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FOREWORD

This technical memorandum presents trace metal data for the first
four years of the National Benthic Surveillance Project, part of the
NOAA's National Status and Trerids Program (NS&T). It was originally
produced as a project report in May 1990 and remains essentially
unchanged. It contains data for samples collected in the eight
coastal states: North Carolina, South Caroclina, Georgia, Florida,
Alabama, Mississippi, Louisiana and Texas which are collectively
referred to as the Southeast region. It has two purposes: 1) to
transfer four years of elemental data for both sediments and fish
liver tissue to the NS&T data base, and 2) to summarize the major
findings to date, understanding that a significant amount of data
analysis remains. Manuscripts will be forthcoming in the open
literature on these and future results.
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ABSTRACT

Sediment and fish tissue samples have been collected annually
for contaminant analysis as part of NOAA's National Status and Trends
Program, National Benthic Surveillance Project since 1984. The
overall goals of the project are 1) to develop a nationally uniform,
long-term data base for contaminants in U.S. coastal areas, 2) to
establish the current status and future trends in contaminant levels
in sediments and fish, 3) to establish and monitor indicators of
harmful effects to fish from contaminants, and 4) to provide an
information ©base for management action to control inputs,
concentrations and harmful effects of contaminants. In this report,
data are presented for the concentrations of 16 elements (Ag, Al, As,
¢d, Ccr, Cu, Fe, Hg, Mn, Ni, Pb, Se, Si, Sn, Tl and Zn) in fish livers
and surficial sediments collected annually during 1984-87 along the
southeastern Atlantic and Gulf of Mexico coasts at 17 locations.
Locations represent major estuarine-coastal systems within the
Southeast region (e.g., Galveston Bay, Pamlico Sound and Tampa Bay).
Data from annual surveys (one site sampled per location) and intensive
surveys (five and six sites sampled per location) are used to present
spatial distributions and temporal trends among and within locations,
respectively.

A method for reducing natural variability of metal concentrations
in sediments that is based on linear regression of metals on aluminum
is used to improve detection of spatial and temporal trends. The
possibility for reduction in variability of metal concentrations in
liver tissue based on consideration of fish size (age) 1is discussed.
Based on four years of data, possible modifications to the overall
sampling design are suggested.

Levels of trace metals in both 1liver tissue and surficial
sediments, as measured at annual survey sites which are selected to

represent average conditions at a location, indicate that
contamination on a region-wide scale 1is generally low and near
baseline in the southeast. However, although intensive studies

indicate that annual sites are reasonably representative of locations,
they also indicate the presence within larger locations of small or
diffuse areas of elevated concentrations of some trace elements (i.e.,
"hot spots") in both fish 1liver and sediments. Contaminant
concentrations, although low region-wide, nevertheless correlate with
the level of urban-industrial activity adjacent to locations.
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INTRODUCTION

Elemental analyses were conducted on bottom sediment and
fish liver samples collected in near-coastal and estuarine
waters of the southeastern U.S. as part of NOAA's National
Benthic Surveillance Project (NBSP). The purpose is to prov:ide
a long-term database, national in scope, with which the present
levels of contamination in our nation's waters and temporal
trends in these 1levels can be assessed. Information of
sufficient quality and continuity 1is socught to address
important environmental questions. What are the pollution
conditions in our coastal waters? Are they getting better or
worse? What particular contaminants are the problem?
Measurement of contaminant levels in the same sample types over
long time periods provides the best change of addressing these
questions. Measurement of contaminant 1levels in the
environment not only provides indications of pollution, but
also provides 1) a link between contaminant inputs and effects
on biota, and 2) a basis for management action to control
inputs and harmful effects. Effects from contamination can be
controlled only through management of contaminant inputs which
requires measurement of contaminant levels in the environment.

This report presents elemental data for sediments and
liver tissue for the first 4 years of the NBSP project 1984
(Cycle I), 1985 (Cycle II), 1986 (Cycle III) and 1987 (Cycle
IV) in the southeastern region. Data for 16 elements are
included: Ag, Al, As, Cd, Cr, Cu, Fe, Hg, Mn, Ni, Pb, Se, Si,
Sn, Tl, and Zn. Aluminum and silicon were measured in sediment
alone. Silicon and thallium were analyzed in earlier cycles
but later discontinued. Complete data are contained in the
appendix. The data are used to assess the relative levels of
elemental contamination in the region, to analyze for temporal
trends, and to address the question of the representativeness
of sampling sites with regard to the greater location they were
proposed to represent.

Nineteen sampling locations were established along the
southeast Atlantic and Gulf of Mexico coasts, referred to as
the Southeast Region, during the 4 initial years of the project
(Figure 1 and Table 1). Locations were selected to represent
the expected range of contaminant conditions, from natural to
impacted. Within each location, a site was selected for
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sediment collection by criteria established for the national
program at its inception'.

METHODS
Sampling

Fish and sediment samples were collected at 19 locations
during 1984-87 over the same August to October period each year
(Table 1). In 1984, samples were collected by the National
Marine Fisheries Service (NMFS) and contracted state personnel
coordinated through the NMFS Southeast Area Marine Assessment
Program (SEAMAP) and the participating states of North
Carolina, South Carolina, Georgia, Florida, Alabama,
Mississippi, Louisiana, and Texas. 1985, 1986, and 1987
samples were collected by NMFS personnel aboard the NOAA Ship
Ferrel with SEAMAP providing technical assistance.

! NOAA Selection Criteria

Locations: Broad geographic coverage of the coastline is needed to
establish a national baseline representative of the diversity of
habitats and pollutant impacts present. The assemblage of
locations should represent a range of anthropogenic impacts, from
relatively pristine to urban-industrial.

Sites: A site is an area approximately 2 km in diameter. A site
is selected to be subtidal, not intertidal; a depositional zone for
sediments; integrative of contaminant accumulations within the
location; an area that has not been or will not be dredged or
scoured and will not undergo slumping; located outside the zone of
initial dilution of a point source discharge and outside the zone
of an authorized dumpsite.

Stations: Each site contains three stations which are selected to
characterize the site. The site criteria discussed above restrict
the choice of station positions to particular areas within a
location (i.e., a site) which, by definition, have less parameter
variability than throughout the entire location. The selection of
stations is designed to characterize the site mean and variance for
the measured parameters and is not intended to characterize
parameter gradients within a more heterogeneous locaticen, such as
natural gradients within an estuary or dilution gradients around
discharge point.

)

(9



Fish Samples

Atlantic croaker (Micropogonias undulatus) and spot
(Leiostomus xanthurus) were selected as target species.
Atlantic croaker is the primary species principally because its
relative abundance is generally greater than spot in the
southeastern Atlantic and Gulf coastal waters. Collection of
a single species from as many sites as possible is desirable
in keeping with program objectives. Fish were collected each
year during late summer and early fall to control for seasonal
effects and to provide young-of-the-year specimens of maximum
size prior to their movement from shallow estuarine waters into
deeper waters which occurs with the onset of coocler weather.
Young-of-the~year fish are sampled to maximize the probability
that they were resident in the collection waters for all or a
substantial fraction of their lives and thus have only been
exposed to contaminants in those waters. Species collected
each year are indicated in Table 1.

Fish were collected with bottom trawls equipped with
untreated nets. In accordance with program protocol, fish were
randomly selected from each trawl and assigned to analytical
categories. In 1984, fish were iced immediately after capture.
Dissection for histopathology proceeded immediately on the
trawl boat or after transfer to another vessel or laboratory,
as weather and logistics allowed. Fish for organic and trace
metal analysis were returned whole on ice for processing in the
field laboratory at the end of each sampling day. In 1985-
87, samples were processed aboard the Ferrel in similar manner,
except fish were held alive until processed. Fish were
weighed, measured and necropsied. Tissues for trace metals and
organics were frozen, those for histopathology were chemically
preserved until analysis. .

Sediment Samples

Sediments were sampled with a Smith-MacIntyre grab at
three stations within each site. Three grabs were taken a few
meters apart at each station for a total of nine grabs per
site. Three cores and two scoop samples were taken from each
grab. All samples were stored on ice until returned to the
field laboratory (1984) or shipboard laboratory (1985-87) for
processing. Cores for trace metal, total organic carbon and
particle size analyses were frozen. Scoop samples for organic
analysis were composited by station and frozen. Transfer of
tissue and sediment samples to analytical laboratories followed
"chain of custody" protocols to assure transfer in frozen (dry
ice), refrigerated (blue ice), or chemically preserved
condition as required.
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Elemental Analysis of Liver Tissues

A pressurized, high temperature digestion with nitric acid is
carried out in a closed teflon (PFA) vial inside a teflon (TFE)
lined stainless steel bomb as reported by Okamato and Fuwa (1984).
The procedure is designed to attain sufficient temperature and
pressure to effect sample dissolution, minimize contamination, and
prevent loss of volatile elements such as Hg and Se. Digestions are
carried out in batches of 12 or 13 samples, 3 or 4 standard
reference materials, and 2 process blanks. Samples from each
location are randomized among batches to minimize systematic bias.
A single diluted digest provides material for all analyses. Ag,
As, cd, Cr, Ni, Pb, Se, Sn, and Tl are analyzed by graphite furnace
atomic absorption spectrophotometry (AAS) (PE model Z/3030, Zeeman
background corrected). Fe, Mn, Cu, and Zn are analyzed by flame
and Hg by cold vapor AAS (PE 603).

Preparation of Sediments for Analysis

Sediment cores are thawed at room temperature, the top 3 cm
is extruded from the core tube, the outer 3 mm of the core sample
is rejected, and the sample is placed in a polyethylene weigh boat
for drying (60°). The sample is ground to uniform texture in an
agate mortar after drying, and equal weight station composites are
prepared from 5-7 grams of sediment frcm each of the three grabs
at a station.

Elemental Analysis of Sediments

The digestion procedure is modified from methods originally
reported by Rantala and Loring (1975). The procedure includes HF,
HNO; and HCl digestion acids in the same digestion bombs described
for tissue samples. Aqua Regia (HCl + HNO;) is used to partially
oxidize organic matter and to maintain oxidizing conditions which
stabilizes such elements as Hg, Se and As.

Ag, As, Cd, Cu, Ni, Pb, Sn, and Tl are analyzed by graphite
furnace atomic AAS (PE Z/3030); Si, Al, Fe, Mn, and Zn are analyzed
by flame AAS (PE 603). Cr was analyzed by flame AAS in 1984 and
1985 and by graphite furnace AAS in 1986 and 1987. Hg is analyzed
by cold vapor AAS (PE 603) and Se is measured by hydride generation
AAS (PE 603 and PE MHS-10 hydride generator).

Quality Control and Assurance

To assure validity of analytical methods, a QC/QA program is
conducted that consists of five parts: 1) use of good laboratory
practices, 2) written documentation of methods used, 3)
participation in Ocean Assessment Division (OAD) sponsored
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interlaboratory comparison exercises and QC/QA Workshops, 4) use
cf Certified Reference Materials (CRM's), and 5) use of quality
control charts.

Analyses of certified reference materials provide estimates
of accuracy and precision for analysis of sediment and tissue
samples. Routine use of the following CRM's 1is our principal
method for day-to-day quality control: for sediment analyses NBS
1646, MESS-1 and BCSS-1 which are all estuarine sediments; for
tissue analyses NBS 1566 oyster tissue, NBS 1577 bovine liver and
DOLT-1 dog fish liver®.

Measured accuracy and precision varied among reference
materials and years. We report median values as a robust measure
of central tendency for the four years of analyses reported (Table
2). For most elements, accuracy is within 10% of certified values
and precision is less than 10% coefficient of variation. Values
substantially greater than 10% are usually associated with elements
near the method detection 1limit. Instrument sensitivity is
generally the 1limiting factor and more sensitive methods and
instrumentation would be necessary to lower detection limits. This
is the case for Sn, Se, and Tl analyses in sediments and Sn and Hg
analyses in tissue. Sample contamination in the laboratory may be
a factor for Cr and Ni analyses in biological materials because of
low concentrations found in tissue reference materials and fish
liver samples.

RESULTS AND DISCUSSION

Sediments

Sediment Models - The metal content of natural fine-grained,
aluminosilicate-rich sediments, typical of the type most useful for
contaminant monitoring, are well fit by a linear, two-component
mixing model using quartz sand and aluminosilicates as the mixing
end members. This model was developed and used in this project
since 1985 and reported by others (Windom et al., 1989). Benefits
of the model are its ability to account for that part of
variability in observed metal concentrations associated with
varying amounts of natural (i.e., baseline) sediment and to allow
adjustment of observed concentrations to a common basis for direct
intercomparison.

2 NBS 1646, NBS 1566 and NBS 1577 are available from National
Institute of Standards and Technolegy, Washington, DC.
MESS-1, BCSS-1 and DOLT-1 are available from National
Research Council of Canada, Ottawa, Ontario.
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To utilize this approach, a liner model is developed for each
element using liner regression to fit element versus aluminum
concentrations for an appropriate group of sediments known to
represent natural or baseline sediments. Aluminum is used as a
direct indicator of aluminosilicate mineral content and, therefore,
of the natural trace-element rich component of the sediment. At
the inception of the project, nine locations, about half the total
number, were selected to represent areas likely to have little or
no contaminant impact based on their remoteness from centers of
human population and industry (Table 1). Linear models for each
of 14 elements (Ag, As, Cd, Cr, Cu, Fe, Hg, Mn, Ni, Pb, Se, Sn, Ti,
" and Zn) were developed with data from these nine baseline locations
for the years 1984-87 (Table 3 and Figures 5-18). The validity of
these selected locations and of the subsequently derived models to
represent baseline conditions is discussed below.

The fitted models were used to numerically adjust observed
total concentrations (i.e., total=baseline + contaminant metal
concentrations) to those expected with a baseline aluminum
concentrations of 8.01% (equivalent to world average shale; Horn
and Adams, 1966), thus providing a common basis for comparing
sediment concentrations among locations and years. Adjustment is
graphically equivalent to translating each measured datum parallel
to the fitted line (i.e., slope) from the measured Al concentration
to 8.01%. The metal concentration determined by this procedure,
albeit done numerically in practice, 1is the adjusted metal
concentration. Analysis for spatial and temporal relationships
used only adjusted sediment data.

For most metals, linear models fit the baseline data well, as
judged by the coefficients of determination (Table 3). Adequacy
of the model and homogeneity of variance were further investigated
with plots of residuals against the independent variable Al using

a graphical approach (Neter et al., 1985). Also, the absolute
magnitude of the residuals were ranked against Al concentration and
subjected .to correlation analysis. For 10 of 14 elements,

significant (5% level) positive correlations were found. This
implies the need for further refinement of the models, possibly
using weighted least squares or data transformation approaches.
With the present models, unbiased, although not minimum variance
estimates, of regression coefficients are obtained which are
suitable for the adjustment procedure.

Baseline models vyield adjusted concentrations in general
agreement with world average shale, and for several metals where
agreement with the shale model is lacking (i.e., Cu, Pb, Ni, Cr,
and Fe) there is close agreement with other large data bases from
within the same region (Table 3). If sampling locations selected
to represent baseline were in fact significantly contaminated,
resulting models would tend to predict concentrations larger than
world average shale. Since this is generally not the case,

€}
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exceptions being Ag and Pb, the use of these models is supported
for data adjustment and prediction of contamination in sediments.

Baseline locations show only a few scattered data points above
the 95% upper confidence limit (UCL), with no consistent pattern
among the metals and locations (Figures 5-18, Table 4). Four
baseline locations Pamlico Sound (PAM), Barataria Bay (BAR), Round
Island (ROU) and Apalachicola Bay (APA) show more frequent_elevated
concentrations above the 95% UCL for specific metals?. This
probably reflects a low level of sediment contamination by Pb and
Cd at PAM, by Ag at BAR, and by several metals at ROU. Fe, Mn and
As are elevated at APA which is consistent with a regional pattern
observed at Pensacola Bay (PEN) and Mobile Bay (MOB) and likely
reflects natural regional enrichment of these metals.

For all elements and locaticns, 84% of station composites fall
below the 95% UCL, 94% at baseline locations and 74% at other
locations. This further supports the general conclusion derived
from 1984-85 data that elemental contamination, as judged from
sediment measurements, 1is generally low at the annual sampling
sites in the Southeastern region. Annual sampling sites were
selected by criteria (p. 3) designed to provide sediments
reflective of average, integrative contaminant accumulations. Data
from intensive surveys (i.e., multiple sites) at St. Johns River
(SJR, Fig. 2), Sapelo Sound (SAP, Fig. 3), and Galveston Bay (GAL,
Fig. 4) in 1987, discussed later, support both the above general
conclusion regarding contamination 1levels in the Southeastern
region and the apparent success in meeting site selection criteria.

Everi though elemental contamination is generally low in
sediments at annual sites ‘in the southeast, comparison of overall
four-year mean concentrations at baseline (i.e., rural) and non-
baseline (i.e., urban-industrial) locations indicates clear
differentiation based on these classes for most elements (Table 5).
Analysis of variance shows non-baseline sediments are significantly
greater (p < 0.05) than baseline sediments for all metals except
As, Mn, Se and Sn. Metal contamination is clearly evident in
sediments at urban-industrial sites based on four-year mean data.
It is also evident that many non-baseline sites have metal
concentrations at baseline levels. These results suggest that Ag
and Cd followed by Pb, Hg, Cu and Zn are the more useful indicators
of sediment contamination.

Four-Year Temporal Trends - Analysis of variance (ANOVA) was
used to test for differences among annual mean concentrations at
each location for each element using adjusted concentrations.

> The positions, names and designation codes for the sampling
locations are shown in Figure 1 and Table 1.
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Temporal trends were detected using ANOVA with orthogonal

polynomials and p < 0.05. Forty significant differences were
detected (p < 0.05) from a possible 238 metal-by-location
combinations (Table 6). Twenty-two occurred where all of the

individual data points (i.e., station composite samples) were below
the 95% UCL and thus represent "baseline" concentrations. These
differences are of little environmental importance. Analysis for
temporal trends was restricted to the remaining 18 significant
differences where one or more station composites had concentrations
above the 95% UCL. Formal analysis of monotonic temporal trends
were restricted for reasons of statistical interpretation to
locations where four years of data are available. Locations with
three years of data and an indication of a developing monotonic
trend are noted. At the five locations with 4 years of data (CHS,
GAL, MRD, SAP, and SJR) none of the significant among-year
differences show significant (p < 0.05) monotonic temporal trends.
At three locations with three years of data, positive, monotonic
temporal trends are evident and bear watching as additional data
becomes available: Cd at CCB, Cu and MOB, Cr at PEN and Ni and PEN.

1987 Intensive Survey - The intensive surveys at SJR, SAP and
GAL in 1987 provide data for five sites at each location, the
annual site sampled in 1984-86 plus four additional sites (Fig. 2-
4). Multiple sites were selected to characterize the range of
contaminant levels in sediments at each location, to look for
systematic variation in contaminant 1levels, to determine how
representative the annual site is at each location, and to
investigate short-term variability at a baseline location (SAP)
spanning the seasonal period (August-October) during which sampling
operations are conducted each year. Sites were thus selected in
areas known or suspected of having elevated contaminant levels as
well as those expected to be relatively uncontaminated. SJR and
GAL were selected for intensive study based on 1984-86 data as
examples of impacted locations, SJR with a relative large number
of station composites indicating contamination, and GAL with a
small number. SAP is a baseline location with among the fewest
elevated station composites.

The three locations also exhibit different hydrologic and
geographic characteristics: SAP (Fig. 3) is a coastal system with
a maze of barrier islands and low lying marsh separating a complex
of coastal stream drainage from the Atlantic Ocean; SJR (Fig. 2)
is a linear, river-dominated estuarine system with major urban-
industrial development and dredged channel in its middle to lower
reaches; GAL (Fig. 4) 1is a broad, shallow, nearly enclosed
embayment with episodic river inputs and substantial wurban-
industrial development at both upstream (Houston Ship -Channel) and
bay marglnal (Texas City) areas.

Differences among sites for each location and element were
explored by analysis of variance. Also, the annual site at each
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location was compared pairwise with each of the other four sites
using Dunnett's T test to characterize those sites that were
significantly different from the annual site. Ten significant
differences (p < 0.05) were detected (Table 7). Eight of these
were at GAL and only one each at SJR and SAP. The results at GAL
and SAP are not unexpected. Higher spatial variability among sites
at impacted locations than at baseline locations could result from
heterogeneous contaminant inputs superimposed on the natural
heterogeneity of sediments, especially in estuarine sedimentary
environments.

SJR 1is the 1location with the highest concentrations of
important contaminant elements (i.e., Ag, Cd, Cu, Hg, Pb, Sn, and
Zn) and is among those with the highest frequency of station
composites above the 95% UCL. A larger number of significant
differernices among sites might be expected at SJR, but this is not
so. The obvious reason is the greater magnitude of within-site
variability compared to the other two locations (Table 8)..

Dunnett's T test (Table 7) shows GAL site C (Morgans Point
near the confluence of the upper, channelized section of the
Houston Ship Channel and Galveston Bay, Fig. 4) to have
concentrations of Ag, Cd, Cu, Pb, and Zn significantly above levels
at the annual site D (Eagle Point/Dickinson Bay in Galveston Bay
proper). GAL site B (adjacent to Texas City) has significantly
elevated Ag, Se, and Sn concentrations. Results of GAL sites B and
C reflect their proximity to industrial activities and population
centers. The other two sites A (East Bay) and E (Trinity Bay) are
in more remote areas of Galveston Bay and have elemental
concentrations similar to the annual site D.

Differences in metal concentrations among SJR sites (Fig. 2)
are not significant but do follow a pattern consistent with our
knowledge of contaminant inputs and population centers. Site D
(West Mill cCove), the annual site, is generally intermediate
between the two sites C (Cedar-Ortega Rivers) and B (Trout River)
and the two sites E (Piney Point) and A (Orange Pt.-Orange Park)
for the important contaminant elements Ag, Cd, Cu, Hg, Pb, Sn, and
Zn. Sites C and B are located on tributaries of the St. Johns
River which flow through industrial and population areas of the
city of Jacksonville. Sites E and A are located on the St. Johns
River upstream of and therefore more remote from Jacksonville.

The distributions of mean elemental concentrations, as
indicated by measures of variance, are generally more uniform at

SAP (Fig. 3) compared to GAL and SJR (Table 8). Within-site
variability at SAP is much less than at GAL or SJR for most
elements. Annual-site means (Table 9), overall location means

" (Table 8), and expected adjusted values computed from baseline
models (Table 3) agree closely at SAP for all elements except Mn
and Hg. The significant difference for Cd between annual site A
(Sapelo Sound-High Pt.) and intensive site C (Sapelo Sound-Inlet),



11

appears real, as the error levels are homogeneous among the five
sites. Sites B (Sapelo River-Dog Hammock), A and C are located in
a seaward progression along the longitudinal axis of Sapelo
estuary. Ccd concentrations in sediments increase along this
progression in parallel with increasing average salinity. Sites
D (Barbour Island River) and E (South Newport River) both located
on tributaries of Sapelo Sound, have Cd concentrations most like
the lower salinity sites B and A. Reasons for this trend are not
apparent.

Comparison of annual-site means (Table 9) and location means
(Table 8) suggests annual sites are representative of overall
locations for most elements, in so far as intensive survey samples
are representative of location sediments. Assurance of truly
representative samples requires a more extensive sampling program
using random, probability based and, possibly, stratified designs.
The = annual site at SJR appears to underestimate location
concentrations for Cr and Se. The comparatively large mean and
variance for Mn at the SAP annual site and the apparent lack of
representativeness of the annual site for this element is noted.

Analysis of variance was used to investigate short-term
variability at SAP to determine if metal concentrations in baseline
sediments changed significantly over the three month seasonal
sampling period used each year. Analysis of data for collections
of the annual site A (Sapelo Sound-High Pt., Fig. 3) in July,
August and October indicated no significant differences (p £ 0.05)
in concentration for all metals except Mn. The apparent lack of
representativeness of this site for Mn at SAP compared to the other
four sites was noted above. Sample collection can proceed anytime
within this period without concern for significant effects on
variability of baseline levels.

The distributions of elemental concentrations and their
variability in sediments within locations can be described by one
of four qualitative models based on relative characteristics of
site means and within-site variance (Table 10). Model 1 (i.e.,
uniform baseline levels) and model 4 (i.e., patchy concentrations)
represent boundary conditions into which fit most of the 1987
intensive survey data. Large, well defined "hot spots" (model 2)
and/or wide spread contamination throughout locations (model 3) are
not characteristic of conditions between North Carolina and Texas.
Patterns of contaminant metal distributions and their
correspondence to the models are illustrated by Ag, Cd, Cu, and Zn
data (Table 11). Uniform site means at baseline levels and low,
uniform variances characteristic of model 1 are observed at SAP and
are typical of unimpacted locations. Data for Ag, Cu and Zn at SAP
fit model 1 while Cd shows a tendency toward model 2. Random
contamination in an otherwise natural location or variation
inherent in surveys with limited sample size may be the cause.
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Variable site means and high, variable variances
characteristic of model 4 are observed at SJR. This pattern is
typical of locations having widespread contamination but with both
unimpacted sites and small areas of elevated concentrations (i.e.,
"hot spots"). Ag, Cd, Cu, and Zn data at SJR show model 4
characteristics. Site A (Orange Pt.-Orange Park) is at or near
baseline levels while site C (Cedar-Ortega Rivers) has elevated
concentrations for all four metals. Sites B (Trout River), D (West
Mill Cove, the annual site) and E (Piney Pt.) have site means
elevated above baseline and variances less than site C but greater
than site A.

GAL has characteristics intermediate to SAP and SJR. Cu, Ag,
and Zn data fit mecdel 4, but the overall levels of contamination,
intensity of diffuse "hot spots", and levels of variance are less
than at SJR. Cd data fit between models 1 and 2 and indicate an
area of contamination at site C (Morgans Pt.).

Sampling Design - Results of intensive surveys at GAL, SJR,
and SAP imply direction in future sampling design. Location and
annual-site means show agreement for almost all metal-site
combinations (Tables 8 and 9) even at SJR where high levels of
within-site and among-site variance make it the least 1likely
location of the three to show such agreement. Based on existing
data, no other 1locations in the Southeast region should have
variance levels higher than SJR. Thus, current annual sites
selected by existing criteria (p. 3) appear to provide estimates
of metal levels in sediments that are comparable to multiple site
samplings and are representative of the whole 1location to the
extent that the criteria provide selection of representative sites.

The existing annual sampling design (i.e., cne site per
location selected with criteria that are arbitrary from a
statistical viewpoint) does not significantly bias estimates of
mean metal concentration in sediments at the sites sampled
intensively in 1987; whether a single annual-site mean is truly
representative of each location is not addressed by the present
sampling design. An appropriate design would be based on random
sampling of a uniform grid designed for each location based on
current estimates of variability and incorporating concepts of
probability sampling and stratification (Cochran, 1963 and Hansen
et al., 1953). Estimates of the areal distribution of contaminant
levels at a resolution commensurate with the proportion of sampling
units sampled would result along with the assurance of
statistically valid and representative estimates of location means.
This would benefit not only sampling design and optimization but
also assessment of location wide contamination which is needed for
effective environmental management.

" With multiple locations and a national project scope to
maintain, the effort at individual 1locations must be limited.
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Based on available data, sampling effort can be redistributed from
the current design of equal effort per location to one of more
effort at locations with elevated contaminant levels and variance
(i.e., contaminated or impacted locations). At the least, the
present criteria for site selection (p. 3) could be retained and
sampling frequency altered based on conditions at each location
(e.g., baseline locations sampled less frequently than impacted

locations). Alternately, more extensive surveys could be
considered using random sampling design, with the exact design
tailored to the location. Design changes need not produce

incompatible data or interfere with temporal trend analysis.

Liver Tissues

Spatial Variability (1987 Intensive Survey) - Atlantic croaker
were collected during the 1987 intensive surveys at SJR, SAP and
GAL (Fig. 2-4) to test the assumption that annual survey sites
adequately represent the location for temporal trends analysis and
comparisons to other locations. Information was sought on the
levels of within-location variability of element concentrations in
livers for both natural (i.e., baseline) and impacted locations.
Additional sampling sites for fish collection (four at SAP, four
at SJR and five at GAL) were spaced throughout the larger locations
both nearer and further from possible contaminant sources, as
discussed in the sediment section.

In general, ten or twenty fish were sampled at each site
within a location at the same sites where sediments were collected.
In a few instances, trawlable fish habitat providing sufficient
numbers of fish did not coincide with sediment sites meeting the
selection criteria. At GAL, fish were sampled over a wider range
of sizes than usual to assess the influence of size and age on
trace element concentrations, a phenomenon we observed previously
at another location.

The degree of variability in trace element concentrations
among sites within each location can be shown in several ways.
Table 12 ranks the different elements according to the ratio of
mean concentration at the site with highest mean to that with
lowest mean. Large ratios indicate a large range in mean
concentrations among sites for that element, hence spatial
heterogeneity within the location. Chromium was excluded from this
and other analyses because it was generally 1less than our
analytical detection limit in livers. Mercury analyses were still
underway and are not reported.

Two patterns stand out. First, the elements Pb, Cd, Ag, and
Sn generally have higher ratios. These elements are not essential
.to most organisms and also are considered important pollutants.
They are more heterogeneously distributed within each location than



14

are the essential elements Zn, Se, Fe, Mn, and Cu. It is not known
whether As and Ni are essential. This pattern may reflect the
greater spatial heterogeneity of environmental expcsure of fish to
pollutant, non-essential elements or the ability of fish to
homeostatically regulate their internal concentrations of essential
elements within relatively narrow bounds. The second pattern is
the generally lower ratios observed at the rural location SAP
compared to the urban locations SJR and GAL. This is especially
evident for the non-essential elements Pb, Cd, Ag, and Sn. Again,
spatial heterogeneity is 1likely to be greater where localized
inputs of contaminants result in spatial heterogeneity of exposure
of fish to elements they cannot regulate internally.

Among the urban locations, GAL shows generally larger ratios
than SJR. For example, both patterns can be seen in Zn and Pb data
for each site at SAP, SJR, and GAL locations. For the essential
element 2n, little variability in mean concentration among sites
is seen within each location (Figures 19, 20, and 21). The
exceptions are found at sites C and D in GAL (Fig. 4) which show
higher mean concentrations (Figure 21). This is the influence of
larger sized fish at these sites which elevates the mean

concentrations. The nconessential element Pb has a more complex
pattern. At SAP, mean Pb concentrations are always low and
relatively uniformally distributed (Figure 22). This rural

location probably lacks localized Pb socurces and represents Pb
concentrations in fish at concentrations near the baseline we might
expect in southeastern Atlantic croaker. At SJR site C (Cedar-
Ortega Rivers, Fig. 2) which is located on a tributary to the St.
Johns River, Pb concentrations are higher than in the main channel
of the St. Johns River (Figure 23). The remaining four sites have
similar Pb concentrations that are somewhat elevated above the
presumed baseline observed at Sapelo Sound, suggesting detectable
system-wide Pb contamination. In GAL (Fig. 4), three of six sites
show significantly elevated mean Pb concentrations in livers

(Figure 24). The elevated sites are located near the industrial
complex at Texas City (site B) and at the mouth of and within the
confines of the Houston Ship Channel (sites C and F). Multiple

local sources of Pb exist in Galveston Bay. However, the annual
site D at Eagle Point is relatively low in Pb. It is only slightly
elevated in Pb concentration in livers compared to the more rural
sites A (East Bay) and E (Trinity Bay). The annual site appears
to be a representative, integrative site for Pb in Galveston Bay,
at least in so far as its mean Pb concentration is intermediate
among the concentrations found at both rural and urban-industrial
sites.

A pattern of interaction between certain essential and non-
essential elements was observed at GAL and SJR which suggests that
particularly low concentrations of essential elements in livers at
polluted sites may be evidence for physiological deficiency. The
deficiency in essential elements 1s paralleled by reduced
concentrations of some non-essential elements. For example, mean
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Ag concentrations at GAL site F (Houston Ship Channel) and SJR site
C (Cedar-Oretaga Rivers), among others, are significantly 1lower
than their respective location means and the SAP location mean.
SAP appears to be a good indicator of expected baseline levels.
Cu and Zn concentrations also are reduced below expected baseline
at GAL site F and SJR site C, indicating deficiency. Fe is well
below baseline at GAL site F and equal to baseline at SJR site C.
However, these two sites have among the highest Sn and Pb
concentrations in 1livers; sediment data also supports their
classification as contaminated sites. This pattern of
interrelation may be associated with organic contamination and its
effect on liver function. Organic data for the intensive survey
is not yet available.

A more formal analysis of spatial heterogeneity (ANOVA) was
conducted at GAL (Fig. 4), SJR (Fig. 2) and SAP (Fig. 3) to address
the representativeness of the annual site for the whole location.
ANOVA detected significant (p € 0.05) within~location (i.e., among-
site) differences for a large number of elements with GAL showing
the most spatial heterogeneity of the three locations (Table 13).
Two properties, at least, should characterize an annual site if it
is to be representative of a location and therefore useful in
distinguishing that location from others and in detecting temporal
trends. First, the mean concentration at an annual site should be
near the overall mean for all sites at the location. Second, the
variability about the mean at the annual site should be less than
the variability about the overall mean at the location. This is
desirable in order to have minimum variance estimates for detection
of significant statistical time-trends and differences among
locations. Ratios of the mean element concentrations in fish
livers at the annual site to the mean for all sites is an indicator
of representativeness of the annual site to the overall location.
The ratio of the standard deviations of these concentrations are
a measure of the relative variability at the annual site compared
to the overall location (Table 14).

At Sapelo Sound, ¢Cd 1is the only element with mean
concentration at the annual site significantly (p £ 0.05) different
from the location as a whole. It is interesting to ncte that at
SAP, Cd in sediment and liver show the same pattern of increasing
concentration in a seaward direction along the estuary and that for
most of the remaining elements the annual site and overall location
means agree for both sediments and tissue. At St. Johns River mean
concentrations of Ag, Mn and Pb at the annual site are
significantly different from those for the location as a whole.
At Galveston Bay the annual site differs from the location as a
whole for most elements. This pattern among locations is
consistent with earlier patterns. Sapelo Sound is relatively
homogeneous in its trace metal concentrations in fish livers and
sediments; the annual site is representative of the location as a
whole. St. Johns River is more heterogeneous, and it is more
difficult for the annual site to be representative of the whole
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location. This is certainly the case for Galveston Bay. Neither
the annual site nor any other sampled site can adequately represent
this location. Trace element distributions are too complex.

A similar pattern exists for ratios of standard deviations
(Table 14). At Sapelo Sound, the variability at the annual site
does not differ from the location as a whole, except for Sn. At
St. Johns River, Pb and Sn are significantly less variable at the
annual site than in the location as a whole. Local sources of Sn
and Pb to fish at other sites elevate location-wide variability.
At Galveston Bay, localized sources of many trace elements elevate
location variability in comparison to that at the annual site.
However, for Ag, Cu and Zn the opposite is true. The annual site
D has greater variability than the location as a whole. This is
the result of the greater range in fish size collected at this site
and also sites C and F in Galveston Bay and the positive influence
of size on the concentration of these three elements in fish
livers; see, for example, Figure 25 for the relation between size
and Zn concentration. This influence also elevates the annual site
mean for these three elements above that for Galveston Bay as a
whole.

In general, the chosen annual survey sites at SAP, SJR and
GAL are good, integrative representatives of the locations as a
whole. They succeed least well in this role at Galveston Bay where
spatial heterogeneity in element concentrations in 1liver is
greatest due to local contamination inputs. More than one annual
survey site may be useful at GAL. The pollutant, non-essential
elements Ag, Cd, Pb and Sn show greatest heterogeneity in mean
concentrations and are better indicator elements for contamination
in fish livers.

Short-term Variability - Annual survey sampling is conducted
during August through October to control variability derived from
seasonal effects. However, it is possible neither to always sample
each site at the same time nor to be assurred that fish have the
same growth histories from year to year. As a result, fish of
different age, size, sexual maturity or contaminant exposure
history may be caught in different years. Observed differences in
element concentrations in livers may not reflect only changes in
environmental contamination.

Fish were collected at SAP three times between July and
October (Fig. 3) during the 1987 intensive survey to investigate
short-term variability. Anthropogenic sources of trace elements
were expected to be minor at SAP, and therefore observed
differences in element concentrations in livers were expected to
reflect natural processes of fish growth, maturation, feeding, and
movement within the location.

Atlantic croaker were sampled at site B (Dog Hammock) during
July and August and at the annual site C (Sapelo Sound Inlet), a
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few miles downstream, during August and October (Fig. 3). Mean
fish length was similar each time at each site but differed between
sites: 151 mm (site B, July), 153 mm (site B, August), 170 mm (site
C, August) and 171 mm (site C, October). Therefore, size effects
which influence element concentrations in Atlantic croaker livers
should not be important in the temporal comparisons at each site.

Analyses of variance indicated few statistically significant
(p £ 0.05) temporal differences at either site. The most striking
differences in mean concentrations are for Sn at site B which
dropped sharply from July to August and for Cu, Mn, and Zn at site
C which dropped between August and October (Table 15). Elevated
Sn at site B suggests exposure to Sn contamination, perhaps from
boat paints, but local sources of contamination in the Sapelo Sound:
location are rare. Decline in concentrations of essential elements
Cu, Mn, and Zn at site C probably is a natural phenomenon, although
certainly not a consequence of differences in fish size. This
points to the need for a better understanding of natural processes
that influence trace element levels in fish.

Four-year Temporal Trends - Four years of data at five
locations CHS, GAL, MRD, SAP, and SJR and three years data at other

locations allows an initial attempt at detecting temporal trends
in element concentrations in southeastern fish. The analysis is
complicated by a shift in the species from spot to Atlantic croaker
after 1984 at ROU, SAP, and SJR. Spot were collected consistently
at LOT. Atlantic croaker were consistently sampled at all other
locations (Table 1).

Analysis of variance with orthogonal contrasts was used to
test for differences among years and for linear temporal trends
(Table 16). Among the 11 elements Ag, As, Cd, Cu, Fe, Mn, Ni, Pb,
Se, Sn, and Zn and the 16 locations APA, BAR, CCB, CHS, GAL, HER,
LIM, LOT, MRD, MOB, PAM, PEN, ROU, SAB, SAP, and SJR for which
adequate data exist, there are 176 possible element-location
pairings. Seventy-nine significant year-to-year differences (p £
0.05) were found or 44% of those possible. Among the significant
differences, 9 have significant linear increasing temporal trends
(4 at urban locations, 5 at rural locations) and 13 have linearly
decreasing trends (5 at urban locations and 8 at rural locations).
The four year patterns of Cd and Fe concentrations at MRD are good
examples (Figures 26 and 27). Cd shows a pattern of significantly
declining concentrations while Fe shows a pattern of significant
year to year differences without trend.

Approximately equal frequencies of increasing and decreasing
linear trends are observed for the essential elements Cu, Fe, Mn,
Se, and Zn which are homecstatically regulated by fish. These
trends are probably chance occurrences and do not reflect changes
in environmental contamination. The non-essential elements Ag, Cd4,
sn, and especially Pb show declines more often than increases.
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These observations are consistent with the widely observed decline
in Pb inputs to coastal environments over the past 20 vyears.
However, we observe declining trends in Pb concentrations more
often at rural 1locations than at urban ones. This might be
unexpected given the generally higher Pb concentrations and more
direct inputs at urban compared to rural locations. However, the
response at rural locations to the continuous decline since 1972
in Pb consumption in gasoline (Bureau of Mines, 1990) may be more
readily detectable for these same reasons.

Two things are needed before a clear picture of contaminant
trends can emerge. First, more years of data collection are needed
to increase statistical power. Second, a better understanding is
needed of the processes and bioclogical influences that determine
trace element concentrations in fish., Gradually this information
is accumulating through studies of species differences and the
effect of age, size, maturity, gender, reproductive condition, body
condition, and feeding habits. These are probably dominant
contributors toc the high frequency of significant year to year
differences 1n trace element concentrations we observe at most
sites.

There is no clear baseline level of trace elements for fish
livers 1in the Southeastern region against which to Jjudge
contaminant levels. This is in contrast to the developing baseline
for sedir=nts. The only previous measurements of elements in
livers of spot and Atlantic croaker are from our laboratory for the
essential elements Cu, Fe, Mn, and Zn (Cross et al., 1973) and they
are similar to the levels we found. A broader perspective can be
had by <comparing the following measurements o©of element
concentrations in fish livers: the range in location means for
southeastern Atlantic croaker over all four years; the range in
location means for all species for the first year of the Benthic
Surveillance Project on all coasts; and the range of concentrations
reported in the literature for many species (Table 17). For the
essential elements Cu, Fe, Mn, Se, and Zn, the observed range in
southeastern Atlantic croaker 1is 1in the middle of the two
comparison ranges, as might be expected for homeostatically
regulated elements. For non-essential elements, the southeastern
range tends to be in the lower ends of the other ranges, suggesting
largely uncontaminated sites in the Southeast region.

Four-year mean concentrations of elements in Atlantic croaker
livers, when classified into rural and urban-industrial sites, do
not show a clear differentiation, although overall four-year means
at urban-industrial sites tend to-'be higher than at rural sites for
some elements (Table 18). Differences in overall four-year mean
concentrations rarely exceed 30% except for the pollutant elements
Pb and Sn. This emphasizes the relatively low levels of trace
element contamination in the Southeast region, although there exist
sites within some locations where significant contamination occurs,
Analysis of variance indicates few significant differences in liver
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concentrations between rural and urban-industrial fish. Only Pb,
Se, Sn and Mn are significant (p £ 0.05). These results point to
the complex and poorly understood relationship among many probable
factors contributing to observed trace element concentrations in
fish 1livers. We have noted fish size (i.e., age) and the
physiological interaction of essential and non-essential elements
and organic contaminants as important factors apparent in our data.

SUMMARY

Four years (1984-87) of trace element data for fish 1liver
tissue and bottom sediments have been completed for the southeast
Atlantic and Gulf of Mexico coasts. Samples were collected for
annual surveys during August through October each year at one site
per location. In 1987 (Cycle 4), intensive surveys were conducted
with multiple sites at Sapelo Sound (SAP), St. Johns River (SJR),
and Galveston Bay (GAL) to investigate smaller scale spatial
variability and short-term temporal variability of elemental
concentration in livers and sediments. The data base resulting
from annual and intensive surveys was used to address the principal
questions asked by the program: What are the present levels of
elemental contaminants at important coastal-estuarine locations and
are these levels increasing or decreasing with time? Proper
interpretation of the data requires ancillary information, such as
effects of fish species and size on liver burdens as well as
extensive data manipulation, such as correction of sediment data
for variable 1levels of naturally occurring (i.e., non-
anthropogenic) elements. After four years of annual and intensive
surveys, some, but not all, information required to address these
program objectives is available.

At the rural Sapelo Sound location, spatial and short-term
temporal variability of trace elements in both sediments and fish
livers are minor. The annual site well represents the location.
The intensive surveys at SAP provides a relatively large sample
size from a single, homogeneous location that represents natural
conditions and can therefore serve as an interim baseline. At the
urban-industrial St. Johns River (SJR) and Galveston Bay (GAL)
locations, spatial heterogeneity of trace elements are greater in
both sediments and liver than at rural Sapelo Sound. Nevertheless,
the annual site is a good representative of the location at SJR for
trace elements in livers, but less so at GAL; SJR and GAL show an
opposite pattern for sediments. Multiple localized contaminant
sources (i.e., diffuse "hot spots") create heterogeneity in
sediments and livers.

Annual survey sites were selected with criteria designed to
provide both sediment and fish samples that represent average
conditions at the various locations., Results from intensive
surveys indicate this condition was generally met. Annual survey

o
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data show that trace element concentrations in the Southeast region
are generally low and near baseline for sediments and fish livers.
Even annual sites at urban~industrial locations have relatively low
concentrations, only slightly elevated above baseline estimates.
Intensive sampling at two such locations, SJR and GAL, has
identified sites with much higher levels of some pollutant trace
elements in both sediments and fish which indicate the presence of
small or diffuse "hot spots" within the larger 1location when
overall levels are low or slightly elevated.

In addition to providing data directly addressing project
objectives, the four-year data base has produced new information
useful to this and other survey projects. The concept of modeling
sediments over a restricted regional area for determining baseline
levels has been shown valid over an extended regional area, i.e.,
southeastern Atlantic and Gulf of Mexico coasts. Elemental levels
in Atlantic croaker livers have been shown to be a function of fish
size principally with data (not reported here) from fish collected
especially for this purpose in North Carolina. Project data
confirm this effect which 1is important for comparison of
contaminant levels in different sized fish. Intensive survey data
suggests a pattern of interaction between certain essential and
non-essential elements at polluted sites. Low levels of some
essential elements and very low levels of some non-essential
elements are observed at sites which are expected to have high
organic contamination.

During 1984-87, significant (p < 0.05) year to year
variability was detected at annual sites for many elements and
locations. However, detection of significant linear trends, either
positive or negative, was much less common. This is to be expected
at locations in a region where contaminant levels are generally low
and often near baseline, and in consideration of national efforts
to control and reduce pollution in coastal waters. As the data
base increases annually so will both our understanding of non-
pollutant sources of observed variability in trace element levels
and our ability to detect and explain real, even if subtle, trends.

Sampling frequency and spatial coverage might be modified to
better resolve variable contaminant conditions at the several
locations sampled. Rural, unimpacted locations could be sampled
less frequently. Urban-industrial locations could be sampled more
frequently with supplemental sites to account for their spatial
heterogeneity. Alternately, statistically more rigorous surveys
could be designed which build upon the concentration and variance
data developed to date. The concepts of random, probability and
stratified sampling could be incorporated without interfering with
ongoing spatial and temporal trend analysis.
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Table 1. Locations sampled in the Southeast Region: Cycles I-IV.

CYCLE-YEAR

LOCATION I-84 I1-85 IIT-86 1IV-87 Notes
1. PAM Pamlico Sound, NC A,C A,C A,C D 1
2. CHS Charleston Harbor, SC A,C A,C A, C A, C
3.  SAP Sapelo Sound, GA a,s a,cC aA,C I,C 1
4. SJR St. Johns River, FL A,S A,C A,C 1,cC
5. BIS Biscayne Bay, FL N N P D
6. LOT Charlotte Harbor, FL A,S A,S A,Z D 1
7. TAM Tampa Bay, FL A,z A,Z D D
8. APA Apalachicola Bay, FL A,C A,C A,C D 1
9. PEN Pensacola Bay, FL N A,C A,C A,C
10. MOB Mobile Bay, AL A,C A,C A,C D
11. ROU Round Island, MS a,s A,C D A 1,2
12. PAS Pascagoula River, MS N N N A,C 2
13. HER Heron Bay, MS A,C A,C A,C D 1,3
14. MRD Miss. River Delta, LA A,C A,C A,C A,C
15. BAR Barataria Bay, 1A A,C A,C D A,C 1
16. GAL Galveston Bay, TX A,C aA,C A,C I,C
17. SAB San Antonio Bay, TX A,C A,C A,C D 1
18. CCB Corpus Christi Bay, TX A,C A,C A,C D
19. LLM Lower Laguna Madre, TX A,C A,C A,C D 1

A  Annual survey, sediment and fish data for one annual site

I Intensive survey, sediment and fish data for one annual plus
additional sites

C Atlantic croaker data

S Spot data

N Not sampled (not an established location)

P Sampled for pathobiology only

Z No Atlantic croaker or spot available for collection

D Sampling deferred

NOTES:

1. Baseline location

2. In IV-87 ROU was phased out and PAS phased in. In IV-87 fish were

collected at PAS and sediments at both ROU and PAS.
Sediments were not collected in I-84 because of weather.

W
.



Table 2. Accuracy and precision in the analysis of certified reference
materials (CRM) during 1984-87. Accuracy reported as median
percentage absolute deviation from certified values. Precision
reported as median coefficient of variation.

TISSUE CRM's SEDIMENT CRM's

Element Accuracy Precision Accuracy Precision

(Median % deviation) (Median C€V) (Median % deviation) (Median CV)
Ag 3 3 no CRM 14
As 6 5 4 8
ca 3 3 6 7
Cr 25 14 5 10
Cu 3 2 7 7
Fe 4 3 3 3
Hg 11 le 11 10
Mn 4 4 11 5
Ni 14 12 lo 9
Pb 6 8 3 7
Se 9 10 4 25
Sn no CRM 32 2 15
Tl no CRM <DL no CRM 14
Zn 2 3 3 4
Al NA NA 1 3
Si NA NA 2 3

NA, not analyzed
DL, detection limit
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Table 4. Mean and upper confidence limits for adjusted baseline
sediment data. Units: ppm(dry) except percent(dry) for

Fe.
Overall Upper Confidence Limit
Element Mean 95% 99% 99.9%
Ag .078 .126 .146 .170
As 13.3 18.1 20.2 22.5
cd .173 .310 .368 .434
Cr 72 97 108 120
Cu 15.3 18.7 20.2 21.9
Fe 3.90 4.62 4.93 5.28
Hg .091 .181 .220 .263
Mn 662 929 1042 1172
Ni 23.1 28.7 31.1 33.8
Pb 26.8 32.4 34.7 37.5
Se .49 .76 .87 1.00
Sn 3.04 4.54 5.17 5.91
T1 .62 .92 1.05 1.21

Zn 20 117 128 140
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Table 11.

location
GAL

SJR

SAP

GAL

SJR

SAP

copper
Site Mean Std. dev. Std. error
A 15 1.2 .7
B 21 1.4 .8
C 23 %% 3.5 2.0
D(annual) 19 1.2 .7
E 17 .5 .3
overall 19 3.1 .8
A 16 .7 .4
B 31 17 10
C 54 29 17
D(annual) 26 14 8
E 23 16 9
overall 30 19 5
A(annual) 16 .7 .4
B 15 1.0 .6
(o4 15 .7 .4
D 15 .3 .2
E 15 .9 .5
overall 15 .8 .2
Cadmium
A .12 .02 .01
B .12 .02 .01
C .28%* .12 .07
D(annual) .13 .02 .01
E .19 .02 .01
overall .17 .08 .02
A .20 .02 .01
B .39 .21 .12
C 1.03 .68 .39
D(annual) .44 .26 .15
E .38 .28 .16
overall .49 .43 .11
A(annual) .16 .05 .03
B .14 .02 .01
C 24 %% .03 .02
D .14 .02 .0l
E .15 .02 .01
overall .16 .04 .01

Cu, C€d, Ag and 2n adjusted sediment data for 1987 intensive
surveys at Galveston Bay, St. Johns River and Sapelo Sound.
*% gignificantly different (p< 0.05) from annual site.

Station _data

l6
22
23
19
17

16
50
82
25
14

17
15

15
14

.13
.12
.39
.12
.20

.21
.63
1.61
.60
.22

.11
.15
.20
.14
.17

14
21
26
17
18

15
26
23
41
41

.13
.13

.29

.12
.21

.21
.33
.29
.59
.70

.14
.12
.24
.16
.15

15
19
20
20
17

15

57
13
14

16
14
14
14
15

.11
.11
.16
.15
.17

.19
.22
1.20
.13
.22

.22
.13
.27
.12
.13



Table 11 Cont.

Silver

Location Site Mean std. dev. st. error
GAL A .13 .0leé .009

B J23%% . 003 .002

C 2]k .061 .035

D(annual) .13 .024 .014

E .14 .003 .002

overall .16 .054 .014
SJR A .09 .01 .01

B .25 .15 .09

(o .64 .43 .25

D(annual) .25 .23 .13

E .27 .29 .17

overall .30 .29 .08
SAP A(annual) .056 .021 .012

B .062 .012 . 007

C .071 .003 .002

D .061 .003 .002

E .064 .003 .002

overall .063 .012 .003
GAL A 93 5 3

B 109 3 2

C llg** 12 7

D(annual) 97 5 3

E 97 3 2

overall 102 12 3
SJR A 86 7 4

B 148 33 19

C 246 140 81

D(annual) 146 66 38

E 124 71 41

overall 150 85 22
SAP A(annual) 92 7 4

B 94 9 5

C 93 3 2

D 86 2 1

E 92 2 1

overall 9l 4 1

.12
.23
.27
.11
.14

.10
.42
.93
.21
.11

.043
.071
.073
.064
.067

96
111
131

94

99

95
175
400
134

86

84
95
91
87
91

.14
.24
.18
.11
.14

.09
.20
.16
.49
.61

. 046
.066
.067
.058
.061

88
104
112

24
100

83
158
123
217
206

93
101

85
95

Station data

.11
.23
.16
.16
.14

.08
.13
.84
.05
.09

.080
.047
.073
. 060
.062

26
111
107
102

93

81
110
214

86

79

100

91
85
an



Table 12. Ratios of mean trace element concentrations in livers at the
site of highest concentration to that of lowest concentration
for three locations: Sapelo Sound (SAP), St. Johns River (SJR)

Element
Zn
As
Se
Fe
Mn
Cu
Pb*
Ni
cd*
Ag*

Sn*

and Galveston Bay (GAL). Locations were analyzed separately.
Location
SAP SJR GAL

Ratio Element Ratio Element Ratio
1.1 Zn 1.1 Se 1.5
1.1 cax 1.4 Zn 2.2
1.5 Fe 1.5 As 2.6
1.5 Mn 1.6 Mn 3.0
1.6 Se 1.8 Fe 3.5
1.8 As 1.9 Pb* 4.6
l.9 Cu 2.1 Ni 5.2
2.2 Pbx* 2.8 Cax* 6.4
2.6 Ag=* 5.0 Sn* 8.1
3.5 Sn* 7.0 Cu 8.6
4.7 Ni 8.9 Ag* 29.6

* Non=-essential "pollutant" elements



Table 13. Test results of analysis of variance for trace elements in
livers showing significant (p € 0.05) among-site differences
within three locations; Sapelo Sound (SAP), St. Johns River

(SJR) and Galveston Bay (GAL).

Location
SAP SJdR GAL

Elements showing Ag Fe Ag Ni As Cu Zn
significant cd Mn Pb cd Fe Ni
differences Sn Se Sn Pb Mn Se
among sites Sn

Elements not Pb Cu As Se cu Ag

showing signifi- As Ni cd Zn Fe

cant differences Zn Mn

among sites
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Table 15. Mean trace element concentrations at two sites in Sapelo
Sound sampled during July through October 1987.

Element Mean Concentration (pg/g)
Site A Site D
July August August October

Ag 0.12 0.19 0.18 0.18
As 7.59 7.92 6.82 . 7.43
cd 0.12 * 0.16 0.17 0.21
Ccr 0.02 4 0.02 0.00 0.02
Cu 26.8 22,1 42.1 * 17.6
Fe 355 398 360 356

Mn 4.96 * 6.46 6.65 * 3.82
Ni 0.12 0.13 0.08 0.08
Pb 0.06 0.07 0.03 0.03
Se 18.4 18.4 19.8 23.0
Sn 1.47 * 0.19 0.25 0.22
Zn 115 * 105 130 * 96

* indicates significant difference (p < 0.05) in means at each
site over time.
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Table 17. Ranges of trace metal concentrations measured in fish

livers. Concentration in pg/g dry weight.
Adg : As cd
Source max min max _min -max min
Southeast'® 0.29 0.05 10.4 1.0 1.25 0.07
Nationwide®® 2.07 0.02  32.7 0.6 19.57 0.07
Worldwide‘® 3.2 <0.4 2000 0.7 100 0.03
Cu Fe : Mn :
Source max min max _min _max min
Southeast 59 11 1154 326 14.8 3.6
Nationwide 118 6 -- - - -
Worldwide 440 2 4600 12 27 0.4
Ni Pb : Se :
Source max min max _min max min
Southeast 0.74 0.10 0.15 0.03 35 7
Nationwide 2.8 0.04 7.4 0.04 36 1
Worldwide 12 0.4 13 0.1l6 22 2.4
Sn Zn
Socurce max min max min
Southeast 1.02 0.23 147 78
Nationwide 7.33 0.05 287 71
Worldwide 8 <0.4 4800 7

(a) National Benthic Surveillance Project Atlantic croaker,
four-year site mean concentrations from southeastern sites

for 1984-87.

(b) National Benthic Surveillance Project, Multiple species,

Single-year site mean concentrations from all sites

nationwide in 1984 (NOAA, 1987).
(c) Values reported in the literature for multiple species:
Hall et al., 1978; and Denton and Burdon-

Eisler, 1981;
Jones, 1986.
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@ FISH TRAWL CENTROIDS FOR 1984, 1985, 1986, AND 1987

B SEDIMENT CENTROIDS FOR 1984, 1985, 1986, AND 1987

Figure 2. St. Johns River fish and sediment centroids for 1984-1987.
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Figure 4. Galveston Bay fish and sediment centroids for 1984~1987.
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APPENDIX
Cycle I 1984 Locations and Sites of Fish Collection.

Cycle II 1985 Locations and Sites of Fish
Collection.

Cycle 1III 1986 Locations and Sites of Fish
Collection.

Cycle IV 1987 Locations and Site of Fish Collection.

Sediment Stations: Annual Surveys 1984 Cycle I and
1985 Cycle 1I.

Sediment Stations: Annual Surveys 1986 Cycle III
and 1987 Cycle IV.

Sediment Stations: Intensive Survey 1987 Cycle IV.

Elemental Concentrations for 1984-87 Sediments in
the Southeast.

Adjusted Elemental Concentrations for 1984-87
Sediments in the Southeast.

Elemental Concentrations for 1984-87 Liver Tissue
in the Southeast.
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Table A~5. Sediment Stations:Annual Surveys 1984 Cycle I and 1985 Cycle II.

Latitude Longitude Latitude Longitude

LOCATION station (M) (W) (V) (W)
Pamlico Sound 1 35°13.90¢ 76°33.60° 35°13.90¢ 76°33.60°
(PAM) 2 35°13.00" 76*30.80" 35*13.00! 76°30.80"
3 35°13.50" 76°32.10" 35°13.50! 76°32.10"
Charleston Harbor 1 12°45.43'  79°55.07' 32°45.43'  79°55.05'
(CHS) 2 32°45.42' 79°54.45" 32°45.42" 79°54.47"
3 32°45.45! 79°54.15" 32°45.44" 79°54.25"
Sapelo Sound 1 31°31.67' 81°14.45° 31°31.68' 81°14.53!
(SAP) 2 31°32.17" 8l°13.62" 31°32.18" 8l°13.66'
3 31°32.67" 81°14.83" 31°32.64" 81°*14.91"
St. Jochns River 1 30%23.95" 81°36.25" 30°23.97! 81*36.29!
Estury (SJR) 2 30°22.68" 81°32.33" 30°22.57" 81°32.48"
3 30°22.53¢ 81°37.20" 30°22.49" 81°36.95"
Charlotte Harbor 1 26°45.70' 82°09.30' 26°45.69' 82°09.33'
(LOT) 2 26°49.80" 82°06.30" 26°49.76" 82°06.28"
3 26°52.33"! 82°07.70" 26°52.34" 82°07.70"
Tampa Bay 1 27°47.01' 82°32.50' 27°47.01' 82°32.50'
(TAM) 2 27%46.06° 82°35.47" 27°%°46,06" 82°35.47!
3 27°47.03" 82°35.94" 27°47.03°" 82°35.94!
Apalachiceola Bay 1 29°37.78" 84°58.10" 29°37.78" 84°58.10'
(APA) 2 29°38.30" 84°58.50" 29°38.30° 84°58.50"
3 29°39.87" 84°58.50' 29°39.87" 84°58.50"
Pensacola Bay 1 not established 30°22.35! 87°14.63!
(PEN) 2 30°25.47" 87°09.25"
3 30°33.00¢ 87°09.50"
Mobile Bay 1 30°16.60" 88°04.40" 30°*16.61°" 88°04.38!
(MOB) 2 30°17.80! 88°05.89! 30°17.91! 88°05.90"
3 30°19.00" 88°04.40" 30°18.98" 88°04.40"
Round Island 1 30°17.67' 88°35.83"' 30°17.67' 88°35.83"
(ROU) 2 30°18.33' 88°36.83" 30°18.33' 88°36.83!
3 30°19.25" 88°37.00' 30°19.25" §8°37.00'

Pascagoula River
(PAS)

W -

not established

not established



Table A=5 Contd.

1284 Cycle I 1085 cycle II
Latitude Longitude Latitude Longitude

LOCATION Station (N) (W) (N) (W)
Heron Bay (HER) 1 no sample (weather) 30°1l.08! 89°27.92"
2 30°11.20° 89°28.93"
3 30°10.60" 89°28.80"
Mississippi River Delta 1 29°06.70' 89°04.20' 29'07.17' 89°04.1l'
(MRD) 2 29°04.80' 89°03.60°' 29°05.51" 89°04.06'
3 298°08.10° 89°01.70°" 29°08.16" 89°02.41"
Barataria Bay (BAR) 1 29°26.90' 89°58.70° 29°26.90' 89°58.70'
2 29°20.50°" 89°%6.70" 29°20.50! 89°56.70"
3 29°17.50°" 89°%6.00" 29°17.24" 89°56.04"
Galveston Bay (GAL) 1 29°28.28' 94°56.17" 29°28.28' 94°56.25'
- 2 29°29.00! 94°54.33" 29°29.00* 94°54.33"
3 29°30.50" 94°%3.92" 29°30.70" 94°54.70"
san Antonio Bay (SAB) 1 28°14.17' 96°46.17' 28°14.17' 96°46.17'
2 28°13.17° 96°46.67' 282,71 96°46.67'
3 28°12.33! 96°46.17"' 28°12.33" 96°46.17"
Corpus Christi Bay (CcB) 1 27°49.42' 97°16.45' 27°49.42' 97°16.45'
2 27°49.60! 97°17.42! 27°49.60" 97°17.42'
3 27°49.75" 97°18.23" 27°49.75! 97°18.23"
Lower Laguna Madre (LLM) 1 26°05.08' 97°14.75" 26°05.08' 97°14.75'
2 26°06.45" 97°15.43" 26°06.45" 97°15.43"
3 ' 26°08.438" 97'15.96; 26°08.48" 97°15.90"

v



Table A-6. Sediment Stations: Annual Surveys 1986 Cycle III and 1987 Cycle IV.

1986 Cycle III
Latitude Longitude Latitude Longitude
LOCATION Station (N) (W) (N) (W)
Pamlico Sound (PAM) 1 35°13.90! 76°33.60" no sample (deferred)
2 35°13.00° 76°31.50"
3 35°12.70' 76°'30.80
Charleston Harbor (CHS) 1l 32°45,32" 79°55.09! 32°45.32° 79°53.14"
2 32°45.41" 79°54.48" 32°45.41" 79°54.51"
3 32%45.45"! 79°54.,28! 32°45.44" 79°54.29"
Sapelo Sound (SAP) 1 31°31.67! 81°14.48" 31°31.54" 81°14.49"
2 31°32.16! 81°13.67" 31°32.13" 81°13.68"
3 31°32.62" 81°14.85" 31°32.66" 81°14.87"
st. Johns River Estuary 1l 30°23.99" 8l1°36.28" 30°23.92' 81°36.42'
(SJIR) 2 30°22.10" gl*3l.52' 30°23.53! 81°36.25°
3 30°23.42" 8l°38.15" 30°23.42"' 81°35.82"
Charlotte Harbor (LOT) 1 26°45.93" 82°09.17° no sample (deferred)
2 26°49.95" 82°06,20"
3 26°52.63" 82°07.47"
Tampa Bay (TAM) 1 no sample {deferred) no sample (deferred)
2
3
Apalachicola Bay (AFA) 1 29°37.78" 84°58.09" no sample (deferred)
2 29°38.31" 84°58.50°
3 29°39.85" 84°58.45
Pensacola Bay (PEN) 1 30°22.37' 84°14.70" 30°22.33" 87°14.72"
2 30°25.42" 87°09.29' 30°25.47" 87°09.25"
3 30°32.93" 87°09.54" 30°32.93" 87°09.54"'
Mobile Bay (MOB) 1 30°16.54" 88°04.36" no sample (deferred)
2 30°17.74! 88°05.89!
3 30°19.00" 88°04.40"
Round Island (ROU) 1 no sample (deferred) 30°17.63" 88°35.6¢€"
2 30°18.28" 88°36.37"
3 30°19.29' 88°36.51"
Pascagoula River (PAS) 1 not established 30°23.11" 88°33.96!'
2 30°22.75"¢ 88°34.05"'
3 30°22.37! 88°33.78"



Table A-6 Contd.

1986 cycle 111

Latitude Longitude Latitude Longitude
LOCATION Station (N) (W) (N) (W)
Heron Bay (HER) 1 jo*ll.os! 89°27.92" no sample (deferred)
2 30°11.20! 89°28.93"
3 3C"1.60! 89°28.80"
Mississippi River Delta 1 29°07.17' 89°04.19' 29°07.16' 89°04.17"
(MRD) 2 292°0E.8]1" 89°04.06" 29°05,46" 89°04.08"
3 29°03.16! 89°02.41" 29°08,11" 89°02.44"'
Barataria Bay (BAR) 1 nc sample (deferred) 29°26.78"! 89°59.03"
2 29°20.52" 89°56.64"'
3 29°17.26" 89°56.06'
4 29°19.98! 89°56.57'
Galveston Bay (GAL) 1 29°28.31" 54°56.07"' 29°30.84" 94°54.24"
2 29°29.04" 94°54.42" 29°29.05" 94°54.00°
3 29°30.39! 94°53.83" 29°28.50°" 94°56.20'
San Antonio Bay (SAB) 1 28°14.38! 96'46.33" no sample (deferred)
2 28°13.23! 96°46.61"
3 28°12.33" 96°46.24"
Corpus Christi Bay (cCB) 1 27°49.54" 97°16.54" no sample (deferred)
2 27%49.65! 97°17.44!
3 27°%49.79! 97°18.14"
Lower Laguna Madre (LLM) 1 26°05.08" 97°14.75" no sample (deferred)
2 26°06.45" 97°15.43"
26°08.48" 97°15.90"




Table A-7. Sediment Stations: Intensive Survey 1987 Cycle IV.

Latitude Longitude
Location Site Station (N) (W)
Galveston A 1 29° 27.08' 94° 43.05"
Bay (GAL) 2 29° 27.21! 894° 42.73!
3 29° 27.49'" 94° 42.79°!
B 1 29° 21.69! 94° 52.37!
2 29° 21.43! 94° 52.54"'
3 29° 21.53! 94° 52.19°
C 1 29° 42.62' 95° 00.21'
2 29° 42.46" 95° 00.30"
3 29° 42.13! 95° 00.11'
D 1 29° 30.84° 94° 54.24"
2 29° 29.05! 94° 54.00°'
3 29° 28.50! 94° 56.20°"
E 1 29° 37.02! 94° 45.55!
2 29° 36.45! 94° 45.45"
3 29° 35.85" - 94° 45.40"
St. Johns A 1 30° 09.47' 8l° 41.03°
River 2 30° 09.66' 8l° 40.94!
Estuary 3 30° 09.84' 81° 40.85!
(SJR)
B 1 30° 23.75! 8l° 38.37!
2 30° 23.75! g8l° 38.70!
3 30° 23.68" 8l° 38.97!
C 1 30° 16.24" 8l° 43.15!
2 30° 16.74" 81° 42.63"
3 30° 16.85" 8l° 42.27!
D 1 30° 23.92" 8l1° 36.42!
2 30° 23.53! 8l° 36.25!
3 30° 23.42" 8l° 35.82"
E 1l 30° 14.61" gl° 39.48!
2 30° 14.40' g8l1l° 39.36!
3 30° 1l4.26° 81° 39.18"'



Table A-7 Contd.

Latitude Longitude

Location Site  station (N) (W)
Sapelo A 1 31°31.54" .81°14.49"
Sound (SAP) 2 31°32.13" 81°13.68!
3 31°32.66" 81°14.87'
B 1 31°31.50" 81°17.43!
2 31°31.92° 81°17.82"
3 31°32.28" 81°17.23!
o) 1 31°32.20° 81°12.40'
2 31°32.58" 81°11.15"
3 31°32.69! 81°11.99'
D 1 31°34.66" 81°14.55"
2 31°34.72" 81°14.39"
3 31°34.72° 81°14.54"
E 1l 31°38,75! 81°15.49"
2 31°38.57! 81°15.35"
3 31°38.29' 81°14.56"
SAP A 1 31°31.67° 81°14.48'
October 2 31°32.16! 81°13.67"
1987 3 31°32.60" 81°14.80"'
SAP A 1 31°31.68" 81°14.53"
July 2 31°32.18" 8l°13.66'
1987 3 31°32.64" 81°14.91"
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Table A-8.

Elemental Concentrations for 1984-87 Sediments in

the Southeast. Units: ppm (dry) except Al, Fe, and
Si percent (dry).

Computer listing of sediment data, 5 pages, 211
observations.
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Table A-9.

Adjusted Elemental Concentrations for 1984-87
Sediments in the Southeast. Units: ppm (dry)
except Al and Fe percent (dry). Al not adjusted.

Adjustment by linear models in Table 2 to 8.01
percent Al.

Computer listing of adjusted sediment data, 5
pages, 211 observations.
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Table A-10. Elemental Concentrations for 1984-87 Liver Tissue
in the Southeast. Units: ppm (dry).

Computer listing of liver data, 16 pages, 720
observations.
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