beneficial. Scientifically the two methods are complementary but may not
be compatible to combine into a single data record.

Successful water quality monitoring programs

The National Water-Quality Assessment (NAWQA) project through the USGS is an example of a
widespread and long-term monitoring program. The NAWQA conducts water-resource
monitoring, assessments, trends, modeling, and forecasting for rivers and streams throughout
the United States. The program has a broad goal of addressing “where, when, why, and how
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the Nation's water quality has changed, or is likely to change in the future.” 2 As such, it relies
on a mixture of different sampling strategies to assess water quality. These strategies include
sites which are only visited a few times throughout a year, sites with stage height only, and sites
which continuously monitor chemical and biological water quality parameters.

The Long Term Resource Monitoring (LTRM) program through the Upper Mississippi River
Restoration Program is more localized in that it focuses on monitoring, research, and
management of the Upper Mississippi River System3. Management of the LTRM program
consists of multiple federal and state agencies. In addition to water quality monitoring, the
program conducts surveys of aquatic vegetation, fish, and land cover. Since it was created over
20 years ago, the strategy of the LTRM program is to build upon its existing database and to
maintain as much consistency as possible. This allows for accurate analyses of long-term trends
and better understanding of how various ecological components are related.

It is not possible to make a generalized method recommendation given geographical
differences in regulatory requirements, environmental conditions, surrounding land-use,
geological influences, and the like. Given the cost and labor associated with water quality
monitoring programs, available resources should be optimized in ways to ensure accurate and
useful information is delivered to decision makers.

Strategies and Parameters to Assess Overall Ecological Health

One of the purposes of a water quality monitoring program is to assess current or potential
impacts on ecological health. The ecological health of an aquatic system is determined by the
effects of multiple processes and stressors acting over time, so an assessment of ecological
health can be approached from several strategies. Tables 3-12 list over 60 parameters that have
been measured one or more times at multiple locations in the Lower Mississippi River Basin.
The measured parameters broadly include physical properties, nutrients, organics, metallics,
and non-metallic constituents. However, not all these parameters are equally practical for
assessing ecological health of aquatic ecosystems.

When data is available, biological parameters, such as macroinvertebrate assemblage
composition?, are direct measurements of the ecological health of a stream or river. However,
the collection of biological data is relatively labor intensive and time consuming. Furthermore,
biological data reflects the current status of ecological health and the infrequent nature with
which biological data is collected makes it less useful for identifying whether ecological health is
improving or declining. Many citizen science programs focus primarily on collection of biological

2https://www.usgs.gov/mission-areas/water-resources/science/national-water-quality-assessment-nawqga?qt-
science center objects=0#qt-science center objects
3 https://umesc.usgs.gov/ltrm-home.html

4 Walsh, C.J. 2006. Biological indicators of stream health using macroinvertebrate assemblage composition: a comparison of
sensitivity to an urban gradient. Marine and Freshwater Research 57:37-47
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data, so there is potential to increase the collection and recording of biological data through
the growth and strengthening of citizen science.

Other water quality parameters can be useful for detecting potential threats to ecological
health, such as pesticides and pharmaceuticals — broad classes of synthetic chemicals that have
varying degrees of toxicity to aquatic species. Certain organopesticides can be highly toxic to
aquatic life, and the presence of these chemicals in water can indicate an immediate threat to
ecological health. In particular, chemicals used for crop production (pesticides and nutrients) or
on urban landscapes (pyrethroids) are related to ecological integrity®. However, they are not
the best indicators of assessing ecological health because their concentrations in water can vary
widely over short periods of time. Norman et al.® found that unless samples are collected on a
daily basis, many of the pesticides in the stream will be undetected and thus assessments of
their impact on aquatic life are inadequately considered. The EPA also recognizes a class of
synthetic chemicals, called Contaminants of Emerging Concern, primarily consisting of
pharmaceuticals and personal care products, that could indicate potential threats to ecological
health, but their effects on ecological health are still mostly unknown and therefore they are
not useful for an ongoing assessment of ecological health. Many of these compounds, including
pyrethroids, adsorb strongly to organic carbon in sediments, so direct monitoring of sediment
concentrations in water can be a surrogate for a large group of organic-based compounds.

Major and minor cations (metals) and anions (non-metals) are also routinely measured in
surface water. The laboratory procedures for most of these parameters is relatively
straightforward. Most of them can be measured simultaneously using inductively coupled
plasma atomic emission spectroscopy (ICP-AES) or ion chromatography. Therefore, it is
relatively simple to include these constituents in the suite of water quality parameters routinely
measured, but their usefulness for assessing ecological health is limited because they are
ubiquitous in their natural distribution and exhibit a relatively wide range of values that are
mostly determined by soil types and geology. Trace and heavy metals are a subset of metallic
cations that are also relatively ubiquitous in the natural environment at low concentrations.
Therefore, when water samples contain uncharacteristically high concentrations of trace and
heavy metals, it can indicate some type of human-induced contamination, such as mining or
construction. Anions, such as sulfate, can also indicate mining or construction activities that
expose pyrite-containing materials. These types of activities have had deleterious effects on
ecological health in the past, but stricter regulations have greatly diminished these sources of
contamination. Therefore, monitoring these parameters independent of other parameters is
not sufficient for assessing ecological health. However, recent advances in technology that
allows some of these chemical constituents to be monitored in real time may increase their

5 Schmidt, T.S., P.C. Van Metre, and D.M. Carlisle. 2019. Linking the Agricultural Landscape of the Midwest to Stream Health
with Structural Equation Modeling. Environ. Sci. Technol. 53:452-462.

% Norman, J.E., B.J. Mahler, L.H. Nowell, P.C. Van Metre, M.W. Sandstrom, M.A. Corbin, Y. Qian, J.F. Pankow, Wentai Luo,
Nicholas B. Fitzgerald, W.E. Asher, K.J. McWhirter. 2020. Daily stream samples reveal highly complex pesticide occurrence
and potential toxicity to aquatic life. Sci. Tot. Environ. 715:136795
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usefulness for predicting changes in ecological health when combined with other water quality
parameters that can also be collected continuously and in real-time.

Whereas all of the various parameters discussed above are important indicators of water
quality conditions, they are not all equally suitable for continuous, ongoing monitoring that can
be used to monitor ecological health. As noted elsewhere in this report, advances in optical
sensing technologies have provided multiple options for in situ, real-time continuous water
guality monitoring. Water quality parameters that can be routinely monitored in this way
include turbidity, dissolved oxygen, fluorescent dissolved organic matter (fDOM), chlorophyll,
and blue-green algae. When these sensors are deployed in a water quality sonde, they can be
combined with additional sensors for temperature, pH, specific conductance, dissolved oxygen,
and nitrate. The result is a suite of water quality parameters that, when considered together,
can provide an assessment of the current ecological health of the water system where they are
installed. Furthermore, they do so continuously and in real-time when combined with
telemetry, so they are useful for tracking changes in water conditions and can quickly identify
any anomalies in water conditions. As previously discussed, there are downsides to in situ
continuous monitoring in terms of cost and the amount of spatial variation that can be
assessed. The aforementioned suite of parameters can also be reliably monitored in the
traditional discrete grab-sample fashion.

The relationship between landscape processes and river ecosystems is multifaceted and
complicated’, but it is clear that human activities in both agricultural and urban settings are the
primary drivers for changes in the ecological health of freshwater systems®. Therefore, a
monitoring strategy that includes strategically-placed, automated monitoring equipment that
detects and records hydrological events and associated water quality data in near real-time can
be a powerful tool for detecting current impacts on ecological health of river systems as well as
predicting future trends and results of restoration efforts.

Monitoring Data, Products, and Outcomes

In recent years, there has been much effort directed towards creating databases where
scientific data is openly available for download and use. Databases, most notably the Water
Quality Exchange (WQX) developed by EPA, USGS and the National Water Quality Monitoring
Council have added value to the storage and uses of monitoring data. These databases ensure
that once data are collected, they can be analyzed for a variety of purposes by multiple
scientists and managers, now and in the future. In designing a water quality monitoring
program, attention should be paid to the desired outcomes and synthesized “products” that
can be shared with stakeholders. Many projects and programs are primarily shared via scientific
literature, and the process of peer review ensures the efficacy and validity of the work. The
audience for this type of publication is mainly natural resource managers and scientists. It can

7 Schmidt et al., 2019
8 Allan, J.D. 2004. Landscapes and Riverscapes: The Influence of Land Use on Stream Ecosystems. Annu. Rev. Ecol. Evol. Syst.
35:257-84
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be argued, however, that publishing outcomes of monitoring in popular media and online can
do more to affect change in the near-term as these products reach a broad audience and make
scientific concepts understandable. An important consideration is that these more widespread
applications of data are outside of normal practice of many scientific and data collection
agencies, so provisions may have to be made for third party evaluation and synthesis.

State Monitoring of Water Quality and the Clean Water Act

Examination of programs’ suitability for use in long-term monitoring programs

A requirement of the federal Clean Water Act is that each state must assess its waters for their
ability to meet federal and state water quality goals and report every other year on the quality
of its waters through CWA Section 305(b). Funding required to support states’ water quality
monitoring and assessment is provided by EPA through CWA Section 106, funding, and
supplemented by each state. Based on this mandate, a logical starting place for exploring data
availability in the Lower Mississippi River is state ambient water quality monitoring data used to
prepare the 305(b) Report. However, currently and historically, few states conduct monitoring
of any type on the main stem of the Lower Mississippi River due to legal questions of
jurisdiction (i.e. is the mainstem part of state waters, or is it a federal water only) as well as lack
of funding, equipment, and resources to sample such a large water body. The limited water
quality data that are available are outlined in the results section of this report.

These required state monitoring programs in support of water quality assessment have a fixed
station approach designed to determine if a particular reach of state waters is meeting water
quality standards. In some states and situations, site selection was based more on detecting
pollution from specific sources rather than being representative of overall ecosystem health.
More recently, and at the request and with funding from EPA, states have added probabilistic
monitoring stations selected randomly to provide more representative sampling of water
bodies across large-scale regions of the United States, but these additional stations are not
visited on a regular basis. Long-term trend sites need to be situated to represent all habitats
along the river, not just the tributaries to the mainstem nor should they be located in such a
way to detect pollution inputs from specific point sources, as these biased results are more
representative of a single facility or discharger.

Therefore, each state’s basic water quality monitoring programs, while providing important
background information, cannot be used alone to assess Lower Mississippi River ecosystem
health as they are designed to specifically assess compliance of small river reaches with the
states’ water quality standards, are not representative of conditions along the main stem Lower
Mississippi River, and include information with differing monitoring methods and measurement
frequency. Relying solely on existing state monitoring programs is likely to lead to a piecemeal
approach among states that will not achieve the desired outcome of a comprehensive and
consistent whole-lower-river monitoring effort. In addition, adding to the workload of agencies
that often operate with limited budget and manpower flexibility may cause difficulties in
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achieving the goals of a monitoring program that may differ from their core goals as a state
agency.

Interstate cooperation: comprehensive assessment of the Lower Mississippi River
Because of the factors outlined above, interstate cooperation is needed to implement a whole-
river health monitoring program. Existing state-led monitoring programs conducted to judge
compliance with CWA goals can form an important part of a monitoring program, provided that
data are collected similarly in terms of timing, methods and analysis. An example of such a
successful effort comes from the Chesapeake Bay states, which made a commitment in the
1980s to have a network of CWA Section 106 funded monitoring sites that would conform to an
agreed upon set of sampling requirements, and still today form the backbone of water quality
trend sites to judge the health of the Bay. These state-only sites were combined with an
additional effort to more widely cover the main-stem Chesapeake Bay with sites jointly
monitored by the states and EPA. While the creation of the Chesapeake Bay unified monitoring
program was challenging, and required additional funding and logistics to implement, it has
proven successful in communicating water quality trends within the Chesapeake Bay as well as
helping to direct restoration efforts and monitoring their success.

There is an example of such interstate cooperation closer to the Lower Mississippi River. The
Upper Mississippi River Basin Association (UMRBA) has concluded one phase of a pilot project,
and is currently undertaking a second phase to conduct a multistate assessment on the
Mississippi River®. This pilot project, though very successful, illustrates the challenge of
coordinating multiple state agencies to monitor in a unified way. It has involved several years of
planning along with significant funding and staff time to complete a single monitoring season.
The project has targeted only a small reach of the Upper Mississippi River. UMRBA and the
states that make up the pilot project have documented the process well. They have concluded
that while this type of monitoring has the ability to better assess the Upper Mississippi River in
terms of the Clean Water Act, significant additional resources are needed to make such a
program sustainable and useful long-term.

The basis for UMRBA’s coordination of the Upper Mississippi River States’ pilot project is a
multi-state compact. As such, there is a legal authority and impetus under this compact for this
type of long-term interstate cooperation. Without such impetus for cooperation among the
Lower Mississippi River states, a multi-state Clean Water Act monitoring program may be
difficult to initiate and sustain. However, to date the states participating in the LMRCC have
shown a strong commitment to the Lower Mississippi River, which is a major step. Throughout
the United States, many state water quality agencies have faced significant fiscal challenges,
and adding this type of monitoring to their activities without additional support will likely be
beyond what is fiscally possible.

If the eventual goal is monitoring the general ecological health of the Lower Mississippi River, a
multi-state, CWA based assessment program led by state water quality agencies is on its own

% http://www.umrba.org/wg.htm
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not adequate, even if the participating agencies were to receive additional resources. Such
programs do offer the opportunity for selecting representative sites that each state can
monitor with consistent techniques. Augmenting these representative sites with new mainstem
sites that can be jointly monitored or monitored by a third party as part of an externally funded
program is likely to be more fruitful in achieving ecological restoration and monitoring goals.

Summary and Conclusions

The Lower Mississippi River clearly has a limited amount of water quality data. There are a
small number of overall sites, but only six long-term monitoring sites of thirty years or more of
continuous data collection, all of which are concentrated in the lowest part of the river. The
limited data are such that it is impossible to achieve a full picture of water quality and
ecosystem health in the Lower Mississippi River. Evaluation of restoration efforts and long-term
trends on this nationally important ecosystem are severely lacking. A comprehensive physical,
chemical, and biological monitoring program is needed to better understand and assess the
health of the river. The LMRCC is strongly positioned to convene stakeholders and move
forward in planning and developing a water quality monitoring program on the Lower
Mississippi River. Such an effort, whether led by LMRCC or another entity, will have a dramatic
impact on the Lower Mississippi River’s ecology and economy.
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TABLE 3

Biological Data

PARAMETER NUMBER OF SITES WITH LONG TERM DATA

No long-term data

TABLE 4
Major Metals Data

PARAMETER NUMBER OF SITES WITH LONG TERM DATA
Calcium 3
Magnesium 3
Potassium 3
Sodium 3
Sodium adsorption ratio [(Na)/(sq root of 1/2 Ca + Mg)] 3
Sodium, percent total cations 3

TABLE 5

Major Non-Metals Data

PARAMETER NUMBER OF SITES WITH LONG TERM DATA
Acidity, hydrogen ion (H+) -
Alkalinity 3
Bicarbonate 3
Carbon dioxide 3
Carbonate 3
Chloride 3
Fluoride 3
Oxygen 4
Silica 3
Sulfate 3
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TABLE & TABLE 7

Minor Metals Data Minor Non-Metal Data
PARAMETER MNUMBER OF SITES WITH LONG TERM DATA PARAMETER MNUMBER OF SITES WITH LONG TERM DATA
Iron 2 Arsenic 2
Lithium 2 Boron 1
Strontium 2 Selenium 2
Vanadium 2
TABLE 8

Mutrient Data

PARAMETER NUMEBER OF SITES WITH LONG TERM DATA
Ammonia and ammonium 3
Inorganic nitrogen (nitrate and nitrite) [
Kjeldahl nitrogen [
Nitrate 2
Nitrite 2
Nitrogen, mixed forms (MH3), (NH4), organic, (NO2) and (NO3) 3
Organic Nitrogen 3
Orthophosphate 3
Phosphorus 6
TABLE 9
Other Organics Data

PARAMETER MUMBER OF SITES WITH LONG TERM DATA

il and Grease 1

Organic carbon 2
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TABLE 10

Organic Pesticide Data

PARAMETER MNUMBER OF SITES WITH LONG TERM DATA

24-D 2
Atrazine 1
Diazinon 2
Malathion 2
Simazine 1
TABLE 11

Physical Data

PARAMETER NUMBER OF SITES WITH LONG TERM DATA
Barometric pressure 3
Hardness, Ca, Mg 3
Hardness, non-carbonate 3
Height, gage 2
pH 4
Specific conductance 4
Stream flow, instantaneous 5
Temperature, water 5
Total dissolved scolids 3
Turbidity 3
TABLE 12

Sediment Data

PARAMETER NUMBER OF SITES WITH LONG TERM DATA
Suspended Sediment Concentration (SSC) 3
Suspended Sediment Discharge 3
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Parameters at Long-term Site LDEQ - St. Francisville
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Site Identifier

Turbidit
Total d
Temperature, w
Suspended Sediment Discharge
Suspended Sediment Concentration (SSC)
Sulfate

Stream flow, instantaneous

Specific conductance

Sodium, percent total cations

alved solids

ter

Sodium adsorption ratio [(Na)/(sq root of 1/2 Ca + Mg)]

Sodium
Silica
Potassium
Phosphorus
pH

O:
Orthophosphate
Organic Nitrogen

ygen

Nitrogen, mixed forms (NH3), (NH4), organic, (NO2) and (NO3)

Magnesium

Kjeldahl nitrogen
norganic nitrogen (nitrate and nitrite)
Hardness, non-carbonate
Hardness, Ca, Mg
Fluoride

Chioride

Carbonate

Carbon dioxide

Calcium

Bicarbonate

Ammonia and ammonium
Alkalinity

Acidity, (H+)

Figure 7.

Parameters at Long-term Site USGS-07374000

Mississippi River at Baton Rouge, LA
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Site Identifier

Vanadium

Turbidity

Total dissolved solids
Temperature, water

Sulfate

Strontium

Stream flow, instantaneous
Specific conductance
Sodium, percent total cations
Sodium adsorption ratio [(Na)/(sq root of 1/2 Ca + Mg)]
Sodium

Silica

Selenium

Sediment

Potassium

Phosphorus

pH

Oxygen

Orthophosphate

Organic Nitrogen

Organic carbon

Nitrogen, mixed forms (NH3), (NH4), organic, (NO2) and (NO3)

Nitrite

Nitrate

Methyl parathion
Malathion

Magnesium

Lithium

Kjeldahl nitrogen

ron

norganic nitrogen (nitrate and nitrite)
Height, gage

Hardness, non-carbonate
Hardness, Ca, Mg
Fluoride

Fecal Coliform

Ethion

Dieldrin

Diazinon

Chlonde

Carbonate

Carbon dioxide

Calcium

Biochemical oxygen demand, standard conditions
Bicarbonate

Barometric pressure
Arsenic

Ammonia and ammonium

Alkalinity

Acidity, (H+)

2,4-D

Figure 8.

Parameters at Long-term Site USGS-07374525
Mississippi River at Belle Chasse, LA
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Site Identifier

Zinc
Vanadium

Total Coliform
Temperatur
Suspend,
Suspende:
Sulfat
Strontium

Stream flow, mean

Stream flow, ins
Specific
Sodium, pe
m adsorpt
Sodium
Simazine

uc

Silica

Selenium

Se

Pot:

ium

olved solids

ment Discharge
liment Concentration (SSC)

dally
ntaneous

ent total cations.

on ratio [(Na)/(sq root of 1/2 Ca + Mg)]

Phospharus
pH
Parathion
p.0-DD

Organic carbor

O and Grease

Nitrogen, mixed forms (NH3), (NH
ite

Nitrate

Nickel

Mol

Nercury
Manganese
Malathior

Magnesium
Lithium

Lead

Kjeldahl nitrogen

Iren

Inorganic nitragen (nitrate and nitrite)
Height

c

treptococcus Group
iform

Fecal C
Ethio
C

Carbonate
bon dioxide

Benylium
Baromelric pressure
Barium

Atrazine

Arsenic

Ammonia and ammonium
Aluminurr

Alk;

24,57
24-D
alpha.-Endosulfan

Figure 9.

organic, (NO2) and (NO3

Parameters at Long-term Site USGS-07373420
Mississippi River at St. Francisville, LA
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