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SEDIMENT QUALITY GUIDELINES FOR GALVESTON BAY AND
OTHER TEXAS ESTUARIES

Philip A. Crocker, U.S. Environmental Protection Agency, Dallas, TX

Overview
Bottom sediment serves a sink, as a result of deposition, and as a source of pollutants to the
water column and organisms. Sediment is an integral component of aquatic ecosystems,
providing habitat, feeding, spawning and rearing areas for many aquatic organisms. Benthic
organisms are in direct contact with bottom sediments and pore waters. Bottom sediment
quality is assessed under the Texas Natural Resource Conservation Commission (TNRCC)
Surface Water Quality Monitoring (SWQM) Program, as well as through various other agencies
and programs. Sediment quality is a key environmental indicator of status and trends for
estuaries. In order to interpret the degree of contamination, and the need for management, it is
important to utilize available assessment tools such as sediment quality guidelines.

The purpose of utilizing sediment quality guidelines in assessing the bottom sediments is to
estimate the effects of toxic pollutants on benthic communities. Water quality criteria or
standards, which are designed to protect aquatic organisms residing within the water column,
may not be protective of benthic organisms. For this reason it is appropriate to integrate
sediment quality guidelines, along with benthic community assessment and toxicity testing to
evaluate impacts to these communities. This paper presents guidelines for selected pollutants
applicable to Galveston Bay and other Texas estuaries, and provides recommendations on
assessing the degree of contamination.

EPA Equilibrium Partitioning Sediment Guidelines (ESGs)
EPA has developed Equilibrium Partitioning Sediment Guidelines (ESGs), at or below which no
chronic (lethal or sub-lethal) effects to benthic organisms would be expected. ESG's are based
on equilibrium partitioning (EqP) theory, a conceptual approach which predicts the
bioavailability—and therefore toxicity~of sediment associated chemicals (EPA 2000a). For
nonionic organic chemicals, ESGs are expressed as the chemical concentration in sediment
which is normalized to the fraction of organic carbon, the primary binding phase. For metals,
ESGs are attained if the simultaneously extracted concentrations of six metals (SEM; cadmium,
copper, lead, nickel, sliver and zinc) is equal to or less than the concentration of acid volatile
sulfide (AVS), the primary binding phase. Metal concentrations in the interstitial water can also
be assessed as a direct indicator of bioavailability (EPA 2000b).

"Tier 1" ESGs are considered scientifically rigorous due to the extensive data sets used in their
development and toxicity testing used to validate the guideline levels. Tier 1 ESGs have been
developed for several categories of pollutants: (1) the pesticides dieldrin and endrin (EPA
2000c&d); (2) metal mixtures (EPA 2000b); and (3) polynuclear aromatic hydrocarbons (EPA
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2000e). "Tier 2" ESGs, which are less rigorously derived, but are nonetheless scientifically
supportable, have been developed for 32 nonionic pollutants (EPA 2000f). An implementation
framework has been developed as guidance on interpreting and applying ESGs (EPA 2000g).

TNRCC Sediment Quality Screening Levels
TNRCC has developed two types of screening values (TNRCC 2000): (1) 85th percentile values
have been established for 12 metals and 131 organic chemicals. They were developed using a
minimum of 25 observations from the Surface Water Quality Monitoring (SWQM) database for
each water body category, including estuaries, collected over a ten year period (1988-98).
These represent a statistical, rather than effects-based, methodology. (2) Threshold Effect
Levels (TELs) and Probable Effect Levels (PELs) have recently been added to the screening
procedures. TELs were based on the National Oceanic and Atmospheric Administration
(NOAA) Effects Range-Low values (ER-Ls) (Long et al. 1995), and were calculated as the
geometric mean of the 15th percentile concentration of the toxic effects data set and the median
of the no-effects data set. PELs were based on the NOAA Effects Range-Median (ER-M), and
were calculated as the geometric mean of the 50th percentile of the toxic effects data set and the
85th percentile of the no-effects data set (Long et al. 1995; TNRCC 2000). The TNRCC has
developed TELs and/or PELs for 27 metals and organic pollutants.

The TNRCC assesses its waters using a minimum of five concentration values over a five year
period. The state identifies sediment quality concerns when screening values are exceeded in
more than 25% of the measured values. However, a minimum of two sediment toxicity testing
failures are the prerequisite for listing waters on the state's 303(d) list.

Observations and Recommendations Concerning of EPA and TNRCC Guidelines
Table 1 lists both EPA ESGs and corresponding TNRCC 85th percentile and TEL/PEL screening
levels. A complete list of state screening values is contained hi TORCC (2000). EPA ESG's
are based on total organic carbon, and a default assumption of 1% TOC was applied. The ESG
values will change in accordance with the TOC values, measured or assumed. This comparison
indicates agreement for some pollutants and disparity for others. Note that differences are to be
expected since the 85th percentile values are statistical values versus the ESGs, which represents
an estimate of chronic toxicity. For the select set of pollutants considered here, in most cases,
TEL/PEL guidelines were lacking. TEL/PEL guidelines are empirical values that in some
instances may be overly conservative. The NOAA guidelines, on which TNRCC TEL/PEL are
based, represent standard benchmarks which are widely used by the scientific community for
estuarine sediment assessment, e.g., the NOAA Status and Trends Program, and EPA's
Environmental Monitoring and Assessment Program (EMAP). NOAA and TNRCC guidelines
are available for some very prevalent and problematic pollutants, such as the metals, which
makes them very useful. Using EPA's recommended ESGs for metals, one must sample and
analyze AVS and SEM, whereas historical data, which include analysis of metals in bulk
sediment, may be compared directly to empirical guidelines.

All of guidelines discussed here are appropriate for use in Texas Estuaries, including Galveston
Bay. However, it is recommended that ESGs be utilized routinely due to the need to consider
biological availability of pollutants of concern and to better establish a "weight of evidence" for
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assessing and managing contaminated sediments. ESGs and other guidelines were utilized in
the National Sediment Survey (EPA 1997). This survey found the Buffalo Bayou/Houston Ship
Channel system to be one of the 96 Areas of Probable Concern (APC) due to sediment
contamination.

In addition to sediment chemical analysis, EPA recommends conducting sediment toxicity tests
(e.g., EPA 1994) and benthic community assessment. Sediment toxicity tests represent a direct
measure of toxicity, and the benthic infauna reflects the effects of multiple stressors over time
on the ecological condition. Combining these three components (chemistry, toxicity and
infauna) is commonly referred as the sediment quality triad. Sediment quality triads are
recommended when a high degree of rigor is warranted, although each of the three components
represent valuable assessment indicators. An extensive evaluation of bottom sediments in the
vicinity of permitted discharges and various land use practices with the Galveston Bay system
incorporated 85th percentile screening values and the sediment quality triad approach (Guillen et
al. 2000).

In conclusion, EPA recommends inclusion of ESGs in estuarine sediment assessments. These
values will serve to compliment other guidelines, and other forms of testing, rather than replace
them. Their application will strengthen weight of evidence on with resource management
decisions may depend. Sampling and analysis of TOC, AVS and SEM is necessary for
assessing ESGs for nonionic organics and metals.

Table 1. Selected Sediment Guidelines Applicable to Texas Estuaries: EPA ESGs (1% Total
Organic Carbon), and TNRCC 85th Percentile and TELs/PELs. Concentrations are in ug/Kg
(parts per billion dry weight).

POLLUTANT

Benzene

Delta-BHC

Gamma BHC (Lindane)

Biphenyl

4-Bromophenyl Phenyl Ether

Butyl Benzyl Phthalate

Chlorobenzene

Diazinon

Dibenzofuran

ESG (1%
TOC)*

57

130

3.7

1110

1300

11000

820

1.9

2000

TNRCC
85™ %

390

9.52

2.5

-

1050

1050

390

48

-

TNRCC
TEL

-

-

0.32

-

-

-

-

-

-

TNRCC
PEL

—

—

0.99

-

-

—

—

-

—
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1 ,2-Dichlorobenzene

1 ,3-Dichlorobenzene

1 ,4-Dichlorobenzene

Di-n-Butyl Phthalate

Dieldrin*

Diethyl Phthalate

Endosulfan Mixed Isomers

Alpha-Endosnlfan

Beta-Endosulfan

Endrin**

Ethylbenzene

Hexachloroethane

Malathion

Methoxychlor

Pentachlorobenzene

1 , 1 ,2,2-Tetrachloroethane

Tetrachloroethene

Tetrachlomethane

Toluene

Toxaphene

Tribromomethane (Bromoform)

1 ,2,4-Trichlorobenzene

1,1,1 -Trichloroethane

Trichloroethene

m-Xylene

340

1700

350

11000

280

630

5.4

2.9

14

9.9

4800

1000

0.67

19

690

1600

530

1200

890

100

650

9200

170

2100

25

1050

1050

1021.45

1100

4.5

1100

10

10

10

5

390

1100

25

15

1.2

390

390

-

390

100

390

1100

390

390

1150

—

-

-

-

0.715

-

-

-

-

-

-

-

-

-

-

-

-

-

—

-

-

-

-

-

-

—

-

-

—

4.3

-

-

-

—

-

-

-

—

—
—

—

-

-

-

-

-

—

-

-

—
*ESGs should be calculated based on the sediment's TOC concentration. A TOC concentration
of 1% is commonly used as a default value.

**Dieldrin and endrin represent Tier 1 ESGs; all others in this table are Tier 2 ESGs.
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SEDIMENT TOXICITY IN GALVESTON BAY IN A NATIONWIDE CONTEXT

M. Jawed Hameedi and Michelle R. Harmon,
National Oceanic and Atmospheric Administration, Silver Spring, Maryland

The National Oceanic and Atmospheric Administration (NOAA) determines the spatial extent
and severity of sediment toxicity in the estuaries and other coastal waters of the United States.
The study in Galveston Bay was based on a total of 75 randomly selected stations from 22 strata
encompassing the entire bay and adjacent coastal waters. Sediment toxicity tests were selected to
ensure different modes of contaminant exposure (i.e., bulk sediment, porewater, and chemical
extracts of sediments) to a variety of test organisms (invertebrates, bacteria, and vertebrate cells)
and to measure different assessment end-points (i.e., mortality, impaired reproduction,
physiological stress, and enzyme induction). None of the samples was found to be toxic based on
results of the amphipod mortality test. However, results of sub-lethal tests show widespread
toxicity. The Microtox test indicated significant toxic response over 85 percent of the study area;
a reduction in fertilization success hi sea urchin eggs was noted over 32 percent of the study area;
and unpaired sea urchin larval development was noted over 23 percent of the study area. The
human reporter gene system (HRGS) response, measured as induction of a cytochrome P-450
enzyme upon exposure to certain xenobiotic compounds, was very limited. The mean value was
5 mg benzo[a]pyrene equivalents per kg of dry sediment. Values less than 10 are not likely to be
associated with adverse biological effects. Based on results of NOAA's sediment toxicity from
23 different coastal areas and data compiled hi 1998, seven percent of total studied area was
classified as toxic based on the amphipod mortality tests; 39 percent based on sea urchin
fertilization test, and 66 percent based on the Microtox test. On a nationwide basis, the highest
observed value of the spatial extent of sediment toxicity was 85 percent based on the amphiopod
mortality (in Newark Bay), 98 percent based on the sea urchin fertilization test (hi San Pedro
Bay), and 100 percent based on the Microtox test (in Choctawhatchee Bay). In light of these
results and consistent with previous studies, severity of sediment toxicity in Galveston Bay is
spatially quite limited, and generally reflective of low levels of trace metals and organic
contaminants. Only 2 of the 75 stations had chemical contaminants exceeding the median values
associated with adverse biological effects.
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ARE BIOMOLECULES REGULATING TRACE METAL CONCENTRATIONS
AND BIOAVAILABILITY IN GALVESTON BAY, TEXAS? A REVIEW

Peter H. Santschi, Degui Tang, Chin-Chang Hung, Laodong Guo,
Kent Wamken, and Matthew Quigley.

Dept. of Oceanography, Texas A&M University at Galveston, Galveston, Texas

In natural waters, most B type metals, as well as many transition metals are complexed with natural
organic matter in some form or another, which can ameliorate their bioavailability and toxicity.
Natural organic matter occurs as both living and non-living particles, colloids, and as truly dissolved
molecules. Colloids from Galveston Bay contain both molecules derived from aquagenic, i.e.,
phytoplankton (e.g., Bianchi et al., 1995) and terrestrial (i.e., pedogenic) sources (Bianchi et al.,
1997), which is also evident from their carbon isotopic composition (Santschi et al., 1995; Guo et
al., 1997a,b, 1999). While it is relatively easy to collect particulate matter from water samples by
filtration, colloidal microparticles and macromolecules can only be separated out when extra care
and more elaborate procedures are applied. One such procedure is tangential ultrafiltration, which
can also be used for large volumes of water. Due to the strong possibility of artifactual results, such
as contamination of samples, analyte losses by sorption, or membranes not conforming to
manufacturers specifications, extensive tests are necessary to find the optimum conditions for
sampling colloids (e.g., Guo et al., 1996, 2000a,b).

Major components of colloidal macromolecular organic matter with strong complexing sites are
extracellular acid polysaccharides containing carboxylic acid functional groups, and extracellular
proteins containing thiolic and amine functional groups. These biomolecules can be produced by
phytoplankton and bacteria in response to nutrient and trace metal induced stress. Thus, thiols and
acid polysaccharides have a special role for aquatic organisms as metal sequestering and
detoxification agents, regulating concentrations as well as bioavailability and toxicity of trace metals.

While some biomolecules can increase the solubility of some contaminants (e.g., humic acids), other
biopolymers (such as acid polysaccharides) act as particle glues and greatly accelerate the removal
of contaminants such as heavy metals through coagulation and colloidal pumping (e.g., Stordal et
al., 1996b, Wen et al., 1997b, 1999; Quigley et al., 2000b). In addition, acid polysaccharide-rich
fibrils, as precursors of marine snow, and major components hi biofilms, are playing an important
role in scavenging trace metals and immobilizing toxic substances. Acid polysaccharides are
important components of macromolecular organic matter in Galveston Bay (Santschi et al., 1998).

Analytical methods to measure low concentrations not only of total reduced sulfur, sulfide,
individual thiols, polysaccharides and uronic acids (Tang et al., 2000a,b,c; Hung et al., 2000a), but
also of many trace metals (Stordal et al., 1996a; Wen et al., 1996, 1999; Wamken et al., 1999,
2000c) are now available in our laboratory.
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Works by Benoit et al. (1994), Stordal et al. (1996a), Wen et al. (1996,1997,1999a,b), Guo et al.
(2000d), and Tang et al. (2000c,d) have established the strong association of many trace metals in
Galveston Bay to colloidal macromolecular organic matter. Recently, Tang et al. (2000d)
demonstrated that 99.9% of Cu is organically complexed, with major ligands in the high
molecular weight fraction. In support of this contention of phytoplankton regulation of potential
ligand and ambient trace metal concentrations, we found significant correlations between Chi a
concentrations and total reduced sulfur, thiols (Tang et al. 2000d), total polysaccharides, and total
uronic acids (Hung et al. 2000b), possibly excreted in response to Cu stress (Tang et al., 2000d).
The strength of trace metal binding to macromolecular organic matter can also be directly
proportional to the percent of polysaccharides (Quigley et al., 2000a).

High concentrations of nutrients (Santschi, 1995) trace metals (Wen et al., 1997,1999a,b) and
accompanying organic ligands (Tang et al., 2000c,d) often occur hi Trinity Bay, which can be
ascribed to high benthic fluxes of many of these species (Warnken et al., 2000a,b).
These examples demonstrate that it is easier to infer trace metal binding to organic matter
through correlations between different parameters in the field, than to actually isolate and
characterize organic complexes of trace metals. The major difficulty is due to their low
concentrations (e.g., nM and pM) in estuarine waters. This can be true despite substantial inputs
from pollution sources. It has been possible, however, to isolate a 13 kDa acid polysaccharide-
rich ligand of Th(IV) using two dimensional polyacrylamide gel electrophoresis (Quigley et al.,
2000a). This preparative technique will allowf or further purification and characterization of
DOM components in the future.

An almost totally unexplored and little known aspect of the binding of trace metals by colloidal
macromolecular ligands is their bioavailability to aquatic organisms. While the bioavailability of
many low molecular forms of trace elements is well established, as they can easily cross
biological membranes, not much is known about the bioavailability of trace metals associated
larger biomolecules contained in colloidal organic matter. Bioavailability experiments conducted
in our laboratoy using radioactively tagged colloidal organic matter containing these
biomolecules have recently demonstrated that oysters and other bivalves can incorporate these
molecules and their associated trace metals to some extent (Guo et al., 2000a,b). In addition,
Wang & Guo (2000) found that trace metals bound to COM were bioavailable to phytoplankton,
and Carvalho et al. (1999) found the same for shrimp. However, bioavailability of colloidally
bound trace metals to oysters, even though it does occur, is substantially reduced (Guo et al.
2000a,b).

These accomplishments in this very difficult and little explored field are encouraging, and will
allow us, in the future, to investigate the role of macromolecular organic matter in trace metal
binding and amelioration of bioavailability to estuarine organisms in Galveston Bay in a more
rigorous way.
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LYSOSOMAL DESTABILIZATION: INDICATORS OF ENVIRONMENTAL
DEGRADATION IN GALVESTON BAY, TX

Terry L. Wade, Hyun-Min Hwang, Yaorong Qian, Stephen T. Sweet, and
Jose L. Sericano, Geochemical and Environmental Research Group,

Texas A&M University, College Station, Texas

Introduction
The industrial revolution together with population growth has led to the development and use of
a wide variety of chemicals. Many of these anthropogenic chemicals are unintentionally
introduced into the environment. Due to potential deleterious effects, regulations on the use and
production of some chemicals (e.g. DDT, PCBs, and TBT) were imposed. In spite of these
regulations contaminants are still found hi the environment and are of concern due to then-
persistency and toxicity.

Chemical measurements and ecological investigation currently are used to assess the extent of
environmental pollution. However, chemical surveys do not provide information about
biological effect and the complexity of natural ecological variability does not allow definitive
assessment of ecosystem health. Thus, one approach to investigate the biological effects of
contaminants is a combination of chemical and biological measurements. Among biological
measurements, investigation of alteration at the cellular or sub-cellular level can provide an
early-warning signal of adverse biological response before they are manifested at the population
and community level.

Sub-cellular organelles are associated with a variety of enzymes, transporters, channels, and
receptors, and thus are potentially sensitive to toxic inhibition of their function (Foulkes 1998).
Among sub-cellular organelles, lysosomes play an important role in digestion, reproduction, cell
repair and immune response as well as concentrate a wide range of toxic chemicals such as
PAHs, PCBs, and metals (Moore 1985). Though this sequestration of contaminants may reduce
cell injury at low levels of toxic chemicals, excess toxic chemicals can cause malfunction of
lysosome, resulting in cell damage and finally cell death by loss of hydrolytic enzymes.

The reduced retention capacity of lysosomal membrane elicited by exposure to xenobiotics
provides a good example of adverse effects induced by toxic chemicals. The lysosomal
destabilization assay is an integrated and rapid indicator of the health status of an organism that
measures lysosomal damage (membrane destabilization). It has been successfully applied to
bivalves (e.g. mussels and oysters), fish and earthworms (Lowe et al. 1995a,b; Kohlor et al.
1994; Ringwood et al. 1999; Weeks and Svendsen 1996). The lysosomal destabilization assay is
likely applicable to all living cells.

The purpose of this study was to test the usefulness of lysosomal destabilization assay as an
early-warning screening tool for assessment of contaminant impact. Investigations of the
relationship between lysosomal destabilization and chemical body burden were undertaken. The
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release of neutral red into the cytosol was used as a sign of lysosomal damage of the blood cells
of bivalves collected from NOAA National Status and Trends (NS&T) "Mussel Watch" Project
Galveston Bay sites.

Methods and Materials
The lysosomal destabilization assay was a modification of the existing methods (Lowe et al.
1995a,b; Ringwood et al. 1999). Samples were transported to the laboratory and assayed as soon
as possible. Storage studies indicated that lysosomal analyses of bivalve sample were valid for up
to 4 days after collection when samples are stored on ice or refrigerated. Bivalves (7 to 9) were
randomly selected for each station. The lysosome-rich blood cells (hemocytes) were obtained
from the adduct muscle using 1 mL hypodermic syringe, fitted with a 25-gauge needle,
containing 0.2 mL of physiological saline solution. After removing the needle (to avoid
damaging the cells due to shear forces) the cells were transferred into a siliconized tube and
thoroughly mixed. An aliquot (50 uL) of each sample was placed on a poly-L-lysine coated glass
slide and placed in a light-proof humidity chamber for 30 minutes to allow the cells to attach to
the slide. Excess solution was removed and 40 uL of red dye working solution added. The cells
were incubated in a lightproof humidity chamber at room temperature for an hour. The cells
were then observed using a light microscope (total magnification 500X) in several areas of the
slide and the percentage of destabilized cells was counted. Cells were considered healthy as long
as red dye was retained in the lysosomes (i.e. does not leak out). The longer the cells retain the
red dye the healthier they were.

Physiological saline is made by dissolving HEPES (20 mM), NaCl (436 mM), MgSO4 (53 mM),
KC1 (10 mM), and CaCl2 (10 mM) hi distilled water and adjusting the pH to 7.3 with 1 N NaOH
(Peek and Gabbot 1989). Neutral red stock solution is made by dissolving 28 mg of dye (C.I.
50040, Sigma) in 1 mL of dimethyl sulphoxide, and the working solution is prepared by diluting
10 uL of the stock solution with 5 mL of the physiological saline solution (Lowe et al. 1995a,b).

All chemical analyses were performed using NOAA National Status and Trends (NS&T) Mussel
Watch Project standard operating procedures. Details of the methods have been reported
elsewhere (Lauenstein and Cantillo, 1998). Chemical concentrations are based on sample dry
weight.

It has long been known that many weak acids and bases can diffuse readily across biological
membrane in unionized form, but not or very slowly once they become ionized (de Duve et al.
1974). This phenomenon has led to the application of neutral red to lysosomal assay. The neutral
red destabilization assay is based on the ability of lysosomes to retain protonated red dye. Neutral
red (weak base amine) is taken into the lysosomes in its neutral form (membrane permeable) and
becomes protinated (membrane impermeable) in the acidic interior of the lysosome. Inside the
lysosome, the pH increases as the neutral red accumulates (Seglen 1983). The toxicity
mechanism that environmental contaminants have on the lysosomal membrane is not fully
understood, however; the manifested net result is altered membrane function that increases
permeability to substances, including lysosomal contents (Moore et al. 1990; Lowe et al.
1995a,b). The increased destabilization of lysosomes is supported by in vitro studies (Lowe et al.
1995a,b; Kohler et al. 1992).
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Results of Galveston Bay StudiesSamples of the American oyster (Crassostrea virginicd) were
collected at the six Galveston Bay, Texas NS&T sites (Figure 1). The Galveston Bay system is
an important estuary along the United States Gulf Coast. The Galveston Bay system receives
contaminant input from the surrounding urban areas of Houston, Baytown, Texas City, and
Galveston in the form of storm water runoff and waste discharge, which have increased over the
past 20 years (Solis and Brock 1991). The extensive industrial areas on the shores of Galveston
Bay are additional sources of contaminant inputs.

The effect of environmental contaminants on destabilization of lysosomes was examined. The
percentage of destabilized cell and concentrations of selected organic contaminants hi the oysters
are shown in Table 1. Concentrations of all contaminants (except TBT) measured in this study
were found to be higher at GBSC than other sites. TBT had the highest concentrations in oysters
from GB YC, which is near a yacht docking area where TBT concentrations are expected to be
high. Organic contaminants range from 288 to 2391 ng/g for PAHs, 38 to 877 ng/g for TBT, 60
to 562 ng Sn/g for PCBs, and 7 to 71 ng/g for total DDT. The percentage of destabilized cell
ranged from 34 % to 81 %. The lysosomal destabilization percentage is compared to total PCB,
total DDT, total PAH, and TBT concentrations (Figures 2 and 3). All these plots have a similar
distribution. The sites where the oysters had the higher contaminant concentrations also had the
highest percentage of lysosomal destabilization. For example, there was significant difference hi
lysosomal stability of oyster blood cells from GBHR compared to GBSC. With increasing
distance from pollutant sources, chemical concentration decreases and lysosomal membrane
retention capacity increases. The oysters near to the contaminant sources showed the highest
contaminant concentrations as well as severely damaged lysosomal membranes (GBSC and
GBYC).

Table 1. Lysosomal Destabilization (%) and Contaminant Concentrations (ng/g).

Lysosomal Destabilization (%)

Standard Deviation

PAHs
PCBs
TBT
Chlordane
DDTs
Other Chlorinated Pesticides
Total Measured Organic
Contaminants

GBSC
81

9

2391
562
435
95
71
31

3585

GBYC
74

14

1778
370
877
62
49
24

3159

GBTD
58

21

1111
145
216
30
27
17

1545

GBOB
55

16

584
140
38
85
14
16

877

GBCR
36

18

494
71
162
7
7
6

747

GBHR
34

11

288
60
46
7
8
8

417
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Figure 1. Location of NOAA National Status and Trends Mussel Watch sites in Galveston
Bay, Texas.

85

a)
b)





Total DDTs Concentration (ng/g dry wt.)

PCB Concentration (ng/g dry wt)

Figure 2. Lysosomal destabilization as a function of (a) PCB concentration in oyster tissue
and (b) Total DDT concentration in oyster tissue from six NOAA NS&T Mussel
Watch sites.
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a)

TBT Concentration (ng/g dry wt)

PAH Concentration (ng/g dry wt)

Figure 3. Lysosomal destabilization as a function of (a) TBT concentration in oyster tissue
and (b) Total PAH concentration in oyster tissue from six NOAA NS&T Mussel

Watch sites.
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GBHR is one of the least contaminated sites in the Gulf of Mexico region. Both chemical
concentration and lysosomal destabilization (36 %) for oysters from GBCR were lower compared
to oysters from other Galveston Bay sites. Lysosomal damage and chemical concentration in
oysters from GBTD are intermediate between highly contaminated (e.g. GBSC) and clean (e.g.
GBHR) sites. Though destabilization assay data showed some variability, the six sites can be
placed in three groups - healthy (GBHR, GBCR), moderately damaged (GBOB, GBTD), and
highly damaged (GBYC, GBSC).

Lysosomal destabilization is directly related to toxic chemical concentrations (Table 1),
suggesting that red dye retention assay is a valuable screening tool when assessing the overall
condition of Galveston Bay. This analysis may be applicable to other coastal environments,
especially when bivalves (e.g. oysters and mussels) are the target organism. The increase of
lysosomal destabilization with increasing concentration of toxic compounds supports the
evidence that lysosomal membranes are fragile to toxic chemicals and, therefore, can be a
specific indicator of altered lysosomal function.

By comparing chemical concentration and lysosomal destabilization, it is clear that oysters from
GBSC and GBYC have been impacted to a greater degree than oysters from GBHR. The
exposure to higher concentrations of contaminants appears to result in reduced stability of the
lysosomal membrane. Although the sequestration of toxic xenobiotics by lysosomes is obvious
of benefit to the organism, overloading with toxic chemicals can cause malfunction, resulting in
unstable membrane like those found hi oysters from GBSC and GBYC. The exposure to
environmental pollutants can damage the ATP-dependant proton pump hi the lysosomal
membrane, leading to escape of highly active proteolytic and other enzymes into the cytosol,
frequently resulting in cell death (Mego et al. 1972; Ohkuma and Polole 1978). The blood cells
of oysters from less contaminated site such as GBHR show less destabilization (Table 1 and
Figures 2 and 3). This suggests that accumulated contaminants in lysosome are lower than the
concentration necessary to cause destabilizing effect on the membrane.

Unlike other biomarkers, such as cytochrome P450 or metalothioneine, lysosomal destabilization
can be induced by organic (e.g., PAHs and PCBs) and/or inorganic (e.g. metals) pollutants
(Moore et al. 1983). This non-specific reaction makes lysosomal destabilization assay valuable as
a general and integrated early indicator of environmental contaminant exposure. Chemical data
for oysters from Galveston Bay indicate they are exposed to and accumulate a complex mixture
of contaminants, including PAHs, PCBs, TBT, chlorinated pesticides, metals, etc. Lysosomal
destabilization assays do not provide information on which contaminant(s) cause cell damage.
Lysosomal destabilization assays can be used to screen samples, once the lysosomal
destabilization assay verifies the reduced overall health status of organisms, then more expensive
chemical analyses can be performed. Having both biological health data and chemical data is
essential for risk assessment and ecosystem management.

The Galveston Bay study shows a relationship between the lysosomal destabilization and body
burden of environmental contaminants. The results of these studies support other evidence that
lysosomal destabilization is a response to environmental contaminant concentrations and, thus
can be used to detect environmental disturbance. The method used hi this study allows fast and
inexpensive screening of large numbers of samples before more costly chemical analysis.
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Coupling of lysosomal assay and chemical analysis provides valuable information for
environmental interpretation.

Conclusions
Preliminary studies using lysosomal destabilization assay were conducted using blood cells of
American oysters (Crassostrea virginicd) collected along a contamination gradient from six
NS&T sites in Galveston Bay, Texas. Results of lysosomal response are compared to chemical
concentrations in oyster tissue. A positive relationship was observed between the degree of
lysosomal membrane destabilization and body burden of contaminants (Figures 2 and 3).
Generally, distance form pollutant sources can act as a surrogate for contaminant exposure, with
increasing distance from pollutant sources chemical concentrations decreased and lysosomal
membrane retention capacity increased. For example, oysters from GBSC and GBYC, the most
heavily impacted sites, the level of lysosomal destabilization was the greatest. Lower lysosomal
destabilization was observed in oysters from GBHR, which is a site characterized by low
concentrations of toxic chemicals such as PAHs, PCBs, TBT and pesticides. GBOB and GBTD
had intermediate destabilization compared to the highly contaminated (GBSC and GBYC) and
relatively clean (GBHR and GBCR) sites. The increase of red dye destabilization with increasing
concentration of toxic compounds supports the evidence that lysosomal membranes respond to
toxic chemicals. Though destabilization assay results indicate a considerable amount of intrasite
variability, the Galveston Bay sites can be differentiated into three groups. These groups include
healthy oysters (GBHR, GBCR), moderately damaged oysters (GBOB, GBTD), and highly
damaged oysters (GBYC, GBSC). Destabilization assay is a useful screening tool to assess the
overall health status of specific locations within Galveston Bay. The broad applicability for the
lysosomal destabilization assay and its response to a large number of contaminants (organic and
inorganic) allows the application of this method as a general biomarker for screening and
qualifying the current condition of a specific environment. Management decisions can be made
based on this information
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IDENTIFYING AND ELIMINATING ILLICIT CONNECTIONS IN
THE CLEAR CREEK WATERSHED

Jean Wright, Galveston County Health District, Galveston, Texas

Introduction
With a total length of 58 miles, Clear Creek is divided into two (2) designated segments for the
Texas Natural Resource Conservation Commission's (TNRCC) surface water quality monitoring
program. The tidal Segment 1101 begins at the confluence with Clear Lake in Galveston/Harris
County and ends at a point 100 meters (110 yards) upstream of FM 528 hi Galveston/Harris
County. The non-tidal Segment 1102 begins 100 meters (110 yards) upstream of FM 528 in
Galveston/Harris County and ends at Rouen Road in Fort Bend County. Both segments have
been designated contact recreation waters in the State of Texas Water Inventory (305(b) Report).
Both segments are nonsupportive of the contact recreations use because domestic point sources
and urban runoff contribute to elevated bacteria levels. Conversely, both segments are on the
303(d) list of "unpaired waters" in regards to "bacterial levels sometime exceeding the criterion
established to assure the safety of contact recreation." Likewise, according to the monthly fecal
coliform data collected by the Galveston County Health District (GCHD) Pollution Control
Division, both segments have repeatedly failed to meet the surface water quality standard
(SWQS) for contact recreation. GCHD's data indicates that Clear Creek fecal coliform levels are
historically high during both wet and dry weather periods. Therefore, the overall goals of the
Clean Rivers Illicit Connections Program is to reduce the fecal coliform bacteria concentrations
in both the tidal and non-tidal segments of Clear Creek, and collect baseline monitoring data for
portions of Clear Creek outside of Galveston County.

Methods
GCHD employed a three-phase approach to identity and eliminate sources of fecal coliform
contamination throughout the Clear Creek watershed. In Phase I, area maps were developed,
existing data was reviewed, and baseline data collection began for areas outside of Galveston
County. GCHD learned that many cities and utility districts did not have complete maps, and
therefore, were unable to share information about the various drainage systems located within
their jurisdictions. Investigators finally went into the field with street maps and developed
drainage maps of their own. These crude, but effective maps, identified all ditches and end-of-
pipe outfalls within those ditches.

Besides using the data from 22 sample sites within the Galveston County portion of the Clear
Creek watershed, data was acquired from TNRCC, the Harris County Flood Control District, and
the City of Houston's Environmental Health Division. The data was assimilated to ascertain two
(2) pieces of information. One, there was a large portion of the Clear Creek watershed that was
not being monitored. And two, when fecal coliform averages were calculated for each sample
site, only a few locations were found to have averages below the pre-determined screening level
of 1,000 MPN/100 ml. Review of this historical data also confirmed that GCHD had the only
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tributary data available and high fecal coliform numbers were common throughout the
watershed. Therefore, the Phase II intensive surveys could begin almost anywhere.

While maps were being completed, bridge to bridge sampling was conducted to begin collecting
baseline data for areas outside of Galveston County and to focus in on "hot spots." This method
of sampling proved to be good for ambient sampling but was too generalized for detecting "hot
spots." The illicit connections detection method was changed to sub-watershed investigations
where samples were collected from every outfall having a flow, no matter how small. These
Phase II investigations involved sampling each discharge twice to identify which outfalls had
continuing problems. Those outfalls repeatedly exceeding the screening level were placed on a
list for further study.

Phase III intensive investigations were performed on the underground municipal separate storm
sewer systems (MS4's) having the highest contamination or the most visible contamination.
Illicit connections were confirmed using any number of the following tools: laboratory tests for
phosphate, fecal, enterococcus and E.coli bacteria, field ammonia and chlorine tests, and/or dye.
Once identified, the responsible party was served a notice to make repairs or the problem was
referred to another agency to facilitate a resolution. GCHD would always attempt to resample
the outfall after repairs were made, but many times the outfall no longer had a flow.

Baseline monitoring has been conducted throughout the project period and will be continued.
Thirteen (13) ambient sites were chosen to represent Brazoria, Ft. Bend and Harris Counties in
addition to the sites currently monitored hi Galveston County. Basic water quality parameters are
being collected at each location on a monthly basis (See Appendix A&B) and data is being
submitted to the Houston-Galveston Area Council (HGAC) for inclusion in the regional data
base.

Discussion
Many obstacles arose which required restructuring of the program hi order to meet grant
objectives and work more efficiently . The first obstacle encountered was the lack of city MS4
maps. Having these MS4 maps would have allowed GCHD to begin pinpointing illicit
connections immediately for better lab coordination. GCHD's method for mapping the sub-
watershed was the only alternative for determining the number and locations of every outfall.
The second obstacle was identifying sources of contamination. Baseline sampling proved
ineffective for locating specific high fecal coliform sources. Only two cross-connections were
found during a three month period and no obvious "hot spots" were identified. Subsequently, the
method was changed to sampling each outfall having a discharge. This technique is time
consuming and labor intensive but very effective in locating contaminated discharges. The third
obstacle was baseline data collection. Routine baseline data collection began mid-year rather
than monthly from the beginning. Miscommunication between the project manger and field
personnel plus a change in personnel caused the delay in regular ambient data collection.
Ambient data will be collected on a monthly basis for the next two (2) years hoping to show an
overall improvement in water quality.

Minor setbacks to the program also included malfunctioning meters and inclement weather. The
YSI-85 and field ammonia meters were necessary when sampling and tracking, but malfunctions
and needed repairs created down time. The weather also posed problems because the project
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involves dry weather sampling only. Sampling could not be conducted for 3-5 days after a
significant rainfall event. There were at least two significant rainfall events within the months of
September, October, and November of 1998 and also May and June of 1999. Plus, December
1998, January, and July 1999 had at least one significant rainfall event (See Table 17).

Table 17: Range of rainfall, in inches, for September 1998 through August 1999

Despite the difficulties encountered, several lessons were learned involving sampling methods
and investigation techniques. First, during the initial sampling event each outfall with discharge
should be sampled for E.coli and enterococci along with fecal coliform which are better
indicators of cross connections. Second, when resampling outfalls within a sub-watershed it is
best to sample every discharge regardless of whether the fecal coliform count was above or
below the screening level. To date, only outfalls with fecal coliform numbers greater than the
screening level were resampled. Third, ammonia and chlorine field meters should not be used
exclusively to investigate possible illicit connections. They were not always effective in locating
the source of the contamination. Rather, dye should be used in conjunction with the meters to
pinpoint the source.

As of October 1,2000, ninety-seven (97) sites with high fecal numbers have been identified.
Sixty-five (65) of these sites have been investigated with the intent of locating the source of the
fecal contamination. Investigations have pinpointed fourteen (14) sources and twelve (12) illicit
connections have been eliminated. Nine (9) sources were identified as being related to
intermittent sanitary sewer overflows, and six (6) problems were referred to the another agency
for resolution. Approximately thirty (30) of these investigations remain unresolved and require
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further attention. In addition to the 97 problem sites, eleven (11) investigations were conducted
to locate the sources of high chlorine residuals and soapy water. Nine (9) of these investigations
identified broken drinking water lines, while two (2) located car washes discharging directly into
the storm drainage system.

Conclusion
Sixteen (16) tributaries or sub-watersheds were identified or designated within the Clear Creek
watershed. A total of 1,140 storm water outfalls were identified and plotted. The outfalls
exhibiting flow were sampled for fecal coliform, E. coli and enterococcus bacteria. When fecal
coliform concentrations exceeded the pre-determined screening level of 1,000 MPN/100 ml, they
were resampled. Outfalls with continuing high fecal numbers were considered "problem sites"
and were placed on a list for further investigation. A total of 52 problems were identified and
resolved. Until the project ends in August of 2001, the remaining problem sites will be
resampled and investigated further so that the illicit connections can be pinpointed and repaired.

Each time an illicit connection is identified and eliminated both environmental and economic
benefits are realized. One environmental benefit includes a reduction in total fecal coliform
within the watershed. By reducing bacterial contamination, the quality of life in the watershed
ecosystem improves and the threat of disease transmission from contact recreation activities
decreases.

Cities, too, can realize an economic benefit. Broken sewer lines and illicit connections cause
inflow and infiltration (I&I) problems. Storm water entering the sanitary sewer system generates
hydraulic overloading of both area collection systems and wastewater treatment plants. The
outcome is increased costs caused by plant washouts, elevated chemical and electrical usage, and
potential permit violations.
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CHARACTERIZATION OF WATER AND SEDIMENT-QUALITY IN
CHRISTMAS BAY, BRAZORIA COUNTY, TEXAS

Jefferey East, U.S. Geological Survey, Houston, Texas

During the 1998-1999 biennium, as part of the Texas Natural Resource Conservation
Commission (TNRCC) Clean Rivers Program (CRP), the Houston-Galveston Area Council (H-
GAC) and the U.S. Geological Survey (USGS) initiated a cooperative study to characterize
baseline water and sediment-quality conditions in Christmas Bay. For this project, a continuous
water-quality monitor was installed in Christmas Bay. Data collected at this station were water
stage, rainfall, wind direction, wind speed, water temperature, dissolved oxygen, pH, specific
conductance, and turbidity. In addition, water-samples were collected monthly (February 1998
through January 1999) from Christmas Bay and two secondary bays, Drum and Bastrop. These
monthly samples were analyzed for concentrations of selected chemical constituents, including
nutrients, major ions, trace metals, chlorophyll, and suspended sediment. During the month of
April 1999, water samples were also collected from each of the three bays and analyzed for
selected pesticides. Samples of bottom sediment were collected from each of the three bays hi
November 1999, and sent to the laboratory to be analyzed for selected pesticides.

Preliminary review of these data indicate the following:

1) As water-temperature increased through the summer months of May to August, dissolved
oxygen concentrations showed a decreasing pattern. This is consistent with typical conditions,
where water temperature and dissolved oxygen are inversely related.

2) Turbidity appears to be higher during the months of February to March, possibly due to
periods of stronger wind.

3) Bacteria levels (fecal-coliform, fecal-streptococcal, and enterococci) and nutrients (nitrogen,
phosphorous, and carbon) are consistently higher in Drum Bay, as compared with Christmas and
Bastrop Bays.

4) Chlorophyll-a and biomass concentrations were greatest in the Spring and Summer months.
Similarly, most of the nutrient species (nitrogen and phosphorous) were also greatest in the
Summer months.
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5) The only pesticides that were detected in water samples in all three bays were atrazine and
metolachlor, while simazine was found in both Christmas and Drum Bays. All three are
commonly used herbicides. Simazine and atrazine are triazine herbicides, which are used as
weed controllers for many crops. In particular, atrazine is used extensively on corn, sorghum,
and sugarcane, while simazine is an aquatic herbicide with application to control algae and
submerged aquatic vegetation hi lakes and ponds. Metolachlor is widely used for control of
certain broadleaf and grassy weeds in various crops, with major agricultural uses for corn,
soybeans, and sorghum.
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Jeffrey P. Waters, University of Houston-Clear Lake, Houston, TX
Theron Sage, University of Houston-Clear Lake, Houston, TX

Understanding the source and transport of sediments within the Galveston Bay complex is
important because high concentrations of suspended sediments can negatively impact this
environmentally sensitive area. Many pollutants, including heavy metals, pesticides and
pathogens have a high affinity for particulate matter. Thus, suspended sediments serve as the
main mode of pollutant distribution. Furthermore, the decline of filter feeding organisms and
submerged aquatic vegetation (S AV) have been linked to high levels of suspended solids that
tend to overwhelm these organisms. Plankton decline hi waters of high sediment concentration
due to diminished light penetration.

The fact that the quantity and quality of suspended matter has important implications for
estuarine productivity has led many investigators to attempt to quantify the total suspended
sediment (TSS) load of water bodies. Historically, various methods have been used to measure
TSS concentrations including point sampling and filtration along with secchi disk transparency
readings and turbidity probes. To obtain a synoptic view of the bay requires that a representative
number of samples of appropriate spatial distribution be collected over a sufficiently long time
frame. This approach is prohibitive in terms of both time and money hi such a large water body.

To overcome the problems inherent in comprehensive sampling in a large, variable water body,
this study uses remotely sensed data platforms correlated with a short-term, intensive water
quality sampling program to evaluate TSS concentrations and primary productivity (chlorophyll
a) hi the Galveston Bay complex. Since the values recorded by remotely sensed images are
measurements of reflectance hi given wavelengths rather than direct measurement of the
parameter of interest, ground truth data must be acquired to correlate the reflectance value to the
parameter. Once this correlation has been established, however, remotely sensed images can be
used to monitor changes in that parameter without the need for future ground truth.

Water samples were collected at 20 locations in the Galveston Bay complex on July 26, and
September 13 & 14, 2000. Four sample sites were located adjacent to National Oceanographic
and Atmospheric Administration (NOAA) weather platforms in order to provide continuous
climatic information for the data acquisition period. Historical Shuttle photographic imagery was
used to select the remaining sampling locations in order to fully characterize the maximum range
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of TSS concentrations in the Bay. Sample coordinates were determined by a Global Position
System (GPS). Transport to the sampling locations was provided by the Texas General Land
Office, Oil Spill Division who provided a 27 foot vessel and two vessel operators. Wind speed
and direction were recorded at each site with a Kestrel 1000 portable anenometer.

Characterization of the water column was accomplished by sampling vertical profiles at each
sample location. Water samples were collected at depths of one foot below the surface, one foot
above the bottom and at the mid-point of the water column at each sample site. Physicochemical
parameters (DO, salinity, specific conducitvity, water temperature, and pH) were analyzed at
each sample location and water depth with a Hydrolab Surveyor 4 multiprobe (September 13 and
14). One liter samples were collected with a Lamotte Model JT-1 water sampler and stored hi
sealed HDPE water bottles for transport to the UHCL geology laboratory. Water samples were
analyzed for turbidity (TSS) with a Monitek TA1 nephelometer, for salinity with a YSI Model 33
S-C-T Meter (July 26), and for chlorophyll and phaeo-pigments with a Bausch and Lomb
Spectronic spectrophotometer.

Post-processed AVHRR satellite images were downloaded from the NOAA Coastal Services
Website This center provides near-real time satellite imagery from the Coastal Remote Sensing
Program that has been corrected and interpreted to map water reflectance as an approximation of
water turbidity. The images are processed by NOAA each day following the satellite pass.
Preliminary results indicate that the 1.1 km pixel size of the AVHRR images are not too coarse to
yield good coverage of the Galveston Bay Complex. Initial sampling indicated a good
correlation between climatic conditions (very low wind strength), AVHRR reflectance (< 6.0%)
and suspended sediment concentration (0.2 - 16.3 NTUs). Specific algorithm development and
parameterization for Galveston Bay is ongoing.

This project is part of a longer-term ISSO effort, Using NASA Earth Observation Data to
Analyze the Suspended Sediment Transport System and Its Relationship to Habitat Changes in
Coastal Estuaries. The overall goal of the ISSO project is to acquire pertinent NASA sensor and
photographic data and apply the data to the evaluation of suspended sediment transport processes
hi order to ascertain effects of TSS on the biologic community. The project will use historical
remotely sensed data to develop a 30-year temporal, multi-scale database that can be used to
compare temporal and spatial changes over tune and will produce long-term historical trends
within the Galveston Bay complex. High resolution data acquired for the project will include
photographic images from the Shuttle and the Window Observation Research Facility (WORF)
of the International Space Station (when available) as well as satellite-based imagery including
Advanced Very High Resolution Radiometer (AVHRR), Landsat Thematic Mapper (TM) and the
SeaWifS ocean color platform.
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