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Executive Summary

In Nueces Bay, there have been numerous sites of petroleum brine discharge since the
early 1900s until around 1993. While many previous studies point out the high toxicity of these
petroleum brine discharges and the potential adverse impacts on the ecosystem health, there is
limited information about the current level of pollution, types of pollutants trapped in the
sediments and released into the water column, and their contribution to toxicity levels. This
study’s goals were to help: (1) identify and quantify the size of the impacted area in the bay and
2) measure organophosphate pesticides in the bay, including all the possible alterations
(oxygenation, reduction, dehydration, desaturation, methylation, and acetylation) of these
contaminants, not limited to only indicators as the commonly used whole toxicity tests.

Surface water and sediment samples were collected from 18 stations along six transects (3
stations along each transect) during field sampling expeditions in November-December 2019 and
September 2020. Three types of samples (surface water, pore water, and sediment) were
processed and analyzed for polycyclic aromatic hydrocarbons (PAHs) and structural elucidation
and quantification of organophosphorus compounds (OPs.) A total of twelve PAHs were
identified: Phenanthrene, Anthracene, Fluoranthene, Pyrene, Benzo[a]anthracene, Triphenylene,
Benzo[b]fluoranthene, Benzo[k]fluoranthene, Benzo[e]pyrene, Benzo[a]pyrene, Perylene, and
Benzo[ghi]perylene. The highest total PAH concentrations were found to cluster near the Nueces
River mouth. Using the Fluoranthene/(Fluoranthene+Pyrene) ratio, it was determined that PAHs
at stations NB2, NB5, NB6, NB7, NB§, NB10, NB12, and NB18 are of petroleum/petrogenic
origin, while those at stations NB4, NB13, NB16, and NB17 are of liquid fossil fuel combustion
(i.e., gasoline, diesel, and crude oil) source. Based on the Fluoranthene/(Fluoranthene+Pyrene)
ratio, sources such as grass, wood, or coal combustion source were not present in any of the
samples/locations. Thus, the results indicate a plausible on-going point source (less than 2 years)
contamination rather than historical trapped brine water contamination.

Organic compound analyses identified 11,802 organic compounds in both porewater and
surface water samples in 2019. Out of these, 2,283 were OPs compounds, which account for
19% of the total compounds detected. In 2020, 10,872 organic compounds were detected, of
which 16% were OPs compounds (1745 compounds). It was found that Nueces Bay has a
significantly higher percentage of OPs compounds relative to other estuaries and open ocean
systems, with levels not exceeding 8% of the total organic compounds detected. A non-targeted
screening (NTS) of the 190 known organophosphorus pesticides and herbicides showed none of
the intact structures were present in the Nueces Bay samples, both surfaces, and porewater.
However, 1995 OPs compounds that can be a product of chemical transformations of the 190
OPs were found. The most abundant presence of these altered OPs was found in the sediment
porewater at NB16, NB17, NB18, and NB13 in the Rincon Bayou “surveyed area. This area is
also characterized by finer sediments (e.g., large porosities) with a larger affinity for trapping
contaminants and a favorable environment for chemical transformations. Also, given the reduced
inflows through the delta, this area is likely not well flushed unless during high
precipitation/flow events.

The findings of this study will help guide management decisions and ensure that water
quality standards and sediment quality criteria are adequate and appropriate for the living
organisms (e.g., oyster reefs) and recreational use of the bay.



1. Introduction

Petroleum brine is one of the major environmental issues associated with oil field
exploration. In 1979, it was estimated that over 32 million gallons of petroleum brine were
discharged daily to Texas tidal waters (Liebow et al., 1980). In 1989, Louisiana discharged
approximately 84 million gallons of petroleum brine per day from 700 sites among the 70 oil and
gas fields (Boesch and Rabalais 1989). In Wyoming, a total of 58.8 billion gallons of petroleum
brine were generated in 1997, 30% of that was discharged into surface waters (Ramirez, 2002).
Globally, it is estimated that over 10.5 billion gallons/day of petroleum brine was produced in
2007, of which 80% was produced from onshore oil fields. For every gallon of oil, there are three
gallons of petroleum brine being produced and subsequently discharged (Dal Ferro and Smith
2007). Typically, the discharged volume of petroleum brine increases several times as the oil
field/exploration wells age (Somerville et al., 1987; Stromgren et al., 1995).

Besides containing high concentrations of dissolved hydrocarbons, petroleum brines have
an elevated concentration of volatile organic compounds (e.g., acetic, propionic, and butyric
acids), heavy metals, radionuclides, additive chemicals (e.g., biocides, demulsifiers, and
corrosion inhibitors), and total suspended solids (Somerville et al., 1987; Ahmadun et al. 2009).
For example, the lead, zinc, and iron concentration could reach up to 8, 35, and 1,100 mg/L in
some petroleum brine discharges, respectively (Fillo and Evans 1990). Many previous studies
have shown that the geochemical signatures of petroleum brine could be preserved in the
sediment and pore water for many years. For example, a recent study on sediments from the
Allegheny River watershed, N.J., by Burgos et al. (2017) identified a peak in Ra and Sr isotopes
that correspond to the peak period of industrial activity and could be tracked to the Marcellus
Shale formation. The fate of many contaminates traces, and heavy metals depend on the redox
condition of the sediments. A study conducted on Humble Canal's sediment (Louisiana) (a site
that has been exposed to petroleum brine discharge for many years) shows that as the redox
potential of the sediment increased, the affinity between iron [Fe (II1]) and manganese [Mn (IV)]
oxide and arsenic [As], cadmium [Cd], chromium [Cr] and zinc [Zn] also increased. They
observed a higher degradation rate of petroleum hydrocarbon in oxidized sediments relative to
reduced conditions (DeLaune et al. 1999).

In Nueces Bay (South Texas Gulf coast), a shallow bay located near oil and gas fields
(See Fig.1), several sites of petroleum brine discharge were active since the early 1900s until the
restriction around 1993 (Railroad Commission of Texas, 1993). Many previous studies have
identified the adverse impact of highly toxic petroleum brines on ecosystem species. For
example, Caudle (1995) related the widespread denuded marsh on the Nueces bay to the long-
term exposure to petroleum brine. Another study found that the Western Sandpipers (Calidris
mauri) exposed to petroleum brine in Nueces Bay have a tenfold higher aromatic hydrocarbon
concentration in their stomach contents relative to the birds collected a reference site (Rattner et
al. 1995). In 1990, D'unger et al. (1995) conducted toxicity tests on the sediment and sediment
pore waters near petroleum brine discharge sites in the bay. They concluded that these sediments
are highly toxic relative to the reference sediment or pore water from unimpacted areas. A recent
study showed that the tissues of Crassostrea Virginia (the Eastern or American oyster), collected
from the northern Nueces Bay (near the impacted area), had the highest toxicity index relative to
other local coastal areas (Palmer et al. 2015). In addition to hydrocarbons, petroleum brine is rich
in Fe (III) oxyhydroxide as part of the suspended solid which has a high affinity for
organophosphorus and phosphates (e.g., Gunnars and Blomqvist 1997; Gunnars et al. 2002;
Hupfer and Lewandowski, 2008). We hypothesize that a large proportion of the pesticide
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compounds present in the agricultural runoff was adsorbed on the Bay's fine sediment particles,
which have been enriched in iron from the petroleum brine. Over time, and with sedimentation,
these insoluble organophosphorus containing iron deposits would have become buried beneath
layers of sediment and hidden away for decades. However, as the redox condition of these
impacted sediments starts to change, Fe (III) starts to reduce to Fe (II) by anaerobic bacteria
leading to the release of organophosphorus compounds to the pore water and diffused into the
water column.

Many earlier studies have identified the high toxicity of the petroleum brine discharged
on the Nueces Bay ecosystem. However, there is limited information about the size of the
impacted area in the Bay, the current level of pollution, the types of pollutants these sediments
are releasing into the water column, and their contribution to toxicity levels. Our preliminary
research in Nueces Bay identified over 4,000 organic compounds in the water column with an
increased abundance of oxygenated hydrocarbon compounds, unique signatures of petroleum
hydrocarbons, and organophosphate compounds, likely of anthropogenic origin. The samples
were collected from sites in proximity to the historical oilfield discharge sites.

This proposed study goals were to help:

1.Identify and quantify the size of the impacted area in the bay and ensure that water quality
standards and sediment quality criteria are adequate and appropriate for the living
organisms (e.g., oyster reefs) and recreational use of the bay.

2. Develop a new method for measuring organophosphate pesticides in estuaries, including all
the possible alterations (oxygenation, reduction, dehydration, desaturation, methylation,
and acetylation) of these contaminants, not limited to only indicators as the commonly used
whole toxicity tests. In multiple contaminant scenarios, such as indicated for Nueces Bay
by the numerous contaminant compounds, it is problematic to partition contributions of
individual contaminants to overall toxicity.



2. Methods

2.1. Study Site

This study was performed in the semi-arid Nueces Bay, Texas. Nueces Bay, located on the
south Texas Gulf Coast, is contiguous to Corpus Christi Bay in the Nueces Estuary system
(Figure 1). The area is characterized by dry to sub-humid climates with annual precipitation
averaging around 76.2 cm and an average evaporation rate of 145 cm (Ockerman 2001; Shafer
1968). Due to low rainfall in the watershed and dams and diversions on the Nueces River,
riverine discharge into the Bay is typically minimal, resulting in high average salinities and often
low nutrient levels (Longley et al. 1994). Nueces Bay has a long history of anthropogenic
disturbances, including oil/gas development, pipelines transecting the bay, dredging, and
agricultural land use. Dryland crop agriculture (i.e., grain sorghum, corn, and cotton) and
ranching activities dominate the area's land use (TDWR 1981). Nueces Bay and Nueces, and San
Patricio Counties immediately surrounding the Bay have been heavily developed for oil and gas
extraction (D'Unger et al. 1996; Douglas et al. 2020). The long-term discharge of oil-brine to
surface water and other disturbances associated with the oil/gas industry into coastal estuaries
was a longstanding practice in Texas until a new rule, 40 CFR Part 435, was passed in 1996 and
effectively banned such practices (D'Unger et al. 1996).

Additionally, the surrounding
area has been subjected to
farming practices since 1909,
but regulations on
organophosphorus insecticides
and herbicides have not been
implemented until the 21*
century. These
organophosphorus compounds
most likely reached the Bay
through runoff (San Patricio
County Economic Development Corporation, 2020; EPA, n.a.). According to these sources, the
study site has a long history of exposure to hydrophobic and amphiphilic compounds. However,
the Fe (III) oxyhydroxide from the petroleum brines could redistribute organophosphorus
compounds over a wider area. Additionally, these decades-old herbicides and insecticides could
have been trapped in the sediment for several years and with delayed exposure due to
disturbances such as intense storms (Herndon et al., 2019; Herndon et al., 2020).

Figure 1 Study area and stations of Nueces Bay.

2.2. Sample Collection
Surface water and sediment samples were collected from 18 stations along six transects
(NB3 stations along each transect), as illustrated in Figure 1. Field sampling expeditions were
conducted in November-December 2019 and September 2020 Field parameters (i.e.,
temperature, dissolved oxygen, salinity, and pH) were measured at each site before sample
collection using a multi-probe Y SI series 6 sonde.



Water samples
Water column samples were collected in 1 L polycarbonate bottles. The bottles were cleaned

with Alconox and HCI solution and rinsed with the sample. In the field, all sample bottles
were stored on ice in a dark cooler until return to the laboratory, where they were immediately
frozen until processing occurred. All samples were sterile filtered through 0.22 pum polyester
sulfone filters conditioned with 5-10 mL of sample and kept frozen until analysis.

Sediment samples

Sediment cores (~0.5 m) were collected using a piston push coring that is designed to
capture the sediment-water interface (e.g., nepheloid layer) (Gardner et al. 2009). Sediment core
(in the core polycarbonate liner) was kept in a cooler with ice in the field and transferred to the
lab. The nepheloid layer was removed from sediment cores and processed along with the pore
water samples in the lab. To avoid dissolved organic matter (DOM) contamination from
macrofauna rupture (Alperin et al. 1999), we collected pore waters from the core using Rhizon
samplers (<0.2 um pore size) inserted through ports pre-drilled into the core liners (Seeberg-
Elverfeldt et al. 2005). The cores were extruded and sliced into 2.0 cm intervals for the first 10
cm, then every 10 cm for the rest of the core (10 samples total per core including the nepheloid
layer) in an N> atmosphere glove box. The sediment samples were frozen and then freeze-dried.
Sediment fractions for each of the intervals mentioned above were analyzed for grain size,
permeability, and petroleum hydrocarbons.

2.3.Analytical Method

Grain size analysis: For grain size distributions, 1-2cm® of sediment was allocated for laser
diffraction analysis (Beckman Coulter Limit of Detection (LOD): 0.375um-2000um). Organic
matter was oxidized from the sediment using hydrogen peroxide (up to 40% by volume) in a multi-
stage process to control reaction rates (Welschmeyer, 1994). The sediment was undergone two
cycles of DI washing, agitation, and centrifuging before instrumental analysis. A Ro-tap with
sieves up to 4000um was used for core sections with grains larger than 2000um.

Porosity was measured by weighing and then drying 166cm® saturated sediment core cylinders in
an oven at 105° C. After constant weight measurements; sections will be weighed for dry mass.
Porosity was then derived using the relationship between bulk density and particle density
(Avnimelech et al. 2001).

=1-22
Pg

Where ¢ is porosity, pp is the bulk density, and pg is the particle density assuming a constant value
of 2.65g/cm? (Klute, 1986). Hydraulic conductivity was calculated from the grain size data using
the Kozeny-Carmen Equation:

3
Pg 2 e
K==xD_°“ x
u g (1-n¢)?

Where p and p are the density and dynamic viscosity of water, g is the acceleration due to gravity,
D; is the geometric referential grain size, and ne is the effective porosity. While previous literature
contests this equation for hydraulic conductivity of fine-grained sediments, recent literature shows
that using the geometric mean is an acceptable surrogate in finding the effective porosity, leading
to good agreement with permeameter measurements (Urumovic, K. 2016).



Polycyclic Aromatic Hydrocarbons (PAHs): PAHs were analyzed following the procedure
described by Tolosa et al. (2005). Briefly, freeze-dried sediments were homogenized. The
homogenized sediment was spiked with internal standards (naphthalene-d8, anthracene-d10,
pyrene-d10, and perylene-d12). The freeze-dried sediment samples were Soxhlet extracted for 16
hours into 100 ml of dichloromethane/methanol (1:1, v/v). Quantification of different PAHs was
performed on a TSQ 9000 Triple Quadrupole GC-MS/MS in full scan and the Skyline program
provided by MacCoss Lab Software. The oven temperature program and the He flow rates
followed the procedure described by Tolosa et al. (2005).

Structural elucidation and quantification of organophosphorus compounds (OPs): Extraction of
organophosphorus compounds from the sediment samples was conducted according to Cao et al.
(2017) with modifications. In brief, 5.0 grams of grinded freeze-dried sediment were extracted in
10 ml of high-purity acetonitrile. Samples were physically lysed using a combination of sonication
and vortex (3 x 5 times). The sample was centrifuged for the last time at 9,500 rpm for 5 min to
separate the supernatant from the solid sediment pellet. The extraction procedure was repeated for
the residual sediment. The combined extract was concentrated with Savant vacuum concentrators,
and 1.0 ml of water was added.

The three types of water samples (surface water, in situ pore water, and extracted sediment-
water) were prepared for mass spectral analysis using PPL solid-phase extraction cartridges
(Agilent, Bond Elut PPL, 200mg resin for porewater samples, and 1 g resin for seawater samples
according to the procedure recommended by Dittmar et al. (2008).

An ultraperformance liquid chromatography (UPLC) coupled to Orbitrap Fusion Tribrid
Mass Spectrometer (OT-FTMS) was used for structural elucidation of intact and altered
organophosphate insecticides and herbicides compounds. It allows simultaneous de novo
compound structure elucidation and quantification of thousands of compounds per sample down
to attomolar concentrations and has sub-ppm mass accuracy and resolution (Zubarev and Makarov
2013). For identification and structural elucidation of organophosphorus compounds, each sample
was first analyzed using a full scan mode at 500,000 full widths at half maximum (FWHM)
resolution in both negative and positive modes. Coupled with UHPLC system (Vanquish UPLC,
Thermo Fisher) equipped with a BEH Cig column, with the similar elution gradient used by Cao
et al. (2017). Compound Discoverer software (Thermo Fisher) was used to identify the mass
features that match our in-house organophosphate insecticides and herbicides compounds database
and their UPLC retention times. This database contains 190 known organophosphate insecticides
and herbicides and possible alterations (oxygenation, reduction, dehydration, desaturation,
methylation, and acetylation). This information was then used to create a data-dependent
acquisition (DDA) method as described by Mullard et al. (2015) with some modifications (Abdulla
et al. in prep.). Both collision-induced dissociation (CID) and higher-energy collisional
dissociation (HCD) fragmentation techniques were applied, and their activation energies were
optimized for the detected organophosphorus compounds. De novo structural elucidation was
performed on these MS? fragments, and these structures were also be putatively annotated using
in silico fragmentation prediction software (Mass Frontier). Organophosphate insecticides and
herbicides and their alteration were identified through a combination of the following 5 multi-
confidant points: 1) high mass accuracy of OT-FTMS, 2) identification and matching of isotopic
patterns (at least M+1 isotopes) to confirm ionized charge and the estimated number of carbon
atoms, 3) cross-referencing with in-house database, 4) matching retention times between different




samples, 5) structure confirmation through MS? fragmentation by both CID and HCD techniques
and verification using in silico fragmentation prediction software.

3. Results

In Fall 2019, we collected 54 surface water samples (triplicate from 18 stations) and 34 sediment
cores from 17 stations. We were not able to collect cores at station NB3 because of the presence
of hard seafloor. A total of 96 porewaters samples were extracted from the sediment cores, and
105 sediment subsamples in triplicate (a total of 315) were collected at different sediment depths.
In fall 2020, an additional 54 surface water samples were collected from the 18 stations (in
triplicate). Sediment cores were collected from 17 stations, with a gap at NB3 because of hard
substrates and sandy sediments. From these cores, a total of 72 porewater samples and 88
sediment subsamples in triplicate (a total of 216) were collected at different sediment depths.

3.1.Physicochemical Parameter Measurements
The salinity in Nueces Bay ranged from 30.0- 32.0 (average 31.2 + 0.6) in November- December
2019 and from 26.3- 33.6 (average 31.3 = 2.0) in September 2020. September 2020 shows
slightly higher freshwater flow contribution near the Nueces River mouth (Figure 2a &b). But in
general, salinity indicates minor fresh riverine influence on the bay in both seasons. The bay is
under high oxygen saturation during the two seasons, as indicated in Tables 1 and Table 2.
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Table 1: Nueces Bay surface seawater field physicochemical parameters measured in November- December 2019

Station Latitude Longitude Date Time | Salinity | pH ];f:g)p Con((l:givity D0°/(0)° 3g(/)L
NBI N27.85163 | W97.38290 | 11/05/19 | 8:22 31.1 7.37 19.9 47659 256.3 | 20.67
NB2 N27.86796 | W97.36926 | 11/05/19 | 9:31 32.0 7.56 | 20.3 48765 2853 | 21.21
NB3 N27.86723 | W97.38532 | 11/05/19 | 10:34 31.7 7.69 | 21.0 48286 288.5 | 21.29
NB4 N27.84912 | W97.40296 | 11/05/19 | 11:19 32.0 7.52 | 208 48969 298.5 | 22.10
NB5 N27.83705 | W97.40296 | 11/05/19 | 11:54 31.7 7.62 | 20.8 48482 226.6 | 16.98
NB6 N27.83376 | W97.43598 | 11/05/19 | 12:44 31.7 7.67 | 214 48450 197.2 | 14.42
NB7 N27.82865 | W97.46236 | 11/19/19 | 10:40 30.0 7.71 16.2 46145 95.1 7.81
NB8 N27.84586 | W97.44076 | 11/19/19 | 11:25 30.7 7.39 153 47200 91.2 7.58
NB9 N27.86637 | W97.42125 | 11/19/19 | 12:05 31.2 7.59 16.8 47828 73.9 5.92
NB10 N27.86634 | W97.43768 | 11/19/19 | 12:40 31.0 7.65 16.4 47594 69.9 5.68
NBI11 N27.85095 | W97.45381 | 11/19/19 | 13:10 30.2 7.68 15.3 46597 92.0 7.64
NBI12 N27.83539 | W97.47196 | 12/03/19 | 8:32 30.7 8.71 11.5 47484 55.4 6.96
NBI13 N27.84317 | W97.48256 | 12/03/19 | 9:31 30.9 8.83 17.0 47437 84.7 6.83
NB14 N27.86497 | W97.45096 | 12/03/19 | 10:17 31.2 884 | 175 47930 61.4 5.14
NBI15 N27.85318 | W97.46476 | 12/03/19 | 11:14 31.8 8.88 16.9 48672 63.3 5.12
NBI16 N27.86886 | W97.48928 | 12/03/19 | 13:56 31.2 8.48 18.5 47863 75.9 5.93
NB17 N27.86228 | W97.49699 | 12/03/19 | 13:12 31.2 8.97 18.4 47817 74.9 5.83
NBI8 N27.85553 | W97.50561 | 12/03/19 | 12:33 31.4 8.91 17.8 498438 81.8 6.92
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Table 2 Nueces Bay surface seawater field physicochemical parameters measured in September 2020.

Station | Latitude | Longitude Date Time | Salinity | pH ’[grcn)p Con((l:;ivity Do/? 12g(/)L
NB1 N27.85163 | W97.38290 | 09/07/20 | 8:34 332 8.14 | 28.8 50716 96.2 | 6.18
NB2 N27.86796 | W97.36926 | 09/07/20 | 9:07 335 8.05 | 28.6 51142 823 | 5.30
NB3 N27.86723 | W97.38532 | 09/07/20 | 9:33 33.6 7.98 | 28.6 51263 69.7 | 4.48
NB4 N27.84912 | W97.40296 | 09/07/20 | 10:03 32.6 8.09 | 28.8 50047 96.0 | 6.19
NBS5 N27.83705 | W97.40296 | 09/07/20 | 8:01 324 9.03 | 29.5 49800 89.8 | 5.72
NB6 N27.83376 | W97.43598 | 09/07/20 | 10:31 31.2 812 | 29.2 48079 101.9 | 6.57
NB7 N27.82865 | W97.46236 | 09/07/20 | 11:08 | 30.2 8.16 | 293 46744 109.3 | 7.09
NB8 N27.84586 | W97.44076 | 09/12/20 | 8:07 31.6 8.06 | 26.8 48467 101.1 | 6.77
NB9 N27.86637 | W97.42125 | 09/12/20 | 8:36 329 812 | 269 50306 98.0 | 6.51
NB10 N27.86634 | W97.43768 | 09/12/20 | 9:02 33.1 811 | 27.0 50619 97.7 | 6.48
NB11 N27.85095 | W97.45381 | 09/12/20 | 9:39 32.0 8.11 | 269 49086 101.5 | 6.78
NB12 N27.83539 | W97.47196 | 09/12/20 | 10:19 | 28.8 8.14 | 26.6 44597 1114 | 7.60
NB13 N27.84317 | W97.48256 | 09/12/20 | 10:39 | 26.3 824 | 268 41154 123.1 | 8.50
NB14 N27.86497 | W97.45096 | 09/12/20 | 11:04 | 32.1 813 | 273 49229 111.5 | 7.39
NB15 N27.85318 | W97.46476 | 09/25/20 | 8:11 313 795 | 249 47990 98.70 | 6.87
NB16 N27.86886 | W97.48928 | 09/25/20 | 9:58 30.1 8.16 | 259 46445 101.5 | 6.98
NB17 N27.86228 | W97.49699 | 09/25/20 | 9:18 29.4 8.1 25.6 45506 93.5 | 6.53
NB18 N27.85553 | W97.50561 | 09/25/20 | 8:48 28.6 8.06 | 259 44327 925 | 6.42
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Figure 2 Surface water salinity interpolation maps of Nueces Bay during the two field sampling
events

3.2. Sediment Analysis

3.2.1. porosity

The porosity of each sediment sample was calculated via the bulk density method. The
average porosity of all samples was X: 0.52 (maximum of 0.77, minimum of 0.21, n=106; Table
3), which is well within the range for unconsolidated sediments from sand to clay (Todd and
Mays 2004). Initial distribution analysis indicates that the system is dominated by porosities near
0.52, typical for unconsolidated sediments. These data show relatively porous sediments are
abundant and widespread throughout the system.

The most porous sediments were found near the Nueces Bay mouth (adjacent Corpus
Christi Bay) and in Rincon Bayou (Figure 3), likely a low flow area where finer grain sediments
can settle leading to the higher porosities. This matches what was observed from the grain size
analysis. The oyster reefs located on the northern shoreline and Rincon Bayou's mouth likely act
as baffles, slowing the water current and allowing larger sediment grains to settle out and only
finer, more easily entrained grains to pass. For example, near station NB15, where porosities are
lower, larger grains are deposited when water flow is slowed down when it passes over the reefs.
On the other hand, in Rincon Bayou, water from the Bay has already passed reefs resulting in
only finer grain sediments entrained and carried into the area. Rincon Bayou also receives water
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from a diversion from Nueces River, released into the marshland west of the Bay proper, likely
also only containing fine grained sediments that deposit into the bayou.

3.2.2. Grain Size Analysis

The grain size analysis showed an average median grain size of 0.7 phi (n=106) with a
median grain size between 1 and 0.5 mm in diameter (Table 4.). This is the range of coarse
grains, which are as likely to be fragments of a calcareous shell as quartz sand grains. Median
grain sizes are the smallest in Rincon Bayou and the eastern half of Nueces Bay (Figure 3).
These are also the areas with the greater porosities. Finer unconsolidated particulates are known
to have greater porosities, as validated by the porosity results. The southwestern portion of
Nueces Bay has the largest median grain sizes due to the abundant shell hash. Shell hash, coming
from oyster reefs and fine grain particulates from fine sand to silt and clay, makes up most
sediment cores in this area.

Most cores had one predominant median grain size through all of the depths sampled; 16
out of 17 cores sampled had the same median grain size for 50% or more of the sampled depths.
Therefore, the cores were mainly homogenous; some were mostly fine sands and silts, some
mainly were shell hash. The median grain size for all depths in the core NB15 was a phi of 2 or
greater (<0.25 mm), the most homogenous core in grain size. This shows that there are not too
many different depositional environments captured to the system's sampled depth (20 cm). If the
sediments reflect a poor variability in depositional environments and sediment types (oyster reef
and silty-sandy bay bottom), then changes in porewater organic compounds should result from
other factors such as local disturbances or variable inputs.
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® Stations
Porosity

Figure 3 Porosity inverse distance weighted interpolation map by core depth A) 0-2 cm, B) 2-4 ¢cm, C) 4-6 cm, D) 6-8 cm, E) §-
10 em, F) 10-20 cm, G) 20-30 cm. Warm colors show higher porosities, cool colors lower porosities. The porosity distribution

median of 0.52 dominates the maps, showing a typical porosity for unconsolidated sediments ranging from sand to clay. NB 3
omitted as no data was available.
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Figure 4 Median grain size (Phi) inverse distance weighted interpolation map by core depth A) 0-2 cm, B) 2-4 ¢cm, C) 4-6 cm, D)
6-8 cm, E) 8-10 cm, F) 10-20 cm, G) 20-30 cm. Warmer colors represent smaller size grains, cooler colors showing larger size
grains, ranging from <0.25 mm (red) to >4 mm (blue). Median grain size average (x: 0.7 phi) is between 1-0.5 mm in diameter,
typical for coarse sand (n=106). NB 3 omitted as no data was available.
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Table 3 Porosity Values by core and by sample depth. Table split into two parts for ease of display. All porosities are unitless
and displayed as decimals.

Core
Section | NB1 NB2 NB3 NB4 NB5 NB6 NB7 NBS8 NBY9 NBIO
0-2 0.54 0.44 - 0.63 031 0.63 036 030 040 048
2-4 0.44 0.46 - 0.64 0.39 0.59 076 050 050 061
46 0.43 0.40 - 0.63 021 0.64 075 061 039 062
Porosity
by Core | 6-8 0.40 0.47 - 0.51 0.35 0.63 058 056 061 0.57
Section | o o 043 0.52 - 077 037 051 059 049 040 045
(cm)
10-20 0.45 0.47 - 0.64 0.38 0.51 074 045 048
20_30 - 066
30-40 -
Core
Section NB11 NBI12 NB13 NBl14 NBI5 NB16 NB17 NBIS
02 0.48 0.69 0.56 0.47 0.51 0.58 0.71 0.59
2-4 0.45 0.60 0.47 0.33 0.38 0.59 0.57 0.38
46 0.45 0.61 0.36 0.40 0.57 0.55 0.57 0.56
Porosity
by Core | 6-8 0.55 0.64 0.44 0.34 0.50 0.68 0.56 0.64
Section 1 0.48 0.56 0.48 0.40 0.47 0.47 0.44 0.39
(cm) 8 0
10-20 0.37 0.50 0.54 0.51 0.46 0.61 0.51 0.47
20-30 0.60 0.64 0.65 0.69
30-40 0.48

Table 4 Median grain size presented in phi by core and by sample depth. Table shown in two parts for ease of display. All phi is
unitless and displayed as decimals or integers.

Core
Section | NB1 NB2 NB3 NB4 NBS NB6 NB7 NBS NBY NBIO
0-2 0.5 2 - 2 15 2 15 15 -05 05
2-4 0.5 2 - 15 2 15 0.5 05  -05 05
Median
Grain | 4-6 2 2 - 1.5 2 0.5 -0.5 0.5 -0.5 0.5
S;zni:)’z 68 15 2 - 15 2 05 05 05 05 0.5
Depth | ¢ 1) 2 L5 - 0.5 2 0.5 2 0.5 L5 0.5
(cm)
10-20 2 05 - 15 2 05 05 05 05
20-30 - 05
Core
Section |  NBI1 NB12 NB13 NB14 NBI5 NB16 NB17 NB18
0-2 15 15 15 2 2 2 2 15
2-4 -0.5 -0.5 -0.5 0.5 2 2 2 -1.5
Median
Grain | 4-6 05 -0.5 -0.5 05 2 2 2 0.5
S;Zlfl:li 6.8 0.5 0.5 0.5 15 2 2 2 0.5
Depth | ¢ s -0.5 -0.5 -1.5 -1.5 2 2 2 0.5
(cm)
1020 -0.5 -0.5 -0.5 -1.5 2 05 2 0.5
20-30 -1.5 -1.5 0.5 0.5

17



3.3. Petroleum Aromatic Hydrocarbons

A total of twelve petroleum aromatic hydrocarbons (PAHs) were identified and
quantified through the TSQ 9000 Triple Quadrupole GC-MS/MS in full scan and the Skyline
program provided by MacCoss Lab Software. The identified PAHs include Phenanthrene,
Anthracene, Fluoranthene, Pyrene, Benzo[a]anthracene, Triphenylene, Benzo[b]fluoranthene,
Benzo[k]fluoranthene, Benzo[e]pyrene, Benzo[a]pyrene, Perylene, and Benzo[ghi]perylene. The
total PAHs (sum of all the 12 individually identified PAHs) show the highest concertation at
NB12 and NB13 with 2653.3 and 2259.5 ng. g’ sediment (dried weight), respectively (Table 5,
Figure 5). The lowest concertation was 133.6 ng. g'! at station NB5. As illustrated in the
interpolation map (Figure 5a), the highest total PAHs are concentrated near the Nueces River
mouth. The Nueces River may be the source of some of these PAH compounds to the bay.
However, according to Murgulet et al., 2016 and Douglas et al. (2020), the Bay experiences low
riverine discharge due to hydrologic alterations and average low precipitation. Further
investigations upstream into the river could help elucidate this hypothesis. Another consideration
of sources could be introducing PAH through active oil and gas wells and pipelines located in
Nueces Bay Douglas et al. (2020).

Most of the individual PAHs are concentrated between stations NB6 through NB18§,
except Benzo[a]anthracene, which had a concentration of 478 ng. ¢! sediment (dried weight) at
station one. Benzo[b]fluoranthene, Benzo[k]fluoranthene, and Benzo[ghi]perylene represent the
highest contributions to the total PAHs. On the other hand, Fluoranthene, Benzo[e]pyrene, and
Benzo[a]pyrene has the widest distribution in Nueces Bay, present at six or more stations.
However, they have lower concentrations compared to the other detected PAHs.

Several studies were able to connect certain calculated ratios between different PAHs to
specific group sources. Ratios applied to this dataset include, but are not limited to,
Anthracene/(Anthracene+Phenanthrene), Fluoranthene/(Fluoranthene+Pyrene),
Phenanthrene/Anthracene, Fluoranthene/Pyrene, and Benzo[a]pyrene/Benzo[ghi]perylene. The
ratio Fluoranthene/Pyrene categorizes values below 1 to pyrogenic and values above 1 to
petrogenic origin. Stations NB2, NB4, NB5, NB6, NB7, NB§, NB10, NB12, and NB18 have
characteristics of pyrogenic PAHs; These can be sourced from a vehicle, shipping combustion,
power plant fuels, and coal tar products (Essumang et al., 2011). Stations NB1, NB11, NB13,
NB16, and NB17 are more dominated by petrogenic PAHs associated with fossil fuel (i.e.,
petroleum, coal) (Baumard et al., 1998). The ratio Anthracene/(Anthracene+Phenanthrene)
separates PAH findings into either petroleum/petrogenic source or combustion source; all
calculated ratios indicate a plausible combustion source (Yunker et al., 2002; Bucheli et al.,
2004, Brandli et al., 2007). The ratio Fluoranthene/(Fluoranthene+Pyrene) placed stations NB2,
NBS5, NB6, NB7, NB8, NB10, NB12, and NB18 into the category petroleum/petrogenic source,
and stations NB4, NB13, NB16, and NB17 into the category liquid fossil fuel combustion (i.e.,
gasoline, diesel, and crude oil). None of the stations had ratios above 0.50, which excludes any
grass, wood, or coal combustion source (Yunker et al., 2002; Brandli et al., 2007). All these
results indicate a plausible ongoing point source contamination (less than 2 years) rather than
historical trapped brine water contamination.
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Table 5 Average concertation (ng/g dried sediment) of 12 individual PAH compounds detected in Nueces Bay sediments. The
averages value represents the average of three top sediments layers (0-2 cm, 2-4 cm, and 4-6 cm depth) for a core at the specific
stations. NB3 omitted as no data was available. Table shown in two parts for ease of display.

PAH compound NB1 NB2 NB3 NB4 NBS NB6 NB7 NBS
Phenanthrene 103+29 13.9+3.0 - 25.7+6.3 155+0.5| 40673 |57.6+17.7|17.9+8.5
Anthracene 6.6 £3.3 2.8+0.8 -- 192+£17.0| 24+12 | 15614 | 3.5+£2.5 |22.1£11.0
Fluoranthene 36.6+349 | 253+24 -- 360£199| 7.0+0.7 [29.8+11.2| 443+0.5 [29.9+9.6
Pyrene 1.7£1.5 60.8 £6.2 - 43.0+9.2 | 38.7+17.1|1109.0 +£56.6| 94.7+19.5 13318;:
Benzo[a]anthracene [478.6 +501.2| 38.8+10.4 -- 59.7+£23.6 | 22.1+£9.3[556+17.9 (212.6+23.5(75.9+39.7
Triphenylene 52+29 26.7+4.7 -- 32.7+9.1 26+06 | 334+8.7 |63.4+10.8|22.0+43
Benzo[b]fluoranthene| 104 +4.2 |184.4+109.7| -- 340+31.2 | 19.5+25.8] 56.4+0.9 351523;[ 228.0+0.7
Benzo[k]fluoranthene| 4.1 +0.0 72.0+52.4 - 11.2+9.2 109+3.7| 208+0.6 |122.9+46.4| 76.7 £6.1
Benzo[e]pyrene 45+20 10.2+0.6 - 16.8 +2.7 25+02 | 286+8.0 | 37.3+7.5 | 18.7+3.1
Benzo(a)pyrene 37+12 104+£23 -- 16.2+0.3 2.0+0.1 | 31.0+9.8 | 40.3+8.7 |21.6+3.7
Perylene 28+04 10.7£1.6 -- 13.3+£4.6 1.3+03 | 11.6+3.9 | 18.1+48 | 6.7+0.8
Benzo[ghilperylene | 62+53 | 113.6£66.2| - |778+593| 9.0+59 |480+106| ° 1160?; 17?'73.;
Total PAHs 570.6 569.7 - 385.4 133.6 480.3 1366.1 820.7
PAH compound NB10 NB11 NB12 NB13 NB16 NB17 NB18
Phenanthrene 8.1+1.0 222+2.1 31.8+0.4 433+38 12.6+4.7 20.3+6.6 20.0+8.3
Anthracene 36.8+102 | 73+1.8 41+14 338+ 164 8.8+7.7 4.1+0.7 9.7+£25
Fluoranthene 54+08 [39.6+10.0| 56.0+94 |524+156 19.0+£5.3 348 +2.1 41.8+£0.0
Pyrene 41.1+£9.2 | 31.0+124 | 73.0+0.8 |[63.2+30.6| 148=+13.6 403+£2.2 75.7+18.2
Benzo[a]anthracene |314.5+33.0| 47.1+10.8 | 86.5+31.2 96.2+6.9 | 130.0+69.3 36.7+1.5 71.5+10.0
Triphenylene 140+1.5 | 37.9+8.7 748+ 12.1 |503+134 184 £3.1 255+£25 35.9+8.5
Benzo[b]fluoranthene | 29.6 + 19.3 [347.2 +21.9|1007.9 £ 419.5|865.0 £72.7| 193.5+42.2 | 130.0+28.7 | 82.4+18.7
Benzo[k]fluoranthene | 10.9+7.3 | 116.5+1.2 | 318.1 +119.1 |330.8+21.2| 70.6+6.2 403+7.8 293+7.7
Benzo[e]pyrene 257+7.6 | 20.6£6.7 247+2.8 341+12.2 113+14 9.7+0.5 13.8+2.8
Benzo(a)pyrene 124+5.0 | 21.6+£5.2 27.1+£59 40.6 £ 14.5 12.7+0.8 99+1.1 13.1+£2.2
Perylene 7.4+29 284+£6.0 31.7+7.2 15.8+3.6 6.3+1.0 8.1+£0.3 50.1£2.7
Benzo[ghi]perylene |24.1 £12.6 | 224.1 £4.6 | 917.7 +444.3 |634.0 £38.9| 130.2+36.2 | 732+228 474 +7.8
Total PAHs 530.1 943.5 2653.3 2259.5 628.2 4329 490.6
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Figure 5 Interpolation maps of the average concertation (ng/g dried sediment) of 12 individual PAH compounds detected the
total PAHs in Nueces Bay sediments. The averages value represents the average of three top sediments layers (0-2 cm, 2-4 c¢m,
and 4-6 cm depth) for a core at the specific stations.
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3.4. Organophosphorus Pesticides and Herbicides (OPs)

Over the two field sampling campaigns, we have extracted dissolved organic compounds
from a total of 108 surface water samples (triplicate from 18 stations in two sampling field
expeditions) and 168 porewater and nepheloid layer samples (96 in November-December 2019
and 72 in September 2020). Each organic matter extract was analyzed by UPLC-Orbitrap Fusion
mass spectrometer (in positive mode) and IC-Orbitrap mass spectrometer (in negative mode). In
the 2019 samples, 11,802 organic compounds were detected in both porewater and surface water
samples. Out of these, 2,283 were organophosphorus compounds which account for 19% of the
total compounds detected. In 2020, 10,872 organic compounds were detected, with
organophosphorus compounds accounting for 16% (1745 compounds) of the total compounds
detected. It was found that Nuceses Bay has a significantly higher percentage of
organophosphorus compounds relative to other estuaries and open ocean systems. The
percentage of organophosphorus in these other study systems does not exceed 8% of the total
organic compounds detected (e.g., Abdulla et al. 2010, Abdulla et al. 2018).

Conducting a non-target screening (NTS) of 190 known organophosphorus pesticides and
herbicides (OPs) using the 5 multi-confidant points (see the method section), we didn't identify
any of the 190 known intact organophosphorus pesticides and herbicides. The fate of OPs
depends on the biotic and abiotic conditions of the sediment and the water column. OPs degrades
much faster than organochlorine insecticides, but their degradation rate depends on sediment
composition, microbial communities, and environmental factors such as pH, temperature, and
sunlight exposure (Aislabie and Lloyd-Jones, 1995). However, the degradation of the OPs in the
aquatic environment is relatively slow compared to that in the soil. Kumar et al. (2018) showed
that the half-life of most OPs in the soil is under 100 days, while their half-life in the aquatic
environment is several orders of magnitude longer. For example, chlorpyrifos has a half-life of
30.5 days in soil, but its half-life in the aquatic environment is 2118 days. The insecticide
parathion has a half-life in soil between 21 to 58 days, but in the aquatic environment, its
hydrolysis half-life increases to 302 days.

Organophosphorous pesticides and herbicides don't completely degrade but go through
many chemical transformation pathways. The dominant transformation pathways are oxidation,
hydrolysis, alkylation, dealkylation (Singh and Walker, 2006). To investigate the potential of
detecting the degraded OPs in the Nueces Bay's sediment porewater and surface water, we
conduct in-silico 37 different chemical transformations on each of the 190 intact
organophosphorus pesticides and herbicides. Then, we conducted a non-target screening for all
these transformation products. We were able to identify 1995 organophosphorus compounds that
can be a product of chemical transformations of the 190 OPs. We confirmed their structures by
comparing their MS/MS fragmentation to the in-silico fragmentation prediction software. The
most abundant presence of these altered OPs was found in the sediment porewater at NB16,
NB17, NB18, and NB13 in the Rincon Bayou surveyed area (Figure 6). This area is also
characterized by finer sediments (e.g., large porosities) with a larger affinity for trapping
contaminants and a favorable environment for chemical transformations. Also, given the reduced
inflows through the delta, this area is likely not well flushed unless during high
precipitation/flow events.
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Figure 6 Depth profiles of some altered organophosphorus pesticide and herbicide detected in porewater of Nueces Bay
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4. Conclusion and Recommendations

Three types of samples (surface water, pore water, and sediment) were processed and analyzed
for polycyclic aromatic hydrocarbons (PAHs) and structural elucidation and quantification of
organophosphorus compounds (OPs) in Nueces Bay. A total of twelve PAHs were identified,
the highest total PAHs concentrations were found to cluster near the Nueces River mouth. Using
the Fluoranthene/(Fluoranthene+Pyrene) ratio indicates that origin of these PAHs is of
petroleum/petrogenic and liquid fossil fuel combustion (i.e., gasoline, diesel, and crude oil)
source. The results highlight a plausible on-going point source (less than 2 years) contamination
rather than historical trapped brine water contamination.

It was found that Nueces Bay has a significantly higher percentage of OPs compounds
relative to other estuaries and open ocean systems. A non-targeted screening (NTS) of the 190
known organophosphorus pesticides and herbicides showed none of the intact structures were
present in the Nueces Bay samples, both surfaces, and porewater. However, 1995 OPs
compounds that can be a product of chemical transformations of the 190 OPs were found. The
most abundant presence of these altered OPs was found in the sediment porewater in the Rincon
Bayou ‘surveyed area. This area is also characterized by finer sediments (e.g., large porosities)
with a larger affinity for trapping contaminants and a favorable environment for chemical
transformations. The findings of this study will help guide management decisions and ensure that
water quality standards and sediment quality criteria are adequate and appropriate for the living
organisms (e.g., oyster reefs) and recreational use of the bay.

Future studies need to identify the primary sources of recent crude oil leaks to the Bay;
whether these PAHs contamination leaks from the oil pipes, oil tankers, or transport through the
Nueces River. In addition, new studies need to investigate the effect of the PAHs and other
contaminants on the Bay ecosystem before any restoration (e.g., restore the oyster reefs).

Final remark: We have faced some issues in our building facility (the down of the fume hood
system and the breakdown of the Serigraph x-ray instrument). Because of that, this report only
includes one year of analysis of both Petroleum Aromatic Hydrocarbons (PAHs) and grain size
analysis of the sediments. However, we are committed to finish these analyses for the 2" year of
sampling as they are also part of a student's master thesis, and we will submit the complete
unofficial report to CBBEP by fall 2021.
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