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ABSTRACT

Texas’s coast is one of the fastest growing regions in the United States, prompting a
concern that the coastal development will lead to eutrophication. High nutrient levels associated
with eutrophication have been associated with increased chlorophyll and phytoplankton
concentrations, including nuisance and toxic algae, and hypoxic conditions. The U.S. EPA has
encouraged states to adopt numerical nutrient criteria as a method to decrease nutrient pollution,
but Texas is without numerical nutrient water quality standards. A needed first step towards
development of these standards is to assess and prioritize coastal ecosystems in the region of
interest (in this case, the Texas coast). This study focused on applying three different
eutrophication assessment approaches (EPA, NOAA, and TCEQ) to determine if Oso and Baffin
bays are experiencing degraded or impaired water quality due to excessive nutrient loading.
Results from the study indicate that regardless of the classification approach used, Oso Bay is
experiencing degraded water quality and its water quality would be considered “poor” and
eutrophic. For Baffin Bay, the results from the study using both the EPA and NOAA
classification approaches indicate that Baffin Bay is experiencing degraded water quality and its
water quality would be considered “poor” and eutrophic. However, if using TCEQ as a
classification approach Baffin Bays water quality would be “good”. This discrepancy was due to
all their criteria not having consistent indicators or cutpoint concentrations. These findings

demonstrate the need for uniform numerical water quality standards and indicators.
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INTRODUCTION

Population growth in coastal watersheds of the United States has significantly increased
during recent decades and coastal areas are undergoing tremendous environmental changes. For
example, it has been predicted that when compared to the population in 2000, the population
living in coastal zones will increase 58% to 71% by 2050 (Merkens et al., 2016). Increased
global populations, including in the coastal zone, will require more housing and food production
that will likely increase stormwater runoff, wastewater discharge and fertilizer usage. One key
impact of these changes is the potential for increased nutrient loading. For example, urban
stormwater runoff can be 25-40% higher than forested areas with nitrogen loads being 45%
higher in urban areas compared to forested areas (Wollheim et al, 2005; Toor et al., 2017).
Wastewater discharge from industry and households can also contribute to elevated nutrient
loads and concentrations in coastal waters (Bouwman et al, 2005; Clarke et al. 2006; Nagy et al.
2012; van Puijenbroek et al, 2019). Half of all the nitrogen-based fertilizer used on earth has
been manufactured since 1985 (Howarth, 2008). Only a small fraction of the fertilizer (10-30%)
is incorporated into food that is consumed, and approximately half is lost to rivers and estuaries
as direct runoff and atmospheric deposition (Houlton et al. 2013; Galloway et al. 2014). The
excessive nutrient loading associated with these anthropogenic influences has led to water
quality impairment in the form of eutrophication (Smith, 2003; Doney, 2010), a complex process
that is associated with the increase in phytoplankton biomass and harmful algal bloom
prevalence, as well as hypoxia (Bricker et al., 2003).

Coastal regions of the Gulf of Mexico experienced a 150% increase in population from
1960 and 2008, which is more than double the rate of the nation's population

(https://www.census.gov/topics/preparedness/about/coastal-areas.html). This has led to



degradation of water quality, including growing expression of eutrophication symptoms in many
estuaries surrounding the Gulf (Bricker et al. 2008). Coastal Texas experienced a 21% increase
in population from 2000 to 2010, making its coastal communities the fastest growing in the
country (U.S. Census Bureau, 2010). In Texas, it has been forecasted that population will
increase 60% from 2020 to 2050
(https://demographics.texas.gov/Resources/publications/2019/20190925 PopProjectionsBrief.pd
f). Previous assessments have determined that the eutrophication status of Texas estuaries is
“moderate to high” or the water quality is “fair” (Bricker et al., 1999; Bricker et al., 2007).
However, it is generally recognized that the recent high rate of population growth and
urbanization has placed environmental pressures on Texas’s estuaries. For example, Bugica et
al. (2020) found that San Jacinto and Galveston Bays experienced increases in nutrients
(primarily total phosphorus, dissolved inorganic phosphorus, total Kjeldahl nitrogen), and
chlorophyll @ (Chl). Similar trends in Chl were also seen in Oso Bay, an urbanized estuary, and
Baffin Bay, a predominantly hypersaline bay.

A study addressing fish kills in Texas from 1951-2006 found that specific bays have
higher levels of fish kills than others. Galveston, Matagorda, and Corpus Christi bays have the
highest number of fish kills (Thronson and Quigg, (2008). In addition, 39% of the fish kills were
attributed to non-point source runoff and low temperatures, 23% were to low dissolved oxygen
(DO) levels related to permitted and unpermitted discharge and 15% were attributed to harmful
algal bloom species and disease.

Given that previous eutrophication assessments in Texas are out of date and also lacked
critical data for many estuaries, an updated assessment is urgently needed to guide coastal zone

management (Bricker et al., 1999). In the U.S. and at the local level, there are several different



assessment approaches, each differing in indicators and approaches used. The National Coastal
Condition Report (NCCR) uses a weighted average of five primary indicators to rate water
quality: 1) dissolved inorganic nitrogen (DIN), 2) dissolved inorganic phosphorus (DIP), 3) Chl,
4) bottom water dissolved oxygen (DO), and 5) water clarity (USEPA, 2012). The National
Estuarine Eutrophication Assessment (NEEA) derives a eutrophication classification approach
based on; 1) total dissolved nitrogen (TDN; which includes dissolved organic nitrogen), 2) total
dissolved phosphorus (TDP; which includes dissolved organic phosphorus), 3) Chl, 4) DO and 5)
water clarity. In Texas, the Texas Commission on Environmental Quality (TCEQ) does not
produce similar water quality assessments. However, they do submit an integrated report of
surface water quality to the USEPA every two years. This satisfies the requirements of the
federal Clean Water Act sections 305(b) and 303(d). There are several key differences to these
approaches. First, NCCR and TCEQ use DIN and DIP, whereas NEEA utilizes TDN and TDP.
TCEQ uses DIN (NH3-N + NOs3-N) and DIP in both classified and unclassified estuarine waters
(Table 3). The inclusion of organic nutrients in the NEEA but not in NCCR or TCEQ could lead
to different assessments, as organic nutrient loadings are becoming a major driver of
eutrophication in many coastal systems (Glibert et al., 2006; Kudela et al., 2008; Li et al., 2020).
Second, all three approaches use different nutrient and chlorophyll thresholds. Third, NCCR
uses available data and randomized sampling data from the summer, whereas NEEA and TCEQ
utilize all available data regardless of season. Finally, TCEQ does not use water clarity as an
estuarine indicator. Bricker et al. (2003a) recommended that investigators use the national
survey results as a starting point to assess estuarine eutrophication on different regional scales,

but classification approaches should be customized based on the type of estuaries examined.



In this study, I analyze results of a water quality assessment of Oso Bay and Baffin Bay
located in South Texas. We used investigator-led water quality data from these systems to
compare site- and ecosystem-level assessments determined by NCCR, NEEA and TCEQ
methods. Findings from this study will help to determine whether these estuaries are
experiencing degraded water quality and are experiencing symptoms of eutrophication. This
work also highlights how the key differences in approaches used by NEEA, NCCR and TCEQ

can lead to differences in water quality assessment.



METHODS
Site Description

We studied two South Texas estuaries, Baffin Bay and Oso Bay. Baffin Bay is a shallow
(<1-3 m) estuary that experiences high evaporation, low freshwater input, and has a long
residence time (>1 year on average) (Wetz et al. 2017). Land use in the watershed is dominated
by agriculture (32.2%) and rangeland (64%) (Bricker et al, 2007). Baffin Bay also receives
wastewater effluent from several small municipal plants, some of which are poorly functioning.
Oso Bay is a shallow (~1 m) microtidal urbanized estuary that drains into the larger Corpus
Christi Bay. The land use in the watershed is dominated by agriculture (48%) and high-density
development (17%), and the bay also receives municipal wastewater input from three facilities
(Wetz et al. 2016; NOAA CCAP 2010).

Water Quality Measurements

Water samples were collected from eight sites in Oso Bay (Table 1, Figure 1) and nine
sites in Baffin Bay, Texas (Table 2, Figure 1). Sampling occurred monthly from May 2013 to
December 2018 for Baffin Bay and August 2011 to September 2017 for Oso Bay. Duplicate
samples were collected in 1-L high-density polyethylene bottles from ~0.5 m below the surface.
Prior to sampling, the bottles were washed in 10% HCI and rinsed six times with deionized
water. Samples were kept on ice, transported to the laboratory and processed within four hours.
Salinity, pH, temperature (°C), and dissolved oxygen (DO) (mg/L) concentration were measured
at the time of sample collection using field YSI meters (ProPlus). Secchi depth measurements
were taken for in situ water clarity measurements.

Chlorophyll a (Chl) samples were collected by vacuum filtration of water through GF/F

filters at < 5 mm Hg. The filters were frozen at -20°C until laboratory analysis (within 28 days).



Chl was extracted from the filters using 90% HPLC grade acetone according to the freeze-thaw
Standard Method (SM) 10200H of APHA (2005). Fluorescence was measured using a Turner™
Trilogy fluorometer using acetone blanks and calibrated solid standards. The fluorometer was
calibrated quarterly. Dissolved nutrients were analyzed after filtering through pre-combusted
(450°C for 24 h) GF/F filters. Ammonium (NH4"), nitrate + nitrite (NO3™+ NO2"), nitrite (NO2"),
orthophosphate (PO4*") and silicate (SiO2) were determined using a Seal QuAAtro™ auto-
analyzer following APHA methods (SM4500-NH3 G, SM4500-NOs F, SM4500-P F and
SM4500- SiO2 F of APHA (2005). Standards of equal concentration of NO3 and NO; were run
to test the cadmium reduction column efficiency. The average daily efficiency was 98.7 + 3.5 %.
Standard curves using eight different standard concentrations were run daily. 18-ohm deionized
water (DI) blanks were analyzed throughout the run. Check standards of known concentrations
were used to correct for baseline drift (usually every 8-10 samples). Dissolved inorganic
nitrogen (DIN) was determined as the sum of NH4" and NOs™+ NOx>", and dissolved inorganic
phosphorus (DIP) as PO4*". Total dissolved nitrogen (TDN) and total nitrogen (TN) were
measured using a Shimadzu TOC-V TN-1 module (ASTM 2015) with self-contained magnetic
stirrers. For TDN and TN analysis, calibration curves were run at the beginning and end of each
run to account for baseline drift. Laboratory check standards were used in conjunction with
Certified Reference Material Program deep seawater standards. Dissolved organic nitrogen
(DON) concentrations were calculated by subtracting DIN from TDN.
Water Quality Assessment

A water quality assessment was conducted using three different classification approaches:
1) the 2012 USEPA National Coastal Condition Report IV (NCCR) (USEPA, 2012), 2) the

NOAA National Estuarine Eutrophication Assessment (NEEA) (Bricker et al., 1999), and 3) the



Texas Commission on Environmental Quality (TCEQ) 2018 Guidance for Assessing and
Reporting Surface Water Quality in Texas (Table 3). NCCR and NEEA used five component
indicators and TCEQ used four (Table 3). Using approaches outlined in each approach, I
calculated a water quality index (WQI) for each site and bay to assess overall water quality
conditions.

The five indicators used by NCCR were DIN, DIP, Chlorophyll a, Secchi depth
(representing water clarity) and Bottom water DO. These were assessed based on three assigned
cutpoints (good, fair, poor) that were established from Gulf Coast ranges (Table 3) (USEPA,
2012). For a given indicator, the percentage of samples falling into each of the three cutpoints
was calculated for summer months (June, July and August; as per NCCR methods) as well as
annually (to align with NEEA and TCEQ methods). To calculate the rank of each indicator,
“good” values received a score of five, “fair” received a score of three and “poor” received a
score of one. These values were multiplied by the percentage of samples found in each category
and added up to calculate an overall indicator score for each site in each bay. Indicator score
rankings were assigned to one of the following categories: “good” (>4.0), “good to fair” (3.7 to
4.0), “fair” (2.4 to <3.7), “fair to poor” (2.0 to <2.4) and “poor” (<2.0) (USEPA, 2012). The
WQI for each site was considered “good” if a maximum of one indicator was rated “fair”, and no
indicators were rated “poor”; “fair” if one of the indicators was rated “poor”, or two or more
indicators were rated “fair”; “poor” if two or more of the indicators were rated “poor”; “missing”
if two component indicators were missing and the available indicators do not suggest a “fair” or
“poor” rating (Table 4). At the bay-scale, the bay’s WQI was considered “good” if less than
10% of the sampling sites were in “poor” condition and more than 50% of the bay sites were in

“good” condition; “fair” if 10% to 20 % of the bay sampling sites were in “poor” condition, or



50% or less of the bay sites were in “good” condition; “poor” if more than 20% of the bay sites
were in “poor” condition Table 5).

The five indicators used by NEEA included TDN, total dissolved phosphorus (TDP), Chl
a, Secchi depth and Bottom DO (Table 3) (Bricker et al, 1999). For a given indicator, the
percentage of samples falling into each of the three cutpoints was calculated for summer months
(June, July and August; as per NCCR methods) as well as annually (to align with NEEA and
TCEQ methods). To calculate the rank of each indicator, “low” values received a score of five,
“medium” received a score of three and “high” received a score of one. These values were
multiplied by the percentage of samples found in each category and added up to calculate an
overall indicator score for each site in each bay. Chl a had a “hyper” category indicating
chlorophyll a > 60 pg L', but its number was still assigned a “1” (“high”) for simplicity
purposes in our assessment. Indicator scores were assigned to one of the following categories:
“low” (>4.0), “low to medium” (3.7 to 4.0), “medium” (2.4 to <3.7), “medium to high” (2.0 to
<2.4) and “high” (<2.0) (USEPA, 2012). The WQI for each site was considered “low” if a
maximum of one indicator was rated “medium”, and no indicators were rated “high”; “medium”
if one of the indicators was rated “high”, or two or more indicators were rated “medium”; “high”
if two or more of the indicators were rated “high”; “missing” if two indicators were missing and
the available indicators do not suggest a “medium” or “high” rating (Table 4). At the bay-scale,
the bay’s WQI was considered “low” if less than 10% of the sampling sites were in “high”
condition and more than 50% of the bay sites were in “low” condition; “medium” if 10% to 20 %
of the bay sampling sites were in “low” condition, or 50% or less of the bay sites were in “low”

condition; “medium” if more than 20% of the bay sites were in “low” condition (Table 5).



The State of Texas does not have numerical water quality standards for nutrients in
estuarine systems. In lieu of numerical values, ad hoc rankings were established using historical
TCEQ surface water sample data for DIN, DIP, TP, dissolved oxygen and chl a. A “screening
level of concern” for these water quality indicators was established by TCEQ to determine if the
values are above the historical 85" percentile (“concern”) or below it (“no concern™), and were
assigned a number for each (i.e. 1 for “concern”, 5 for “no concern”) (Table 3) (TCEQ, 2019).
For a given indicator, the percentage of samples falling into each of the two cutpoints was
calculated for summer months (June, July and August; as per NCCR methods) as well as
annually (to align with NEEA and TCEQ methods). Because TCEQ only used two cutpoints,
essentially as pass/fail system (no concern/concern), it was necessary to apply the NCCR
labeling approach. To calculate the rank of each indicator, “no concern” values received a score
of five and “concern” received a score of one. These values were multiplied by the percentage of
samples found in each category and added up to calculate an overall indicator score for each site
in each bay. Indicator scores were assigned to one of the following categories: “good” (>4.0),
“good to fair” (3.7 to 4.0), “fair” (2.4 to <3.7), “fair to poor” (2.0 to <2.4) and “poor” (<2.0)
(USEPA, 2012). The WQI for each site was considered “good” if a maximum of one indicator
was rated “fair”, and no indicators were rated “poor”; “fair” if one of the indicators was rated

99, ¢

“poor”, or two or more indicators were rated “fair”’; “poor” if two or more of the indicators were
rated “poor”; “missing” if two indicators were missing and the available indicators do not
suggest a “fair” or “poor” rating (Table 4). At the bay-scale, the bays WQI was considered

“good” if less than 10% of the sampling sites were in “poor” condition and more than 50% of the

bay sites were in “good” condition; “fair” if 10% to 20 % of the bay sampling sites were in



“poor” condition, or 50% or less of the bay sites were in “good” condition; “poor” if more than

20% of the bay sites were in “poor” condition (Table 5).

RESULTS
Oso Bay Environmental Conditions

There was little difference in annual average temperature between sites with the highest
being at WP (26 +/- 3.3 °C) and lowest observed at SPID (23 +/- 4.9 °C) (Table 6). Salinity was
highest at YB (37 +/- 13) and lowest at WP (5.4 +/- 7.6). Bottom DO was highest at AG (6.7 +/-
3.0 mg L) and lowest at WP (5.0 +/- 2.0 mg L'!). The annual mean DIN concentration was
highest at WP (11 +/- 4.9 mg L) and lowest at OI (0.11 +/- 0.16 mg L!). Annual mean DIP
concentration was highest at WP (2.1 +/- 1.1 mg L") and the lowest at OI (0.05 +/- 0.06 mg L)
(Table 6). The annual mean Chlorophyll concentration was highest at MP (75 +/- 205 pg 1) and
lowest at WP (7.1 +/- 18 ug I') (Table 6). The annual mean TDN concentration was highest at
WP (12 4+/- 5.5 mg L") and the lowest at OI (0.66 +/- 0.23 mg L") (Table 6). Annual mean
Secchi depth was highest at YB (0.41 +/- 0.22 m) and the lowest at IG averaging (0.09 +/- 0.05
m) (Table 6).
Oso Bay — NCCR

Annually, DIN was poor at two sites (MP and WP) and good at six sites (OL, IG, AG,
SPID, YB and BO) (Table 7). During the summer two sites were poor (MP and WP), three were
fair (IG, AG and BO) and three were good (OI, SPID and YB). Annually for DIP, four sites were
poor, two were fair and two were good. During the summer for DIP, four sites were poor, one
was fair to poor, two sites were fair, and one was good. Annually, chlorophyll was poor at two

sites, fair to poor at one site, fair at four sites and good at one site. During the summer four sites
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were poor, three were fair and one was good. Annually, bottom DO was fair at one site and good
at seven sites. During the summer, three were fair and five were good. For both an annual scale
and during summer, secchi depth at all sites was poor (Table 7).

For the overall WQI, a water quality index was calculated for each bay by determining
the percentage of each category using the criteria shown in table 5. Five sites were rated as poor
(MP, WP, IG, AG and BO) during summer and three sites were rated as fair (OI, SPID and YB)
(Table 5, Figure 2). Annually four sites were rated as poor (MP, WP, IG and AG) and four sites
were rated as fair (OI, AG, SPID and YB) (Table 5, Figure 2).

Oso Bay — NEEA

Application of NEEA criteria for nitrogen (TDN) indicated that annually, four sites were
high (MP, WP, IG and BO), two were medium to high (AG and SPID), and three sites were
medium (OI and YB). During the summer two sites were high (MP and WP), four sites were
medium to high (IG, AG, YB and BO), and two sites were fair (Ol and SPID) (Table 8). TDP
data was not collected as part of the Oso Bay sampling program. Annually, Chl was high at two
sites, one site was medium to high, four were medium and one was low. During the summer
four sites were high, three were medium and one was low. Annually, bottom DO was medium at
one site and low at seven sites. During the summer, one site was medium, two were low to
medium and five were low. For both an annual scale and during summer, Secchi depth at all
sites was poor (Table 8).

Using the summer dates, five sites had high eutrophication status (MP, WP, IG, AG and
BO) and three sites had medium (OI, SPID and YB) (Table 5, Figure 3). Annually four sites
were rated as high (MP, WP, IG and AG) and four sites were rated as medium (OI, AG, SPID

and YB) (Table 5, Figure 3).
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Oso Bay — TCEQ

Application of TCEQ criteria for nitrogen (DIN) indicated annually two sites were poor,
three were fair and three were good. During the summer two sites were poor and six were good
(Table 9). Annually, phosphorus (DIP) two sites were poor, two were fair and three were good.
During the summer two sites were poor, two sites were fair and four were good (Table 9).
Annually, Chl a was poor at three sites, fair at four sites and good at one site. During the
summer four sites were poor, two were fair and two were good (Table 9). Annually, bottom DO
had one site that was fair and six sites that were good. During the summer three sites were fair
and five were good (Table 9).

Using the summer dates, two sites were rated as poor (MP and WP), four sites were rated
as fair (OI, IG, AG and BO), and two sites were rated as good (SPID and YB) (Table 5, Figure
4). Annually two sites were rated as poor (MP and WP), four sites were rated as fair (Ol, IG,
AG and BO), and two sites were rated as good (SPID and YB) (Table 5, Figure 4).

Oso Bay — Bay Score

The WQI was determined for the entire Oso Bay using all three criteria (Tables 3 and 5).
Using the NCCR criteria, Oso Bay’s WQI is poor for both the summer and the entire year using
the three criteria (Table 5 and Figure 2 for NCCR; Table 5 and Figure 3 for NEEA; Table 5 and

Figure 4 for TCEQ).

Baftin Bay Environmental Conditions
There was little difference in average temperature between sites with the highest being at
BB2 and BB4 (24 +/- 5.8 °C) and lowest at BB1 and BB5 (23 +/- 5.7 °C) (Table 10). Salinity

was highest at BB2 (45 +/- 15) and lowest at BB1 (39 +/- 17) (Table 10). Bottom DO was
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highest at BB7 (5.6 +/- 1.4 mg L!) and lowest at BB2 (4.9 +/- 1.8 mg L") (Table 10). The
annual mean DIN concentration was highest at BB5 (0.13 +/- 0.21 mg L") and the lowest at BBS
and BB9 (0.054 +/- 0.064 mg L"). Annual mean DIP concentration was highest at BB1 (0.057
+/- 0.085 mg L") and the lowest at BB9 (0.006 +/- 0.004 mg L!) (Table 10). The annual mean
Chl a concentration was highest at BB2 (22 +/- 15 ug 1'") and the lowest at BB7 (13 +/- 8.6 ug I
1Y (Table 10). The annual mean TDN concentration was highest at BB2 (Table 10) (1.2 +/- 0.28
mg L") and the lowest at BB7 (0.84 +/- 0.18 mg L™!). The annual mean TDP concentration was
highest at BB1 (0.10 +/- 0.10 mg L") and the lowest at BB9 (0.027 +/- 0.007 mg L!) (Table 10.).
Annual mean Secchi depth was highest at BB8 (0.61 +/- 0.18 m) and the lowest at BB5 (0.37 +/-
0.20 m) (Table 10).
Baffin Bay — NCCR

DIN was good for all sites annually and summer months (Table 11). Annually for DIP,
one site was fair and eight were good. During the summer for DIP, one site was fair and eight
were good (Table 11). Annually chlorophyll had one site that was fair to poor and eight that
were fair. During the summer two sites were poor, three were fair to poor, and four were fair.
Annually, bottom DO was good to fair at three sites and good at six sites. During the summer,
two sites were fair and seven were good. For both an annual scale and during the summer,
Secchi depth at all sites was poor (Table 11).

For the overall WQI, two sites were rated as poor (BB2 and BB5) during the summer and
seven sites were rated as fair (BB1, BB3, BB4, BB6, BB7, BB8 and BB9) (Table 5, Figure 5)
Annually, all nine sites were rated as fair (Table 5, Figure 5).

Baffin Bay — NEEA
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Application of NEEA criteria for TDN indicated that annually, three sites were high,
three were medium to high and three were medium (Table 12). During the summer three sites
were high, four sites were medium to high and two sites were medium (Table 12). TDP was
identical for all sites regardless of season with all nine sites scoring medium. Annually, Chl a
was medium to high at one site and medium at eight sites. During the summer two sites were
high, three were medium to high and four were medium (Table 12). Annually, bottom DO was
low to medium at three sites and low at six sites. During the summer, two sites were medium,
and seven sites were low (Table 12). Secchi depth indicated that water quality was the same
regardless of sampling period. For both an annual scale and during the summer, Secchi depth at
all sites was poor (Table 12).

Using the summer dates, three sites had high eutrophication status (BB1, BB2 and BBS)
and six sites were rated as medium (BB3, BB4, BB6, BB7, BB8 and BB9) (Table 5, Figure 6).
Annually three sites were also rated as high (BB1, BB2 and BB5) and six sites were rated as

medium (BB3, BB4, BB6, BB7, BB8 and BB9) (Table 5, Figure 6).

Baffin Bay — TCEQ

Application of TCEQ criteria for DIN indicated that water quality was the same between
the annual scale and summer months. Annually and in the summer, all 9 sites were good (Table
13). For DIP annually and in the summer, all nine sites were good (Table 13). For chlorophyll
annually, nine sites were fair (Table 13). During the summer three sites were poor and six were
fair (Table 13). Annually, bottom DO was fair at three sites and good at six sites (Table 13).

During the summer four sites were fair and 5 sites were good (Table 13).
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For the WQI, four sites were rated as fair (BB1, BB2, BB3 and BB5) and five sites were
rated as good (BB4, BB6, BB7, BB8 and BBY) (Table 5, Figure 7). Annually, three sites were
rated as fair (BB2, BB6 and BB8) and six sites were rated as good (BB1, BB3, BB4, BB5, BB7,
and BB9) (Table 5, Figure 7).

Baffin Bay — Bay Score

The WQI was determined for the entire Oso Bay using all three criteria (Tables 3 and 5). Using
the NCCR criteria, Baffin Bay’s WQI is poor for summer and fair annually (Table 5, Figure 5).
Using the NEEA criteria, Baffin Bay’s WQI is poor for both the summer and annual dates (Table
5, Figure 6). Using the TCEQ criteria however, Baffin Bay’s WQI is Good for both the summer

and annual dates (Table 5, Figure 7).

DISCUSSION

In estuaries and coastal waters, increased nutrient loading associated with point and non-
point sources creates adverse responses in dissolved oxygen, chlorophyll, and changes in
phytoplankton community structure by increasing harmful algal bloom (HAB) prevalence
(Boesch, 2002; Cloern, 2001). The U.S. EPA has encouraged tribes and states to adopt
numerical criteria as a method to decrease nutrient pollution. Section 304(a) of the Clean Water
Act directs the USEPA to develop scientific information on pollutants and to publish “criteria
guidance,” often expressed as pollutant concentration levels, that will result in attainment of

aquatic life uses. Texas’ approach to developing numerical water quality standards is a phased
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approach where the development would address reservoirs first followed by streams then
estuaries. In a March 16, 2011, memo to regional EPA offices, EPA’s Acting Assistant
Administrator Nancy Stoner summarized eight key elements needed for state programs to reduce
nutrient loadings. The first step is to “Prioritize watersheds on a statewide basis for nitrogen and
phosphorus loading reductions”. The current study utilizes three different water quality
assessment methods to determine the status of water quality in two South Texas estuaries
exhibiting symptoms of eutrophication (Oso Bay, Baffin Bay). The last major national
assessment, conducted as part of the National Estuarine Eutrophication Assessment (Bricker et
al. 2007), indicated that there was no data available for Oso Bay. Data were also limited for
Corpus Christi Bay as a whole and Bricker et al. (2007) were unable to assess future outlook or
make an assessment of estuarine trophic status due to inadequate data. Data was also lacking for
Baffin Bay and they were unable to assess primary or secondary symptoms or assess estuarine
trophic status and future outlook. This emphasized the need for increased water quality
monitoring in these systems, and since the last NEEA assessment, new datasets have become
available from each system. The approach taken can serve as a model for broader assessment of
Texas estuaries and ultimately to prioritize which estuaries require the most attention from a
pollutant load abatement standpoint.

Oso Bay bisects the south side of Corpus Christi, TX, which has seen a sharp population
increase from 35,000 to 117,029 between 2000 and 2018. This growth in population is more
than twice as fast as the average growth rate for Corpus Christi as a whole (Caller Times, 2020).
Recently, the city of Corpus Christi annexed approximately 880 acres of undeveloped land on
the south side for the development of an additional 3,000 homes. Urbanization such as that in

the Oso Bay watershed has been linked to water quality deterioration through input of pollutants
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via stormwater runoff in other systems (USEPA, 2002; Barbosa et al, 2012; Cargo, K., 2020). In
addition to stormwater runoff, Oso Bay receives water from three different municipal wastewater
treatment plants, with one that discharges directly into a segment of Oso Bay known as Blind
Oso. The City of Corpus Christi has also considered closing the Greenwood, Alison and Laguna
Madre plants and consolidating them while expanding the Oso plant (Woolbright, M. 2017).
Wastewater pollutant loads have been shown to cause negative impacts on water quality in
estuarine environments (Armstrong and Ward, 1998; Wetz et al. 2016).

Presumably because of its small size, previous large-scale eutrophication and/or water
quality assessments have not included Oso Bay. Yet the aforementioned stressors as well as
results presented in prior studies indicate a need for this. For example, Nicolau (2001) found that
Oso Creek and Oso Bay were heavily influenced by wastewater treatment effluent, resulting in
high nutrient and bacteria levels and low DO concentrations. In Oso Bay, the frequency of time
that nutrient concentrations located near the Oso Bay wastewater treatment facility exceeds the
Texas Surface Water Quality Standards (TSWQS) criteria are: ammonia (100%), nitrate + nitrite
(75%) and chlorophyll a (25%) (Nicolau, 2001). Wetz et al. (2016) also found high nutrients
and chlorophyll, and relatively low DO in Blind Oso, which appeared to be affected by nutrient-
laden flows out of MP and WP. Wang et al. (2018) found that water column respiration is
mainly attributed to phytoplankton degradation, and isotopic analysis revealed a strong
wastewater nitrogen signature in the particular organic matter.

Regardless of the method used, the data used in this study indicates that Oso Bay had
impaired water quality. Both the NCCR and NEAA schems indicated that the WQI for MP, WP,
BO, IG and AG were Poor (NCCR) and High (NEAA). The TCEQ approach indicated that the

WQI for MP and WP was Poor and for BO, IG and AG, it was Fair. This discrepancy is because
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TCEQ does not have a cutpoint for Secchi depth, whereas NCCR and NEEA have Secchi depth
as an indicator and all sites were always rated as Poor and/or High. As per the findings from
Wetz et al. (2016) and Wang et al. (2018), the poor water quality in the Blind Oso region appears
to be primarily associated with point source nutrients coming from the wastewater treatment
plant and a municipal golf course that receives treated water from the plant for irrigation. The
Blind Oso also has restricted water movement due to southwest wind that can cause the water to
pile up (Islam et al., 2011). Functionally, the Blind Oso acts like a choked lagoon in that it has
reduced tidal oscillation and long flushing times (Knoppers, 1994).

In contrast to the rapid population growth that has occurred around Oso Bay, population
in the Baffin Bay watershed has been relatively stable since the 1960’s. Baffin Bay is
surrounded by three large active ranches (King, Chapman and Kenedy) that account for more
than 1.1 million acres. Land use in the form of agricultural row crops significant in the
watershed (Parsons, 2019). A study on nutrient loading to Baffin Bay estimated that fertilizer
applied to crops and wet deposition each accounts for 30% of nitrogen loads, livestock manure
from unconfined animal feeding operations accounted for 20%, urban runoff accounts for 9%,
and combined industrial and municipal point sources accounted for 8% (Rebich et al., 2011).

Since 1989, Baffin Bay has been experiencing recurrent, long lasting blooms of
Aureoumbra lagunensis, commonly referred to as the “Texas brown tide” (DeYoe, 1997; Liu and
Buskey, 2000). A. lagunensis has been shown to proliferate under low inorganic nitrogen
concentrations and has a high tolerance to phosphorus limitation (Liu et al., 2001). As a
mixotroph, 4. lagunensis can utilize DON. Evidence that Baffin Bay has high organic nitrogen
concentrations year-round suggests that it is experiencing organic nutrient driven eutrophication

(Wetz et al., 2016). High DON concentrations were also associated with A. lagunensis blooms
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in Indian River Lagoon, suggesting that high concentrations of DON are a facilitator of 4.
lagunensis blooms (Mulholland et al, 2004; Gobler et al, 2013).

Applying NCCR to the data indicated that the WQI at BB1 and BB5 was Poor year-
round. The remainder of the sites were rated as Fair. All the sites were Fair when using the
summer data. NEEA indicated that tBB1, BB2 and BB5 were High with the remaining sites
rated as Medium. This was the same pattern regardless if it was annual or summer data. TCEQ
indicated no sites were Poor and all the sites were Fair to Good regardless of sampling period.
This discrepancy is also because TCEQ does not have a cutpoint for Secchi depth, whereas
NCCR and NEEA have Secchi depth as an indicator and all sites were always rated as Poor
and/or High (refer to last page Oso discussion).

One important finding from this study is that the NEEA, NCCR and TCEQ criteria
yielded distinct patterns with respect to nitrogen classification in Baffin Bay. NCCR and TCEQ
both utilize DIN and all sites ranked Good in the summer and annually. In contrast, NEEA
utilizes TDN and the tributaries (BB1, BB2 and BBS5) always ranked High (which would equate
to Poor in NCCR or TCEQ terms) in the summer and annually, while the main channel sites
(BB3, BB4 and BB6) always ranked Medium to High in the summer and annually. This finding
can be attributed to the inclusion of DON in the NEEA (as TDN) but not in the NCCR or TCEQ
approaches. TDN values were consistently high year-round in BB, and as previously noted, high
DON (a large fraction of TDN) has been suggested as a driver of bloom of mixotrophic, harmful
phytoplankton such as 4. lagunensis (Berg et al. 1997). According to Bricker et al. (2003b),
DON should be included in definitions of eutrophication because it can be an important form of
labile N derived from many sources (e.g., atmospheric deposition, runoff from rain and irrigation

events, phytoplankton DON release, N> fixation, and microbial regeneration).
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It has been more than two decades since the EPA asked states to adopt numerical criteria
to gauge nutrient pollution. Among the states surrounding the Gulf of Mexico, only Florida has
determined criteria for nitrogen (TN), phosphorus (TP) and chlorophyll @ in estuarine waters
(https://www.epa.gov/nutrient-policy-data/state-progress-toward-developing-numeric-nutrient-
water-quality-criteria#tb3). The EPA determined that numerical nutrient water quality criteria
are necessary to meet the requirements of the Clean Water Act (CWA). This should motivate
states to take responsibility to establish nutrient criteria for water quality protection in a timely
manner. Unfortunately, Texas only has narrative criteria for nutrient enrichment and does not
have numerical estuarine nutrient water quality standards. A major challenge for many states is
the prioritization of systems to focus on given limited resources. This study and Bugica et al
(2020) both identified high priority estuaries that Texas should focus on for developing
numerical water quality standards, including Baffin Bay, Oso Bay and Galveston Bay. It is
recommended that intensive studies including increased and targeted monitoring, development of
watershed plans, and watershed remediation efforts will be needed for these systems.

Recommendations

As previously discussed, the type of indicator selected has a major influence on a
system’s overall water quality condition assessment. Based on findings here, I recomend
Chlorophyll (biological), bottom water D.O., DIN, DIP, TDN and TDP (physico-chemical). The
inclusion of TDN and TDP would include DON and DOP which are increasingly recognized as a
source of nitrogen for phytoplankton and HABs (Karl 2014, Sipler and Bronk 2015). Water
clarity should be dropped as an indicator, as Texas estuaries are typically shallow and regularly
mixed by winds, which stirs up sediments into the water column. Data should be collected from

the whole year rather than just summer months because symptoms of water quality degradation
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(high nutrients, algal blooms, low D.O.) can occur year round in many Texas estuaries. Since
Texas does not currently have numerical nutrient WQS, it is recommended that the 75" and 90"
percentiles of each indicator should be determined for the current decade. Any data above the
75" percentile and below the 90™ percentile be reported as a concern. Any data above the 90
percentile would triger additional sampling. Finally, collaborations with state and federal
agencies and universities would be encouraged as a more robust dataset would better capture the

condition of Texas estuaries.
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Figure 1. Water quality sampling stations sampled monthly August 2011 — September 2017, in
Oso Bay, Texas (A) and water quality sampling stations sampled monthly May 2013 —

December 2018, in Baffin Bay, Texas (B).

33



Table 1. Location of sample sites in Oso Bay.

Site ID Latitude Longitude
Oso Inlet Ol 27.70985 -97.308683
Municipal golf course MP 27.71239 -97.338947
Wastewater treatment plant WP 27.70890 -97.335972
Inactive golf course IG 27.69863 -97.331936
Creek draining farmland AG 27.68921 -97.325247
South Padre Island bridge SPID 27.68093 -97.313806
Yourktown bridge YB 27.64056 -97.3438
Blind Oso BO 27.70841 -97.330333
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Table 2. Location of sample sites in Baffin Bay.

Site ID Latitude Longitude
Cayo del Grullo BB 1 27.36809 -97.70327
Laguna Salada BB 2 27.26858 -97.72257
Upper main channel BB 3 27.27725 -97.62487
Middle main channel BB 4 27.27672 -97.58213
Alazan Bay BB 5 27.35265 -97.51540
Lower main channel BB 6 27.26562 -97.49437
North mouth BB 7 27.26542 -97.41965
Mid mouth BB 8 27.27667 -97.41287
South mouth BB 9 27.32025 -97.40992
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Table 3. Eutrophic response ranges for nutrients (mg L), chlorophyll a (ug L), bottom DO
(mg L), and water clarity depth (m) using the three assessment methods.

(a). National Coastal Condition Report IV

Classification DIN DIP Chlorophyll a D(i)is;é‘éleld ggﬁ;
good <0.1 <0.01 <5 >5 >3
fair >0.1t00.5 >0.01t00.05 >5t0 20 2to5 1.0 to 3.0
poor >0.5 >0.05 >20 <2 <1.0
(b) National Estuarine Eutrophication
Assessment
Classification TDN TDP Chlorophyll a D(i)sxs}(])é\éleld ggﬁ;
low <0.1 <0.01 <5 >5 >3
medium >0.1to1 >0.01t0 0.1 >51020 >2t0o<5 1.0t03.0
high > 1 >0.1 *>20 <2 <1.0

(c). TCEQ Guidance for Assessing and Reporting Surface Water Quality

Classification DIN DIP Chlorophyll a Dissolved
Oxygen
no concern (This <027 <0.19 <116 ~ 40
Study)
th
concern (> 85 - 027 019 e .,

percentile)
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Table 4. Cutpoints for determining the water quality index rating by bay. Water quality index is
applied to NCCR, NEEA and TCEQ approaches.

Rating Cutpoints

Good

One of the indicators is rated poor, or two or

Fair e e .
more indicators are rated fair.

Poor

Missing




Table 5. Cutpoints for determining the water quality index rating by bay. Water quality index is
applied to NCCR, NEEA and TCEQ approaches.

Rating Cutpoints

Good

10% to 20% of the bay sites is in poor condition,
Fair or 50% or less of the coastal area is in good
condition.

Poor
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Table 6. Oso Bay mean and standard deviation of annual temperature (°C), salinity, nutrient concentrations (mg L), chlorophyll
concentrations (ug L), Secchi depth (m) and dissolved oxygen (mg L), August 2011 through September 2017.

Site # Temperature Salinity DIP DIN TDN Chlorophyll @  Water Clarity Dligsost(z?\r/Ed
Oxygen
Ol 25+5.5 31+12 0.048+0.061 0.11+£0.16 0.66+0.23 12+ 10 0.34+£0.13 6.7+2.1
MP 26+5.8 15+10 1.1£0.76 2.7£2.6 39+£238 75 + 205 031£0.18 53+44
WP 26+3.3 54+7.6 2.1+1.1 11.0+4.9 12+£55 7.1£18 0.27+£0.12 50£2.0
IG 26+£6.2 27+15 0.26+0.21 0.62+0.86 1.5+0.87 32+£20 0.090£0.050 6.4+2.6
AG 25+6.3 29+ 15 0.14+£0.16 036+0.64 1.1+0.56 26+ 18 0.13+£0.070 6.7+3.0
SPID 23+49 3410 0.095+0.16 0.17+£0.27 0.94+0.28 12+6.7 025+0.14 59+1.6
YB 25+5.8 37+13 0.088 +£0.20 0.28+£0.64 0.98+0.51 13+12 0.41+0.22 59+1.6
BO 24 +47 26+£9.0 0.34+£0.32 1.1+14 14+1.2 25+£23 0.11 £0.060 7.5+3.1
Bay 25+5.6 23+ 16 1.0£0.76 27+25 34+49 28 £ 95 0.33+0.19 62+29

Average
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Table 7. Oso Bay water quality assessment using National Coastal Condition Report IV: Summer (A) and Annual (B). Indicators
ranked as Good (Green), Fair (Yellow), Fair to Poor (Orange) and Poor (Red), while overall site was ranked as Good (Green), Fair
(Yellow) or Poor (Red).

A
Site DIP Rank| Chlorophyll a | Rank | Dissolved Oxygen| Rank| Water Clarity | Rank| Site Rating
Ol 41% 2.8 81% 3.1 28%
MP 0% 12% 28%
WP 0% 19% 51%
1IG 15% 26% 36%
AG 53% 2.3 26% 45%
SPID 20% 3.0 80% 3.4 100%
YB 32% 51% 2.7 43%
BO 11% 30% 0%
B
Site DIP Rank| Chlorophyll a
o)1 46% 2.8 66% 33 17%
MP 0% 34% 39%
WP 0% 21% 49%
IG 11% 31% 31%
AG 18% 3.5 32% 2.0 30%
SPID 8% 82% 2.9 44%
YB 22% 51% 3.3 25%
BO 13% 46% 25 7%
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Table 8. Oso Bay water quality assessment using National Estuarine Eutrophication Assessment: Summer (A) and Annual (B).
Indicators ranked as Low (Green), Low to Medium (Light Green), Medium (Yellow), Medium to High (Orange) and High (Red),
while overall site ranked as Low (Green), Medium (Yellow) or High (Red).

A
Site TDN Rank| TDP |[Rank| Chlorophyll a |Rank |Dissolved Oxygen|Rank| Water Clarity |Rank |Site WQI
Ol 90% 2.8 nc 81% 3.1 28% 0% Medium
MP 0% nc 12% 28% 3.7 0%
WP 0% nc gl 19% 51% NOYN 3.7 0%
IG 54% 2.1 nc 26% 36% 0%
AG 65%. 23 ncI 26% 45% 0%
SPID [0% 83% JESAN 2.7 |mel nc 8 80% [OBRN 3.4 100% BOSN 3.0 0% Medium
YB 65% B850 2.3 [ne| nc g 51% (008 2.7 43% 0% Medium
BO 50% NS00 2.0 |nel nc 30% 0% 0%
B
Site TDN |Rank TDP |Rank ChlorophM Rank |Dissolved Oxygen|Rank | Water Clarity |Rank |Site WQ
Ol 2.8 Medium
MP
WP
IG
AG
YB Medium
BO
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Table 9. Oso Bay water quality assessment using TCEQ Guidance for Assessing and Reporting Surface Water Quality: Summer (A)
and Annual (B). Indicators ranked as Good (Green), Good to Fair (Light Green), Fair (Yellow), Fair to Poor (Orange) and Poor (Red),
while overall site ranked as Good (green), Fair (Yellow), or Poor (Red).

A

Site Rank | Chlorophyll a | Rank | Dissolved Oxygen| Rank | Site WQI

Ol
MP
WP

IG
AG

SPID
YB
BO

Site DIN Rank DIP Rank | Chlorophyll @ | Rank |Dissolved Oxygen| Rank | Site WQI

Ol

MP 77%
Wb 1%
IG 3.6 2.8 82%
AG 3.6 3.9 81%
SPID 35%
YB 38%
BO 2.6 2.7 62%
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Table 10. Baffin Bay mean and standard deviation of annual temperature (°C), salinity, nutrient concentrations (mg L!), chlorophyll

concentrations (ug L), Secchi depth (m) and dissolved oxygen (mg L), May 2013 through December 2018.

Site # Temperature Salinity DIP DIN TDN TDP Chlorophyll a Water D]igs;(;t(:?\rilgd
Clarity Oxygen

BB 1 23+5.7 39+17 0.057+0.085  0.090+0.12 1.1+0.22 0.10+0.10 17+ 14 044+0.19 55+1.7
BB 2 24+58 45+ 15 0.011+0.014 0.068+0.089 1.2+0.28 0.042 +0.0099 22+15 046+0.12 49+1.8
BB 3 23+59 43+ 13 0.014+0.025 0.065+0.068 1.0+0.23  0.038 +0.0098 17+ 10 053+025 52+14
BB 4 24+58 44+ 12 0.011+0.016 0.078+0.076 1.0+0.21  0.040+0.011 17+11 051+023 53+15
BB 5 23+5.7 43 + 17 0.029 + 0.064 0.13+0.21 1.1£0.22  0.051+£0.038 16+9.9 037+£020 53+1.6
BB 6 24+ 6.1 42+9.8 0.0070+0.0060 0.054+0.055 0.98+0.23 0.036+0.0095 15+10 0.55+020 50+1.6
BB 7 24+59 41+69 0.012+0.044 0.060+0.98 0.84+0.18 0.030+0.0072 13+8.6 056+020 56=+14
BB 8 23+6.1 41+72 0.0060+0.0060 0.049+0.072 0.88+0.17 0.030+0.012 13+8.8 0.61+0.18 50+ 1.7
BB 9 23+6.1 41+6.9 0.0060+0.0040 0.054+0.064 0.86+0.17 0.027 +0.0070 14+89 0.57+023 54=£15
A\iﬁge 23+5.8 42 +13 0.018+0.045 0.074+0.11 1.0+0.25  0.046 + 0.045 17+11 050+0.22 52+1.6
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Table 11. Baffin Bay water quality assessment using National Coastal Condition Report IV: Summer (A) and Annual (B).
Percentage of samples ranked as Good (Green), Good to Fair (Light Green), Fair (Yellow), Fair to Poor (Orange) and Poor (Red),
while overall site ranked as Good (green), Fair (Yellow), or Poor (Red).

A

Site DIN Rank DIP Rank Chlorophyll a Rank [Dissolved Oxygen |Rank | Water Clarity |Rank | Site WQI
BB1 42% 77%

BB2 44% 72%

BB3 56% 94%

BB4 61% 77%

BB5 39% 72%

BB6 56% 67%

BB7 77% 70%

BBS8 82% 91%

BB9 66% 80%

B

Site DIN Rank DIP Rank Chlorophyll a Rank |Dissolved Oxygen |Rank | Water Clarity |[Rank | Site WQI
BBI 43% 2.9 54% 2.7 41% Fair
BB2 31% 55% 2.3 50% Fair
BB3 31% 66% 2.5 49% Fair
BB4 36% 64% 2.5 44% Fair
BB5 25% 57% 2.5 39% Fair
BB6 19% 61% 2.7 52% Fair
BB7 1% 66% 2.9 39% Fair
BB8 16% 78% 2.7 55% Fair
BB9 15% 78% 2.8 41% Fair
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Table 12. Baffin Bay water quality assessment using National Estuarine Eutrophication Assessment: Summer (A) and Annual (B).
Percentage of samples ranked as Low (Green), Low to Medium (Light Green), Medium (Yellow), Medium to High (Orange) and High
(Red), while overall site ranked as Good (green), Fair (Yellow), or Poor (Red).

A
Site TDP Rank | Chlorophylla |Rank| Dissolved Oxygen |Rank | Water Clarity [Rank| Site WQI
BBI 80% 2.6 42% 77%
BB2 100% 3.0 44% 72%
BB3 100% 3.0 56% 94% Medium
BB4 100% 3.0 61% 77% Medium
BB5 89% 2.8 39% 72%
BB6 100% 3.0 56% 67% Medium
BB7 100% 3.0 77% 70% Medium
BBS 100% 3.0 82% 91% Medium
BB9 100% 3.0 66% 80% Medium
B
Site TDP Rank | Chlorophylla |Rank| Dissolved Oxygen |Rank | Water Clarity [Rank| Site WQI
BBI1 74% 2.5 54% 41%
BB2 100% 3.0 55% 50%
BB3 97% 3.1 66% 49% Medium
BB4 100% 3.0 64% 44% Medium
BB5 93% 2.9 57% 39%
BB6 100% 3.0 61% 52% Medium
BB7 100% 3.0 66% 39% Medium
BBS 100% 3.0 78% 55% Medium
BB9 100% 3.0 78% 41% Medium
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Table 13. Baffin Bay water quality assessment using TCEQ Guidance for Assessing and Reporting Surface Water Quality: Summer
(A) and Annual (B). Percentage of samples ranked as Good (Green), Fair (Yellow), and Poor (Red), while overall site ranked as Good
(green), Fair (Yellow), or Poor (Red).

A
Site score | Chlorophyll a | score [Dissolved Oxygen| score | Site Rating
BB1
BB2
BB3
BB4
BB5
BB6
BB7
BBS
BB9
B
Site DIN score DIP score | Chlorophyll a | score [Dissolved Oxygen| score | Site Rating
BB1 2.7
BB2 2.3 3.6 Fair
BB3 2.6
BB4 25
BB5 27
BB6 2.9 3.7 Fair
BB7 3.1
BBS§ 3.0 3.7 Fair
BB9 3.1
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