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FOREWORD

This final report, authored by Dr. James Brooks and colleagues at Texas
A&M University, was commissioned by the Galveston Bay National Estuary
Program (GBNEP) in early 1990. The purpose of the study was to acquire an
initial characterization of the concentrations of toxic chemicals in fin- and
shellfish from Galveston Bay and provide a preliminary estimate of the risks
to human health posed by these chemicals. It became clear early in this
study that the original objectives would require modification. For example,
the limited spatial and temporal coverage in sampling and chemical analysis
was imposed by funding constraints. Chemical analysis of finfish edible
tissues and livers and shellfish edible tissues were conducted for numerous
chemicals of concern including many toxic contaminants for which little or no
human health effects data are available. The Spring floods of 1990 imposed
real limits on the ability to collect samples representative of probable
exposures to toxic contaminants. In addition, the sampling effort coincided
with a major oil spill in the Bay. The resulting information was then
combined with estimates of human seafood consumption rates to arrive at
preliminary estimates of human health risks due to consumption of
Galveston Bay seafood. An important caveat is that highly accurate data on
seafood consumption (e.g., subsistence vs. market basket consumption and
methods of seafood preparation) are not available and such information can
dramatically affect risk estimates. The above factors currently limit the
ability of the GBNEP to reduce many important uncertainties associated with
the risk assessment of seafood contaminants. However, recognizing the
limitations, we believe that this report provides much useful information to
guide future risk assessments.

Dr. Brooks and his colleagues have performed all the required technical
aspects of the project and constructively responded to peer review comments.
Interpretation of human health risks associated with consumption of seafood
that contains toxic contaminants is a complex issue. We believe that
scientists play a critical role in performing the technical aspects of the risk
assessment; however, they share with the citizens and their elected and
appointed officials the responsibility for determining risk management
policies, strategies, and plans (i.e., how the technical information with its
uncertainties is used to regulate seafood consumption). Determining what is
unacceptable risk is inherently a public decision-making process.

GBNEP wishes to remind the readers that, as citizens, they are an important
voice in policy-setting, particularly through such vehicles as the National
Estuary Program. To this end, it is appropriate for individual citizens to
express their opinions regarding policies which may be affected by the

xv



interpretation of data such as these. Mechanisms exist within the GBNEP,
as well as through direct communications with government agencies and
elected officials, for the concerns of citizens to be made known regarding
specific policy issues.

Specifically with regards to this report, GBNEP wishes to notify the readers
of the numerous uncertainties inherent in the estimates of human health
risks. These uncertainties complicate the interpretation of the data, so we
urge caution on the part of all readers to avoid "jumping to conclusions."

In summary, the reader is advised that no interpretation is offered in the
document by either the authors or GBNEP regarding the significance of the
risk estimates, and that there is much uncertainty in the estimates.

Adopted by the Management Committee
July 15,1992
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Toxic Contaminant Characterization of Aquatic Organisms in Galveston Bay:
A Pilot Study

J.M. Brooks, T.L. Wade, M.C. Kennicutt II, D. Wiesenburg, D. Wilkinson,
T.J. McDonald, and S.J. McDonald

EXECUTIVE SUMMARY

Little information regarding historical trends and concentrations of heavy
metals, hydrocarbons, pesticides and PCBs in aquatic organisms from Galveston
Bay is available to guide decision makers and regulators. Each year millions of
pounds of fish and shellfish are caught by commercial and sport fishermen in
Galveston Bay and consumed by the public. However, little or no testing of edible
tissues for toxic contamination by heavy metals, hydrocarbons, pesticides and
PCBs has been conducted to assure public health and safety. For this reason, the
Galveston Bay National Estuary Program (GBNEP), funded by the U.S.
Environmental Protection Agency (EPA) and the Texas Water Commission
(TWC), undertook this study to characterize contamination in edible fish and
shellfish from Galveston Bay.

The sampling design called for the analysis of trace contaminants in five species
from four sites in Galveston Bay. The five species of edible fish or shellfish
targeted for collection and analyzed were: two macro invertebrates, Crassostrea
virginica, the Virginia oyster, and Callinectes sapidus, the blue crab; and three
vertebrate marine fishes, Cynoscion nebulosus, the spotted seatrout, Pogonias
cromis, the black drum, and Paralichlhys lethostigma, the southern flounder.
The goal of the sampling program was to collect ten specimens of each target
organism that were of legal market size from each collection site. Standard
fisheries data were recorded for all collections. The collection sites for these
target species were Morgans Point, at the mouth of the Houston Ship Channel,
Eagle Point off San Leon, Carancahua Reef in West Bay, and Hanna Reef in East
Bay.

Four samplings of aquatic organisms were launched for GBNEP. The first
sampling in late May (23-25) 1990 collected oyster and crab samples; however,
trawling for fish was not very successful because Trinity River flooding caused
low salinity water. A second sampling was undertaken in early June (6-8) 1990
that involved gill netting at the four sites. This sampling had some success in
collecting drum, sea catfish, trout and flounder from some of the sites, although
not in sufficient quantities for most analyses. Most fish samples were collected
from July 30 to August 3, 1990, after the bay had returned to a more normal
salinity. However, the Apex Barge spill on July 28, 1990, complicated late July
sampling. Because of this spill, few fish were collected near Eagle Point (close to
the oil spill site). A final sampling trip on September 4-6, 1990 completed the
collection at Eagle Point.

The analytical program called for the analyses of 10 individual specimens of the
target organisms from each site [200 edible tissue (muscle) samples]. Fifty (50)
liver samples were composed for analysis from the -120 fishes. The trace



contaminants that were measured included heavy metals, polynuclear aromatic
hydrocarbons (PAH's), pesticides and PCBs and a GC-MS scan for other EPA
organic priority pollutants. Trace elements of interest in this study were those on
the EPA Priority Pollutant List (PPL) which included: arsenic (As), cadmium
(Cd), chromium (Cr), copper (Cu), lead (Pb), mercury (Hg), nickel (Ni), selenium
(Se), silver (Ag) and zinc (Zn). GC/MS/SIMs determined polynuclear aromatic
hydrocarbons (PAHs) including thirty-nine (39) two- to five-ring aromatics and
selected alkylated homologs. Gas chromatography with electron capture
detection (ECD) determined pesticides and PCBs. Selected chlorinated pesticides
(aldrin, chlordane, dieldrin, endrin, heptachlor, BHC, heptachlor epoxide,
hexachlorobenzene, lindane, mirex, transnonachlor, toxaphene, DDTs, DDDs
and DDEs) and 20 individual PCB congeners were quantitated. Analytical
methods for both trace metal and trace organic analyses followed procedures of
the NOAA National Status and Trends Mussel Watch Program.

In general, trace contaminants were higher in oyster and crab tissues than fish
tissue. This was especially true for trace organics and certain trace metals such
as zinc, lead, nickel, copper, cadmium and silver. Mercury showed the opposite
trend with higher concentrations in fish tissue. Based on the distribution of
PAHs and their alkylated homologs, most PAHs in Galveston Bay seem to
originate from combustion sources (atmospheric deposition or runoff) and not
from petroleum inputs. Low levels of DDT and its metabolites (DDD and DDE)
represented the chlorinated hydrocarbons. As expected, higher contaminant
levels were generally found in the upper portion of Galveston Bay (Morgans Point)
near the Houston Ship Channel.

It is important to note that this study gives only snapshot information about
contamination of Galveston Bay seafood. Several unusual environmental
conditions occurred during the sampling program which may have altered the
representativeness of the organisms collected. First was the flooding of the
Trinity River during 1990. The Trinity River dumped an extremely high volume
of fresh water into Galveston Bay in the spring of 1990. This flooding produced
atypically low salinities during the sampling period. As a result, the samplings
were not always successful in collecting target organisms that would have been
present under normal salinity conditions. Also, the Apex barge spill, which
occurred during the third sampling period, could have had adverse effects on the
representativeness of the levels measured and the species collected. If the oil spill
added extra contamination to the samples, the values used would be unusually
high. Conversely, exposure of the target organisms to pollutants may have been
reduced, since it is likely that the organisms were in residence for relatively brief
periods due to the prolonged low salinities and the oil spill. If these organisms
did not reside in the estuary for periods of time which could be considered typical
for estuarine species, due to the unusual conditions, then the data might not be
totally representative of typical bay conditions.

In using the data reported here, one should consider the potential implications of
these extended unusual environmental conditions and their potential effects on
the exposure histories of the organisms collected. With these caveats, the
following conclusions were made from the data collected during this study:



• Morgans Point is the most contaminated sampling site

• Contamination generally decreased downbay (except PAH)

• Oysters are generally the most contaminated species, crabs the least

• PAHs and PCBs are responsible for most of the carcinogenic risk
associated with consumption of Galveston Bay seafood

• Risk associated with consumption of average amounts of seafood in
some parts of the bay is above the 1 x 10-4 benchmark risk level which
EPA has previously used to flag possible problems.



2.0 INTRODUCTION AND BACKGROUND

2.1 Overview

This study was initiated to provide information on the concentrations of heavy
metals and organic priority pollutants in edible fish and shellfish from Galveston
Bay. Each year, millions of pounds of fish and shellfish caught by commercial
and sport fishermen in Galveston Bay are consumed. However, little or no testing
of edible tissues for toxic contamination by heavy metals and priority pollutants
has been conducted to assess public health risks. This study provides an
assessment of the historical data available on contamination concentrations in
selected aquatic organisms (Section 2); provides data on the current levels of
contamination present in fish and shellfish at selected sites and times from
Galveston Bay (Sections 4 and 5); and assesses the potential risk to human health
from these contaminants (Section 6).

Fish and shellfish were collected and analyzed from four sites in Galveston Bay
(Figure 2.1). The collection sites for these target species were Morgans Point, at
the mouth of Houston Ship Channel, Eagle Point, off of San Leon, Carancahua
Reef, in the West Bay, and Hanna Reef, in the East Bay. The data produced were
used to assess potential risks to human health posed by the consumption of
seafood organisms from Galveston Bay. The information obtained should aid
resource agencies in formulating management decisions and as a guide to future
data collection.

Literature and agency data pertinent to the project topic were reviewed and
information related to concentrations of heavy metals and organic pollutants in
seafood organisms in Galveston Bay and in the tidal portions of Galveston Bay
tributaries are summarized. The Galveston Bay Bibliography was reviewed to
identify pertinent literature, followed by identification of other sources not found
in the Bibliography. The literature review as well as citations are included in this
section and a copy of this report will be supplied to the Galveston Bay Information
Center.

Four samplings of aquatic organisms were launched for GBNEP. The first
sampling in late May (23-25) 1990 collected oyster and crab samples; however,
trawling for fish was not very successful because Trinity River flooding caused
low salinity water. A second sampling was undertaken in early June (6-8) 1990
that involved gill netting at the four sites. This sampling had some success in
collecting drum, sea catfish, trout and flounder from some of the sites, although
not in sufficient quantities for most analyses. Most fish samples were collected
from July 30 to August 3, 1990, after the bay had returned to a more normal
salinity. However, the Apex Barge spill on July 28, 1990, complicated late July
sampling. Because of this spill, few fish were collected near Eagle Point (close to
the oil spill site). A final sampling trip on September 4-6, 1990 completed the
collection at Eagle Point.



Samples were analyzed for trace contaminants, including heavy metals, PAHs,
pesticides, PCBs and other base/neutral priority pollutants. The methods used for
this study are those that the Geochemical and Environmental Research Group
(GERG) uses as part of the NOAA "National Status and Trend Program" and/or
those approved by the U.S. Fish and Wildlife Service (FWS). All the
environmental contaminants analyzed as part of the NS&T and FWS programs
were also analyzed for this GBNEP study. All methods have undergone extensive
intercalibration with NOAA, NIST and FWS. These methods are superior in
regards to detection limits and QA when compared to standard EPA methods.
For example, in the EPA method 8270 (SW 846) for gas chromatography/mass
spectrometry for semi-volatile organics, capillary column techniques give
practical quantitation limits for naphthalene in soil/sediment as 660 ng/g wet
weight. GERG detection limits are 1 to 10 ng/g. The highest naphthalene
concentration for this study was 439 ng/g which was well below the EPA practical
quantitation limit for soil/sediment. The practical quantitation limit for tissue
using EPA methodologies, if available, would be even higher. Also, the EPA
methods require surrogate concentrations of 40 ng/ml while GERG's are 40 ng/ul,
or 1000 times lower in concentration. These methods are detailed in the Standard
Operating Procedures (SOPs, Appendix C) attached to this document. Final
choice of analytical methodologies was subject to approval by the Management
Conference and EPA Region 6.

The risks to human health associated with consumption of seafood from
Galveston Bay based on measured concentrations of contamination were also
assessed. This assessment was based on EPA's risk-based approach as detailed
in:

U.S. EPA. 1989. Assessing Human Health Risks from Chemically
Contaminated Fish and Shellfish: A Guidance Manual.

U.S. EPA (1989) states that a complete risk assessment includes the following:

1. Hazard Identification: Qualitative evaluation of the potential for a
substance to cause adverse health effects (e.g., birth defects, cancer)
in animals or in humans.

2. Dose-response assessment: Quantitative estimation of the
relationship between the dose of a substance and the probability of an
adverse health effect.

3. Exposure assessment: Characterization of the populations exposed
to the toxic chemicals of concern; the environmental transport and
fate pathways; and the magnitude, frequency, and duration of
exposure.

4. Risk characterization: Integration of qualitative and quantitative
information from the first three steps, leading to an estimate of risk
for the health effect of concern.



Items 1 and 2 are addressed in the Literature Review. Exposure assessment
(Item 3) is accomplished with mathematical models. According to U.S. EPA
(1989) the general model to calculate intake from a single-species diet is:

_ Cikmlijk^m
Eijkm = -^~ (1)

Where:

Eijkm = Effective ingested dose of chemical m from fishery species i for
human subpopulation j in area k (mg kg'l
day-l averaged over a 70-year lifetime).

Cikm = Concentration of chemical m in edible portion of species i in area
k (mg/kg).

lijk = Mean daily consumption rate of species i by subpopulation j in
area k (kg/day averaged over 70-year lifetime).

Xm = Relative absorption coefficient, or the ratio of human absorption
efficiency to test-animal absorption efficiency for chemical m
(dimensionless).

W = Average human weight (kg).

Cikm results from the chemical analyses performed in this project. lijk is
obtained from literature sources, Xm is generally assumed equal to 1.0, and W is
usually assumed to be 70 kg (U.S. EPA, 1989). Estimation of chemical exposure
from a mixed-species diet, which is complicated by variation in individual diet, is
also outlined in U.S. EPA (1989).

Carcinogenic risk can be estimated by:

R*ijkm = ql*m Eijkm (2)
Where:

R*

R* ijkm = Plausible-upper-limit risk of cancer associated with chemical
m in fishery species i for human subpopulation j in area k
(dimensionless).

ql* m = Carcinogenic Potency Factor for chemical m [(mg kg~lday~l)~l]
estimated as the upper 95% confidence limit of the slope of a
linear dose-response curve.

Eijkm = Exposure dose of chemical m from species i for subpopulation j
in area k (mg kg-lday-l).



ql m values are obtained from the U.S. EPA Integrated Risk Information System
(IRISXU.S. EPA, 1989).

2.2 Literature Review

Galveston Bay has a surface area of 1600 km^ and is one of the largest
embayments on the U.S. coast. However, the bay is very shallow, averaging only
about 2 m in depth, and is isolated from the Gulf of Mexico by the Bolivar
Peninsula and Galveston Island. Tides, which average about 40 cm in height,
exchange ocean and bay water primarily through the channel between these two
land barriers. Winds, rather than tidal cycles, are often the dominant factor
determining bay circulation and water exchange. Exact current patterns in the
Bay and the residence time of water in the Bay are not well known.

For many years, this area has been the recipient of various pollutant inputs
because of an aggressively growing urban and industrial region. Houston, Deer
Park, Baytown, Texas City, and Galveston, surrounding Galveston Bay to the
north and west, are some of the most heavily industrialized areas in the United
States. Hundreds of industrial plants, including petrochemical complexes and
refineries, bordering the Galveston Bay estuarine system are likely to introduce
significant amounts of pollutants into the Bay. Early ecological studies showed
the damage suffered by different areas in Galveston Bay. Hohn (1959) and
Chamber and Sparks (1959) reported significant decreases in diatom species
diversity and number of invertebrates and fish in the upper Houston Ship
Channel. Fish species diversity indices were also used to assess the health of
Galveston Bay (Bechtel and Copeland, 1970). A change in species diversity from
sciaenids to anchovy was related to the influx of pollutants into the Bay. In
general, these ecological studies suggested that the waters of Galveston Bay
contained pollutants in sublethal amounts which caused stress to organisms that
resulted in significant changes in the estuarine community structure.

A number of studies on contaminants of environmental concern have been
conducted in Galveston Bay. Presented here is a review and summary of the data
available for the Galveston Bay system, including the concentrations and
distributions of trace metals, polynuclear aromatic hydrocarbons (PAHs) and
high molecular weight chlorinated hydrocarbons, e.g. chlorinated pesticides and
polychlorinated biphenyls (PCBs), in organisms, water column and sediments.
Substantial changes have been made in analytical methods in recent years; for
example, the advent of the fused silica capillary columns allows for better
resolution of organic contaminants and lower detection limits, and improved
graphite furnace AA techniques allow better detection of low concentrations of
trace metals. Because of different and improved analytical techniques,
comparisons among different studies are generally complicated and should be
conducted with caution.

2.2.1 Polynuclear Aromatic Hydrocarbons (PAHs)

Hydrocarbons are widely distributed in the environment. Most of the evaluations
of environmental concentrations of hydrocarbons are generally based on the



analysis of total or selected individual compounds that are indicative of petroleum
pollution, although petroleum is not the only cause of hydrocarbons. Major
sources of petroleum hydrocarbons in the coastal marine environment are
drilling operations and petroleum production, transportation activities, coastal
and/or riverine inputs, combustion of fossil fuels, and atmospheric fallout.
Cycloalkanes, branched alkanes, n-alkanes and aromatic compounds are the
predominant hydrocarbons present in petroleum. Aromatic hydrocarbons,
particularly PAHs, are also introduced into the environment from other sources,
e.g. pyrolysis of organic materials, municipal incinerators, natural fires, coal
production and burning. Because of the persistent and lipophilic nature of PAHs,
it is not surprising that they have been frequently detected in biota, sediment and
water samples from a wide variety of polluted and unpolluted habitats. In
general, the presence of petroleum hydrocarbons in earlier studies has been
inferred from the distribution of normal alkanes and the presence or absence of
an unresolved complex mixture (UCM) in the aliphatic fractions. Since most of
these studies were conducted before the introduction of capillary columns,
identifications of individual aromatic compounds were not confirmed by gas
chromatography/mass spectrometry (GC/MS).

2.2.1.1 Organisms

A number of studies have been conducted in the Galveston Bay area to establish
baseline concentrations of petroleum hydrocarbons (Table 2.2), although reports of
individual aromatic compound concentrations or distributions are limited. Most
of these studies were conducted with organisms, particularly bivalves. Oysters
collected from several polluted and unpolluted locations in Galveston Bay in
November, 1969, and January, 1971, had total PAHs that ranged from 11 to 237
ng/g (Fazio, 1971). The highest PAHs in oyster tissues from contaminated sites
were fluoranthene (7.8 ng/g), pyrene (6.5 ng/g), benzo(b)fluoranthene (2.2 ng/g),
and benzo(e)pyrene (2.1 ng/g). Benzo(a)pyrene was below detection in samples
from both contaminated and uncontaminated stations. Much higher
concentrations were reported for oyster samples from a heavily polluted area,
Morgans Point, near the entrance of the Houston Ship Channel (Ehrhardt, 1972).
Oyster tissues contained a total of 236,000 ng/g hydrocarbons. Concentrations of
aromatic hydrocarbons, mainly mono-, di-, and tricyclic aromatics, were higher
than those of alkanes (134,000 and 102,000 ng/g, respectively). Anderson (1975)
reported similar concentrations, 160,000 ng/g, of total hydrocarbons in oysters
collected at the same general location. At Halfway Reef, a few miles farther away
from the entrance of the Houston Ship Channel toward the center of Galveston
Bay, 26,000 ng/g (wet weight) of total hydrocarbons were detected, while oyster
samples collected in the East and West Bays had less than 2000 ng/g of total
hydrocarbons in their tissues. Benzo(a)pyrene in oysters collected during May
1979 near Morgans Point ranged from 0.07 to 0.14 ng/g with a mean 0.12 ng/g
(Murray et al, 1980).

In 1980, Farrington et al. published the hydrocarbon concentrations measured in
bivalves collected from 90 to 100 stations around the U.S. coastline during the EPA
"Mussel Watch" Program (1976-1978). Oysters collected in the Galveston Bay area
during 1977-1978 had concentrations of 940 and 1010 ng/g for fluoranthene and



pyrene, respectively. Fox (1988), in a study designed to examine the spatial and
temporal variations in concentrations of selected organic contaminants in
Galveston Bay, reported the PAHs concentrations in oysters from three stations at
four sites sampled during 1986. Total PAHs were higher in samples from sites
located closer to urban areas. Oysters collected in the proximity of the Houston
Yacht Club (615 ng/g, range= 319-1020 ng/g) and Confederate Reef (610 ng/g,
range= 259-1120 ng/g), near the city of Galveston, had annual average
concentrations higher than samples collected from Todd's Dump (134 ng/g,
range= 94.7-183 ng/g), located in the middle of Galveston Bay, and Hanna Reef
(111 ng/g, range = 21.3-228 ng/g), in the East Bay. Pyrene, fluoranthene,
chrysene, phenanthrene and 1-methyl phenanthrene were the most frequently
detected analytes.

Although temporal variations of individual PAHs in oysters from the Galveston
Bay area did not present an easily recognizable trend during this study, it seemed
evident that total PAHs in samples from the most polluted sites, i.e. Houston
Yacht Club and Confederate Reef, were lower during the summer. Oysters
collected monthly near the entrance to the Houston Ship Channel were analyzed
for a number of organic contaminants between December 1988 and June 1989.
The maximum total PAHs measured during February (10120 ng/g, range= 9677-
10565 ng/g) decreased to 2270 ng/g (range= 1837-2710 ng/g) in May. Pyrene,
fluoranthene, chrysene, benzo(a)pyrene and benzo(e)pyrene were the most
abundant PAHs detected during this study. Temporal variations of organic
contaminants in bivalves were also reported for DDT (Butler, 1973) and PCBs
(Farrington et al., 1983).

Various marine organisms collected at San Luis Pass, located in West Galveston
Bay, were analyzed for benzo(a)pyrene (Murray et al., 1981a,b). In all cases,
concentrations were below the detection limit (<0.01 ng/g).

In 1987, King et al. reported the concentrations of selected PAHs in double-crested
cormorants, a fish-eating species near the top of an aquatic food web, wintering in
the Houston Ship Channel. This species of cormorant is rarely found in the area
during summer months. Naphthalene and fluoranthene were the only PAHs
present in individuals collected at the beginning of the study. After the three-
month winter period, eight aromatic hydrocarbons were detected in bird
carcasses (Table 2.2).

2.2.1.2 Sediments and Water

Table 2.2 reports PAHs in sediment and water samples from the Galveston Bay
area. In 1979, Armstrong et al. reported the results of a study conducted from
April, 1974, to December, 1975, to examine the effects of brine effluents on the
benthic communities surrounding a platform in Trinity Bay, a part of the
Galveston Bay system. Total petroleum hydrocarbons measured in sediment
samples collected near the platform were 96,100 ng/g. Approximately one third of
this total, 34,200 ng/g, corresponded to aromatic hydrocarbons, primarily
dimethyl, trimethyl, and C4-naphthalenes. Bottom water samples collected at the
same site contained mostly monoaromatic compounds, e.g. toluene, benzene, and
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C2-benzene, in the 200-3200 ng/1 range. Total PAHs in water was 10,500 ng/1.
Sedimentary PAHs decreased to near background levels (2000-6000 ng/g) with
distance from the platform. There was a definite inverse correlation between
sedimentary PAHs and the number of benthic species and individuals present.
The Bay bottom was almost completely devoid of organisms within 15 m of the
effluent outfall. Stations located 455 m from the platform were unaffected.
Sediment samples collected in the San Luis Pass area had an average
benzo(a)pyrene concentration of 2.2 ng/g (range= 0.01-6.0 ng/g; Murray et al.,
198 la). Benzo(a)pyrene was not detected in water samples from that area.

2.2.2 Chlorinated Hydrocarbons

Chlorinated hydrocarbons comprise a wide range of compounds. Most of the
attention in environmental studies has been focused particularly on the high
molecular weight chlorinated hydrocarbons, i.e. pesticides and PCBs.
Chlorinated pesticides or organochlorines include a well known variety of
compounds: DDT and related compounds, ODD and DDE; aldrin, which, under
environmental conditions, degrades to dieldrin, a pesticide by itself; heptachlor
and its degradation product heptachlor epoxide, which is even more toxic than the
parent compound; endrin; and lindane. Because of the tendency of these
compounds to bioaccumulate in food chains, their use has been banned or
severely restricted in most developed countries.

Since the early 1930s, PCBs, a generic name of 209 possible isomers and
congeners, have been used as components in electrical equipment, in the
manufacture of paints, plastics and adhesives, in transmission fluids and as
dielectrics in transformers and capacitors. After the discovery of their
widespread environmental impact in the 1970s, PCB production decreased
significantly; however, important quantities of the produced PCBs are still in use
in many closed systems, e.g. transformers and capacitors. Therefore, a
continuous release of PCBs into the environment is expected for many more
years.

2.2.2.1 Organisms

A variety of organochlorine residues have been analyzed in organism (e.g.,
bivalves and various species of fishes and birds), sediment, and water samples
from the Galveston Bay area. The compounds most commonly found were PCBs,
DDT metabolites and, occasionally, dieldrin, HCB and chlordane (Table 2.3). In
1973, Butler reported the data corresponding to the analyses of more than 8000
rnollusk samples collected between 1965 and 1972 along the coast of fifteen states.
Oysters from the Trinity and Galveston Bays were sampled for the 1965-69 and
1965-72 periods, respectively. DDT residues were the most commonly detected
organochlorines. Overall averages for the above periods were 6.16 and 23.9 ng/g
for Trinity and Galveston oysters, respectively, with similar concentration
ranges. Dieldrin was the second most frequently encountered chlorinated
pesticide. Concentrations in Galveston Bay samples averaged 14.5 ng/g
(range=n.d.-87 ng/g) whereas the average dieldrin concentrations in oysters from
Trinity Bay were slightly lower (2.86 ng/g; range=n.d.-20 ng/g). Similar dieldrin
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concentrations (6.8-16.6 ng/g) were reported in clams from this bay (Petrocelli et
al., 1975).

The ubiquity of chlorinated hydrocarbons in Galveston Bay was demonstrated by
Fox (1988). Oyster samples were collected at four sites within the bay. PCBs, DDT
residues, dieldrin, trans-nonachlor, alpha-chlordane and heptachlor epoxide
were detected in every sample analyzed during the study. Organochlorine
concentrations measured in oysters collected near the Houston Yacht Club were,
in general, significantly higher than the levels encountered in samples from
Hanna Reef, Todd's Dump and Confederate Reef which, in spite of the different
locations within the bay, had similar annual average organochlorine
concentrations. Similar to PAHs, chlorinated hydrocarbons from the vicinity of
the Houston Yacht Club had minimum concentrations for samples collected in
the summer. Other chlorinated compounds were also detected in oysters collected
in the Galveston Bay area. Murray et al. (1980) reported the presence of HCB (0.63
ng/g; range= 0.31-1.4 ng/g) and PGP (5.3 ng/g; range= 3.8-8.3 ng/g) in oyster
samples from Morgans Point, near the entrance of the Houston Ship Channel to
the Galveston Bay.

A number of different species of fish were also analyzed for organochlorine
residues. PCB concentrations ranged over two orders of magnitude. Finfishes
such as mullet, croaker and Florida pompano, collected near a power plant
(Houston Lighting and Power Company) near the upper Trinity Bay, contained
PCB concentrations in the range 50-500 ng/g (Strawn et al., 1977). Lower
concentrations were reported in juvenile croakers (9-43 ng/g; Stahl, 1980). Similar
ranges to those published by Strawn et al. (1977) were reported for fishes that
represented the black skimmer and olivaceous cormorant food items, mainly
tidewater silverside, sheepshead minnow and striped mullet (King, 1989a; 1989b).
Total DDT residue concentration in fish tissues were one order of magnitude
lower than those reported for PCBs. Typically, DDT concentrations ranged from
n.d. to 50 ng/g (King, 1989a; 1989b). Dieldrin (10-20 ng/g), HCB (n.d.-0.63 ng/g),
chlordane (n.d.-70 ng/g), heptachlor (20-30 ng/g) and PCP (4.2 ng/g) were some of
the other chlorinated hydrocarbons reported for Galveston Bay fishes (Murray et
al., 198la; King, 1989a; 1989b).

Some waterbirds, e.g. olivaceous and double-crested cormorants, laughing gulls
and black skimmers, nesting in the upper Galveston Bay were also analyzed for
chlorinated hydrocarbons (King and Krynitsky, 1986; King et al., 1987). Average
concentrations and concentration ranges encountered in these birds were
similar. PCBs, ZDDT and dieldrin average concentrations ranged from 1580 to
6990, 930 to 4430 and 100 to 160 ng/g, respectively. These concentrations are one to
two orders of magnitude higher than concentrations listed on Table 2.3 for
Galveston Bay fish samples. Since these fish-eating birds are at the top of an
aquatic food chain, a bioaccumulation of organic contaminants is expected. With
overall average PCB and LDDT concentrations of 4170 and 2270 ng/g, in
waterbirds, and 330 and 20 ng/g, in dry weight fish fillets not corrected to % lipid,
biaccumulation factors of 13 and 110 can be calculated for PCB and sigmaDDT
residues in Galveston Bay waterbirds. Chlordane (100-1200 ng/g), HCB (100-280
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ng/g) and heptachlor epoxide (110-140 ng/g) were also found to be present in
waterbird tissues (King and Krynitsky, 1986; King et al., 1987).

2.2.2.2 Sediments and Water

Reports of chlorinated hydrocarbon concentrations in sediment and water
samples from the Galveston Bay area are limited. In general, PCB
concentrations in sediments were in the <0.14 to 7.1 ng/g range (Murray et al.,
1981a; 1981b). Stahl (1980) reported a slightly higher concentration range for PCBs
in sediments (15-68 ng/g). These concentrations are two to three orders of
magnitude lower than those previously reported in dredged sediments from the
Houston Ship and Texas City Channels (Saleh and Lee, 1976). The samples
collected during Saleh and Lee's study corresponded to sediments disturbed by the
construction of underwater pipelines; therefore, they might represent sediments
deposited before the restrictions of the use of PCBs in the U.S.A. in the 1970s.
ZDDT residue concentrations (<0.01-1.4 ng/g) in the Galveston Bay sediments
were evenly distributed over a wide geographical area (Murray et al. 1981a; 198 Ib).
Water samples collected at different locations in Galveston Bay had PCB and
LDDT concentrations ranging from <0.01 to 70 ng/1 and <0.01 to 3.5 ng/1,
respectively. The higher PCB concentrations were measured at Texas City
whereas the higher DDT residue levels were encountered near Morgans Point.
Dieldrin (<0.03 ng/g), HCB (0.49 ng/g), chlordane (<0.03 ng/g) and PCP (0.18 ng/g)
were also encountered in sediment samples (Murray et al. 198 la; 198 1b).

2.2.3 NOAA's National Status and Trends "Mussel Watch" Program

The National Oceanic and Atmospheric Administration's (NOAA) Status and
Trends "Mussel Watch" Program is designed to monitor the current status and
long-term trends of selected environmental organic and trace metal
contaminants, e.g. chlorinated pesticides, PCBs and PAHs along the Atlantic,
Pacific and Gulf coasts of the U.S.A. by measuring the concentrations of these
contaminants in bivalves. Several overviews of the concentrations and
distributions of PAHs and chlorinated hydrocarbons have already been reported
(Wade et al., 1988; 1990; Wade and Sericano, 1989; Sericano et al., 1990a; 1990b). In
the following paragraphs, the average concentrations in oyster tissues and
geographical distributions of PAHs, PCBs and DDT residues in Galveston Bay
corresponding to the first three years of this program, i.e., 1986-1988, will be
outlined. Then, the overall average concentrations for the Galveston Bay area will
be compared to other areas in the Gulf of Mexico. For complete information on
site locations as well as for more specific details, refer to the above publications.

Between 1986 and 1988, total PAH average concentrations ranged from 54 to 2400
ng/g (Table 2.4). The higher concentrations were measured in oysters from the
upper portion of the Galveston Bay, e.g. Ship Channel and Yacht Club, and near
the city of Galveston, e.g. Confederate Reef and Offatts Bayou. Oyster samples
from areas further away from urban centers, e.g Hanna Reef, had average
concentrations one to two orders of magnitude lower. In general, these
concentrations are in good agreement with those previously encountered during
temporal studies in Galveston Bay (Fox, 1988; Sericano, unpublished data). Two
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PAHs, pyrene and fluoranthene, generally accounted for >25%, of the total PAHs
measured. The predominance of these compounds would suggest that the major
source of PAHs in the Galveston Bay area is combustion products.

Average total PCB and DDT concentrations in Galveston Bay oysters were in the
48-1100 and 12-240 ng/g ranges, respectively. Most of the DDT residue is present
as metabolites, DDE and DDD. In general, less than 10% of the total contaminant
load in oysters is the parent compound, DDT. Samples from the Yacht Club and
Ship Channel were the most contaminated while oysters from Hanna Reef had
the lowest residue concentrations. These concentrations agree with the ranges
reported earlier in Galveston Bay bivalves (Butler, 1973; Fox, 1988).

Total PAH, PCB and DDT concentrations measured in oyster samples from
different geographical areas during the period 1986-1988 are presented in Table
2.5. The number of sites sampled in each area during those years are indicated in
parentheses. The average PAH, PCB and DDT residue concentrations ranged
from 12 to 5200 ng/g, 23 to 520 ng/g and 7.3 to 400 ng/g with overall average values
for the entire Gulf of Mexico of 650, 110 and 63 ng/g, respectively. Concentrations
in oysters from Galveston Bay, as well as from San Andrew Bay, Panama City
and Choctawhatchee Bay, in Florida, Mississippi Sound, in Mississippi, and
Mississippi River, in Louisiana, are in the upper quartile of the concentration
ranks. Four other Texas locations, i.e. Laguna Madre (PAHs), Aransas Bay
(PAHs), Corpus Christi (PAHs) and Brazos River (DDTs), are occasionally listed
in the upper 25% range.

2.2.4 Chlorinated Dibenzo-p-dioxin and Dibenzofurans

Recently, there has been much environmental concern over the presence of
chlorinated dibenzo-p-dioxin and chlorinated dibenzofurans (CDDs and CDFs)
especially the most toxic 2,3,7,8-tetrachlorodibenzo-p-dioxin (2,3,7,8-TCDD) and
2,3,7,8-tetrachlorodibenzofuran (2,3,7,8-TCDF), because of the possibility for
human health effects at low concentrations (ppt). A 1989 study of dioxin and
furan compounds in edible tissue for sites in Arkansas, Louisiana, and Texas
included sampling two stations on the Houston Ship Channel, with two species
collected per station (Crocker and Young 1990). The two sampling stations were
situated below a bleached Kraft paper mill, and another facility which treats
paper mill discharges. Blue crabs and blue catfish collected at San Jacinto
Monument had concentrations of 54.8 parts per trillion (ppt) and 3.2 ppt of 2,3,7,8-
TCDD, respectively. However, since the crab concentration included internal
organs, dioxin in edible tissue per se may have been over-estimated. The
concentrations equate to risk levels of about 9.4 and 0.5 x 10-4(assuming 6.5 g/d
consumption), respectively. Tissue concentrations further downstream at
Morgans Point were 14.8 ppt for sea catfish (risk level 2.2 x 10"4) and 6.2 ppt for
oysters (l.lxlO-4).

The Texas Department of Health (TDK 1990) conducted additional sampling for
crabs, oysters, and red drum in upper Galveston Bay during May 1990. Toxicity
equivalence concentrations (TECs) ranged from nondetected to 3.97 ppt, equating
to risk levels ranging from negligible to 5.75 x 10-5 (assuming 6.5 g/d

14



consumption). In response to the above data, the TDH decided to issue a fish
consumption advisory for the Houston Ship Channel and associated waters.

2.2.5 Trace Metals

The combination of large population, high industrialization, shallow depth and
restricted water exchange gives Galveston Bay the potential for serious trace
metal pollution problems. Such problems, however, have not been well
documented. Hann and Slowey (1972) showed sediments in the upper, confined
parts of the Houston Ship Channel to be highly enriched in several trace metals
and this has been confirmed by yearly sampling by the Texas Water Quality Board
and Texas Water Commission (TWC) since 1974 (Texas Water Commission, 1987).
However, sediment from the ship channel where it crosses the open Galveston
Bay did not appear to be contaminated in these early studies. TWC analyses for
trace metals in sediment in the Houston Ship Channel show a decline in all
metals between 1974 and 1986 (Stanley, 1989). Previously published data for
dissolved trace metals in open Galveston Bay waters which are considered
reliable are thought to be those of Tripp (1988) who determined only As and Sb
concentrations. These were both near normal seawater values in the open Bay
but As was enriched by up to a factor of 5 in the Houston Ship Channel. Sb was
depleted there. Benoit (unpublished data, Texas A&M at Galveston, 409-740-4476)
has recently determined concentrations of several trace metals dissolved in
Galveston Bay waters and finds them similar to those in other Texas Bays.

The numerous petrochemical plants along the Houston Ship Channel use large
quantities of metals such as Cr, Cu, Ni, V and Zn as catalysts in the manufacture
of styrene, polyethylene and other products. Metal finishing and plating facilities
also produce a variety of metal wastes and metal salts such as zinc chromate and
copper sulfate are added to industrial cooling waters to control algae. In addition,
surface urban runoff is enriched in Pb from automobile exhaust and in other
metals. The Texas Water Quality Board, the USEPA and other agencies have
been concerned with trace metal contamination in the Ship Channel and
Galveston Bay for at least 30 years.

Since 1974, the TWC has taken quarterly water samples at six Ship Channel
locations and at selected locations in the Bay. They have also taken and analyzed
bottom sediment samples for trace metals. Much of the data from the late 1960s
and early 1970s are reported by Copeland and Fruh (1970) and Hann and Slowey
(1972).

Figures 2.2 and 2.3 show plots of all the data collected by the Texas Water Quality
Board and Water Commission between 1974 and 1987. Arsenic, chromium, and
lead have shown the strongest declines in the water samples. In the 1970s
arsenic was frequently greater than 30 |ig/liter, but since 1984 almost all the
measured concentrations have been below 10 ^.g/liter, and lead levels have fallen
from a maximum of 300 jig/liter in 1974 to a maximum of 100 (ig/liter in 1986
(Figure 2.2). Although these declines are reassuring, they must be interpreted
with caution. It is almost certain that the values from earlier years, and probably
those from latter years too, are in error, due to contamination with sampling
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equipment and instrumental limits. Recent data (Presley, unpublished, Dept. of
Oceanography, Texas A&M University, 409-845-5136) is hundreds of times lower
than these values.

Arsenic, cadmium and lead concentrations in the ship channel sediments appear
to be trending downward, but for the other metals, there are no obvious trends
(Figure 2.3). Before 1982 about half the arsenic values were above 8 mg/kg
sediment; since then they have all been below 8. Average lead levels in the 1984
and 1985 samples were also down by about 50% from those taken a decade earlier.
Similarly, cadmium concentrations seem to have declined modestly since the
1970s. In 1986 the maximum was 6 mg/kg sediment, compared to 11 mg/kg
sediment in 1974 and 1978. The sediment data is more likely to be reliable than
are the water data. This reliability is due to higher concentrations found in
sediments and fewer problems with sample contamination.

Both water column and sediment values for a given metal have ranged widely, but
there are several factors that could explain this. One is that the highest
concentrations are probably very localized because some of the metals are
discharged in large quantity by only a few industries. Second, the data plotted in
Figure 2.3 are for the whole ship channel (segments 1005-1007). It has been
shown by Hann and Slowey (1972) that, in the early 1970s at least, there was a
clear trend of decreasing sediment metals concentrations as one moved down the
ship channel; the open Bay had little enrichment. This is a reflection of the high
concentration of municipal and industrial outfalls along the upper one-third of
the channel. Finally, estuarine sediment concentrations of many of the metals
are naturally highest in muddy sediments and lowest in sandy sediments and
unless data on grain size or Fe or Al is given, trace metal data are hard to
interpret.

The Hann and Slowey (1972) report gives trace metal data on sediments taken
from a number of locations in Galveston Bay. Except for three stations in the
upper bay near Morgans Point and a station in the Texas City Channel, metals
were distributed uniformly throughout the Bay with little indication of pollutant
inputs. Data from the Texas Water Quality Board and Water Commission since
1974 essentially agree with the Hann and Slowey (1972) data. Shown in Figure 2.4
is data for five stations around Galveston Bay collected by TWQB and TWC from
1974 to 1986. No real trend is apparent in the data; it has not been normalized to
Fe or Al and the significance of isolated high values is difficult to interpret.
Sediment from Galveston Bay collected at six sites during the NOAA NS&T
Programs in 1986-1990 (Brooks et al, 1991) gave few indications of pollutant
influences when normalized to Fe or Al.

2.2.5.1 Organisms

Oysters (Crassostrea virginica) were collected at six different sites in Galveston
Bay during 1986-1990 as part of the National Status and Trends Program (Brooks
et al., 1990). Each site was on an identifiable oyster reef. At each site, twenty
oysters were taken from each of three stations, which were 100 to 500 m apart.
Each site was sampled once each year, except two of the sites (GBOB and GBSC)
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which were not sampled the first years. The twenty oysters from each station
were combined and analyzed as a single sample each year.

Oysters were usually hand-picked from exposed reefs, but in deeper water were
taken by dredge or tongs. In most cases, stations were located hundreds of meters
to many kilometers away from any obvious point sources of pollutant inputs in an
attempt to characterize large areas of Galveston Bay, rather than to identify
specific point sources of pollutant input. The new sites added in year 3 were,
however, selected to be closer to industrial areas or population centers than were
the original four sites. Stations were revisited as closely as possible each year,
both in time and space.

All data reported for the NS&T Program were obtained by atomic absorption
spectrophotometry (AAS). Flame AAS was used for Cu, Fe, and Zn, which
exhibit high concentrations in oysters; cold vapor AAS for mercury and graphite;
furnace AAS (Perkin-Elmer Corp. model 3030 with Zeeman background
correction) for the remaining elements. Some samples of freeze-dried oyster
tissue were also analyzed for some elements by neutron activation analysis (NAA)
which required no sample pre- or post-treatment. Agreement between AAS and
NAA was good (±10%) for elements analyzed by both techniques.

The samples were analyzed for Ag, As, Cd, Cr, Cu, Fe, Hg, Mn, Ni, Pb, Se, Si, Sn,
and Zn. In addition, temperature, salinity and related environmental
parameters were measured as were size, sex, parasite presence and indicators of
health of the oysters (see Brooks, 1990).

Trace metal concentrations found in oysters collected along the entire Gulf of
Mexico coastline during the first five years of the Status and Trends Program
were generally similar to those reported in oysters taken from non-contaminated
water in other parts of the world (Presley et al., 1990). Only a few sites (locations)
showed obvious trace metal pollution and these were restricted geographically
such that nearby sites were usually unaffected. Abnormally high or low values at
a site did, however, usually repeat year after year, suggesting local control.
Abnormal sites for most metals were just as likely to appear visibly pristine as to
be highly industrialized.

The oysters collected in Galveston Bay for the Status and Trends Program were
similar in trace metal content to those collected elsewhere along the Gulf
coastline, i.e., there is no indication of generalized trace metal pollution in
Galveston Bay. This can be seen by comparing the overall averages (Table 2.6) for
all years and all sites in Galveston Bay with those for the entire Gulf. The
Galveston data includes four sites sampled all five years and two sites sampled for
two years. Twenty oysters were taken from each of three stations sampled at each
site, resulting in 1560 Galveston oysters being analyzed over the five year period.
The Gulf data set includes more than 18,000 oysters, as 50 sites were sampled all
five years and an additional 20 sites for three years. Thus, the data are unlikely to
be biased by a few abnormal individuals.
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The average Cd, Cr, Cu, Mn, and Pb in NS&T Galveston Bay oysters differs by 10%
or less from the Gulf-wide average. This difference is about the same as our
analytical precision and not significant at the 99% confidence level based on a "t-
test". Silver is 23% higher in Galveston Bay, Ni is 16% higher and Se is 14%
higher. A "t-test" of the significance of those differences shows that the Ni
averages are not significantly different at the 95% confidence level. Although, the
Se average for Galveston Bay oysters is significantly higher than the Gulf-wide
average, it is not significantly different from the Texas-Louisiana average. It
differs from the Gulf-wide average only because of low Se oysters in Mississippi
and Florida.

The high average Ag in Galveston Bay oysters is caused by a 300% enrichment
found at one site in 1990. The enrichment appears to be real because it was found
in all three of 20 pooled oyster samples collected at that site. No cause for the
enrichment can be suggested, and without it NS&T Galveston Bay oysters would
be average in silver content. Arsenic and mercury in Galveston Bay oysters are
less than one-half the Gulf-wide average but the Gulf-wide averages are greatly
influenced by several sites in southern Florida that produce oysters greatly
enriched in As and Hg and by a site in Lavaca Bay, Texas which is enriched in
Hg. Oysters from other Texas and Louisiana bays are similar in As and Hg
content to those in Galveston Bay. Tin seems to be about 24% higher in Galveston
Bay than Gulf averages, but all Sn values are near the detection limit of the
method used and a 24% difference is probably not significant. Finally, Zn is 35%
higher in Galveston Bay oysters collected for NS&T than in Gulf-wide average
oysters. This difference is highly significant statistically because the high Zn
found in all oysters leads to precise analytical determination and few analytical
artifacts.

Zinc in Galveston Bay oysters showed an interesting pattern in that three of the
six NS&T sites sampled had oysters with near Gulf-wide average Zn, whereas the
other three had much higher and more variable Zn. Two of the high Zn sites were
in extreme northeastern Galveston Bay near industrial wastewater discharge
sites and boat harbors. The third high Zn site was in Offatts Bayou on Galveston
Island and was surrounded by residential development and small boat harbors.
Thus, zinc, and zinc alone, shows a clear correlation with the activities of man
when the five year NS&T trace metals in the oyster data set is examined.
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Table 2.3 Chlorinated hydrocarbon concentrations in samples from the Galveston Bay area. Except where indicated,
concentrations in organisms are expressed in ng/g on a wet-weight basis. Concentrations in sediment and water
samples are expressed in ng/g, on a dry-weight basis, and in ng/1, respectively.



Table 2.3 continued
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Table 2.4 Selected organic contaminant concentrations (ng/g, dry weight) in oyster samples from NOAA's S&T Program
sites in the Galveston Bay area.
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Table 2.5 Selected organic contaminant concentrations (ng/g, dry weight) in oyster samples from NOAA's S&T Program
locations on the Gulf of Mexico coast. Numbers of stations sampled at each location are given in parenthesis.



Table 2.6 Summary Statistics for Trace Metals in Galveston Bay and U.S. Gulf of Mexico Oysters
Collected in 1986-1990 and 1976-1978. All values in ppm dry weight.
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Figure 2.1 Collection Sites for GBNEP Samples.



Figure 2.2 Metals concentrations in Houston Ship Channel water, 1974-1986. Data are
for Texas Water Commission Segments 1005, 1006, and 1007.
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Figure 2.3 Surface sediment metals concentrations in the Houston Ship Channel, 1974-
1986. Data are for Texas Water Commission Segments 1005, 1006, and 1007.
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Figure 2.4 Surface sediment metals concentrations in Galveston Bay, 1974-1986.
Horizontal lines denote screening levels proposed by the U.S. EPA (1974)
for dredged sediment disposal in the Galveston Bay region.



3.0 SAMPLING AND ANALYTICAL PROCEDURES

3.1 Field Sampling

Collection of oyster, crab, and fish samples was conducted by GERG personnel
utilizing three small boats: a 17' Boston Whaler with an 88 hp engine and electric
tilt/trim; a 16' Boston Whaler with the same engine package; and the Roman
Empire, operated by TAMUG. The field collection crew consisted of three people.
All boats used were equipped with all Coast Guard required safety and emergency
equipment (life jackets, lights, reserve fuel, first aid kit, etc.) and CB/VHF marine
radios.

During sampling expiditions, field crews possessed collection permits issued by
the Texas Parks and Wildlife Department. Prior to a collection trip, the
enforcement division was notified where and when the teams would be collecting.

The five target species included two macro-invertebrates, Virginia oyster
(Crassostrea virginica), blue crab (Callinectes sapidus), and three vertebrate
marine fishes, spotted seatrout (Cynoscion nebulosus), black drum (Pogonias
cromis), and southern flounder (Paralichthys lethostigma). Alternate species for
each of the target species are listed in Table 3.1. Field teams attempted to collect
only specimens within the legal sport-fishing size limit for each species (Table
3.2). However, since there were insufficient numbers and sizes of some fish
species, the crews were forced to use the alternate species.

The target species were collected at Morgans Point, Eagle Point, Carancahua Reef
and Hanna Reef. These four locations are shown in Figure 2.1. Many locations
with probable higher or lower contaminant levels were not sampled. For
collection purposes, a sampling site was defined as a location within 1.5 miles of
the locations designated in Figure 2.1.

Oysters - Oysters were collected by tong, dredge, or trawl, since all four of the sites
were subtidal. Carancahua Reef oysters were obtained by trawling, which yielded
over 200 live specimens in one tow. Oysters at Hanna Reef and Eagle Point were
obtained by dredge. Oysters were tonged at the Morgans Point site. Twelve
oysters were collected at each site. After collection, the oysters were separated
from one another by using oyster knives or chipping hammers and then cleaned
with a bristle brush. The samples were then bagged and stored on ice until they
were returned to the laboratory, where processing was completed.

Crabs - Blue crabs were collected by dredge, trawl, or by gill netting. Crabs were
obtained incidentally while collecting oysters or fish. Twelve blue crabs were
collected at each site. Carancahua Reef crabs were obtained with a trawl, while
those from the other stations were collected with all three types of sampling gear.
Crabs were placed in plastic bags and stored alive on ice until they were returned
to the laboratory.

Fish - Fish samples were the most difficult to obtain. Initially, a 10' otter trawl
was used to collect fish samples. The otter trawl was towed 15 minutes adjacent
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to the main channel and parallel to the channel. Catches were primarily juvenile
fish, penaeid shrimp and blue crabs. This sampling gear was not appropriate
since it could not be towed fast enough to capture the size class of fish required for
this study. After the first sampling period trawling was discarded in favor of gill
netting.

Gill netting was conducted during four field periods (Table 2.1). Two sampling
trips were conducted during June 1990, one during July-August 1990, and one
during September 1990. Gill netting was the only collection method that could be
used at all stations. Gill nets used in this study ranged from 100 to 600' long and
were 6' deep with sections of 1, 2, or 3" square mesh. The nets were constructed
of multifilament nylon or monofilament hung from a foam core float line and
weighted lead core rope. Gill nets were originally set in the evening and allowed
to fish until the next morning. This method was changed when it resulted in low
catch rates and high fish mortality. The team later modified the procedure and
began setting the nets and allowing them to fish for approximately 2 hours. This
method reduced fish mortality and allowed the team to discard the non-target fish
and have live fish for bile analysis.

On June 6, 7, and 8, two crews conducted gill netting in Galveston Bay. Salinities
in the Bay were still abnormal, ranging from 4 ppt at Morgans Point in the upper
Bay to 20 ppt at Carancahua Reef in West Bay. Fishing success was mixed. The
number and species of the target fish caught at each site were: Hanna Reef - 9
black drum; Carancahua Reef - 2 spotted seatrout, 3 southern flounder, 10
hardhead catfish (Arius felis}, 4 black drum (small); Morgans Point - 6 hardhead
catfish, 1 red drum (Sciaenops ocellatus), 2 southern flounder; and Eagle Point - 2
sand seatrout (Cynoscion arenarius), 2 southern flounder, 10 hardhead catfish.
The gill netting for this field effort was terminated.

Sampling on June 26-27 was unsuccessful due to the extremely low salinities, and
was terminated. No target species were caught.

A third attempt at gill netting was conducted on July 30 through August 3, 1990.
Two crews conducted gill netting at all four of the sites. Gill netting was very
successful at three of the stations: however, due to an oil spill near Eagle Point,
fishing was not good and the fish that were caught were not considered acceptable
for the GBNEP program because of the nearby oil slicks. Results of the gill netting
are as follows: Hanna Reef - 11 spotted seatrout, 13 southern flounder, 10
hardhead catfish, 4 black drum, and 4 red drum; Carancahua Reef - 10 southern
flounder, 3 hardhead catfish, 4 black drum, and 7 red drum; Morgans Point - 3
southern flounder, 11 hardhead catfish, 6 black drum, and 8 red drum; and Eagle
Point - 1 spotted seatrout, 2 southern flounder, 10 hardhead catfish, 2 black drum,
and 2 red drum.

The final sampling trip was conducted during September 4-6, 1990. This trip was
to obtain fish at Eagle Point. Gill netting and hook-and-line fishing were both
used during this trip. Fish specimens collected on this trip included: 4 black
drum, 3 hardhead catfish, 4 southern flounder, 1 red drum, 5 spotted seatrout,



and 3 sheepshead (Archosargus probatocepalus). A complete list of fish with
length and weight data is provided in Table 3.3.

In preparation for storing the samples, ice chests were scrubbed with detergent
and then rinsed with tap water. After completing a gill net set, the fish were
weighed, measured for length, and inspected for lesions or deformities. The
gallbladder and liver were then removed. The remaining fish tissue, gallbladder,
and liver were packaged separately. The fish tissue was wrapped in clean,
combusted, heavy duty aluminum foil, dull side in. The foil was fiber taped and
labeled as to collection site, date of collection, and species, then placed in the ice
chests. Only one fish was wrapped in each foil sheet. Field notes (i.e., species,
length, weight and description of the site) were recorded.

After field processing, the samples were immediately stored on ice until the day's
sampling was complete. The samples were then taken to an electric freezer and
stored frozen until the entire freezer was transported back to the lab. All further
sample processing was performed in the laboratory under clean room conditions.

3.2 Analytical Procedures

The analytical procedures that were used for GBNEP are detailed in Appendix C.
The SOPs listed and attached, with the exception of SOP-ST17, are the methods
utilized for the NOAA National Status and Trends Program and the U.S. Fish
and Wildlife Service trace organic analytical program. All have undergone
extensive verification and intercalibration. They are high-quality analytical
procedures that produce much lower detection limits for PAHs, pesticides and
PCBs than do standard EPA methods employing full-scan GC/MS. Full-scan
GC/MS using SOP-ST17 was used to screen for base/neutral priority pollutants not
determined by SOP-ST03 and SOP-ST04.

GERG decided to use this analytical approach because the available information
indicated that the pesticides, PCBs and PAH, determined by their methods are the
ones most frequently found in studies of coastal Texas water using EPA priority
pollutant methods. For example, analyses of whole fish and crabs for priority
pollutants in Sabine/Neches Tidal River and Corpus Christi Bay/Inner Harbor
detected only 10 of 135 and 9 of 135 priority pollutants, respectively (Davis, 1989).
Most of these were trace metals and the only organics detected were ppDDT and
ppDDE. GERG therefore decided that more useful data would be produced by
using methods with lower detection limits. This was approved by the
Management Conference and EPA Region 6.

Trace elements of interest in this study are those on the EPA Priority Pollutant
List (PPL) which include: antimony (Sb), arsenic (As), beryllium (Be), cadmium
(Cd), chromium (Cr), copper (Cu), lead (Pb), mercury (Hg), nickel (Ni), selenium
(Se), silver (Ag), thallium (Tl) and zinc (Zn). The concentrations of these elements
were determined in crab, oyster, and fish tissue samples with the exception of Be,
Sh and Tl. Concentrations of Sb, Be and Tl in marine organisms as summarized
in Eisler (1981) are generally below detection limits anticipated for the current
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study and do not justify the additional analytical effort required. In EPA studies
of aquatic organisms, the concentrations of these elements are generally in the
low parts per billion range. This laboratory has analyzed 297 pooled oyster
samples for Sb and Tl (representing 5940 individual oysters) as part of the NOAA
National Status and Trends Mussel Watch Program. Almost all samples were
less than 0.2 ppm Sb dry weight and less than 0.1 ppm Tl dry weight. Beryllium,
Sb and Tl were added to the PPL because of concerns over human health effects
from workplace exposure and not because of any accumulation in marine
ecosystems.

GERG SOPs to be utilized on this project include the following:

TRACE ORGANICS

SOP-ST01 Extraction of Biological Tissues for Trace Organic Analysis

SOP-ST03 Quantitative Determination of Polynuclear Aromatic
Hydrocarbons by Gas Chromatography/Mass Spectrometry
(GC/MS) - Selected Ion Monitoring (SIM) Mode

SOP-ST04 Quantitative Determination of Chlorinated Hydrocarbons

SOP-ST17 Screening and Analysis of Environmental Samples by Full Scan
Gas Chromatography/Mass Spectrometry

TRACE METALS

SOP-ST07 Digestion of Biological Materials for Trace Metal Analysis

SOP-ST09 Analysis of Trace Metals by Flame Atomic Absorption

SOP-ST10 Analysis of Trace Metals by Graphite Furnace Atomic
Absorption

SOP-STll Analysis of Mercury by Cold-Vapor Atomic Absorption
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Table 3.1 Target Species and Alternates.

Target Species Alternate Species

Crassostrea virginica none
Callinectes sapidus none

Cynoscion nebulosus Cynoscion nothus (silver seatrout)
C. arenarius (sand seatrout)

Pogonius cromis Sciaenops ocellatus (red drum)
Paralichthys lethostigma Trinectes maculatus (hogchoker)

Ancylopsetta quadrocellata (ocellated flounder)

Table 3.2 Target Species and Alternates Legal Sport-Fishing Size Limitations.

Target Species or Alternate Species* Length in Inches

Crassostrea virginica (Virginia oyster) 3 - No Limit
Callinectes sapidus (blue crab) 5 - No Limit
Cynoscion nebulosus (spotted seatrout) 14 - No Limit
*Cynoscion nothus (silver seatrout)
*C. arenarius (sand seatrout)
Pogonius cromis (black drum) 14 - 30
*Sciaenops ocellatus (red drum) 20 - 28
Paralichthys lethostigma (southern flounder) 12 - No Limit
*P. albigutta (gulf flounder) 12 - No Limit
*Ancylopsetta quadrocellata (oscellated flounder) 12 - No Limit



Table 3.3 Fish Specimen Caught During the Summer of 1990 for GBNEP
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Table 3.3 continued
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Table 3.3 continued
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4.0 TRACE ORGANIC CONTAMINANT CONCENTRATIONS

This section describes the results of the trace organic analyses for aquatic
organisms from Galveston Bay. All of the data in this report are on a dry weight
basis unless specifically stated to be on a wet weight basis. The historical data
available regarding contaminant concentrations in fish and shellfish from
Galveston Bay is limited. However data from the NOAA NS&T Program (Wade et
al., 1988, Sericano et al., 1990a,b) suggested that the contaminant concentrations
were in the low parts per billion range. Past programs have measured semi-
volatile priority pollutants only, and the less sensitive methods rarely detect any
contaminants. The analytical program was therefore devised to measure specific
analytes (i.e., DDT, PCB, PAH) at trace concentrations (ng/g), and to screen only
selected samples for the entire suite of semi-volatile EPA priority pollutants (PP)
using less sensitive methods. This screening did not detect any EPA PP.

Organic contaminant concentrations were determined in oysters, crabs, edible
fish tissue and composite fish livers (see Section 3 for details). The analytical
methods used (Appendix D) were those used for the NOAA's National Status and
Trends (NS&T) Program and EPA's Environmental Monitoring and Assessment
Program (EMAP). These methods have been verified by intercalibration exercises
overseen by NOAA/NIST. The data produced by this study can therefore be
compared to the large database available from the NOAA NS&T Program and
assures the data is of the highest quality. A summary of the data is provided in
Table 4.1. Figures 4.1 to 4.18 show the organism concentration (ppb) dry weight
for selected analytes or sum of analytes as bar graphs. Lines are drawn to show
the average concentration for fish, fish livers and the overall site average for all
analytes.

4.1 Polycyclic Aromatic Hydrocarbons

A total of 24 individual PAHs were quantitated and the sum of 18 are reported
here (Wade et al., 1988). The total PAHs reported here include all of the 16 EPA
priority pollutant PAHs. Also reported are the sum of the alkylated PAHs. PAHs
can originate from two major sources, petroleum and the combustion of organic
matter (including fossil fuels). The presence of alkylated PAHs are generally
indicative of a petroleum source. Total PAHs concentrations ranged from
nondetectable (-20 ng/g) to 1253 ng/g. The distribution between sample type
(oysters, crabs, fish and fish livers) and the four collection sites is shown in
Figures 4.1 and 4.2. Oysters had higher total PAHs concentrations than crabs at
all the sites except GBHR, where the concentrations were nearly the same.
Oysters had higher average total PAHs concentrations than fish at all the sites.
Oysters had higher average total PAHs concentrations than fish livers at GBMP
and GBCR, comparable concentrations at GDEP, and lower at GBHR. These
results are not surprising. Fish and crabs have a much higher efficiency for
metabolizing PAHs than oysters. The metabolism in fish takes place mainly in
the liver and therefore the concentrations in fish livers can be higher. It is
interesting to note, however, that the metabolite may be more harmful than the
original PAH. It is also important to realize that oysters are sedentary and reflect
the average condition of the environment over the past month or so where they
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were collected. Crabs and fish, on the other hand, are mobile and reflect the
contaminant loading integrated over both time and space.

The alkylated PAHs provide an indicator of the input of PAHs from petroleum.
The alkylated PAHs (Figures 4.3 and 4.4) were low at all sites when compared to
the total PAHs except at Eagle Point. The absence of the alkylated PAHs indicates
that the main input source of the PAHs is from combustion sources, and not
petroleum. However, this is not the case at Eagle Point. Due to the Apex Barge
spill there is elevated concentration of alkylated PAHs in fish livers and even
some fish tissues. Follow-up studies by GERG indicate that these levels are
decreasing (Brooks et al., 1991). The livers of some fish do contain relatively high
concentrations of alkylated PAHs, indicative of petroleum. Oysters from Morgans
Point in the upper bay and Carancahua Reef in the lower bay have similar
average total PAHs concentrations (802 and 642 ng/g, respectively). However, the
oysters from Morgans Point contain no alkylated PAHs, indicating little or no
input from petroleum, while the oysters from Carancahua Reef contain alkylated
PAHs.

The distribution of the relative abundances of high and low molecular weight
PAHs was different for crabs, fish and fish livers, compared to oysters (Figures
4.5-4.8). All of the crabs, fish and fish liver samples contained over 80% low
molecular weight (LMW) PAHs and under 20% high molecular weight (HMW)
PAHs, except at Eagle Point, where some fish tissue samples contained as much
as 58% HMW PAH. This is most likely due to the impact of the Apex Barge spill.
The oysters contain predominantly more of the HMW PAHs than the crabs, fish
or fish livers. This is most likely related to the ability of crabs and fish to
metabolize HMW PAHs faster than LMW PAHs and to metabolize all PAHs much
faster than oysters. While PAHs were detected at all sampling sites in all sample
types, the concentrations found are not extremely high, even in the samples from
Eagle Point that were collected near the Apex Barge Oil spill.

4.2 Pesticides and PCBs

A suite of chlorinated hydrocarbons and PCBs were analyzed. The concentration
of the individual compounds, including 20 PCB congeners, are reported in
Appendix A. A summary of the concentrations of selected pesticides or classes of
pesticides, including total BHCs, total Chlordane, Dieldrin, total DDTs, and total
PCBs are given in Table 4.1. The results from other pesticides measured are
reported in Appendix A.

The concentrations of total BHC were generally higher in oysters when compared
to crabs arid fish tissue, but lower than fish livers (Figures 4.9 and 4.10). The
concentration in fish livers was quite variable, with flounder generally having
higher concentrations. BHC average concentrations was highest (8.85 ng/g) at
Morgans Point and similar at Eagle Point, Hanna Reef and Carancahua Reef
with average site concentrations of 5.08, 3.66 and 4.27 ng/g, respectively.

The average site concentration for total chlordanes was highest at Morgans Point
(58 ng/g) and it decreased down Bay. The concentration of total chlordanes in
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oysters, crabs and fish are similar at all sites, while fish livers have higher
concentrations (Figure 4.11 and 4.12). The livers in some cases (i.e., jackfish from
Eagle Point) had total chlordane an order of magnitude higher than the oysters,
crabs or fish tissue. This is probably due to transport and accumulation of these
lipoidal compounds in the liver.

Total DDTs is defined as the sum of DDT and its breakdown products DDD and
DDE. Total DDT (Figures 4.13 and 4.14) has a similar pattern to the other
chlorinated hydrocarbons, with higher concentrations at Morgans Point and
decreasing concentrations down Bay. As was the case for the other chlorinated
pesticides, the concentrations of oyster, crabs and fish tissue are similar at each
site and the liver concentrations are generally higher. However, some fish with
higher than average tissue levels (i.e., hardhead catfish from Eagle Point) have
higher concentrations than the composite liver sample from these same fish
[Figure 4.13).

Dieldrin (Figures 4.15 and 4.16) shows no distinctive down Bay trend. The site
average concentrations are similar from Morgans Point, Eagle Point, Hanna Reef
and only slight lower at Carancahua Reef. As with the other pesticides, dieldrin
concentrations are generally higher in fish livers, similar in fish and oysters, and
slightly lower in crabs.

Total PCB concentrations show the typical down Bay trend of higher
concentrations at Morgans Point, lower concentrations at Eagle Point and lowest
concentrations at Hanna Reef and Carancahua Reef. The average total PCB
concentration is similar in oysters and fish tissue and slightly lower in crabs.
The liver PCB concentrations are the highest of any of the samples analyzed. As
discussed earlier, this is likely due to the high lipid concentrations in the liver
compared to the other tissue samples.

4.3 Overview

The concentrations of PAH, total BHCs, total chlordane, dieldrin, total DDTs and
total PCBs found in oysters, crabs, fish and fish livers provided no surprises.
These concentrations are within the range of concentrations reported from
oysters for Galveston Bay as part of NOAA National Status and Trends Program.
The concentrations are also not extreme, in the sense that analysis did not detect
any real "hot spots". The general trend of decreasing contaminant loading down
bay was also expected because most of the chronic contamination measured
comes from areas of highest population and industrial activity in the upper bay.
The impact of PAHs from petroleum spills is an exception to this general trend.
It is hard to compare contaminant concentrations in the various fish species
because of possible different life histories and the fact that fish are mobile and
their body burdens reflect the average contamination of their whole spatial range.
This is also true for crabs. One advantage of oysters as biomonitors is that they
are sedentary and therefore reflect a small spatial area. The similarity between
oysters, fish and crabs at these sites, therefore, indicates a consistent
contamination loading over a fairly large area. Livers were found, in general, to
have higher contaminant concentrations, due to their high lipid content. The
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ct of these contaminants on liver functions is not known. Oyster contaminant
centrations showed no significant correlation to lipid content for NS&T Gulf of
dco oysters (Wade et al. 1988). But, gonadal material of oysters has higher
taminant concentration than body tissue (Wade, personal communication).

conclusion, the contaminant concentrations found were within the expected
ge based on NOAA NS&T data for Galveston Bay. The concentrations are near
median for the entire Gulf of Mexico. Higher concentrations are found in the
ier bay and concentrations decreased in the lower bay. These trends are
sistent with chronic inputs.
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Table 4.1 Summary of GBNEP PAH, Pesticide, and PCB Concentrations (dry weight)



Table 4.1 continued



Table 4.1 continued



Table 4.1 continued
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Figure 4.3. 
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Figure 4.4. Total alkylated PAH concentrations (ppb) in oysters, crabs, fish tissue, and fish livers from
Hanna Reef and Carancahua Reef.
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Figure 4.6. 
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Figure 4.7. Percentage of Low Molecular Weight (LMW) PAH in oysters, crabs, fish tissue, and fish
livers from Morgans Point and Eagle Point.
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Figure 4.8. Percentage of Low Molecular Weight (LMW) PAH in oysters, crabs, fish tissue, and fish
livers from Hanna Reef and Carancahua Reef.
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Figure 4.9. 
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Figure 4.10. Total BHC concentration (ppb) in oysters, crabs, fish tissue, and fish livers from
Hanna Reef and Carancahua Reef.
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Figure 4.12. Total Chlordane concentration (ppb) in oysters, crabs, fish tissue, and fish livers from
Hanna Reef and Carancahua Reef.
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Figure 4.13. Total DDT concentration (ppb) in oysters, crabs, fish tissue, and fish livers from
Morgans Point and Eagle Point.
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Figure 4.14. Total DDT concentration (ppb) in oysters, crabs, fish tissue, and fish livers from
Hanna Reef and Carancahua Reef.
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Figure 4.15. Dieldrin concentration (ppb) in oysters, crabs, fish tissue, and fish livers from
Morgans Point and Eagle Point.
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Figure 4.16. Dieldrin concentration (ppb) in oysters, crabs, fish tissue, and fish livers from
Hanna Reef and Carancahua Reef.
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Figure 4.17. 
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Figure 4.18. Total PCB concentration (ppb) in oysters, crabs, fish tissue, and fish livers from
Hanna Reef and Carancahua Reef.
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5.0 TRACE METAL CONCENTRATIONS

As noted in the methods section of this report, only the edible parts of individual
fish, oysters and crabs were analyzed, except for fish livers which were
composites of several livers. A complete listing of the resulting data is given in
Appendix B. The data for fish, oyster, and crab edible tissue is averaged for each
of the four sampling sites in Tables 5.1 and 5.2, which also gives an overall
average for each tissue type across the whole bay. This same information is
presented as bar graphs in Figures 5.1 to 5.20. The average fish tissue and liver
values are indicated as a line and the overall site average line is labeled. These
averaged data can be compared to averaged data from other estuaries to get an
overall impression of the trace metal contamination status of Galveston Bay.

When the data are normalized for percent moisture (wet vs dry wt basis), the
averaged oyster trace metal concentrations found during GBNEP are very similar
to those found during the first five years of the NS&T Program discussed earlier
in this report. The only significant difference in the two data sets is the
apparently high Ni and Cr and lower Zn in the GBNEP samples. The higher Ni
and Cr are almost certainly an artifact caused by the homogenization of the
Morgans Point oysters with a stainless steel grinder. Oysters from other GBNEP
sites were not subjected to the grinder and are not enriched in Ni and Cr
compared to NS&T oysters from Galveston Bay and elsewhere in the Gulf of
Mexico. Crabs from Carancahua Reef were also put through the stainless steel
blender and they are also enriched in Ni and Cr, confirming the contamination
caused by the blender.

Oysters collected at Morgans Point for GBNEP were about four times higher in Hg
than those from elsewhere in Galveston Bay and in other Texas Bays (except for
Lavaca Bay where known Hg contamination exists). The NS&T Ship Channel
site, which is near the Morgans Point site, shows a slight Hg enrichment, so the
Morgans Point data might be valid. On the other hand, contamination by the
grinding operation which contaminated the oysters with Ni and Cr cannot be
ruled out because the crabs from Carancahua were also enriched in Hg.

As was noted in the literature review section of this report, Zn concentrations in
oysters collected for NS&T show a relationship to population and
industrialization. That relationship is not as clear for the GBNEP data. Morgans
Point and Eagle Point oysters are richer in Zn than are those from Hanna Reef,
but not those from Carancahua Reef, which is usually considered to be pristine.
The Zn concentration in oysters collected for GBNEP is somewhat less than that
in oysters from the same areas collected for NS&T. For example, GBNEP oysters
from Hanna Reef are about 20% lower in Zn than the NS&T Hanna Reef oysters.
The GBNEP Morgans Point site is about halfway between the NS&T Ship Channel
and Todd's Dump sites. Oysters from Morgans Point are only a little higher in Zn
than those at Todd's Dump and are only about 50% the concentrations found at the
Ship Channel, which, however, varied considerably over the 5 year NS&T
sampling. Carancahua Reef oysters collected for GBNEP were equal to or
enriched in Zn compared to the NS&T oysters from nearby Confederate Reef. No
obvious seasonal effect is evident when comparing the GBNEP and NS&T Zn in
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oyster data; however, it seems likely that Zn contamination at the sites varies over
fairly short time (weeks) and distance (100s of meters) scales and that this
variation is reflected in the Zn content of oysters. No other metal shows such
variations as clearly.

From the discussion above it is obvious that interpretation of data on trace metals
in oyster tissues is not straightforward. Unfortunately, trace metal data in other
organisms is even harder to interpret. Oysters, in contrast to fish, crabs, shrimp,
etc. must stay in one place, are easy to identify and collect in large numbers, and
are good accumulators of added trace metals. Fish, like oyster, are eaten by man,
but it is difficult to collect a large enough number of a given species at a given
location to be sure of having a statistically valid sample. Also fish do not
accumulate most trace metals to the extent oysters do, as can be seen by the
concentrations in Table 5.1 and by literature values (e.g., Eisler, 1981). Because
fish do not accumulate most trace metals readily, they do not readily respond to
added trace metals in the environment. For example, Jenkins et al. (1982)
collected benthic fish near, and at some distance from, a major southern
California sewage outfall, but could find little difference in trace metal
concentrations in the fish flesh. This result occurred in spite of sediment
concentrations hundreds of times higher near the outfall. A similar conclusion
was reached by Ginn and Barrick (1988) who studied areas near and far from
industrialized embayments in Puget Sound.

Based on the literature discussed above, no strong relationship between trace
metals in fish flesh and proximity to industrialization was expected for the
GBNEP samples and none was found. To be sure, isolated trace metal values
several times higher than average can be seen when the data is plotted as in
Figures 5.1 to Figure 5.20. For example, a high As value was found in a catfish
from Morgans Point, high Hg in a jackfish from Eagle Point and high Pb in a
black drum from Hanna Reef. No significance can be attached to these isolated
high values until more data are available.

The trace metal concentrations in fish tissue averaged for each site show little
variation from place to place in Galveston Bay (Table 5.1). Furthermore, the
averaged values are generally less than those for fish from Puget Sound as
reported by Ginn and Barrick (1988) or from Southern California as reported by
Jenkins et al. (1982). Thus, no localized metal pollution is evident from the fish
data.

Fish livers are generally much higher in trace metals (except for Hg) than are
fish tissues, as can be seen in Figures 5.1 to Figures 5.20, and are highly variable
from species to species and from place to place. For example, Ag values several
fold higher than average were found in a mullet from Morgans Point,
sheepsheads from Eagle Point and Carancahua and a black drum from
Carancahua. Very high As was found in a shark liver from Carancahua and
very high Cd in a sheepshead from the same location. A mullet liver from
Morgans Point was more than 10 times higher than average in Cu. What do
these isolated anomalous values mean? Only that individual fish vary in their
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response to trace metals in the environment and probably in their exposure
history.

This observation is confirmed by the trace metal in fish liver data being collected
by the NOAA "Benthic Surveillance" program (NOAA, 1987). The 1984 data for
this program shows the same ten-fold or more variability shown by the GBNEP
data. A mullet collected at Morgans Point for GBNEP had higher liver Cu and Se
than any sample collected for NOAA in 1984, but for other metals several of the
NOAA samples were higher than any of the GBNEP samples. The NOAA
program is continuing to provide data and to look for links between fish liver trace
metals and activities of man (pollution), but the task is not easy.

For several metals, concentrations in crab tissue are intermediate between that in
fish muscle and oyster tissue. Very high Ag, higher than that in any other
organism, was found in crabs from Carancahua Reef. Cd was high in crabs from
Hanna Reef, and Ni and Cr were high at Carancahua Reef. The Ni and Cr are
almost certainly artifacts due to sample preparation (grinding in a stainless steel
blender) but we have no explanation for the other high values. As with isolated
high trace metals in fish, the values in crabs could be due to either differences in
accumulating ability by different individual organism and/or individual
organism's different exposure histories.
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Table 5.1 Galveston Bay National Estuary Program Average 1991 Trace Metal Data. All Values ppm (mg/g) Wet Weight.
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Table 5.2 Summary of Trace Metal Concentrations (dry weight)
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Table 5.2 continued



Table 5.2 continued
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Figure 5.1. Silver concentrations (ppm) in oysters, crabs, fish tissue, and fish livers from
Morgans Point and Eagle Point.
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Figure 5.2. 
Silver concentrations (ppm
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Figure 5.3. 
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Figure 5.4. Arsenic concentrations (pprri) in oysters, crabs, fish tissue, and fish livers from
Hanna Reef and Carancahua Reef.
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Figure 5.5. 
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Figure 5.6. Cadmium concentrations (ppm) in oysters, crabs, fish tissue, and fish livers from
Hanna Reef and Carancahua Reef.
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Figure 5.7. Chromium concentrations (ppm) in oysters, crabs, fish tissue, and fish livers from
Morgans Point and Eagle Point.
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Figure 5.9. Copper concentrations (ppm) in oysters, crabs, fish tissue, and fish livers fr
Morgans Point and Eagle Point.
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Figure 5.10. Copper concentrations (ppm) in oysters, crabs, fish tissue, and fish livers from
Hanna Reef and Carancahua Reef.
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Figure 5.11. 
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Figure 5.12. Mercury concentrations (ppm) in oysters, crabs, fish tissue, and fish livers from
Hanna Reef and Carancahua Reef.
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Figure 5.13. 
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Figure 5.14. Nickel concentrations (ppm) in oysters, crabs, fish tissue, and fish livers from
Hanna Reef and Carancahua Reef.
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Figure 5.15. Lead concentrations (ppm) in oysters, crabs, fish tissue, and fish livers from
Morgans Point and Eagle Point.
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Figure 5.16. Lead concentrations (ppm) in oysters, crabs, fish tissue, and fish livers from
Hanna Reef and Carancahua Reef.
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Figure 5.17. 
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Figure 5.18. Selenium concentrations (ppm) in oysters, crabs, fish tissue, and fish livers from
Hanna Reef and Carancahua Reef.
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Figure 5.19. 
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Figure 5.20. 
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6.0 HEALTH RISK ASSESSMENT

6.1 Introduction

Risk is the probability of injury or death. Risk assessment is a scientific
procedure to determine the probability of adverse health effects from a specific
exposure to a toxic agent. The chief goal of chemical risk assessment is to
characterize the types of hazards associated with a substance and to estimate the
probability that those hazards will be realized in exposed populations or
individuals. Risk assessment depends upon data derived from experimental and
epidemiological investigations into the hazardous properties of chemicals and
from studies of the magnitude of human exposure to them. Risk assessment is a
multi-stage process comprising the following tasks: (1) hazard assessment, (2)
dose-response assessment, (3) exposure assessment and (4) risk assessment.
Although these steps are presented sequentially, the process of risk assessment is
highly iterative. The methods we have used in implementing the risk assessment
process for Galveston Bay seafood closely follow the guidelines promulgated by the
U.S. Environmental Protection Agency (U.S. EPA, 1989) for assessing human
health risks from chemically contaminated fish and shellfish. Further guidance
on the practical application of risk assessment was obtained from a similar
analysis conducted for the Environmental Protection Agency on Puget Sound
seafood (Tetra Tech, 1988). It should be noted that risk assessment is only an
estimate of risk which depends upon the various assumptions detailed below.

6.1.1 Summary of Risk Assessment Process for Galveston Bay Seafood

The risk analysis of chemical contaminants in Galveston Bay fish and shellfish
was organized into the following major sections:

• Collection of samples of fish, crabs and oysters with subsequent analysis
of tissues for trace metals, polynuclear aromatic hydrocarbons (PAH),
pesticides and polychlorinated biphenyls (PCB). Data used for risk
assessment are on a wet weight basis.

• Examination of seafood consumption profiles and assessment of human
health risks due to consumption of Galveston Bay fish and shellfish.
Little real data were available, thus, estimates were used as described
below.

• Presentation of the data in a graphical format for evaluating potential
health risks throughout the bay.

During this GBNEP-funded study, multiple samples of several species of fish
were collected and analyzed along with one species of crab and Virginia oyster.
Fish species collected included: spotted seatrout, black drum, southern flounder,
red drum, Spanish mackerel, Atlantic croaker, spotted seatrout, and hardhead
catfish. These fish were collected from four locations in Galveston Bay: Morgans
Point (GBMP), Eagle Point (GBEP), Carancahua Reef (GBCR) and Hanna Reef
(GBHR). These locations were chosen because they are in different regions of the
bay and thus provide a broad view of bay seafood. The chemical data were then
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evaluated in a health risk assessment that followed the multi-step process
outlined above. In the hazard assessment, all chemicals me^ured in the
samples (trace metals, pesticides, polychlorinated biphenyls and aromatic
hydrocarbons) were evaluated in a preliminary risk assessment. Dioxin was not
included in the risk assessment because it was not measured during this study.
All of the trace metals measured were considered significant and included in the
assessment. Many of the organic chemical compounds were found only in very
low concentrations. These very low analytes were not considered individually in
our assessment. However, in order to not neglect the possible importance of these
low-level compounds, we grouped the major organic compounds and considered
the groups for the purpose of the health risk assessment. Individual compounds
and groups of compounds that we used in this risk analysis are shown in Table
6.1. The individual compounds used in this assessment are most of the same
chemicals considered in a similar assessment made for Puget Sound (Tetra Tech,
1988). In the final analysis, 11 individual chemicals and 5 compound groups of
concern were selected for detailed evaluation of risks. In the dose-response
assessment, dose-response variables for the 16 candidate individual chemicals or
groups were obtained. The exposure assessment consisted of an evaluation of the
concentrations of contaminant chemicals in the tissue of the fish, crabs and
oysters at the four sampling locations in Galveston Bay. This evaluation also
included an examination of seafood consumption rates that was based in part on
estimates of commercial seafood landings in Galveston Bay (Quast et al., 1989)
and recent surveys of catch and consumption patterns by recreational fishermen
(Ditton et al. 1990; Osburn et al., 1988). In the risk assessment, the dose-response
information and consumption rate information are combined to quantitatively
estimate the range of health risks associated with consumption of fish, crabs and
oysters with the chemicals of concern.

6.2 Risk Determination

6.2.1 Hazard Assessment and Selection of Chemicals of Concern

Hazard identification and evaluation involves review and evaluation of various
types of experimental and epidemiological information for the purposes of
identifying the nature of the hazards associated with a substance. The types of
compounds of concern are well known and are included on the EPA list of priority
pollutants. Priority pollutants were analyzed during this study to ascertain
which chemical contaminants were present in Galveston Bay seafood to merit
attention during the risk assessment process. The analytical results for the
chemicals of concern have been presented in the previous sections. While dioxin
is obviously a chemical of concern, it was the subject of a previous study (Crocker
and Young, 1990) and was not measured as part of our study.

Of the analytes (trace metals and hydrocarbons) measured during this study,
candidate chemicals or compound groups were evaluated according to the the
risk assessment guidelines established by the U. S. Environmental Protection
Agency (1989). Our sampling for this evaluation provided chemical contaminant
data for fish, crabs and oysters from four locations in Galveston Bay (Figure 3.1).
The crabs and oysters were all of the same species, while the kinds of fish
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sampled varied considerably among areas. The inter-species differences in fish
contaminants in each particular region of the bay were small compared to
variability in many of the assumptions associated with the risk assessment
process. Thus, for the purposes of this risk assessment, the fish data were not
considered individually by species. The risk assessment was undertaken
individually for three seafood categories (fish, crabs and oysters) at each of the
four locations sampled. In addition, an overall average risk was determined for
Galveston Bay by combining the chemical data from all four locations and
performing the risk assessment as described below.

6.2.2 Dose-Response Assessment

Dose-response evaluation involves identifying the observed quantitative
relationships between exposure and risk and extrapolating from the conditions
for which data exist to other conditions of interest. One of the difficulties in the
dose-response evaluation process is that there is detailed information on only a
few compounds in the various categories, especially for aromatic hydrocarbons
and pesticides. Adequate data for assessing risk does not exist for all of the
individual components and the data available for estimating the risk is often
much better for some components than others. Considering these limitations,
there are several possible approaches that can be followed to estimate the potency
factor or reference dose value for compounds whose potency is unknown. In
many studies compounds with unknown potency factors are simply ignored. We
feel that this is not a good approach as compounds that are in high concentration
and may be of concern are ignored because no potency factor is available. Another
method that is under development by EPA is the equivalency approach, which
takes data available for one analyte and applies it to other analytes using a
weighting factor. When this approach is fully developed, it will be a superior
approach.

The dose-response approach we use in our health risk assessment of Galveston
Bay seafood is the group equivalent approach. In this approach, it is assumed
that chemicals in a group with unknown potency factors have the same potency
factor as the well-described members of the group. The risk calculated by this
procedure is only an estimate, but it is invariably more reasonable than estimates
obtained by ignoring all but a few well-described contaminants as was done for
Puget Sound (Tetra Tech, 1988)

The dose-response information for chemicals detected in fish, crabs and oysters
from Galveston Bay is presented in Table 6.2. Human health risk
characterization is conducted separately for carcinogens and non-carcinogens.
The potency factors for carcinogens and reference dose information for non-
carcinogens are based on the "Toxic Substances Spreadsheet" of the U.S. EPA
Region 4. We used the dose response values in Table 6.2 for each of the metals.
Combined group values were used for carcinogenic chemical groups shown in
Table 6.1. The dose response values we used were 11.50 for PAH, 11.12 for benzene
hexachloride (BHC), 7.7 for total PCB, 0.34 for total DDT, and 16.0 for dieldrin.
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6.2.3 Exposure Assessment

Exposure assessment is the process of characterizing the human population
exposed to the chemicals of concern, the environmental transport and fate
pathways of those chemicals, and the frequency, magnitude and duration of the
exposure dose (U.S. EPA, 1989). Exposure assessment requires knowledge of the
concentration of the chemicals of concern (based on analysis performed as part of
this study) and the amount of seafood consumed by individuals. The consumption
estimation step is inherently the most difficult part of the risk assessment process
and the part with the most uncertainty. There is no simple means of identifying
the average consumer of Galveston Bay seafood. Yet, estimates of seafood
consumption for fish, crabs and oysters can be made based on catch and
consumption patterns of recreational fishermen and may also be determined
from the levels of commercial landings.

The exposure assessment for consumption of chemically contaminated seafood
from Galveston Bay was performed in several parts. The concentration of the
chemicals of concern in Galveston Bay fish and shellfish were measured and
compared with available U.S. Food and Drug Administration (FDA) tolerance or
action levels. Second, seafood consumption rates were estimated based in part on
the commercial landing rates and in part on recent surveys of recreational
harvesters in Galveston Bay. Finally, chemical concentration data and
consumption rates were combined to estimate the average daily dose associated
with each of the chemicals or groups of chemicals of concern. Because the
consumption rate information described was based on averages for all species
within a category, dose estimates were derived only for the three major categories
of seafood collected (fish, oysters and crabs).

Samples of the three seafood groups were collected at four locations. For purposes
of the risk assessment, the individual sample data were converted to
concentrations in wet weight (mg chemical per kg body weight) and the
concentration of each contaminant for each location were averaged for each
seafood group. These average contaminant levels at each location were then used
along with seafood consumption rates to estimate the dose for each of the seafood
groups.

Sea food consumption rates for Galveston Bay seafood were evaluated using recent
reports of commercial fish landings (Quast et al., 1989) and recreational
harvesting from the bay (Ditton et al., 1990). Commercial fisheries data for Texas
has been compiled through 1988. Galveston Bay landings account for 32% of the
total bay system commercial landings of seafood in Texas. Based on a compilation
of recent data by the Texas A&M University Sea Grant Program (Haby et al. 1989),
68% of the total Texas landings of oysters (by weight) come from Galveston Bay,
along with 23% of crab landings and 15.3% of the finfish landings. Galveston Bay
also accounts for 3.5% of Texas shrimp landings, but shrimp were not included in
the risk analysis conducted as part of this study.

The average U.S. seafood consumption for all categories of seafood (shrimp,
oysters, crabs and finfish) is about 15 pounds per person per year. Since shrimp
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accounts for 16% of the seafood consumed (up from 11% in 1978, Haby et al. 1990),
the average for the three seafood groups we considered is 11 pounds per year.
While national averages are well known, few regional studies have been done
which allow consumption rates to be measured in any exact way. One study done
for Puget Sound estimated average consumption rates of 12.3 g/d for fish and 1.1
g/d for shellfish. In the absence of verifiable local estimates, EPA chose to use a
total consumption rate of 6.5 g/day (e.g. Crocker and Young, 1990) for their dioxin
study, which included Galveston Bay. This consumption number is extremely
low compared to estimates being used in state water quality standards. When
states have promulgated a consumption rate into their human health water
quality standards, a much higher value is used. For example, Louisiana has
promulgated human health water quality standards which incorporate a
consumption rate of 20 g/day. While the State of Texas has not yet designated a
standard average seafood consumption rate, an overall consumption rate of 15.0
g/d for marine seafood has been incorporated in the State of Texas revised water
quality standards. We have chosen to use that total rate.

The seafood consumption rates that we used in this risk assessment are given in
Table 6.3 The 15.0 g/d total seafood consumption rate was partitioned into
categories for fish (12.3 g/d), oysters (1.6 g/d) and crabs (1.1 g/day). Our basis for
this division was partly based on the Puget Sound study (Tetra Tech, 1988) and
partly on Texas seafood statistics (Quast et al. 1989). Tetra Tech (1988) determined
that the average Puget Sound seafood consumer ate 12.3 g/d finfish and 1.1 g/d
shellfish. This total (13.4 g/d) is below the State of Texas average. We assume that
part of the difference is the increased oyster consumption in Texas. Texas bays'
oyster harvest accounts for over 3% of the total seafood commercially harvested in
Texas each year. The meat weight of oysters landed in Galveston Bay in 1988 was
1,452,365 Ibs. In 1990, the entire U.S. harvest of Eastern oysters (Crassostrea
virginica) was 18,395,000 lbs. (Current Fisheries Statistics, 1991). Thus, the
annual oyster harvest from Galveston Bay represents about 13% of the total U.S.
harvest. Using this information, we assigned a consumption rate of 1.6 g/d to
Galveston Bay oysters. This value is only a rough estimate, but our total average
consumption does equal the 15.0 g/d that the State of Texas will be using for future
water quality studies.

Besides estimating a risk for the average seafood consumer, risk assessment
procedures also require calculation of risk at high consumption rates. In
addition to the average consumer of Galveston Bay seafood, who eats an average of
12.3 g finfish, 1.1 g crabs and 1.6 g oysters per day, we also considered the seafood
consumer who has an extremely high consumption rate of seafood. This person
might be a recreational fisherman or a subsistence fisherman. The higher rate
would apply to the 95th percentile of the fishing population. That is, only five
percent of the seafood consumers would be expected to ingest seafood at the higher
rates. Like the average rate, the seafood consumption rate for subsistence
consumers is difficult to estimate since no definitive studies have been conducted
for Galveston Bay. We originally used the same vales for Galveston Bay that Tetra
Tech (1988) used for Puget Sound. Since these values (94.5 g/d for fish, 12.3 g/d for
oysters and 12.3 g/d for crabs) were criticized as too low, we took a different
approach to estimate the high consumption rate.
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The EPA Tolerance Assessment System (TAS) estimate of meat Consumption
values is:

a.
b.
c.

Red Meat
Poultry
Fish

134 g/d
30.4 g/d
15.2 g/d

which yields a total meat consumption of 179.6 g/day. If a person ate only fish, he
would consume about 180 g/d of fish. This would be the 99th percentile consumer.
The 95th percentile consumer would consume less fish and our liberal estimate of
the 95th percentile consumer is 147.3 g/d of seafood of all types. This is probably a
high estimate since the 95th percentile consumer is estimated to consume 82% of
the seafood consumed by the 99th percentile consumer. Based on 1982 survey data
(obtained from Environ 1985), the 95th percentile consumer eats only 60% of the
fish eaten by the 99th percentile consumer. However, we use a higher percentage
to avoid criticism that our risk estimates are too low because our high
consumption estimates are too low.

The problem now remains of how to partition the consumption among fish, crabs
and oysters. The consumption breakdown that we use here for the subsistence
seafood consumer is:

a. fish 94.5 g/d
b. crabs 21.5 g/d
c. oysters 31.3 g/d
d. TOTAL 147.3 g/d

Our basis for this division is designed to use the same high consumption rate for
Galveston Bay fish as Tetra Tech (1988) used for Puget Sound fish consumption
(94.5 g/d). The non-fish consumption (i.e. crab and oyster) is partitioned in the
same ratios as for the average consumer: 41% for crabs; 59% for oysters. The
average and high consumption estimates that we have made are not ideal, but
based on available data we feel that they are both acceptable for Galveston Bay and
are in line with levels from other estuaries. The average seafood consumption
level we use, 15.0 g/d, is certainly more acceptable than the 6.5 g/d that Crocker
and Young (1990) used for the dioxin risk assessment of Galveston Bay. Their
average calculated risk would have been 2.3 times higher if they had used our
values.

The level of exposure was calculated using EPA guidelines and is based on
estimates of the chemical dose expressed as the amount of a given chemical
ingested per unit of body weight per day (mg of a chemical per kg body weight per
day). Dose estimates were calculated using the following expression:

Dij = (Cij x Ij x Ai)/B (6-1)
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where:

Dij = Dose of chemical i in seafood category j (mg/kg bdy wt/day)
Cij = Cone, of chemical i in seafood category j (mg/kg seafood)

Ij = Ingestion rate for seafood category j (kg seafood/day)
Ai = Adsorption coefficient for chemical i (unitless)

B = Standard assumption for average lifetime body wt (70 kg).

Major assumptions in using this equation for dose estimation are that:

• Exposure occurs daily over a 70 year lifetime.

• A representative body weight for a lifetime of exposure is 70 kilograms.

• The adsorption coefficient is one (1) percent for ingested arsenic and 100
percent for the other chemicals.

The rationale for using a 1% adsorption coefficient for arsenic is that arsenic in
seafood occurs primarily as complex methylated or organic chemical species,
which are less toxic and more readily excreted than inorganic arsenic. The
report on Puget Sound prepared for EPA by Tetra Tech (1988) cited several studies
which led to the conclusion that only 1% of the concentration of total arsenic
should be used to estimate risks associated with seafood consumption. We have
made the same assumption.

6.2.4 Risk Assessment

The final risk assessment calculation involves combining the information on
dose-response with that on exposure to derive estimates of the probability that the
hazards associated with the substance will be realized under the conditions of the
exposure experienced by the population group of interest.

Hazards associated with ingestion of non-carcinogens (primarily trace metals) in
various seafood categories were expressed as a ratio:

Rlij = Dij/RfDi (6-2)

where:

Rlij = Risk index for chemical i in seafood category j
Dij = Dose of chemical i in seafood category j (mg/kg/day)

RfDi = Reference dose for chemical i (mg/kg/day).

This equation was used to calculate the risk index for each of the seafood
categories for Galveston Bay. The chemicals of concern used in the calculation of
non-carcinogenic risk index values were cadmium, chromium, copper, mercury,
nickel, lead, selenium, silver and zinc.
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Using equations 6-1 and 6-2, the risk index values in Table 6.2 and the average
consumption rates in Table 6.3, a non-carcinogenic risk index value was
calculated for each seafood category for each of the four sampling locations. The
risk index values are presented in Table 6.4 and shown graphically in Figure 6.1.
There are no significant differences between any of the locations for fish, oysters
or crabs. Consumption of an average amount of fish and oysters results in about
the same risk, while the risk from crabs is much lower. While the level of
chemical contaminants in oysters is higher than fish, the average lifetime risk is
about the same because the assumptions of the amount consumed is significantly
different: 12.3 g per day for fish and 1.1 g per day for oysters.

Potential risks associated with each carcinogen of concern in various categories of
seafood were estimated as the probability of excess cancer using the equation:

Rij = 1 - exp(-Pi x Dy) (6-3)

where:

Rij = Risk associated with chemical i in seafood category j
Pi = Carcinogenic potency factor for chemical i (mg/kg/day)

Dij = Dose of chemical in seafood category j (mg/kg/day).

The chemical groups used in the calculation were arsenic, PAHs, BHC, total
chlordane, dieldrin, total DDTs and total PCBs.

Using equations 6-1 and 6-3, the carcinogenic risk numbers in Table 6.2 and the
average consumption rates in Table 6.3, a carcinogenic risk value was calculated
for each seafood category for each of the four sampling locations. The
carcinogenic risk values are presented in Table 6.5 and shown graphically in
Figure 6.2. There was a significant difference between locations for the
carcinogenic risk values. The risk from oysters at the Morgans Point sampling
site and for fish at Morgans Point and Eagle Point are higher than the risk from
consuming oysters or fish from the other locations. The higher risks, which
come primarily from elevated levels of PCBs and PAH, are higher in the upper
parts of the bay where effects of increased inputs from the ship channel and the
Trinity River would be expected. Estimated risks for persons who consume
seafood at a high rate (Table 6.3) are shown for non-carcinogens in Table 6.6 and
for carcinogens in Table 6.7.

The previous discussions considered carcinogenic and non-carcinogenic risk
separately for each seafood group. In the final step of this risk assessment, the
potential cumulative health risk associated with exposure to multiple
carcinogenic chemicals or multiple non-carcinogenic chemicals in the Galveston
Bay fish, oysters and crabs was determined by summing the risks for individual
contaminants within each group and then summing the risk across all seafood
categories at each location. Cumulative risks for non carcinogens were
calculated using:

Cumulative Non-carcinogenic Risk Index = sigma sigma Rlij (6-4)
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where:
Rij = Risk index for chemical i in seafood category j as calculated
from equation 6-2.

Cumulative risk for carcinogenic chemicals were calculated using:

Cumulative Carcinogenic Risk = sigima Sigma Rij (6-5)

where:

Rjj = Probability of excess cancer risk due to chemical i in seafood category j
as calculated from equation 6-3.

The non-carcinogenic risk index values and carcinogenic risk values for fish,
oysters and crabs for both average and high consumption rates (see Table 6.3) are
given along with the cumulative risk determined for each category in Table 6.8 for
Hanna Reef, in Table 6.9 for Morgans Point, in Table 6.10 for Eagle Point, and in
Table 6.11 for Carancahua Reef. As part of a dioxin tissue study conducted by
EPA Region 6 (Crocker and Young, 1990), a risk level of 1 x 1-4 was used as a
benchmarker and tissue risk values in excess of that level were flagged as a
possible problem. EPA Headquarters is also adopting this approach to assess
carcinogens in the National Bioaccumulation Study soon to be published.
Galveston Bay values above this benchmark level are noted in our tables.

6.3 Comparison with Other Risks

Our health risk assessment of Galveston Bay seafood has included only those
chemicals of concern that were measured in our analyses. Other chemicals of
possible concern were not included but may be important. These chemicals of
potential concern include tetrachlorodibenzo-p-dioxins and -dibenzofurans.
Crocker and Young's (1990) study of these compounds at sites in Arkansas,
Louisiana and Texas found high concentrations at two sites in Galveston Bay.
They estimated a risk level for 2,3,7,8-tetrachlorodibenzo-p-dioxin (2,3,7,8-TCDD)
of 2.14 x 10~4 for sea catfish at Morgans Point, 0.46 x 10~4 for blue catfish at San
Jacinto Monument, 0.88 x 10-4 for oysters at Morgans Point and 7.93 x 10-4 for blue
crabs at San Jacinto Monument. As part of this dioxin tissue study conducted by
EPA Region 6, a risk level of 1 x 10-4 was used as a benchmark, and tissue risk
levels in excess of that level were flagged as possible problems. Some of the risk
levels found in Crocker and Young (1990) for Galveston Bay exceeded this
benchmark level.

In evaluating our high consumption risk assessment estimates, we found the
cumulative risk values for fish at Hanna Reef (3.1 x 10-4), at Morgans Point (1.1 x
10-3) and at Eagle Point (8.2 x 10-4) to exceed the benchmark risk level which was
used by EPA in Crocker and Young (1990) and which EPA used to flag risk levels
as possible problems. The consumer of Galveston Bay seafood should also
consider that the additional risk from 2,3,7,8-TCDD reported by Crocker and
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Young (1990) would have to be added to our risk levels to obtain a total cumulative
risk for our chemicals of concern plus 2,3,7,8-TCDD. It is difficult to simply add
the values because this EPA dioxin study used a value of 6.5 g/d for a seafood
consumption rate. Also, none of our risk estimates for crabs (for the average
consumer) from any part of the bay were higher than 0.65 x 10-5, while the
highest 2,3,7,8-TCDD risk Crocker and Young (1990) found was in crabs. Our
Morgans Point oyster risk estimates were below the EPA concern level, but the
risk estimates for fish tissue were above the 1.0 x 10-4 benchmark that the EPA
uses as the level where some action should be considered by the State. The person
who consumes large quantities of seafood (based on our consumption
assumptions) would exceed this EPA benchmark at all sites we examined in
Galveston Bay.
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Table 6.1 Categories of Candidate Chemicals or Compound Groups Based on
Preliminary Risk Estimates
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Table 6.2 Dose-response for chemicals detected in Galveston Bay fish, crabs and oysters



Table 6.3 Estimated average and high (95th percentile) consumption rates for fish,
crabs and oysters used in risk assessment calculations.
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Table 6.6. Non-carcinogenic risk index values for Galveston Bay
Seafood from four different areas of the bay. A high
consumption rate is assumed.

Table 6.7. Carcinogenic risk values for Galveston Bay seafood
from four different areas of the bay. A high
consumption rate is assumed.
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Table 6.8. Risk characterization for the chemicals of concern measured in this
study at Hanna Reef in Galveston Bay.
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Table 6.9. Risk characterization for the chemicals of concern measured in this
study at Morgans Point in Galveston Bay.
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Table 6.10. Risk characterization for the chemicals of concern measured in this
study at Eagle Point in Galveston Bay.



I l l

Table 6.11. Risk characterization for the chemicals of concern measured in this
study at Carancahua Reef in Galveston Bay.
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Figure 6.1. Non-carcinogenic risk values for an average consumer of Galveston Bay seafood.
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Figure 6.3. Lifetime carcinogenic risk by site for an average (15 g/d) consumer of Galveston Bay seafood.
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