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Executive Summary

In response to the threat posed by nutrients, Eg@aested that states develop criteria to protect
designated uses from impairment due to excessitreents. The State of Mississippi
implemented this project to support developmemtutfient criteria for lakes and reservoirs
within the State. EPA recommended three methodstablish nutrient criteria (USEPA 2000): a
frequency distribution reference-based approastregssor-response approach, and literature-
derived values. In the original report (MDEQ 200 MPEQ recommended criteria primarily
based on a reference approach using the qualdggats fisheries as indicators of aquatic life
use condition. The original report was reviewedh®yMississippi Department of
Environmental Quality (MDEQ) Nutrient Criteria Tethal Advisory Group (TAG). They
provided feedback and suggested additional anahgsied on dissolved oxygen endpoints. In
addition, MDEQ had collected additional data sitieeoriginal report was written. This report
incorporated the new data and incorporated theD@vbased analyses. The intent is not to
supplant the original report, but to supplement thport with this new one. Readers are
encouraged, therefore, to consider both report®aplementary and relevant.

We compiled data collected by MDEQ for lakes in $i8sippi. These datasets included nutrients
and other related water quality parameters. Appaitg QA/QC was further performed to assess
the quality of the data and condense the data valb dataset. We also obtained diel DO data
for Janous Pond from a member of the MDEQ nutfféx® (Paul Rodrigue, USDA NRCS) to
validate some assumptions of the DO based analysis.

The novel analysis presented in this report isudeof minimum DO values to identify chlorophyll
concentrations associated, based on empirical modéh a likelihood of violating the state
instantaneous DO criterion of 4 mg/L promulgateg@ritect aquatic life. Oxygen is vital to aquadifie
and existing DO criteria exist to protect aquafie lises. Use of DO, therefore provided a wayitecty
link nutrient endpoints to aquatic life use proi@ct

Minimum DO was estimated using a simple model #saumes that, relative to DO saturation, nighttime
DO deficits are equivalent to diurnal DO surplustsing diurnal DO data, we estimated nighttime
deficits and, therefore, minima and then relatésitthchlorophylla concentrations. The symmetrical
assumption of diurnal and nocturnal DO around situm was validated using continuous DO data from
Janous Pond. The empirical models of DO minimaw&chlorophylh resulted in recommended
thresholds of 20 ppb for both reservoirs and oxh@uslue consistent with chlorophglderived based

on the original MSFish based analysis but lowertltiae value derived for oxbows (MDEQ 2007a). TP
and TN concentrations were then evaluated usingrem@pmodels of chlorophyll a versus TN and TP
using MDEQ data and estimating lower quartile avetage predictions based on the 20 ppb chlorophyll
value.

Overall, the novel DO based analysis resultedloweer recommended threshold for chlorophyll
a in oxbows, and confirmed that the recommendedstiniel for reservoirs from the original
analysis would not likely result in DO criterionol@tions (MDEQ 2007a). The new analysis
also confirmed that the TP and TN values recommebdsed on the original analysis were
consistent with TP and TN values to protect therghyll endpoints generated using the DO
based analysis.

Mississippi Department of Environmental Qualityfi€¥ of Pollution Control iX
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This novel analysis provides true stressor-respbased recommended nutrient thresholds that
are directly linked to an aquatic life use measdigsolved oxygen criteria.

The summary of thresholds derived from differenés of evidence in both reports (MDEQ
2007a and this one) are as follows:

Chl a (ug/L)
Distribution Based Stressor-Response Other
(Ranges based on reservoir size) P Literature
o5h MBISQ
EPA Percentile Referen.ce MSFish DO Based
Values Streams into
(MDEQ) .
Reservoirs
Reservoirs 7.6 -95 19 20
Oxbows 3.0-50 25 N/A 46— 68 20-25 5-40
TP (mg/L)
Distribution Based Stressor-Response Other
(Ranges based on reservoir size) P Literature
o MBISQ
EPA Percentile Referen.ce MSFish DO Based
Values Streams into
(MDEQ) .
Reservoirs
Reservoirs 0.020-0.040 0.060 0.080 0.040 - 0.250
Oxbows 0.010-0.02¢ 0.070 N/A 0.090-0.150 0.040 — 0.250 0.020-2.00
TN (mg/L)
Distribution Based Stressor-Resnonse Other
(Ranges based on reservoir size) P Literature
o5 MBISQ
EPA Percentile Referen.ce MSFish DO Based
Values Streams into
(MDEQ) R .
eservoirs
Reservoirs 0.450-0.570 0.600 0.990 0.562 — 2.50
Oxbows 0600 1.030 N/A 1.250-1.620 0.562 — 2.50 0.350 - 4.00

Mississippi Department of Environmental Qualityfi€¥ of Pollution Control
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1 Introduction

Nutrients are a natural component of healthy edegys. In natural concentrations, essential
nutrients help maintain the structure and functbecosystems. However, in excessive
guantities, nutrients can destabilize natural estesys leading to a variety of problems including
nuisance plant growth, hypoxia and anoxia, spdoss and risks to human health.

Nutrients affect aquatic systems in diverse way® direct effects are on the primary producers,
namely, algal and macrophyte production and speciegosition. The effects on most non-
primary producer aquatic life are indirect (Figaré).

= DO
Plant/Algal ( .
Growth & > pH Aquatic
Nutrients \\\ _ Life
Microbial Habitat Use
Light Growth \
* Food

Flow
Temperature
Substrate
Water Chemistry
Herbivory
Competition

Figure 1-1 Simplified diagram illustrating the causl pathway between nutrients and aquatic life usempacts.
Nutrients enrich both plant/algal as well as microlal assemblages, which lead to changes in the
physical/chemical habitat and food quality of lakesThese effects directly impact insect and fish assblages.
The effects of nutrients are influenced by a numbeof other factors as well, such as light, flow, and
temperature.

Nutrients increase the growth of primary produ@ard decomposers which lead to changes in
the physical and chemical lake environment (eegluced oxygen, loss of reproductive habitat,
alteration of the food base for aquatic animalduoed clarity, etc.). Itis these effects which
result in changes to the lake biological commu(gty., loss of oxygen sensitive fishes), and
ultimately impair the use of a lake for aquatie lif

In response to the threat by nutrients, EPA hasestgd that states develop nutrient criteria to
protect designated uses from impairment due tossxee nutrients. Nutrient criteria are
developed to protect designated uses and, asthiechpplicable designated uses are integral to
guiding the appropriate criteria. Nutrients priradlp threaten aquatic life, recreational, and
drinking water uses. Aquatic life uses are threadenhen nutrients actually impact plant
assemblages and enrich microbial assemblagestingsul the proliferation of nuisance or
invasive taxa or causing excessive growth of algésch alters the habitat (physical habitat,
dissolved oxygen, etc.) for other aquatic life. Rational uses are threatened when nutrients
cause excess growth of primary producer taxa thatfere with fishing, swimming, or other
recreational uses of streams and rivers. Lastlgkiohg water uses are impaired when nutrients
cause the proliferation of nuisance primary prodi@ea that generate taste and odor problems
in drinking water, produce toxic compounds, orgmbially, overwhelm filtration systems.

Mississippi Department of Environmental Qualityfi€¥ of Pollution Control 1-1
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EPA has developed recommended regional nutrietetrierj but encouraged states to pursue their
own nutrient criteria development programs. Théestd Mississippi has committed to the
development of scientifically defensible nutrienteria to protect designated uses in its
waterbodies. As such, MDEQ developed nutrient tiokeis for streams as part of an earlier
effort (MDEQ 2007a). In response to additionakdatllection and feedback from the MDEQ
nutrient Technical Advisory Group (TAG), additiordsdta incorporation and analyses were
recommended. This brief report summarizes thodéiadal efforts. Readers are directed to the
original report for the core of the lake and reseranalyses.

The original report outlined a series of analys&seld on USEPA nutrient criteria guidance
(USEPA 2000). First, the report demonstrated,uphoclassification analysis, that the most
parsimonious classification was based on splittesgrvoirs and oxbows, but did not
recommend additional classification although exaions of reservoir size and oxbow location
relative to the Delta were considered. The regwhtconsidered a variety of analyses for
deriving nutrient thresholds related to use pradectagain based principally on USEPA
guidance (USEPA 2000). These were primarily refeeedistribution based approaches using
EPA recommended criteria and thé"Z&rcentile of MS specific data, as well as distiiitns of
reference stream concentrations tributary to reserand lakes. Scientific literature was also
used to generate candidate nutrient thresholdsoiasideration. The final approach was based on
a response indicator using fish assemblage infoom@SFish), the one biological assemblage
in lakes for which there was information.

The MSFish index, developed by MS Department ofdWféd, Fisheries, and Parks to rate the
guality of expected fishing experience in MS lakas reservoirs, was essentially used to
generate a reference site population with acceptaiblogical conditions. The MSFish index is
derived from a mix of qualitative and quantitatiaéormation on the abundance, size
distribution, and condition of bass, crappie, arehin species. A series of metrics derived from
the data on these species were calculated andlloseree generated for lakes and reservoirs.
These scores were re-scaled to 100 and trisecigehterate low, medium, and high MSFish
index categories. For reservoirs, thé' pgrcentile of nutrient concentrations from watelies
scoring in the high MSFish index category was usagenerate nutrient thresholds, whereas for
oxbows, the 28 percentile of the low fish index category was us€&te differences in which
category and which percentile was used were basé¢deonature of the MSFish index response
to nutrients in the two waterbody types. This apglois akin to the biologically healthy
condition (BHC) reference site approach used f@ashs (MDEQ 2009a). More detail on the
approach is provided in MDEQ (2007a).

The MDEQ Nutrient Criteria Technical Advisory Gro(lpPAG) expressed reservations with the
MSFish index approach and was principally concemitdl the degree to which the index
reflected the entire aquatic life use of lakes tedlack of a distinct stressor-response
relationship. As part of that feedback, it wasoramended that MDEQ consider the range of
possible response indicators and generate poteasipbnse relationships that could be related to
aguatic life use. Chlorophydl had been investigated in the original report (MDEID7a) and
while relationships between nutrients and chlordiphigre largely consistent with a global

review of nutrient-chlorophyll responses, there wasnformation on what an appropriate

Mississippi Department of Environmental Qualityfi€¥ of Pollution Control 1-2
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chlorophyll concentration should be. Trophic Statiex (TSI) thresholds for chlorophyll were
considered and reviewed (Carlson 1977); howeverstiong effect of non-algal turbidity cast
doubt on the applicability of that approach in M#latherefore, on the appropriateness of the
chlorophyll thresholds used. The general tropbitcept is useful, but it was recognized that
reservoirs and oxbows in MS have likely differewiphic expectations than those in northern
temperate regions (MDEQ 2007a). Dissolved oxygas another potential response indicator
related to aquatic life and for which there werestmg aquatic life use criteria and available data
We report here on nutrient thresholds derived ustressor-response analyses based on relating
chlorophyll concentrations to dissolved oxygen IsveChlorophyll concentrations were

identified that were related to probabilities afgblve oxygen criteria exceedances. These
resultant chlorophyll concentration thresholds wieen related to nutrient concentrations using
the nutrient-chlorophyll empirical models consisteith the MDEQ (2007a) report to generate
nutrient thresholds. This approach provides artiaddl line of evidence for nutrient thresholds
based on stressor-response models that are rédedegatic life use.

Mississippi Department of Environmental Qualityfi€¥ of Pollution Control 1-3
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2 Stressor-Response Analysis: Dissolved Oxygen

Dissolved oxygen (DO) is of vital importance to atja life in aquatic ecosystems including
lentic waterbodies (Kalff 2001). Aquatic organismly on sufficient oxygen to survive and
grow, and USEPA and states have developed oxygeni@ito protect aquatic life (USEPA
1986). Mississippi has dissolved oxygen critesavall, to protect aquatic life (MDEQ 2007b):

Dissolved Oxygen: Dissolved oxygen concentratidra| e maintained at a daily
average of not less than 5.0 mg/l with an instaa@as minimum of not less than 4.0
mg/l.

When possible, samples should be taken from ambitas according to the following
guidelines:

For waters that are not thermally stratified, sashunstratified lakes, lakes during
turnover, streams, and rivers:

At mid-depth if the total water column depth isfé@t or less.
At 5 feet from the water surface if the total watelumn depth is greater
than 10 feet.

For waters that are thermally stratified such &esdaestuaries, and impounded
streams:

At mid-depth of the epilimnion if the epilimnion joién is 10 feet or less.
At 5 feet from the water surface if the epilimnidepth is greater than 10
feet.

Dissolved oxygen is affected by nutrients throughsal pathways that include increased
primary production resulting in increased interoi@anic matter loading that, in turn, increases
the amount of reduced carbon available to decompd@kalff 2001). In addition nutrient
enrichment increases decomposition itself by emigckhe microbes that decompose organic
matter. The decomposition of primary productiomtheduces oxygen in the lake. This can be
especially pronounced during stratification in lowake strata which may remain hypoxic or
anoxic. The reduction in oxygen has deleteriofeces on biota, as described above. Therefore,
MDEQ investigated DO endpoints in stressor-respomseéels to derive nutrient criteria.

Nutrient enrichment is expected to decrease oxggenentrations in lakes as chlorophyll
increases and results in the response describe®.alfoplot of oxygen versus chlorophyll from
the MDEQ lake sampling dataset, however, indiciteopposite (Figure 2.1).

Mississippi Department of Environmental Qualityfi€¥ of Pollution Control 2-1
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Figure 2-1 Average dissolved oxygen (ppm, AVGDOPPM)ersus loggaverage chlorophyll (ppb,
AVGXCHLPPB) from samples in the MDEQ lake monitoring dataset.
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MDEQ routinely collects grab sample dissolved oxygs part of its monitoring program.
However, grab samples are only a snapshot of oxglgeamics in lakes. DO typically follows a
sinusoidal pattern as photosynthesis increasesw@gllight hours and respiration removes DO
during dark hours, when photosynthesis does nairocthe cycle is also affected by reaeration,
which is the abiotic movement of oxygen into and @fuisurface water depending on oxygen
concentration relative to the saturation conceiatnadf DO concentration (the equilibrium
concentration of oxygen in water), which is prilhadetermined by temperature, but also
influenced by barometric pressure and salinitywater is under-saturated, oxygen will dissolve
in from the atmosphere, if super-saturated, it diglsolve out of the water into the atmosphere.
Typically, water quality modelers assume DO vasgsmetrically around the saturation DO
concentration (the equilibrium concentration of gey in water), which is primarily determined
by temperature, but also influenced by baromemesgure and salinity (APHA 1985, Thomann
and Mueller 1987).

Ideally, we would have used diel DO data for eanh@ing date to relate nutrient enrichment to
DO minima which DO criteria address, but MDEQ doesroutinely collect diel DO data;
rather, MDEQ collects grab sample DO along a valfcofile in lakes during the day. DO
samples are typically collected around midday ater I(Figure 2.2), when dissolved oxygen is
typically above saturation and closer to its diebkimum.
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Figure 2-2 Histogram of times of the day when DO @b samples are taken as part of MDEQ lake monitorig.

The fact that DO was actually sampled during théday and later explains Figure 2.1, since
nutrients enrich primary production which is exgekcto result in greater daytime DO
concentrations but also lower nighttime minima, ellhihe MDEQ DO criterion addresses. So
we needed to estimate what DO minima would be gikerDO samples taken during daytime.

Since it is well established that DO exhibits auswidal pattern about the saturation
concentration and water quality modelers assunmeuas, the approach we took was to estimate
how far above DO saturation daytime samples wetdeagasume that nighttime concentrations
were depressed below DO saturation by an equal itndgrrelative to DO saturation. Therefore,
we had to estimate DO saturation for each samgieghmwve did using the common equation:

DOsar(Mg/L) = -139.3+ (1.58 x PUT — (6.64 x 10)/T? + (1.24 x 16%/T° - (8.62 x 1&)/T*, (1)
where T = temperature (degree C)(APHA 1985).

We then calculated the difference between obsedd@dDO,9) and DQgrand subtracted the
same amount from DQto estimate nighttime minima (). We could then relate

chlorophyll concentrations to D, which were consistent with predictions that esces
chlorophyll growth stimulated by nutrients wouldué in lower DGy, (Figure 2.3).
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Figure 2-3 Average minimum dissolved oxygen (ppm, NUDOSAGESTV) versus logsaverage chlorophyll
(ppb, AVGXCHLPPB) from samples in the MDEQ lake moritoring dataset.

We tested our hypotheses about DO symmetry abtwiasian using continuous diel DO data
taken over several months (April — September) fdamous Pond near Grenada, MS (Paul
Rodrigue, USDA NRCS). We calculated R@sing temperature data and the APHA (1985)
equation above. DO varied about Q@ a sinusoidal pattern as predicted and, withesom
exceptions likely due to probe errors, was visuatlgsistent with the symmetry hypothesis
(Figure 2.4). We calculated absolute DO surplud{BR-DOs,) and absolute DO deficit (DG}-
DOsy) for each diel DO cycle. We then took the diffeze between these two estimates. If our
hypothesis about DO symmetry is true, then the ndééerence between these two values
should be approximately zero. In fact, the avedifference was approximately -1.4, meaning
surplus was higher than deficit by approximatemd/L, but the standard error was 1.4
indicating the difference was not likely signifi¢gndifferent from 0 (p<0.05). Similar results
were obtained using long-term diel averages varsusthly averaged data (mean = -1.4+0.5).
These results essentially confirm the hypothesmiabymmetry, but may indicate that a
difference in surplus minus deficit of 0.5 to 1.@/incould also be assumed. For the subsequent
analysis, we take a conservative approach of asgusymmetry.
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Figure 2-4 Plots of diel dissolved oxygen in Janowond for April, May, June, and September. Data forJuly
and August were similar but are left off for readablity. Red lines indicate DO saturation concentraibns
estimated using the APHA 1985 equation.

Table 2-1 Average monthly maximum surplus, maximundeficit, and average difference data from Janous
Pond. The average difference over the 6 months ie@vn along with the standard error of the means.

Mean Mean Mean
Maximum Maximum Difference
Month Deficit Surplus Deficit-Surplus

April 2.9 3.5 -0.6
May 4.9 7.3 -1.6
June 5.6 8.6 -3.1
July 5.9 8.9 -3.0
August 6.1 5.6 0.5

September 5.9 5.4 0.5

Average -1.2+1.4
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Having supported our assumptions about symmetrytadaiuration, we then used the
relationships generated to derive chloropyll endisoin two ways. We used interpolation to
estimate chlorophyll concentrations associated @ifh.i, concentrations below the state water
quality standard. We used interpolation basedmpls linear regressions as well as
interpolation based on logistic regressions wheBg,Pwas expressed as a binomial based on
whether it was exceeding the MDEQ instantaneouscfit@rion of 4 mg/L or not. The latter
approach resulted in plots of probability of exaegdhe DO criterion as a function of
chlorophyll concentration. These analyses wertopaed within two different strata: the photic
zone and the assessment depth.

2.1 Models using photic zone depth

The MDEQ instantaneous DO criterion is appliedsaeasment depths, as described in the
standard above. However, the photic zone, thahd#pvater where light is sufficient for
primary production, is also a well established Hdpt evaluating the response of primary
producers to nutrient enrichment vis-a-vis oxygesponse and is traditionally estimated as 2 to
2.5 times the Secchi depth (m)(e.g., Kalff 2001, BD2009b). It is also an easier depth to
generally determine than evaluating stratificatoa applying the rules of the assessment
process. So, we first conducted analysis withenghotic zone.

We used the database of MDEQ lake and reservardiateloped for the original report

(MDEQ 2007a), amended it with samples collectedesthat report was written, and determined
photic zone depths based on reported Secchi depteach sample. We then calculated average
chlorophyll, nutrient, temperature, and DO datehwithe photic zone for each sample.
Chlorophyll a values less than 0.1 were removeti@thodological outliers because we doubted
chlorophyll a was being measured to that conceatratData were log-transformed as necessary
to meet assumptions of normality. We calculated f@r each sample using equation 1 above
and average photic zone temperature. We then dashpoinimum estimated DO using the
equation:

DOmin = DOsat— (DQ>bs' Dosat) (2)

DOnin values were analyzed as raw data and convertedinomials with a value of 1 if values
were less than the MDEQ instantaneous DO critgqdamg/L) and zeros if not.

The raw plots indicate that DO minima begin to &telthe state instantaneous DO standard of 4
mg/L in the photic zone at chlorophgiconcentrations of approximately 3 ppb (log = Ok,

that this dramatically increases above 10 ppb £ldg0)(Figure 2.5). The chlorophyll
concentration derived based on the MSFish indexe®ervoirs was 19.4 ppb (log = 1.3),
whereas that for oxbow lakes was 45.6 ppb (log7¥ 1.The chlorophyll concentrations where
DO minima start violating the DO criteria are catent with the reservoir chlorophyll a
threshold, but not the oxbow threshold.

When minimum DO data were converted into binoméathgthe logistic regression indicates that
there is greater than a 10% likelihood of violatihg instantaneous DO criteria for oxbows and
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all lakes at 10 and 20 ppb chlorophyll a respebti{feigure 2.6). For reservoirs, again the
chlorophylla value consistent with the MSFish based analy€g4(fipb; log = 1.3) is associated
with a low probability of violations of the instamteous DO criterion in the photic zone. The
oxbow recommended chlorophwlicriterion of 46 ppb (log = 1.7) derived using 8Fish

index is consistent with an approximately 50% pholits of violating the instantaneous DO
criterion of 4 ppm.
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Figure 2-5 Average minimum dissolved oxygen (ppm, NIDOSAGESTV) versus logsaverage chlorophylla
(ppb, AVGXCHLPPB) from samples in the MDEQ lake moritoring dataset. The horizontal black line
indicates the instantaneous DO standard of 4 mg/lthe black arrow indicates the chlorophylla threshold
based on the MSFish index for reservoirs (19.4 ppnand the red arrow the chlorophylla threshold based on
the MSFish index for oxbows (45.6 ppm) .
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Figure 2-6 Logistic regression of probability of DQ,, violating the instantaneous DO criterion (4 ppm).
DO, data plotted as a binomial (1 = DQy, violates the 4 mg/L DO criterion) and regressed anst
log;caverage chlorophyll (ppb, AVGXCHLPPB) from samplesin the MDEQ lake monitoring dataset. The
horizontal hatched line is the 186 probability line

Given the results of the photic zone analysisytidae of chlorophyll a derived using the
MSFish based analysis in the original lake repdiDEQ 2007a) of 20 ppb would not likely
result in instantaneous DO violations and is cdastswith chlorophyll necessary to prevent
those conditions from occurring. For oxbows, hogrethe MSFish based chlorophall
threshold of 46 ppb is consistent with a signifidgqelihood of observing DO violations and it
is more likely that a chlorophyd#l concentration of 20 ppb would prevent that frorauwrang in
those waterbodies.

2.2 Models using assessment depth

While the photic zone is a sensible depth at whidhave conducted the dissolved oxygen
analysis, MDEQ assesses lakes using an assessempintloat differs from that estimated using
the photic zone depth model above. The assessiaptit for lakes used by MDEQ is defined
by the criteria language above for dissolved oxygen

For waters that are not thermally stratified, sashunstratified lakes, lakes during
turnover, streams, and rivers:
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At mid-depth if the total water column depth isfé@t or less.
At 5 feet from the water surface if the total watelumn depth is greater
than 10 feet.

For waters that are thermally stratified such &esdaestuaries, and impounded
streams:

At mid-depth of the epilimnion if the epilimnion joién is 10 feet or less.
At 5 feet from the water surface if the epilimnidepth is greater than 10
feet.

We used the dataset we had developed for the amalysve and added additional lake water
quality profile data provided by the Army Corpskrigineers for Arkabutla, Enid, Grenada, and
Sardis reservoirs in Mississippi (K. Myers, persn@n) to the already existing MDEQ lakes
dataset. At the same time, we received an updssteof fertilized lakes from MDWFP (Dennis
Riecke, pers. Comm) which we merged from the ligedilized lakes identified in the first lakes
report to identify lakes that received fertilizatiso we could compare the analyses with and
without fertilized lakes included. We applied tres@ssment depth definition described above by
identifying, first, if thermal stratification existl in a profile sample (greater than 1 degree
temperature change per foot), and then by identifyihe proper assessment depth based on
maximum depths and/or epilimnion depth if stratifiesOnce assessment depths were identified,
we identified the dissolved oxygen at the assessdepth and estimated the average
chlorophyll a, temperature, and nutrient conceianatover the assessment depth. We then
calculated DO saturation for the assessment degatigy the formula above from Thomann and
Mueller (1987) and the average temperature oveassessment depth. We then conducted the
same analyses as described above for the photecdapth tO estimate DOmin.

The results of grab samples (Figures 2-7 to 2-9gwanilar to those identified based on the
grab sample data from the photic zone depth, wisikely not surprising since the assessment
depths focused primarily on the photic zone. Esaiynvalues above the 20 ug/L chlorophyll a
criterion developed based on the MSFish Index amahgsult in more likely violations of the
instantaneous DO criterion of 4 mg/L.Values of cojhyll a at or below 20 ug/L would
minimize this risk and it is equal for both lak@ég.
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Figure 2-7 Minimum dissolved oxygen (ppm, DOsagestersus logeaverage chlorophylla (ppb, LogChl) from
individual samples in the MDEQ lake monitoring dataset at the assessment depth. The horizontal blatke
indicates the instantaneous DO standard of 4 mg/lthe black arrow indicates the chlorophylla threshold
based on the MSFish index for reservoirs (19.4 ppnand the red arrow the chlorophylla threshold based on
the MSFish index for oxbows (45.6 ppm)
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Figure 2-8 Same as Figure 2-7 but with fertilizedakes removed.
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Figure 2-9 Logistic regression of probability of DQy, violating the instantaneous DO criterion (4 ppm) &athe
assessment depth. D@, data plotted as a binomial (1 = D@y, violates the 4 mg/L DO criterion) and
regressed against logaverage chlorophyll (ppb, LogChl). The horizontalhatched line is the 186 probability
line. Solid curves are the different lake types ahhatched lines are the same population as the sblines, but
with fertilized lakes removed: red — all lakes, ble — oxbows, and green — non-oxbows. The black arrow
indicates the chlorophylla threshold based on the MSFish index for reservoir§l9.4 ppm) and the red arrow
the chlorophyll a threshold based on the MSFish index for oxbows (45 ppm)

Since MDEQ assesses DO primarily during the groweason (June through October), we also
analyzed the same data using grab samples takgmomnhg the growing season for comparison.
Data were analyzed as above for grabs based anthe year.

Results are similar to the initial analysis, witgraater likelihood of DOmin violations in lakes
and reservoirs above chlorophyll a of 20 ug/L (FegR-10). When fertilized reservoirs are
excluded, there are only two seasonal grab samPlaib values estimated to be below 4, but
the frequency among oxbows is generally similar.

As before, we analyzed these seasonal grab DOmlatins with logit regression as well,
estimating the probability of violating the DOminterion as chlorophyll a concentrations
increase. Because there were only two observatibB©min below 4 for unfertilized
reservoirs, the lake data were kept as a combiatabet. Results from this analysis also
recommend a chlorophyll a value of 20 ug/L to pcoegainst DOmin violations (Figure 2-11).
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Figure 2-10 Seasonal grab sample minimum dissolvexygen (ppm, DOsagest) versus lggverage
chlorophyll a (ppb, AvgLogChl) from the MDEQ lake monitoring dataset at the assessment depth. The
horizontal black line indicates the instantaneous D standard of 4 mg/L, the black arrow indicates the
chlorophyll a threshold based on the MSFish index for reservoir§l9.4 ppm) and the red arrow the
chlorophyll a threshold based on the MSFish index for oxbows (45ppm). All lakes are shown on the left
and fertilized lakes were removed for the plot onhe right.
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Figure 2-11 Logistic regression of probability of easonal grab DQ,, violating the instantaneous DO criterion
(4 ppm) at the assessment depth. D) data plotted as a binomial (1 = D@, violates the 4 mg/L DO
criterion) and regressed against log seasonal grab chlorophyll (ppb, AvgLogChl). The btrizontal hatched
line is the 10% probability line. Too few non-fertilized reservoirs samples were below the minimum DO to
generate a logit regression line, therefore lakeg@combined for this analysis. The black arrow indtates the
chlorophyll a threshold based on the MSFish index for reservoir§l9.4 ppm) and the red arrow the
chlorophyll a threshold based on the MSFish index for oxbows (4 ppm).

As above for annual data, we also calculated aesragall of the seasonal grab data. Data on
each of the parameters, including DOmin, were Gadtulated for each grab and then averaged
at each site over all samples taken during the igip@eason (June through October) each year.
Different years were used as replicates.

The results of the growing season averaged data, &gain, not unlike the results based on grab
samples (Figure 2-12) although the logit model ltesguggest a greater risk of DOmin violations
at a seasonal average chlorophyll a concentrafi@0 ag/L than that based on grab samples
over the year. This increased risk is largely tiuhe oxbow dataset; however, there were too
few observations of seasonal DOmin below 4 in uitiiezd reservoir sites to estimate a logit
model, so a combined lake model has to be usedr@Rr13). Therefore, it is still likely that

the 20 ug/L chlorophyll a target would minimize D@ngriteria violations in reservoirs and
oxbows.
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Figure 2-12 Seasonal average minimum dissolved oxmg(ppm, DOsagest) versus lggaverage chlorophylla

(ppb, AvgLogChl) from the MDEQ lake monitoring dataset at the assessment depth. The horizontal black
line indicates the instantaneous DO standard of 4 giL, the black arrow indicates the chlorophylla threshold
based on the MSFish index for reservoirs (19.4 ppnand the red arrow the chlorophylla threshold based on

the MSFish index for oxbows (45.6 ppm). All lakeare shown on the left and fertilized lakes were reoved
for the plot on the right.
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Figure 2-13 Logistic regression of probability of easonal DGy, violating the instantaneous DO criterion (4
ppm) at the assessment depth. D data plotted as a binomial (1 = D@y, violates the 4 mg/L DO criterion)
and regressed against logaverage seasonal chlorophyll (ppb, AvgLogChl). Thilorizontal hatched line is the
10% probability line. Too few non-fertilized reservairs DOmin averages were below the minimum DO to
generate a logit regression line, therefore lakeg@combined for this analysis. The black arrow indtates the
chlorophyll a threshold based on the MSFish index for reservoir6l9.4 ppm) and the red arrow the
chlorophyll a threshold based on the MSFish index for oxbows (45 ppm).

For all of the above analyses, the logistic equati@lating chlorophyll a to the probability of
samples violating the DO criteria can be solvedafoy probability. Since 10% is the common
exceedance used by MDEQ, this target was usedcharddit equations solved for average
chlorophyll concentration when p=0.1 (Table 2-B).this table, we also show the results of
solving the logit equation to estimate the proporibf observations at and below DOmin of 4
mg/L for a chlorophyll value of 20 ug/L, the preusly proposed target based on MSFish for
reservoirs.

The grab sample datasets, regardless of temp@ial @nnual or seasonal), show exceedance
likelihoods at 20 ug/L chlorophyll a consistentiwihe target of 10%. In contrast, averaged
data, regardless of temporal scale, suggest thatiD@ill likely be exceeded more frequently
(approximately 30% of observations). This valusdmewhat misleading, as the DOmin is
simply that a DOmin < 4mg/L was observed over theraged period and not that the DOmin
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averaged less than 4 mg/L. These results, therefopport the chlorophyll a value for reservoirs
and oxbows of 20 ug/L as protecting of DO. Valabsve this are associated with an increased
risk of violating the current DOmin criterion.

Table 2-2 Chlorophyll a values predicted at DOmin poportion exceeding 10% (p=0.1) based on the logit
models of assessment depth data.

Annual Grabs DOmin< 4 0.1 -2.20 -6.82 3.39 23.1 0.09
Annual Grabs No Fertilized Lakes DOmin< 4 0.1 -2.20 -7.36 3.73 24.2 0.08
Annual Avg DOmin< 4 0.1 -2.20 -6.17 3.89 10.5 0.33
Annual Avg No Fertilized Lakes DOmin< 4 0.1 -2.20 -7.11 4.55 12.0 0.30
Jun-Oct Grabs DOmin< 4 0.1 -2.20 -6.21 3.06 20.5 0.11
Jun-Oct Grabs No Fertilized Lakes DOmin< 4 0.1 -2.20 -6.76 3.42 21.6 0.10
Jun-Oct Average DOmin< 4 0.1 -2.20 -5.72 3.44 10.6 0.29
Jun-Oct Average No Fertilized Lakes DOmin<4 0.1 -2.20 -6.51 3.95 12.4 0.25
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3 Relating chlorophyll endpoints to nutrients
Annual Grab Samples

The chlorophyll endpoints generated from the aklanadysis of 20 ug/L for reservoirs and
oxbows can be used to derive target TP and TN salamg empirical equations relating
nutrients to chlorophyll a from the MDEQ datas8uch models were constructed (Figures 3.1
and 3.2) and are not appreciably different fronséhgenerated with a global dataset (MDEQ
2007a), although the slope of the MS-specific datawer, indicate less chlorophyll yield per
unit nutrient; a result not inconsistent with thhegence of higher non-algal turbidity in MS lentic
waterbodies.

TP value proposed from the MSFish based analysBH® 2007a) are consistent with values
that would be derived based on the DO analysis@bdvchlorophyll value of 20 ppb based on
the MDEQ lake empirical chlorophyll-TP models easatio TP concentrations from 40 to 250
ppb based on the lower quartile prediction inteteaghe average response point. The proposed
MSFish based value for reservoirs and oxbows @r&8090 ppb was in the middle of this range.
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Figure 3-1 Annual grab sample log,chlorophyll a (AVGXCHLAPPB) versus log;gtotal phosphorus (ppm,
AVGXTPPPM) for MDEQ lake dataset. The blue hatchedines are 7%' percentile prediction intervals and
the blue solid line is the average of a large numbef published empirical chlorophyll-TP regressions
reported in MDEQ (2007a). The horizontal black lire is the target chlorophyll a concentration of 20 pb and
the black arrows, from left to right, are TP concerrations associated with the lower quartile predicion
interval, the average of the global model and thev@rage of the MS specific model respectively. Thred and
blue arrows are the TP thresholds recommended frorthe MSFish based analysis (MDEQ 2007a)
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Figure 3-2 Log10chlorophyll a (AVGXCHLAPPB) versuslogl0total nitrogen (ppm, AVGXTNPPM) for
MDEQ lake dataset. The blue hatched lines are ¥5percentile prediction intervals and there was no Igbal
set of empirical chlorophyll-TN models. The horizatal black line is the target chlorophyll a concentation of
20 ppb and the black arrows, from left to right, are TN concentrations associated with the lower quaite
prediction interval and the average of the MS spefic model respectively. The red and blue arrows a the
TN thresholds recommended from the MSFish based ahgis (MDEQ 2007a).

The TN analysis led to similar conclusions to tleatTP. The range in TN values represented
by the lower quartile and average prediction ireés¥rom the regression model that were
associated with a chlorophylendpoint of 20 ppb were 562 to 2500 ppb TN. Taige
encompassed the values for TN derived from the BISBased analysis (990 and 1250 ppb TN
for reservoirs and oxbows, respectively).

Seasonal Average

MDEQ may also likely use seasonal average chlorbphy nutrient values for the assessment,
so the same analysis as above was run for datassqut as seasonal averages. The TP model
identified two leverage points (Leg-hlorophyll<0.0) with a strong influence on the mie
regression model, so versions were run with andowmit the values included (Figure 3-3). Itis
unclear why these two average values had chlorbgigjtls (Chl/TP) so different from the main
distribution of sites. As above with annual grabg, recommended TP criteria from the MSFish
analysis are within the prediction interval {7%) of TP associated with a Chlorophyll target of
20 ppb based on seasonal average values. Theb&lble (Table 3-1) lists the values for TP
associated with lower prediction interval quar{De052 ppm) and mean prediction (0.156 ppm).
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Figure 3-3 Seasonal average lgghlorophyll a (AvgLogChl) versus logqtotal phosphorus (AvgLogTP) for the
MDEQ lake dataset. The blue hatched lines are g"Epercentile prediction intervals. The horizontal Back line
is the target chlorophyll a concentration of 20 ppkand the black arrows, from left to right, are TP
concentrations associated with the lower quartile rediction interval and the average of the MS spedif model
respectively. The red and blue arrows are the TFhresholds recommended from the MSFish based analgsi
(MDEQ 2007a). The figure on the right shows the nael with the two chlorophyll leverage points
(AvgLogChl<0.0) removed.

Table 3-1 Simple linear regression equations of tat phosphorus vs. chlorophyll a for the seasonal avage
MDEQ lake dataset. Solutions for the mean and loweprediction interval TP for a target chlorophyll of 20
ppb are also shown.

Seasonal Avg 20 1.301 1.725 0.595 0.194 0.045 0.23

Seasonal Avg 20 1.301 1.866 0.701 0.156 0.052 0.33
Leverage Removed

The results for the TN analysis were also similéae recommended TN criteria from the
MSFish analysis (990 and 1250 ppb TN for reservamd oxbows, respectively) are within the
prediction interval (78 %) and mean of TN associated with a Chlorophy§je¢aof 20 ppb based
on seasonal averages (Figure 3-4). The table b@lable 3-2) lists the values for TN associated
with lower prediction interval quartile (0.677 ppand mean prediction (1.697 ppm).
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Figure 3-4 Seasonal average lgghlorophyll a (AvgLogChl) versus loggtotal nitrogen (AvgLogTN) for the
MDEQ lake dataset. The blue hatched lines are g"spercentile prediction intervals. The horizontal Back line
is the target chlorophyll a concentration of 20 ppkand the black arrows, from left to right, are TP
concentrations associated with the lower quartile rediction interval and the average of the MS spedif model
respectively. The red and blue arrows are the TPhresholds recommended from the MSFish based analgsi
(MDEQ 2007a).

Table 3-2 Simple linear regression equations of tat nitrogen vs. chlorophyll a for the seasonal avaige
MDEQ lake dataset. Solutions for the mean and loweprediction interval TP for a target chlorophyll of 20
ppb are also shown.

Seasonal Avg 20 1.301 1.115 0.81 1.697 0.677 0.32
Leverage Removed

The result of this analysis suggests that the meg@d P and TN values from the MSFish
analysis are likely sufficient to protect again€d Biolations as well, based on a chloroplayll
value of 20 ppb. However, the ranges from thidyemmaare presented as independent lines.
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4 Summary of recommended nutrient criteria

The greatest change to the recommended threshelided from the MSFish analysis using DO
endpoints was to recommend lower chlorophytresholds for oxbows (Tables 4.1 to 4.3). The
resulting recommended oxbow threshold of 20 ppipis the same as that for reservoirs, which
remains unchanged given its likelihood of protegtgainst DO violations. TP and TN values
that were proposed earlier (MDEQ 2007a) based emMBFish analysis are consistent with
concentrations needed to protect against exce@ipgpb chlorophyla and avoiding DO
violations. Therefore, the original TN and TP centtations remain unchanged (Tables 4.1 and
4.2). Tables 4.1 to 4.3 present the original regogsholds along with the additional DO based
thresholds developed in this report and preseriedea

Table 4-1 Recommended chlorophyll thresholds (ppthased on different lines of evidence

Chl a (ug/L)
Distribution Based Stressor-Response Other
(Ranges based on reservoir size) P Literature
o MBISQ
EPA . Reference ;
values Percentile Streams into MSFish DO Based
(MDEQ) .
Reservoirs
Reservoirs 7.6 -95 19 20

Oxbows 3.0-50 25 Vg 46— 68 20 5-40

Table 4-2 Recommended TP thresholds (ppm) based different lines of evidence. Values in parenthesdsr
DO based endpoints are the predicted values based the lower quartile and average prediction intervé
respectively.

TP (mg/L)
Distribution Based Stressor-Response Other
(Ranges based on reservoir size) P Literature
o5h MBISQ
EPA Percentile Referen‘ce MSFish DO Based
Values Streams into
(MDEQ) .
Reservoirs
Reservoirs 0.020-0.040 0.060 0.080 0.040 - 0.250
Oxbows 000 0.070 N/A 0.090-0.150 0.040 — 0.250 0.020-2.000

Table 4-3 Recommended TN thresholds (ppm) based diifferent lines of evidence. Values in parenthesdsr
DO based endpoints are the predicted values based the lower quartile and average prediction intervé
respectively

TN (mg/L)
Distribution Based Stressor-Response Other
(Ranges based on reservoir size) P Literature
oth MBISQ
EPA Percentile Referen.ce MSFish DO Based
Values Streams into
(MDEQ) X
Reservoirs
Reservoirs 0.450-0.570 0.600 0.990 0.562 — 2.50
Oxbows | 0-360-0.600 =57, N/A 1.250-1.620]  0.562 — 2.50| >:3°0—4.00

Mississippi Department of Environmental Qualityfi€¥ of Pollution Control

4-1



State of Mississippi Lake and Reservoir Nutrierite@ia Development Revision — DRAFT January 28,20

5 References

American Public Health Association (APHA). 198Standard Methods for the Examination for
Water and Wastewater. 16th ed. American Public tHesdsociation, Washington, DC.

Carlson, R.E., 1977. A Trophic State Index for eKemnology and Oceanography 22:361 369.
Kalff, J. 2001. Limnology. Prentice Hall, Upperdsiée River, NJ.

Mississippi Department of Environmental Quality (FMQ). 2007a. Nutrient Assessments
Supporting Development of Nutrient Criteria for Bissippi Lakes and Reservoirs. Prepared by
FTN Associates, Ltd. Little Rock, AR for Mississigpepartment of Environmental Quality,
Jackson, MS.

MDEQ. 2007b. State of Mississippi Water Qualityt€ria for Intrastate, Interstate, and Coastal
Waters. Mississippi Department of Environmentabf@y, Jackson, MS.

MDEQ. 2009a. Nutrient Criteria to Protect AquatiéelUses in Mississippi Non-Tidal Streams
and Rivers. June 2009. Prepared by Tetra Tech,@wvangs Mills, MD for Mississippi
Department of Environmental Quality, Jackson, MS.

MDEQ. 2009b. Standard Operating Procedure for @playll a: Collection and Filtration.
Mississippi Department of Environmental Qualitycklson, MS.

Thomann, R.V. and J.A. Mueller. 1987. Principleswiface water quality modeling and control.
Harper Collins, New York, NY.

U.S. Environmental Protection Agency (USEPA). 1986ality Criteria for Water 1986. EPA
440/5-86-001. United States Environmental Protactigency, Office of Water, Washington,
DC.

USEPA. 2000. Nutrient Criteria Technical GuidaManual: Lakes and Reservoirs. First
Edition, USEPA-822-B00-001, United States EnvirontaéProtection Agency, Office of
Science and Technology, Washington, DC.

Mississippi Department of Environmental Qualityfi€¥ of Pollution Control 5-1



