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INTRODUCTION

This second volume of Dames & Moore's final report, The Mississippi,
Alabama, Florida, Outer Continental Shelf Baseline Environmental Survey,
MAFLA, 1977/78, contains the Principal Investigators' (PI) final reports to
Dames & Moore. These reports represent the PIs conclusions and opinions as
independent contractors. Dames & Moore has edited these documents for
content and format, and has incorporated suggestions from the Bureau of Land
Management (BLM) with the authors' consent. This final set of Work Element
Reports is continuous from Volume I in pagination, table and figure
sequence.

The organization of Volume II, following this brief introduction, is
as follows:

Sedimentary Geology
Sedimentary Chemistry
Tissue Chemistry
Benthic Biology
Physical Oceanography
Water Column Chemistry
Plankton Biology

Chapter 25 on archived biological specimens reflects the disposition
of samples as of January 15, 1979, by PIs in connection with BLM letter of
September 29, 1978, 1513.51(110), AAS50-CT7-34. Figure 104 and Table 26 are
repeated here (from Volume I-A, Figure 1 and Table 1) for reference, and
references to Dames & Moore reports cited in this volume are also listed
here.
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ABSTRACT

The MAFLA Continental margin is composed of two parts of opposing
history and character. East of Cape San Blas lies the eastern limb of the
Gulf Coast Geosyncline whose surface expression is a clastic sand sheet,
called the MAFLA Sand Sheet grading westward into the muds of the
Mississippl pro-delta. These sediments have a clay mineral suite dominated
by smectite. East of Cape San Blas lies the West Florida margin, a sequence
of carbonate and evaporitic rocks which has been cut off from a major
clastic source since Jurassic time. The surface expression of this sequence
is the West Florida Sand Sheet, predominantly a patchy veneer of shell hash,
foraminifera, algal, and even oolitic sands. Kaolinite dominates the clay
mineralogy. Seaward of the carbonate sands lies the West Florida Lime Mud
facies, slope sediments mostly composed of planktonic foraminifera and
coccoliths.

Inshore of the carbonate sands and separated from them by a zone of
mixed composition lies a mature fine quartz sand, which also makes up the
beaches of Southwest Florida. West Florida shelf quartz sands appear to
have been deposited at lower sea level stands and to have sloshed back and
forth in a longshore current system which changes seasonally from north to
south.

Clay mineralogy of the MAFLA region shows distinct changes in compo-
sition over a period of a year in the benthos and over periods as short as a
few hours in the water column. These changes reflect contribution from two
distinct provenances. Benthic variation probably results from occasional
intrusion of smectite laden Mississippi River or Loop Current water into the
eastern zone. Water column variation may be the result of seiching of the
Gulf or the pulsing movement of smectite laden western shelf water to the
east.

Q-mode cluster analysis has produced groupings based upon all grain
size and carbonate content data, which may be of considerable aid in inter-
pretation of subtle relationships in benthic biologic and chemical detail.
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INTRODUCTION

PURPOSE

This report presents the results of a four year investigation of the
surface sediments of the eastern Gulf of Mexico continental shelf. 1In the
first two years our approach consisted of sampling from two of the replicate
box cores at each station and each season. During the final summer and year
we altered our approach by collecting a large number of replicates at each
of the relatively small number of stations in order to determine small scale
variability.

In addition to sedimentologically characterizing the MAFLA margin,
our task was to provide ancillary data for sediment chemistry and benthic
biological studies. In order to realize these goals, each box—-core sub-
sample was analyzed for grain size and percent calcium carbonate, and
selected samples were analyzed for total organic carbon and clay mineralogy.
In addition, clay mineralogy of suspended sediments was determined for
samples collected at four time series stations in the summer of 1976, fall
of 1977, and winter of 1978.

Standard methodologies were used throughout in laboratory analysis.
They are detailed in our third quarterly report (see Dames & Moore, 1978e),
and summarized below. Along with determination of the standard statistical
measures, such as mean and standard deviation, data were subjected to a
number of multivariate tests by Peter Feldhausen and the Dames & Moore data
management group in order to attempt to detail subtle groupings and rela-
tionships in the characteristics of the sediment samples which would in turn
result in a more complete and sensitive understanding of the chemical/
sediment and biological/sediment relationships. Theory and mechanics of the
multivariate techniques utilized may be found in Volume II, Chapter 29.

LITERATURE SURVEY AND PREVIOUS WORK

Summarized by Martin (1976), the geology of the continental margin of
the MAFLA region may be divided into two basic provinces. The transition
zone between them trends southwest from Cape San Blas to the DeSoto Canyon.
West of the transition lies the Gulf Coast Geosyncline which deepens to the
west, attaining a thickness of over 30 kilometers. This great pile of
clastic rocks, the accumulation of the Mississippi River system, is mostly
Cenozoic in age and is underlain by Triasic-Jurassic salt measures which are
the source beds for the numerous diapirs which characterize the area. East
of the transition zonme the nature of the rocks changes dramatically. The
region has been cut off from major clastic provenance since Jurassic time,
which in turn has led to the accumulation of over 4,600 metres of carbonates
and evaporites, the former of which are still being slowly deposited. These
rocks have been deposited behind a series of shelf edge algal reef dams
which at various times in the geologic past have restricted circulation
(Bryant et al., 1969; Pyle and Antoine, 1973; and Antoine et al., 1974).
Pyle et al. (1977) have found vestiges of reef dams on the present shelf
edge, but the original reefs, of the Albian/Aptian stages, have subsided
over 1800 metres and now make up the Florida Escarpment.
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SEDIMENT GRAIN SIZE ANALYSIS

Size analysis was performed on the top 10 cm of each box-core sub-
sample. Approximately 15 g splits of each sample were wet sieved on a 63 pm
screen; the fine fraction was collected in a 100 m graduated cylinder. The
sand-and-gravel fraction was dried and then sieved through a nested set of
standard 1 phi interval sieves from -1 phi (gravel) to &4 phi (very fine
sand). The sand fraction caught on each sieve was weighed to the nearest
gram. The pan fraction (<63 um) sediments were added to contents of the
graduated cylinder. Analysis of the finer-than-sand sediments was executed
by standard pipette methods (Folk, 1974). A saturated calgon solution (10
mf) was added to the sediment in the cylinder to disperse the clay and
prevent flocculation during sampling intervals. At least one pipette was
taken from each sample; after correction was made for the added calgon
weight, the total fine fraction weight was calculated. For those samples in
which this weight exceeded ten percent of the total weight, a second pipette
was taken so that both percent silt and percent clay could be determined.
All full phi fractions were reported as weight percent of the total sample.

PERCENT CARBONATE OF SEDIMENTS

All box-core samples examined for grain size analysis were also
analyzed for percent carbonate using standard acid-leaching, gas-displace-
ment methods as described by Ireland (1971). Approximately 10 g of sedi-
ments were placed in a tared 250 m{ beaker. Before treatment the beaker and
dried sample were weighed together to the nearest 0.0lg. Ten percent (10%)
hydrochloric acid was added carefully so as to avoid frothing over the top
of the beaker. After digestion was completed, the sample was rinsed twice
with deionized water and the water was decanted each time following centri-

fugation. The insoluble residue was dried at 80 to 85°C overnight. The
beaker and its contents were weighed, and the amount of insoluble residue
remaining was calculated by subtraction of the preweighed beaker. The

weight percent of carbonate was taken as the difference in weight between
the untreated and treated sample and converted to a percent:

. (wgt untreated sample - wgt insoluble residue) x 100

% CaCOj3 wgt untreated sample

Results were reported as weight percent carbonate in a table.

TOTAL ORGANIC CARBON (TOC) IN SEDIMENTS

At least one sample from each box-coring station was analyzed for

total organic carbon (TOC). After dissolution of the carbonate fraction
following the method used by Ireland (1971) and described above, the in-
soluble resident was oven dried and weighed to the nearest 0.00l g. Ap-

proximately one gram of residue was placed into a Leco combustion crucible
with like amounts of iron chip and copper metal accelerator. The crucible,
with sample and accelerator, was set within an Angstrom Model 9000 Induction
Furnace, and the contents were heated to incandescence. During combustion,
organic carbon from the sample mixed with oxygen within the chamber forming
carbon dioxide, COp. While maintaining a closed system, the gas was
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piped to an Angstrom Model 7000 Carbomatic Carbon Analyzer which had been
calibrated each day to known TOC standards. After analysis the instrument
displayed a direct readout of percent carbon, and the data were recorded
in tabular form.

CLAY MINERALOGY OF BENTHIC SEDIMENTS

One sediment subsample was taken from each box-coring station in the
summer of 1977 for clay mineralogy analysis. Approximately 20 to 40 g of
sediment were sampled from the uppermost 5 cm of each sub-core to ensure
that enough clay would be available for analysis. The samples were disag-
gregated, wet-sieved to separate the coarse fractions, and centrifuged to
remove salts. The clay was removed from the remainder of the fine fraction
sediments by pipetting after settling, after which organic material was
dissolved in hydrogen peroxide. The clay material slurry was placed on a
glass slide, dried, and X-rayed on a Phillips Electronics (Norelco) X-ray
generator with Wide Range Goniometer. The slides were X-rayed again after
treatment with ethylene glycol vapor, and a third time of heating to 550°C.
Identification of the major clay minerals was carried out using standard
examination techniques s given by Griffin (1962) and Grim (1968). The clay
species that were identified included smectite, illite, kaolinite, and
mixed~layer clay, while other minerals that were searched for, but were rare
or not present, were vermiculite and chlorite. Quantification was performed
on the basal (001) peaks of each clay type identified from the glycolated
slide. Relative proportions of the clays were estimated using peak height
to calculate individual peak areas. The proportions of the areas were
finally converted to percent clay present and recorded in tabular form.

SUSPENDED SEDIMENT CLAY MINERALOGY

The suspended particulates were collected on 0.45 um pore-diameter
Millipore filters. Each filter was placed in a centrifuge tube to which
approximately 8 mf of filtered acetone was added; the tubes were shaken by
hand until the filters completely dissolved. All tubes were centrifuged at
10,000 rpm for 20 min at a temperature of 3°C. The supernatent acetone was
discarded, while special care was taken so that the sediment pellet was not

disturbed. Acetone was again added to the tubes and each tube was then
sonified using a Heat Systems-Ultrasonics, Inc., cell disrupter equipped
with a microtip. Dilute HCl or Hy0, was added if the samples contained
CaC03 or organic compounds which interfere with X-ray diffraction analy-
sis. All the tubes were centrifuged, decanted, sonified, and centrifuged
again giving a total of three washes in acetone. After the last acetone

wash was poured off, 5-6 mf of deionized water were added. The tubes were
sonified for 30 s to break down the pellets completely. The contents of
each tube were vacuum filtered through silver filters (0.2 um pore size)
using a Millipore filtering apparatus. One millilitre was filtered at a
time in order to minimize differential settling rates; no additional sample
was added until the previous mf{ had passed through the filter. Care was
taken so that the filters were not covered too thickly with the suspended
sediment. With the sediments on silver filters, the samples were X-rayed
at on a Rigaku "Miniflex" Model 2005 X-ray Diffractometer. Sediments in-
dicating measurable amounts of clay present were treated with ethlene gly-
col fumes at 60 to 80°C for at least 12 h and were immediately X-rayed to
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check for exapnsion of the smectite peak. A final heat treatment to 550°C
for one hour followed by X-ray analysis for 3° to 15° was performed.

RESULTS AND DISCUSSION

TEXTURE AND CARBONATE CONTENT

The two parameters which are most diagnostic in describing the
surface sediments are texture and carbonate content. Figure 105 is a map of
the distribution of the fine fraction (<63 p) in the sediments of the
eastern Gulf shelf. Sand and a small amount of gravel normally make up the
remainder of the sediment. Figure 106 shows the percent carbonate in the
study area. Averages of all replicates from all sampling periods have been
contoured to produce the figures.

Figure 105 shows that sands dominate the study area except for a
large patch of sediments with an elevated amount of fines which lies to the
west of Tampa Bay in the central shelf region. Highest values in the
center of the patch exceed 60% fines. The 20% fine fraction contour lies
well out on the shelf edge. Even upper slope sediments of the region
contain up to 50% sand, almost entirely composed of the tests of planktonic
foraminifera. The fine fraction increases rapidly west of Mobile Bay as the
Mississippi Delta is approached and fine sediments also lie in the head of
DeSoto Canyon. Although most of the shelf areas are dominated by sand sized
sediments, Doyle and others (1977), based upon a series of samples at
one-mile intervals across the shelf west of Tarpon Springs, have shown that
patches of much finer sediment occur, probably related to shadow =zones
caused by local bathymetry.

While texturally the shelf sand sheets on both sides of Cape San Blas
are similar, Figure 106 shows there is a major compositional break trending
slightly east of south from the Cape. The low carbonate contours, which
correspond to high quartz content, form a bulge out onto the shelf which
marks the transition between western and eastern facies. The eastern
portion is dominated by up to 90% carbonate components while the western
portion is predominantly quartz sand. A band of quartz sand also lies
inshore to the east of Cape San Blas and makes up the western beaches of the
Florida peninsula. Perusal of Figure 106 shows a gradational transition
between the nearshore quartz band and open shelf carbonate sediments, and
the abrupt pinching of the quartz band at the southern limit of the study
area.

SEDIMENT VARIABILITY

Deeper water, finer grained sediments in the study area are generally
poorly sorted ( ¢l.0 - 2.0¢ ) while those sands and muds lying on the shelf
are generally very poorly sorted (0 2.0 - 4.0 ¢) according to Folk's (1965)
classification. Only one station showed better sorting, Station 2856 which
was moderately sorted ( ¢0.71 - 1.090).

Another method for looking at intrastation variability, less tradi-
tional for sedimentologists, is to subject the data to canonical analysis.
The theory and method are explained in detail in Volume II, Chapter 29 of
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this report. Here it is sufficient to say that the textural parameters in
whole phi units are converted on the basis of component variability to a
value which can be plotted on a system of X and Y coordinates. The coordi-
nates for each replicate at each station are plotted as well as the cen-
troid, the mean coordinates for each station. The spread of the replicate
points from the centroid is a measure of intrastation variability. The
strength of the method lies in utilizing all the data, not just a summary
statistic such as mean or standard deviationm.

Finer grained sediments were grouped most closely around their
centroid, suggesting little within station variability, while the sandy
shelf stations were more widely scattered about their centroids, and hence,

more variable. Table 27 consists of replicates or outliers which showed
extreme departure from their centroids. Asterisks identify those replicates
whose sampling/location is displaced from the main grouping. Large dis-

placement occurs in about one third of the outliers. Differences in sedi-
ment texture probably result from local, small scale bathymetric variation
affecting currents transporting or eroding sediments. Variation is suffi-
cient to warrant performing grain size analysis on each replicate upon which
biological or chemical analysis will be performed.

TOTAL ORGANIC CARBON

Figure 107 shows the distribution of total organic carbon (TOC) in
the sediments of the study area., Like Figures 105 and 106, contours are
based upon station averages for all samplings. As is normally the case in
marine sediments, total organic arbon content follows the grain size trends
and increases with increases in the fine fraction. Values correspond with
those of Emery and Uchupi (1972) for sandy shelf sediments.

BENTHIC CLAY MINERALOGY

Smectite and kaolinite are the predominant clay minerals in Eastern
Gulf margin sediments. 1Illite is present in most samples ranging from trace
amounts to about 167 and shows a non-systematic pattern of distribution
within the study area. Mixed layer clays, and chlorite, are rare and
scattered in benthic samples.

Distributions of the dominant clay minerals smectite and kaolinite
are shown in Figures 108 and 109. Values are averaged for the summer of
1976, and the fall of 1977. Smectite, characteristic of the Mississippi
drainage system, dominates west of Cape San Blas. Relative percentages of
kaolinite increase toward the Cape. East of San Blas kaolinite becomes more
important, and over large portions of the area is the dominant clay mineral.
Kaolinite values are somewhat lower and smectite correspondingly higher than
those reported by Huang et al. (1975) and by Huang (1977). This suggestion
is variability in the benthic clay mineral suite is reinforced by apparent
changes in relative percentages of kaolinite and smectite between summer
1976, and fall 1977, shown in Figures 110 and 111. Over most of the shelf,
smectite decreased dramatically and regularly toward shore while kaolinite
increased in relative amounts toward shore.
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TABLE 27

SUMMARY RESULTS OF OUTLIER! ANALYSIS

SUMMER,

1976, DM-I, DM-II, DM-IV

0007080160707 l 2104090171116%
2207030160629 2106010171115
2211140160630 i 2209070171113%*
2529040160706 - 2640020171106
° 2862110160625 ‘ 2748100171115%*
; 28630801607 04*
2317010160702 2207060180216
2854030160707 2207100180216
2531070160707 2316050180214%*
2639060160709 2316080180214%*
2316060170830 > 2426080180212%
2313120170821 é 264508018021 1%
2426060170901 2747010180217
; 2853110170901 2748010180217%*
2854060170902 2748080180217
2957150170820 2959100180219%
2960050170819

l1oUTLIERS: Those replicates that exhibit extreme departures from the

centroid for the replicates at their statiom.

*Qutliers whose sampling locations are displaced from the rest of the
group.
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Significant variation in relative amounts of clay minerals in the
benthic sediments over as short a period as one year is an exciting prospect
which to our knowledge has never before been reported. Since clay miner-
alogy 1s a semi-quantitative method, differences in measurements must be
judged conservatively, especially when conducted in different laboratories.
Several factors support the veracity of the relative differences shown in
Figures 110 and 111 however. Analyses for summer 1976 and fall 1977 sam-
ples were done in the same laboratory by the same personnel over a rela-

tively short time period measured in months. Secondly, variations are
not random nor are they either larger or smaller by a constant amount. They
increase or decrease regularly toward shore. These factors indicate that

the trends are probably real.

Several provenance areas feed sediments to the eastern Gulf margin.
The Mississippi drainage basin is characterized by a clay mineral suite
dominated by smectite (Griffen, 1962). Like the coastal plain of the
southeastern United States to the north, smectite also dominates the clay
mineralogy of those rivers which rise in the Tertiary rocks of peninsular
Florida (Huang et al., 1975). With the possible exception of the
Caloosahatchee River, which empties into Port Charlotte Harbor, where a
bulge in smectite values is noticeable (Figure 105), these rivers contribute
little to Gulf sediments. Kaolinite dominates the Appalachicola river
system, while the Mobile River system has a mixed smectite/kaolinite suite.
These latter two river systems must be the ultimate source of kaolinite in
the eastern Gulf margin, a conclusion reinforced by Figure 112, which shows
the crystallinity of kaolinite in the study area based upon basal reflector
peak sharpness. Samples with sharp, well defined peaks are said to exhibit
very good crystallinity, while broad low peaks are said to exhibit poor
crystallinity. Based upon this rather subjective measure, kaolinite
crystallinities are best in the northwestern part of the Gulf and decline to
the south and east suggesting that the kaolinite source was to the north.
Figure 113 shows the smectite crystallinity in the study area. A
Mississippi source is apparent and the crystallinity generally declines away
from the delta and to the south.

Seasonal or annual variation in kaolinite/smectite ratios on the west
Florida shelf is probably the result of varying influence of Mississippi
River water and the Loop Current which occasionally intrude upon the area.
Since the shelf floor is subject to severe winnowing during major storms,
smectite pulses in the benthos may be short lived.

SUSPENDED CLAY MINERALOGY

The suspended clay mineralogy suite is similar to that of the benthos
with the addition of trace to minor amounts of talc which was present in the
summer of 1976 samples. Talc disappeared in the fall of 1977 samples and
was found in Station 2747 surface samples in February 1978. 1In the latter
sample it was present in quantities from trace amounts to being the dominant
constituent.

Variation in clay mineralogy was even more startling in some of the
time series stations occupied in the fall of 1977 and the winter of 1978.
Figures 114 and 115 show the variation in surface and bottom samples at
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Station 2639, south of Mobile Bay over a five-day period from February 20 to
25, 1978. Both samples show regular and marked fluctuations of clay miner-
alogy. Bottom variations were the most spectacular with peaks of smectite
and kaolinite alternating on about a 12-hour period.

Pulsations may be due to the passage of a sieche on a 12-hour cycle
through the station, moving the same water mass first to the east then to
the west, or to a periodic pumping of water laden with smectite from west to
east (see Chapters 21 and 22 of this volume) and is correlative with trans-
missometry data in the water column. Surface fluctuations were subdued
(Figure 114) and mineralogy differs from that of the bottom samples. Only
illite and kaolinite were present in surface samples for the first three
days of the time-series. A bolus of smectite rich sediment passed through
on the 23rd of February, and was replaced by kaolinite and illite rich
sediment on the 24th, to be in turn replaced by smectite-rich sediment on
the 25th. To the authors' knowledge pulsations in mineralogy of the type
shown in Figure 114 and 115 have not been previously reported. Fluctuations
in mineralogy are not limited to the northwestern area. Station 2747 off
Tampa Bay showed significant variation in mineral species over a 13-hour
time period as shown in Figure 116.

EASTERN GULF SHELF-SURFACE SEDIMENT FACIES

Present day expression of the surficial sediments of the eastern Gulf
margin reflects that of the subsurface geology; that is, it may be roughly
divided at Cape San Blas into a western region of clastics and an eastern
region dominated by carbonates. Figure 117 shows the facies distribution of
surface sediments in the study area.

Since most of the load of the Mississippi River is delivered directly
to the shelf edge or is carried west due to the distribution of major
distributaries and the Coriolis force acting on the plume, sediments on the
eastern margin of the delta change rapidly from the St. Bernard Prodelta
facies (Ludwick, 1964) dominated by mud to an open shelf clastic facies,
which we call the MAFLA sand sheet. Sediments within this sheet are quartz
sands with carbonate percentages of generally less than 25%. Van Andel and
Poole (1960), and Fairbank (1962) characterize the heavy mineral suite of
the area encompassed by the MAFLA sand sheet as reflecting a southern
Appalachian provenance. Kyanite and staurolite are diagnostic, with ilme-
nite, zircon, and tourmaline common. Hematite, pyroxenes, and amphiboles
which dominate the Mississippi suite are present, suggesting some contribu-
tion from that river.

Within the MAFLA sand sheet adjacent to the eastern margin of DeSoto
Canyon lies the rather geographically limited Destin Carbonate Facies with
carbonate percentages over 75. Wanless (1977) shows this zone to be a
combination of shell hash, lithothamnion algae, and foraminifera. Since the
Loop Current turns to the east then south at the DeSoto Canyon, it may serve
to block transport of clastic sediments into this zone resulting in the
accumulation of carbonate sediments similar to those of the West Florida
carbonate sand sheet.
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East of Cape San Blas lies the West Florida shelf which may be
divided mineralogically into two facies with a rather broad transition zone
between (see Figure 117). A carbonate sand facies dominates the outer and
middle shelf. Rather than being banded with regard to texture and carbonate
constituents as described by Stewart and Gould (1955), sediments within it
are of patchy distribution (Doyle et al., 1977; and Wanless, 1977).
Carbonate content is arbitrarily placed at over 75%. Patches of shell hash,
foraminifera, lithothamnion algae, and even oolites locally dominate
(Stewart and Gould, 1955, and Wanless, 1977). As expected, detrital heavy
minerals are essentially absent in the carbonate facies. Phosphorite
associated with outcrops of probable Miocene Age is present in some
locations.

Shoreward of the carbonate facies lies a transition zone shown in
Figure 117 which includes ever increasing amounts of quartz to the east.
The transition is gradational and the shoreward boundary is arbitrarily
placed at 25% carbonate. Shoreward of the transition zone lies a quartz
sand facies. This facies is a mature very fine to fine sand. The heavy
mineral suite is characterized by the resistant minerals zircon, tourmaline,
garnet, and staurolite (Fairbank, 1962). Significant for several reasons,
the inshore quartz band also makes up west Florida's beaches.

The rivers of Florida carry little suspended load and even less bed
load. The inshore band is bordered on the west and south by carbonates.
Heavy mineral and clay mineral suites are distinct from the sediments to the
west of Cape San Blas suggesting that there is little sediment exchange
between the two. The question arises, that without a constant source
for replenishment, why is the band still there? Why hasn't long shore drift
removed the quartz to be replaced by carbonate sand? Northerly winds
dominate during late fall and winter, while southerly winds predominate the
rest of the year (Jordan, 1973). This alternating wind pattern leads to a
southerly longshore drift in late fall and winter and a northerly drift
during the remainder of the year. These two patterns balance so that there
is essentially no net drift and sediments tend to slosh back and forth. The
result is an exceedingly mature sediment.

Since quartz is not being fed to the system at present, it must be
relict from an earlier time. It may be the result of quartz sands being
brought down from the Tertiary clastic terraces of peninsular Florida during
lowered stands of sea level or it may represent the surface of a partially
drowned terrace. Since clay mineralogy of the shelf is dominated by kao-
linite and the coastal plain sediments of peninsular Florida by smectite,
the northern Appalachicola and Suwannee Rivers may have been the most
significant provenance with original smectite being partially masked or
winnowed.

Such a systems, bounded as it is by carbonates to seaward, should be
an excellent place to test the theory espoused by Pilkey et al. (1972)
which suggests that beach systems are fed from the adjacent continental
shelf. Vibra-coring the transition zone might show whether the carbonates
are encroaching over the quartz sand or not, thus supporting or weakening
the offshore source argument.
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Seaward of the carbonate sand facies lies the West Florida Lime Muds
of Ludwick (1964). This facies lies on the continental slope. In many
places it may contain large amounts of sand sized planktonic foraminifera.
Clay minerals are dominated by smectite, probably the result of Loop Current
transport, and fine grained carbonates, mostly of coccoliths, are also
important.

CLUSTER ANALYSIS

Q-mode cluster analysis was run on the grain size and carbonate data.
Since all size data and not just summary statistics are used to arrive at
resultant groupings, cluster analysis should provide results which are
sensitive, subtle and useful when compared with results of similar clus-
tering techniques for chemical and biological data. Figure 118 shows Q-mode
clustering for grain size along for all 60 stations all seasons and Figure
119 shows Q-mode clustering for grain size with carbonate for all 60 sta-
tions. All seasons' comparison of Figures 118 and 119 with Figure 117 shows
that two quite different kinds of information have been generated. While
Figure 117 shows the general geologic divisions of the continental shelf
east of the Mississippi, the other two figures show similarities of groups
of stations, individuals of which are often in quite different facies and
are geographically widely separated. Figures 118 and 119 may be especially
useful in interpretation of foraminiferal and benthic infauna assemblage
distribution. Summary statistics of the subclusters shown in Figure 118 are
presented in Table 28. Table 28 shows that the groupings do have distinct
differences. It is presented only to build confidence in the group repre-
sentations in Figure 118.

Q-mode cluster analysis was also performed on the primary stations
for each seasonal sampling period from summer 1976 through winter 1978.
Twenty-one of the primary stations showed no change in cluster group. The
eight that changed group and corresponding changes in mean grain size are
shown in Table 29. Variation could reflect seasonal fluctuation in grain
size or may be the result of spread in sample location. Figure 120 shows
the locations of all box-core replicates for one station for four sampling
periods. Variation in groupings of box-core locations are such that any
seasonal variations present in grain size could be masked.

CONCLUSIONS

1. Sediments of the eastern Gulf of Mexico continental margin may be
divided into a number of facies which are the latest expressions of
the history of the geologic column below. West of Cape San Blas lie
the MAFLA sand sheet and the Mississippi Delta, the surface expres-
sion of the eastern limb of the Gulf Coast Geosyncline. These
sediments get finer to the west and have Mississippi-type heavy
mineral and clay mineral suites, the latter dominated by smectite. A
patch of high carbonate sediments, possibly the result of winnowing
and or blocking of clastic input by the Loop Current, lies on the
outer shelf adjacent to the eastern rim of DeSoto Canyon.

2. East of Cape San Blas is found the West Florida Sand Sheet, the outer
and middle portion of which is predominantly made up of carbonate
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TABLE 28

GRAND STATION MEANS AND SEDIMENT TYPE OF 12 SUBCLUSTER GROUPS

SHOWN IN FIGURE 118

SUBCLUSTER X PHI % SAND S/F CaCO0q
Ay 3.38 71.65 2.9 90.8
Ay 4,19 59.37 1.5 83.4
As 2.18 71.80 5.1 73.7
B, 5.08 39.21 0.7 48.0
By 6.15 21.31 0.3 52.3
C 0.88 83.63 17.9 84.0
Cy 1.00 91.85 23.9 70.2
D 2.11 89.84 13.5 70.9
Dy 1.29 89.88 30.1 35.6
Dy 1.90 84.63 13.7 64.7
E 2.98 87.75 10.0 40.4
Ey 2.29 93.50 34.2 14.5

SED. TYPE

Silty, very fine
sand

Clayey, sandy
silt

Silty fine sand

Sandy silt

Clayey silt

Coarse sand

Medium-coarse
sand

Fine sand

Medium sand

Medium~fine sand

Fine-very fine
sand

Fine sand
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TABLE 29

VARIATIONS IN MEAN PHI GRAIN.SIZE AND CLUSTER
GROUPING OF EIGHT PRIMARY STATIONS, 1976-1978

STATION SUMMER 76 SUMMER 77 FALL 77 WINTER 78

GROUP X GROUP X GROUP X GROUP X
2102 F 2.47 F 2.25 E 1.79 F 2.47
2207 B 3.03 B 3.01 D 2.00 B 3.08
2208 A 4.66 A 4.70 C 1.05 A 4.65
2316 C 0.89 B 2.88 D 1.57 D 2.58
2419 = ——— E 1.62 B 2.70 c1l.17
2423 C 0.85 c 1.08 D 2.23 c1.19
2640 D 1.72 c 1.20 E 1.07 C 0.59

2747 c1.75 c 1.37 D 2.86 D 3.62
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sands, the surface expression of a thick section of carbonates and
evaporites which have been accumulating since the Jurassic. Inshore
of the carbonates lies a mature quartz sand surrounded by carbonates
and cut off at Cape San Blas. Originally deposited at lower stands
of sea level, it maintains itself by shifting north then south about
equal distances under the pressure of seasonal variation in the wind
induced longshore current system. A quartz/carbonate transition lies
between the carbonate and quartz sands. Clay mineralogy is dominated
by kaolinite, originating from north Florida River systems while the
heavy mineral suite in the clastics has lost its Mississippi diagnos-
tics and is composed of the most durable mineral species.

Variation within sand sheets are patchy both in texture and composi-
tion. Spacial variation masks any seasonal variation in texture
which may be present.

Dominated by planktonic foraminifera and fine carbonate nanno-
plankton, a slope lime mud facies lies seaward of the West Florida
Sand Sheet.

Clay mineralogy, however, shows distinct temporal variation over the
course of a year in the bottom sediments and on a period of a few
hours in the suspended sediments. These changes are the dramatic
result of variations in transport of Mississippi contributed smectite
past Mobile Bay either in pulses or by seiching, and the occasional
intrusion of smectite-rich Mississippi or Loop Current water east of
Cape San Blas.

Sediments of the MAFLA area have been grouped into a number of clus-
ters by Q-mode analysis based upon all grain size data and carbonate
content. These groupings have distinct sedimentologic characteristics
and may be an effective tool for interpreting biologic and chemical
data.
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ABSTRACT

During MAFLA 1977-78, 364 sediment samples were carefully collected
for €d, Cr, Cu, Fe, Ni, Pb and Zn analysis. All of the samples were ana-
lyzed after a 1 N HNO3 leach; and metal content in 105 of these was deter-
mined after total dissolution.

Large variations in metal content are found throughout the MAFLA
area, however, the overall means are quite low. Highest sediment metal
content occurs in the fine-grained sediments of the Mississippi Delta and
outer shelf areas whereas low values are found in shallow-water, nearshore
sediments and in the CaCO3-rich sediments of the West Florida shelf.

By leaching with 1 N HNO3 about 60% of the total sediment metal
load was removed. Near-complete removal was obtained from the carbonate-
rich (clay-poor, quartz-poor) sediments of central shelf areas. Conversely,
lower percent removal was generally found for very nearshore, noncarbonate
sands and outer shelf clay containing sediments.

Statistical development of the MAFLA data and the use of Metal/Fe
scatter plots have been used to explain the observed distribution of trace

metals and predict the relative sensitivity of the area to anthropogenic
metal input.
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INTRODUCTION

Instances of trace metal pollution of inland and coastal areas are
frequently reported in both the popular and scientific literature (Skei et
al., 1972; Carmody et al., 1973, Holmes et al., 1974). Concern about the
high toxicity of metals such as lead, cadmium and mercury arises from
reports of hazards to health and life posed by metal pollution. Kobayashi
(1970), for example, correlated the bone disease "itai-itai'" with polluted
rice paddies that had been irrigated by the cadmium-rich waters of Japan's
Jintsu River. Patterson (1965) reported that the average American is
suffering from "chromic lead insult" with a body burden of lead 100 times
greater than natural levels.

"After the fact" identification of localized metal problems is most
often a rather straightforward process. However, man has not yet demon-
strated a proficiency in predicting the occurrence or extent of future
instances of metal pollution. For this reason, it is advantageous to survey
and understand the metal distribution in areas that have not yet been
subjected to the activities of man, but may be at some future time. Such
has been the case in our investigation of sediment trace metal content at
proposed oil drilling sites in the MAFLA lease area.

The purpose of this study and the data presented herein is to provide
a pre-drilling characterization of the patterns and geochemical significance
of trace metals (TM) in MAFLA sediments. With this data base and future
monitoring, we will be able to more logically predict sites which could be
most affected by anthropogenic metal inputs and be able to clearly identify
and trace these inputs before they become an environmental threat.

Previous work on MAFLA sediments (Holmes, 1973; Presley et al., 1975,
1976) shows the area to have extremely variable TM levels with highest
concentrations near the Mississippi Delta and lowest values off the central
Florida coast. However, the observed variability correlates well with
fundamental sediment characteristics. Low metal values are found where
CaCO3 and quartz sand levels are greatest and higher metal concentrations
occur where a significant fine-grained, clay component appears. No in-
stances of metal pollution have been reported at any of the MAFLA sites.

Of the metals chosen for study (Ba, Cd, Cr, Cu, Fe, Ni, Pb, V and
Zn), some are associated with potential petroleum-related pollution whereas
others represent some of the more toxic heavy metals often associated with
the increased activities of man. Barium and Cr, for example, are common to
drilling muds, whereas Ni and V have been shown to be present in large
concentrations in some oils and tars (Yen, 1975). Lead, Cd and Zn, three
potentially toxic metals, have been observed to be above natural levels near
Gulf of Mexico industrial and populations centers (Trefry and Presley,
1976a, b; Hann and Slowey, 1972; and Holmes et al., 1974).

In continuing the MAFLA sediment TM program, the 1977-78 effort was
almost four times greater than the combined previous work. Two additions
were made to our program this year. First, sediment samples were leached
with 1 N HNO3 (in addition to total dissolution) to assess the "biological
availability'" of the various metals relative to the total metal content.
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Second, Zn was added to the eight metals previously studied. The overall
objectives of this year's study were (1) to continue and expand (areally) TM
characterization of MAFLA-OCS sediments, (2) to identify regional sediment
inhomogeneities and the consequences on tm concentrations via replicate
samples, (3) to assess the '"availability" of the various sediment metals
when subjected to 1 N HNOj, and (4) to continue development of our model
for TM distribution in the MAFLA area (based on sediment mineralogy, par-
ticle size and provenance) and thus allow more rapid assessment of subtle
perturbations. The previous years' work will also be considered in complet-
ing the above objectives.

METHODS

Detailed methodology for MAFLA sediment TM analyses was previously
presented in our Third Quarterly Report (Dames & Moore, 1978e) and, hence,
only a brief overview is given here. Throughout the entire sediment collec-
tion, preparation and analysis process, the utmost concern and care were
given to minimizing possible sample contamination. Many reagent and pro-
cedural blanks, replicate samples, USGS standard rocks and laboratory
environmental quality analyses were performed in this effort. Data quality
is paramount to proper evaluation of observed trends.

Most of the sediment used for TM analysis was obtained by subsampling
box cores with a 50 m{ polyethylene syringe (~15 cm long) and storing the
subcores in polystyrene vials and polyethylene bags. All equipment was
scrupulously acid washed prior to use. Upon return to the laboratory, the
sediment samples were freeze~dried and homogenized with a teflon policeman,
sorting out >3 mm particles.

All samples were analyzed for trace metals after "partial digestion'
in 1 N HNO3. Two-gram portions of sediment were reacted with 1 m{ ali-
quots of 1 N HNO3 (redistilled in 50 m{ polyethylene centrifuge tubes
(tube was pre-cleaned in warm 1:1 HNO3:H70 for several nours and rinsed
twice with distilled-deionized water). Acid additions were continued until
the CaC03-HNO3 reaction was complete. When more than 10 mf of 1 N
HNO3 were required, 1 m{ aliquots of 2.5 N HNOj were introduced to
complete the reaction. The final normality was adjusted to 1 with appro-
priate volumes of 2.5 N and/or 1 N HNO3 and the mixture was shaken for two
hours on a rotary shaker. The leachate was separated from the sediment
residue by centriguation and the clear solution was sorted in an acid-washed
polystyrene vial for analysis.

Total sediment dissolutions were carried out on ~1.5 g samples which
were first treated as above, saving the Ca-rich decantate in a polystyrene
vial. The residual sediment was dissolved in a teflon beaker (with cover)
using HNO3, HF and HClO04. After the HF and HC10, reactions were
complete, the resultant moist paste was dissolved in 1 mf of concentrated
HNO3, followed by small additions of ultra-pure water and finally the
Ca-rich leachate. The solution was transferred to a 25 m{ volumetric mixing
cylinder and diluted to volume with distilled-deionized water. If the
Ca-rich leachate is not removed prior to HF additions as outlined above, a
vertually insoluble CaF; precipitate forms, coprecipitating Pb, Cd and
fractions of the other elements.
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Atomic absorption spectrophotometric (AAS) analysis of the sediment
digests for Cu, Cr, Fe, Ni and Zn was carried out using a Perkin-Elmer 460
instrument equipped with a deuterium-arc background corrector. A second P-E
460 AAS with an HGA-2100 graphite furnace was used for detecting low levels
of Cd and Pb present. Instrument specifications and details have been
previously detailed. Method-of-additions (standard additions) analyses were
used exclusively for Cd, Cr, Ni and Pb analyses and additions checks were
made for each of the other elements.

Reproducibility in MAFLA sediment metal data was determined by
replicate analysis of various samples and found to be a function of the
levels encountered. For average and above average levels the following
precisions were obtained: Cd, 12%; Cu, 5%; Cr, 7%; Fe, 4%; Ni, 9%; Pb, 10%;
Zn, 4%. When very low levels were present, precisions for Cd and Pb were
about 20%, Zn, 12%; Cr and Cu 5 to 10%, Fe, 5 to 8% and Ni about the same as
above. Some of the variability on all these values is introduced by the
lack of a powdering step in the ascribed methodology.

RESULTS AND DISCUSSION

Sediment trace metal concentrations in the MAFLA area are quite
variable in response to a wide diversity in major element chemistry, miner-
alogy and grain size. As is expected, higher metal concentrations are found
with significant quantities of fine-grained material, organic matter and Fe
and Mn hydrous oxides, whereas lower concentrations are observed where
sediments contain appreciable amounts of quartz, carbonate and coarse-
grained particles. Highest sediment metal content in the MAFLA area occurs
adjacent to the Mississippi Delta and in the more seaward sites of most
transects. Low values are found in shallow water, nearshore sediments and
in the CaCO3-rich sediments of the West Florida shelf.

Table 30 shows that Stations 2638 (71% fine-grained particles, 0.8%
TOC and 17% CaCO3) and 2536 (73% fine-grained particles, 0.8% TOC and 71%
CaCO3) account for all observed maximum metal values, except Cd. These
two sites represent both the Mississippi delta proximity and outer shelf
components of the high metal group. Within this MAFLA sediment group, only
Cd concentrations exceed crustal abundance levels. The other maximum values
are below crustal averages; and the MAFLA area as a whole is quite depleted
in ™ relative to the continents.

As in the case of the maximum values, minimum metal concentrations
are divided between just two stations (2318 and 2856). Interestingly,
sediments from these two sites were low in the three descriptive sediment
parameters considered, as shown below.

CaCo4 Fines TOC
Station %) (%) (%)
2318 11 2 0.06
2856 8 1 0.07

This trend of lowest metal values in sediments with low percent CaCO3 and
very low percent fines holds for Statioms 2102, 2207, 2424, 2528, 2640 and
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TABLE 30

RANGE OF TRACE METAL VALUES*
FOR MAFLA SEDIMENTS

AVERAGE
MAFLA SEDIMENTS CRUSTAL
MAXIMUM (STATION NO.) MINIMUM (STATION NO.) ABUNDANCE1
cd 0.33 (2957) 0.01 (2856) 0.2
Cr 47 (2638) 2 (2856) 100
Cu 8 (2536) 0.3  (2318) 55
Fe 23,000 (2638) 420 (2856) 56,000
Ni 16 (2536) 0.4 (2318) 75
Pb 16 (2638) 0.6 (2318) 20
Zn 66 (2638) 0.8 (2102) 70
caco? 98 (2958) 6 (2641) 4.2% Ca
(2)3
Fines3 73 (2536) 1 (2856) -
(%)
ToC% 1.1 (2535) <0.01 (2853,56) -
(%)

lTaylor (1964) and Turekian and Wedepohl (1961)
2From grand station means

3Grain size <62 pm

4Total organic carbon

*All values as ppm
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2641 (Table 31). Lowest metal values in the MAFLA region are therefore
associated with the coarse-grained, quartz sand of these generally nearshore
sites. A simple hierarchy of TM distribution based on sediment type for the
MAFLA area may be extracted from Table 30 showing:

Clay >> CaCO3 > Quartz sand, the important distinction, at this
point, being that between carbonate and quartz sands.

Comparison of the TM content of MAFLA carbonates with noncarbonate
sands (Table 32) shows the carbonates to have 3 to 5 times higher concentra-
tions. For Cd, Cu, Ni and 2Zn, this trend is compatible with previous work,
even though the absolute values of Graf (1960) and Turekian and Wedepohl
(1961) given in Table 32 are consistently higher. Analytical difficulties
with TM analysis of carbonates and quartz sands and the inhomogeneous
character of even the most carefully screened samples do distort intercom-
parisons. Nevertheless, the scrupulously obtained MAFLA data do identify
scavenging of measurable amounts of metals by carbonate-forming organisms
and the paucity of TM in detrital noncarbonate sands. Certainly the carbon-
nate metal levels are significantly below crustal abundances (Tables 31 and
32 show generally 10 to 40 times less in carbonates), yet one exception,
namely Cd, remains intriguing.

Exceptionally high Cd concentrations (~0.3 ppm) were consistently
observed at recently added Station 2957 where sediments were 96% CaCOj,
21% fines, and 0.2% TOC. A trend of high Cd in outer shelf sediments with
high percentages of CaCOj (>90%) and fine-grained particles (>20%) is
supported by data from Stations 2106, 2212, 2313 and 2958 (Table 31).
Average total Cd levels in the eight sites with >90% CaCO3 is 0.20 + 0.05
ppm. This is significantly higher than the 0.12 + 0.02 values for clay-rich
sites 2535, 2536 and 2638. The observed Cd trend is nicely demonstrated
with data from transects 27 and 29 in the following inset:

cd CaCO0j3 Fines
Station (ppm) (%) (%)
2746 0.17 96 36
2747 0.15 97 21
2748 0.11 97 9
2957 0.30 96 21
2958 0.23 98 20
2959 0.15 96 27
2960 0.08 98 5

Here, high CaCOj3 is found throughout, yet the percent fines decrease
shoreward showing the high Cd values in the outer shelf sites. The wide
range of Cd concentrations (0.30 to 0.08 ppm) over a narrow range of high
carbonate levels (96 to 98%) is reassuring in light of the effort made to
reduce matrix interference. One plausible explanation for this exciting
trend of greatly enriched Cd levels in the outer shelf areas is through
biological Cd uptake in nutrient-rich, productive waters of the southern
MAFLA area. Cadmium uptake has specifically been noted in the waters of the
California current (Martin et al., 1976) and may well have an analagous
behavior in this area of the Gulf. One important aspect of this enrichment
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TABLE 31

MAFLA SEDIMENT TRACE METAL SUMMARY (TOTAL DISSOLUTION)

STATION N Cd Cr Cu Fe Ni Pb zg' CaCo03 Fines!
(ppm) (ppm) (ppm) (ppm) (ppm) (ppm) {(ppm) (%) (%)
2101 2 0.05 8.6 0.70 1360 1.4 2.0 5.2 45 11
2102 3 0.03 5.4 0.34 660 0.9 1.0 1.5 30 4
2103 3 0.06 11.9 0.72 2070 2.0 1.8 3.0 58 10
2106 3 0.10 11.4 0.89 1050 2.0 1.2 5.0 97 10
2105 3 0.12 8.7 1.4 920 2.4 1.2 6.5 96 11
2106 2 0.21 11.2 2.8 4240 7.0 3.0 12.8 95 19
2207 3 0.13 7.0 0.50 900 0.6 2.2 2.7 48 8
2208 4 0.08 11.3 0.80 1710 2.3 2.4 4.9 86 50
(#0.01) (+1.1) (+0.16) (+720) (+0.5) (+0.5) (+1.0)
2209 2 0.09 11.5 0.94 1350 2.2 1.8 5.4 87 39
2210 2 0.09 13.1 0.92 1720 2.2 2.0 4.2 89 31
2211 1 0.14 15.1 1.1 2410 2.3 2.0 5.1 95 16
2212 4 0.18 17.4 4.2 9470 7.7 3.8 25.0 90 35
(+0.02) (+1.3) (#0.2) (+360) (+#0.7) (+0.4) (+0.5)
2313 6 0.16 18.9 4.6 11500 9.0 4.1 26.9 85 50
(+0.02) (+1.0) (+0.3) (+1160) (+0.8) (+0.8) (+2.6)
2315 3 0.1l 7.5 0.82 870 1.9 1.5 2.7 86 12
2316 3 0.07 7.8 0.68 1120 1.3 1.3 5.3 63 11
2317 2 0.12 11.2 0.69 2160 2.0 2.9 .4 84 20
2318 1 - 7.0 0.26 370 0.4 0.6 5.1 11 2
2419 2 0.11 4.4 0.40 780 0.8 1.0 5.6 41 3
2421 1 0.09 9.2 0.92 680 1.9 2.2 14.4 48 9
2623 1 0.09 23.6 2.8 16200 6.8 5.8 17.3 72 14
2424 1 0.05 3.6 0.31 900 0.6 1.8 5.1 10 3
2426 2 0.08 12.2 0.88 4120 1.9 2.8 8.2 38 5
2427 1 0.13 24.1 5.9 16900 12.2 6.5 33.2 78 53
2528 2 0.06 7.8 0.55 2060 1.8 1.4 7.6 52 4
2529 2 0.12 15.0 1.1 5020 2.6 2.9 6.0 70 3
2531 1 0.19 16.3 0.91 5480 3.7 3.3 9.2 89 4
2533 3 0.17 18.5 1.2 5690 3.3 3.7 8.6 84 6
2535 1 0.12 33.9 7.1 10900 13.7 7.2 27.1 69 72
2536 3 0.15 33.0 8.1 13800 14.4 9.1 38.8 71 73
2638 2 0.10 38.5 7.4 22700 13.3 16.2 65.8 17 71
2639 1 0.07 17.2 3.0 9220 5.6 7.2 26.2 19 14
2640 3 0.05 6.1 1.1 6650 2.0 4.4 11.3 30 4
2641 2 0.06 9.9 1.6 4240 2.1 6.0 12.8 6 5
2643 3 0.17 17.6 2.7 13800 6.4 7.6 27.7 84 8
2645 1 0.16 13.9 2.6 11900 - - 22.8 85 12
2746 3 0.17 11.9 2.5 1740 5.9 2.0 9.0 96 36
2747 3 0.15 14.9 1.3 1790 2.6 1.7 5.8 97 21
2748 2 0.11 18.4 0.85 3070 2.6 2.2 5.4 97 9
2851 1 0.05 17.9 1.0 3290 2.8 2.7 5.3 47 4
2852 1 0.10 11.8 0.54 1610 4.1 2.6 5.5 93 5
2853 1 0.10 9.9 0.98 2320 2.4 2.9 7.5 93 7
2854 1 0.06 16.5 1.4 6770 2.7 5.1 9.6 51 8
2855 1 0.03 3.0 0.33 860 0.5 1.4 2.5 11 2
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TABLE 31 (CONTINUED)

STATION N cd Cr Cu Fe Ni Pb Za  CaCO3 Finesl

(ppm) (ppm) (ppm) (ppm) (ppm) (ppm) (ppm) (%) (%)

2856 1 0.0l 2.4 0.44 420 0.9 1.1 2.3 8 1

2957 3 0.30 7.3 2.8 2100 6.7 2.6 10.2 96 21

2958 5 0.23 8.0 1.8 1060 3.5 1.0 6.2 98 20
(+0.005) (+0.4) (+0.1) (+80) (#0.2) (+0.2) (+0.5)

2959 3 0.15 13.5 1.1 2100 3.2 1.7 3.2 96 27

2960 1 0.08 24.6 0.48 2030 1.5 6.8 5.2 98 5

lpercent sediment with grain size <62 m.
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TABLE 32

TRACE METAL CONTENT IN MAFLA CARBONATES

AND NONCARBONATE SANDS

Cd Cr Cu Fe Ny Pb Zn*
MAFLA
Carbonatesl 0.15 13 1.3 1900 3.4 2 6
MAFLA
Qtz. sand?2 0.03 4 0.3 600 0.7 1 2
Carbonate 0.2
Rocks3 to 9 10 3800 12 8 26
0.1
Sands tones® 0.0X 35 X. 9800 2 7 16

lgamples with >90% CaC0jy

25amples with <10% CaCO3 and <10% fines

3Graf (1960) and Turekian and Wedepohl (1961)
4Turekian and Wedepohl (1961)

*All concentrations in ppm
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is its probable natural occurrence, and thus Cd enrichment in such areas
should certainly not immediately be construed as pollution.

Geographic variability in MAFLA sediment TM concentrations (total
dissolution) is depicted in Figure 121 using Fe as an example. To a first
approximation, the distribution of most of the other metals studied follows
Fe well. Lowest Fe values in the noncarbonate sands of nearshore areas
can be clearly identified as can the higher Fe levels found near the
Mississippi Delta and along the seaward extensions of most transects. Along
the central region of the vast carbonate-rich West Florida Shelf very low
and uniform metal distribution is found.

The geochemical basis for the observed variability already has been
alluded to and will be considered in more detail. But, what variability is
encountered at a given site when sampled at different time intervals? Table
31 gives the means and standard deviations for samples analyzed more than
three times during the 77/78 contract period. Data for high metal content
sites 2212 and 2313 show that average variability for all elements was 7 and
10%, respectively. This is very close to the overall 7% analytical pre-
cision previously reported and one therefore cannot identify any seasonal or
sampling artifacts at these sites. At Station 2208, where metal levels are
significantly lower and sediments more inhomogeneously appearing, an average
20% variability was found, mostly due to consistently higher values from
DM-II samples. From the triplicate sampling and total dissolution data from
most other locations, the following overview is presented: (1) variability
less than or approximately equal to the analytical precision at 2101, 2102,
2106, 2209, 2210, 2212, 2313, 2528, 2533, 2536, 2638, 2643 and 2958; (2)
values generally less than twice the analytical precision at Stations 2104,
2208, 2426, 2746, 2747 and 2959; (3) significant variations in two or more
metals at 2103, 2207, 2315, 2316, 2317, 2419, 2529 and 2640; and (&) ounly
one data set for the remaining total metal population.

In addition to the total sediment metal concentrations presented
above, an important facet of the TM program is identifying the potential
"biological availability" of sediment metals. The ideal chemical treatment
would use some analog of the digestive fluid of given benthic organisms.
One can envision sophisticated treatments using enzymes or other organic
chelators of metals or a simple system based on pH.

Gates and Travis (1969) note that white shrimp have internal pH
levels greater than 5 whereas Barnard (1973) finds that pHs of 6 to 8 are
characteristic of invertebrate guts, with special cases probably no lower
than 4. Vertebrate digestive systems, on the other hand, are commonly at
pHs of 3 or even less. Malo (1977) found 0.3 N HCl to be an appropriate
leaching solution. We have opted for 1IN HNO3 because of the high CaCOj3
content of the MAFLA sediments which makes usage of very weak acids imprac-—
tical (one would have to add a great deal of acid just to neutralize the
CaCo03). The results of the IN HNO3 leaching are summarized in
Table 33.

These data (Table 33) are the produce of a 360-sample, 47-station
effort with only the means and standard deviations at each site presented
here. The overwhelming predominance of low values is till evident. Minimum
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Cr
Cu
Fe
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TABLE 34

RANGE OF TRACE METAL CONCENTRATIONS*

(1 HNO3 LEACH) IN MAFLA SEDIMENTS

MAXIMUM (STATION)

0.26 (2957)

19 (2960)
3.9 (2638)
8000 (2643)
6.5 (2536)
10 (2639)
29 (2638)

6.1 (2638)

45 (2318)

98 (2958, 2960)

*Concentration in ppm.

MINIMUM (STATION)

100

>0.

.01

(2856)
(2856)
(2318)
(2318)

(2318, 2424,
2856)

(2318)
(2102)
(2528, 2529)
(2535, 2536,
2638)

(2641)
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TABLE 35
SEDIMENT TRACE METAL DISTRIBUTIONS BY TRANSECT*
TRANSECT
NO. OF
SAMPLES Cu Cr Cu Fe Ni Pb Zn
1 0.08 6.6 0.50 880 1.6 1.1 3.1
54 (+0.05)  (+2.4) (#0.23)  (+480) (+1.4) (+0.5) (+2.4)
0.19 10.3 1.0 1960 5.5 2.4 8.9
to to to to to to to
0.02 3.2 0.19 270 0.2 0.3 0.5
11 0.10 8.6 0.60 1290 1.9 1.5 5.2
54 (+#0.03)  (+2.5) (+0.38)  (+930) (+1.5) (+0.6) (+4.7)
0.20 13.8 1.5 3880 5.6 3.4 17.7
to to to to to to to
0.06 3.9 0.21 270 <0.1 0.8 0.6
III 0.08 6.0 0.50 1060 1.5 1.6 4.6
40 (+#0.05)  (+2.8)  (#0.38)  (+1150) (+1.7)  (+1.0)  (+5.3)
0.15 10.1 1.3 3620 5.0 3.4 16.5
to to to to to to to
0.01 2.0 0.11 60 <0.1 0.2 0.3
v 0.07 6.0 0.53 3010 1.4 2.2 6.2
48 (+0.05)  (#3.3) (+0.44)  (#3540)  (+1.8) (+1.7) (+#5.9)
0.16 1T.6 1.7 13100 5.7 6.5 19.5
to to to to to to to
<0.01) 1.6 0.11 250 <0.1 0.4 0.6
v 0.12 10.9 1.0 3090 3.0 3.4 8.2
48 (+0.05)  (+4.0) (+0.9) (+890) (+#2.1) (+#1.7) (+5.3)
0.20 20.4 3.0 4710 7.0 7.0 19.4
to to to to to to to
0.03 4.4 0.22 1300 0.2 1.2 1.7
VI 0.06 5.0 1.4 4720 2.2 5.9 14.5
48 (+0.06)  (+3.3) (+1.2) (+#2360) (+1.7) (+2.9) (+7.8)
0.16 13.0 5.5 9670 5.2 1T.4 3.6
to to to to to to to
<0.01 1.6 0.27 860 <0.1 1.4 4.4
VII 0.13 11.8 0.59 1580 2.2 1.6 5.5
27 (+#0.04)  (+3.6) (+0.22)  (+580) (+0.8) (+0.2) (+1.6)
0.20 18.3 0.99 2790 3.9 2.0 7.6
to to to to to to to
0.04 7.4 0.33 950 1.0 1.2 2.5
VIII 0.05 6.9 0.34 1810 1.0 1.7 3.0
12 (+0.04) (+4.2) (+0.18) (+2060) (+0.7) (+1.2) (+1.7)
0.12 11.6 0.66 6720 2.3 4.2 5.8
to to to to to to to
0.01 1.0 0.12 120 <0.1 0.2 0.3
IX 0.14 9.7 0.69 1150 2.4 1.6 3.9
32 (+0.09) (+6.0) (+0.33) (+430) (+1.4) (+0.4) (+2.4)
0.29 21.7 1.2 1820 5.2 2.3 8.5
to to to to to to to
0.02 3.9 0.25 590 0.8 0.8 1.1

*Given as mean, standard deviation and range, all concentrations in ppm
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metal concentrations (Table 34) are again found in the non-carbonate sands
of Stations 2102, 2318, 2424, 2641, 2855 and 2856. In general, signifi-
cantly less than half the total metal content was removed by 1 N HNO3 from
these chemically more resistant sediments. Maximum values (Table 34) for
Cu, Pb and Zn at Station 2638, Cd at 2957, and Ni at 2536 are consistent
with previously reported totals data (Table 30). The Cr maximum at Station
2960 results from ~80% leaching of this predominantly carbonate sample
compared with less than 10% Cr removal from clay-rich Station 2638 sediment.
A similar behavior is observed for Fe where ~60% of the total is leached
from Station 2643 sediment and only 20-30% of the total is removed from
higher iron-containing sediments at 2536 and 2638. These differences in
percent removal are considered later in more detail.

Table 33 also gives a good review of the "in station" variability for
8 or 9 separate box cores taken during 3 to 4 different time periods. An
average of 10% or less variability; i.e., (standard deviation/mean) X 100,
for the seven elements studied was found at 15 of the MAFLA sediment sta-
tions (2101, 2104, 2106, 2209, 2313, 2427, 2533, 2535, 2536, 2639, 2643,
2645, 2746, 2957, and 2958). This low variability is in line with the
analytical precision and thus no significatn seasonal or sampling artifacts
can be discerned. These stations are predominantly from the outer shelf
with a mean grain size of 3.2 phi relative to 2.3 for the remaining sites.
Metal concentrations are also higher at those 15 stations, and thus, they
are less affected by the poorer precision sometimes obtained with lower
metal concentrations. With two exceptions (2421 and 2640) the remainder of
the stations had concentration variations in the 10 to 20% range. At the
20% range, the explained variation is at the 95% confidence level for the
standard deviations of the experimental precision. Frequently within the 10
to 20% variability population, one season will have a complete set of
significantly higher or lower metal concentrations, indicative of differ-
ences in the sample collected and/or the effectiveness and variability of the
1 N HNO3 leach. Furthermore no obvious station or seasonal trend for
these larger variations is found. Although such deviations are somewhat
disconcerting, the generally low metal levels and inherent sample inhomo-
geneity downplay this concern.

The important point in the above discussion concerns our ability to
return to a given site at some later time and to quantitatively identify any
perturbation in the sediment trace metal concentrations. From the data
presented here, deviations from 10 of the analytical precisions are signifi-
cant at 15 sites and differences greater 2 ¢ are meaningful at the remaining
stations. This method of discerning changes is not overly satisfactory and
another technique will be introduced presently. However, even at 2¢varia-
tions, the absolute concentration change is relatively small. For example,
sediment with 3 ppm Cr would be considered deviant above 3.6 ppm and below
2.4 ppm. Such subtle variations would signal problems quickly since the
ambient metal levels are so low.

Geographical distribution of the partial sediment metal data by
transect (Table 35) re-emphasizes the highly diverse character of the MAFLA
sediments. Transect VI, located off the Mississippi-Alabama coast in
closest proximity to the Mississippi Delta, has the highest average concen-—
trations of leachable Cu, Fe, Pb and Zn. This observation is a function of
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the greater abundiance of metal-bearing aluminosilicates in this region and
is noted despite the low percent metal removal from these sediments with 1 N
HNO3. Two exceptions to this trend are the previously discussed high Cd
values of Transect IX and the high Cr levels for Transect VII. Sediments
from Transects VIII and I share the lowest metal averages by transect with
the remarkable exception of very low leachable Cr for Transect VI.

A large range in metal values is also observed within each transect
(Table 35) with the exception of the offshore VII group. Low values are
generally found nearshore with the non-carbonate sands, and higher values
are found seaward with the higher clay content samples. This variability
stresses the importance of water depth to depositional environment and hence
trace metal content.

With both total and partial sediment metal values for MAFLA 77/78, a
third data set of '"percent metal leached" may be created. Table 36 sum-
marizes the means, standard deviations and range of percent removal found
for each metal. The overall (7 element) removal was high at about 60% and
is directly related to the high CaCO3 content of the MAFLA sediments.
Near-complete metal removal was obtained from the carbonate-rich (clay-poor,
quartz-poor) sediments of the central shelf areas. Conversely, lower
percent removal was generally found for very nearshore non-carbonate sands
and outer shelf clay-containing samples.

Figure 122 depicts the percent removal trend discussed above. The
figure was developed by setting boundaries at the extremes of percent
removal (based on determined standard deviations, Table 36) for each element
(cd, <50 and >95%; Cr, <40 and >85; Cu, <30 and >60; Fe, <35 and >70;
Ni, Ssb and 273; Pb, Sﬁd-and 290?'Zn, Sﬁo-%nd ZjST_and identifying those
stations with values exceeding the chosen limits. Then, all stations with
three or more exceptional values were marked on Figure 122, those with low
percent removal with a black dot, those with high percent removal with a
black triangle. The resultant trend (Figure 122) nicely points out the
areas of low and high percent removal alluded to above. Further detail may
be extracted from Figure 122 where the percent Fe removal at each station is
also given. Iron data show the trend of lower percent removal in nearshore
and outer shelf areas with a high leachable fraction in the more homogene-
ously carbonate sediments of the central shelf.

Statistical evaluation of the MAFLA trace metal data confirms most of
the previously discussed trends and adds several new insights. Prior to
mathematical treatment, data for each metal were normalized to a 0 to 1
range by:

1] -
xi. = xi/(xi)max (1)
where x! = normalized value
1
x5 = original metal concentration

(%;,)pax = maximum value for a given metal.
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TABLE 36

SUMMARY OF PERCENT OF TOTAL SEDIMENT METAL REMOVED WITH 1 N HNOx

MEAN + STD. DEV.

()

76 + 22
62 + 20
45 + 13
53 + 17
53 + 19
70 + 19
58 + 18

MAXIMUM (%)
(STATION NO.)

108
(2313)
98
(2747)
89
(2528)
85
(2317)
90
(2210)
107
(2528)
104

(2421)

MINIMUM (%)
(STATION NO.)

17
(2424, 2640)
9
(2638)
22
(2427)
21
(2212)
12
(2741)
18
(2856)
10

(2856)
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This transformation equalizes the wide range in concentrations among metals
(e.g., Fepay = 13,000 ppm and Cdy,, = 0.3 ppm) and thereby minimizes
bias in resultant statistical calculations.

Initial data processing was carried out for just the 29 primary sedi-
ment stations. Table 37 gives the similarity matrix (Bray-Curtis Index) for
the partial sediment trace metal data. The matrix shows the general inter-
relationship of leachable trace metals with Fe and each other. A signifi-
cant covariance of metals with total organic carbon 1is also observed where
as fine grained particle data (<16 pm in this instance) is less compatible
since it includes both the carbonate and non-carbonate fractioms. Barium
behavior is somewhat contrary to the other metals with a high CaCOj3 similar-
ity and a low TOC, Fe and <16 um particle similarity. This occurs because
the leachable Ba concentrations are surprisingly uniform despite large var-
iations in total Ba and has interesting implications regarding the composi-
tion and distribution of leachable Ba (see Shokes, Volume II, Chapter 4).

Using principal components analysis (PCA), the leachable TM data were
further evaluated. Figure 123 gives the Q-mode Wisconsin ordination (Bray-
Curtis Index) with PC I plotted versus PC II for each of the 29 primary
stations. The stations were initially divided along the sharp black line
into two populations and subsequently groups into five smaller clusters.
Each of the primary stations was then coded accordingly on Figure 124,
Groups D and E clearly define the outer-shelf, finer-grained, higher metal-
containing sediments. Groups A and B distinguish the non-carbonate sands
and low metal-bearing sediments of nearshore areas (with the exception of
borderline stations 2208, 2209 and 2104). Finally, Group C encompasses
the CaCO3-rich, metal-poor sediments of the central MAFLA shelf. This
depiction of MAFLA sediment trace metal distribution is compatible with that
presented in Figure 122.

Metal versus Fe scatter plots have previously been used to identify
the "background" or '"matural trends for the northwest Gulf of Mexico (Trefry
and Presley, 1976a) and the MAFLA area (Presley et al., 1976). Figure 125
shows that the (total Zn)/(total Fe) relationship throughout the MAFLA area
is quite good and serves as a useful predictor of ''matural' Zn levels at a
given site. Interestingly, the Zn/Fe slope of 20 x 10~%4 for the entire
MAFLA area is reasonably close to the value of 26 x 10~4 obtained by
Trefry and Presley (1976b) for Mississippi Delta sediments. Variations in
Zn concentration as estimated from Fe values in Figure 125 are <10 ppm at
the 95% confidence level. This implies that a sediment sample from the
MAFLA area which is analyzed for Fe may be used to predict the 'matural" Zn
concentration. Deviations from the prediction interval would then support
an anthropogenic Zn source.

Metals other than Zn in the MAFLA region previously have been refer-
enced to Fe (Presley et al., 1976) and the agreement between that work and
the present is generally acceptable. Slope comparisons (x 1074) are as
follows:

Cu, 3.8 (1976), 3.0 (1978); Pb, 4.3 (1976), 4.4 (1978); and Ni, 7.5 (1976),
5.7 (1978). Previous Cd data (1976) were predominantly below the detection
limit encountered at that time.



TABLE 37

SIMILARITY MATRIX FOR TRACE METALS IN

1 N HNOq3 LEACH OF MAFLA SEDIMENTS

Ba cd Cr Cu Fe Ni Pb v Zn <16 m!  Cacoq TOC2
Ba 1.00
cd 0.66 1.00
Cr 0.67 0.75 1.00
Cu - - - 1.00
Fe - 0.66 0.65 0.71 1.00
Ni 0.65 0.79 0.64 0.62 0.70 1.00
Pb - - - 0.85 0.78 0.64 1.00
\ 0.60 0.70 0.74 0.68 0.76 0.69 0.74 1.00
Zn - 0.61 - 0.84 0.78 0.70 0.83 - 1.00
<16 m - - - 0.83 0.6l - 0.72 - 0.77 1.00
CaCog 0.86 0.67 0.74 - - - - - - - 1.00
TOC - 0.68 0.67 0.75 0.69 0.70 0.71 0.75 0.77 - - 1.00

lgrain-size fraction

270Cc = total organic carbon

L{9¢
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Figure 126 uses the Metal/Fe relationship to consider leachable Pb
and Fe concentrations. Note in this instance that the slope (7.9 x 10™4)
is almost double that found for total concentration. Lead, then, is removed
at twice the level of Fe by 1 N HNO3. For Cu, the leachable and total
concentrations plotted versus Fe gave almost identical slopes of 3.2 and
3.0. Yet, for leachable Ni, two distinct trends appeared in the scatter
plots, one for the higher concentration outer shelf sites and a second for
the remaining lower Ni content sediments. Overall scatter in the leachable
metal/Fe plots renders them less ueful for predicting metal concentrations
at a given site, yet helps delineate relative removal percentages.

CONCLUSIONS

The distribution of total and 1 N HNO3 leachable trace metals in
MAFLA sediments has been diligently and extensively evaluated. Metal levels
are, on the whole, lower than those expected for unpolluted sediments of
similar mineralogical composition. Variations in metal concentrations
within the MAFLA area are well explained by sediment composition. High-
est sediment metal content occurs in the finer-grained sediments of the
Mississippi Delta and outer shelf areas, whereas low values are found in
shallow water, nearshore sediments and in the CaCO3-rich sediments of the
West Florida shelf.

Further delineation of the metal-poor sediments shows the nearshore,
non-carbonate sands to have three to five times lower concentrations than
the central shelf carbonates. Two instances of elevated metal levels were
found. Cadmium levels are high in the vicinity of Station 2957 on the outer
shelf of the southern transect and Pb concentration are enriched near the
Mississippi Delta. The former observation is presented as a natural occur-
rence resulting from significant biological input whereas the latter is
directly related to high Pb inputs by the Mississippi River (Trefry and
Presley, 1976a,b).

Study of "in station" wvariability shows that with two exceptions
(2421 and 2640) the observed metal concentrations generally varied by less
than twice the analytical precision.

Sediment leaching with 1 N HNO3 showed that, overall, 60% of the
total metal load was removed. Near-complete removal was obtained from the
carbonate-rich (clay~poor, quartz-poor) sediments of central shelf areas.
Conversely, lower percent removal was generally found for very nearshore,
non-carbonate sands and outer shelf, clay containing samples.

Metal versus Fe scatter plots were again used to identify natural
metal levels in this diverse MAFLA area. Although the area now has no signs
of significant metal pollution, the very low metal levels encountered can be
easily perturbed. If pollutant metals are forced to associate with CaCOj
particles (which may well be the case in much of the area) they will be
readily available to the biota. These low levels thus present a real, but
resolvable dilemma. The low metal concentrations will be easily perturbed
by pollutant input from increased activity in the MAFLA area, yet the low
levels and good data base now available allow quick detection of these
perturbations before they become a problem.
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ABSTRACT

For the first time in the four years of baseline survey in the MAFLA
outer continental shelf, reliable concentration data for total and leachable
(1 N HNO3) sedimentary barium and vanadium have been obtained. In
general, these two elements are distributed over the MAFLA geographical area
as a result of the natural geochemical controls which supply and transport
metals (and other materials) to the sea floor. On the areal scale surveyed
in this program, no anthropogenic influences on the distribution of these
two elements are apparent.

Vanadium trends coherently with the other transition metals assayed
for in this program. The most striking trend is the contrast between the
clay-rich, Mississippi River-derived sediments (high in vanadium) off Mobile
and the carbonate-rich, biogenic sediments (low in vanadium) off the west
coast of Florida. Except for a narrow band of almost pure quartz sediments
(very low in vanadium) near-shore off the northwest Florida coast, these two
sedimentary regimes act as end-members with other locations within the MAFLA
area representing either variations or mixtures.

Barium is in general most closely related to sedimentary calcium
carbonate content and, in contrast to vanadium and the other transition
metals, shows no particular coherence to sediment grain size. Confounding
this generalization, however, is that clay minerals which dominate in the
western MAFLA sedimentary end-member are barium-enriched and carbonate
depleted. The remarkably constant and low amounts of leachable barium found
over the MAFLA area make it a potentially sensitive monitoring tool in
future efforts to safeguard the marine environment from pervasive chemical
insults during oil and gas production on the continental shelf.
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INTRODUCTION

Of all the geochemical endeavors making up the MAFLA Baseline Studies
since its beginning in 1973, the analysis of surficial benthic sediments for
their trace heavy metal contents has yielded the most reliable and accurate
description of ambient, pre-development conditions. This success has been
due to two significant distinctionms: (1) the distributions of metals in
marine sediments are relatively independent of variation with time, regard-
less of the scale (especially true in environments which are relatively
"pristine," which the MAFLA area has proven to be) and (2) the collection
and analyses procedures utilized for sedimentary trace metals have not been
plagued by the major problems of reliability, reproducibility and sensitiv-
ity characterizing to varying degrees the measurement of metal levels in
other materials and of hydrocarbons in general.

With regard to this last claim, however, the determination of
concentrations of barium, and vanadium to some degree, has been less suc-
cessful than that of the other metals traditionally analyzed for the MAFLA
program (cadmium, chromium, copper, iron, lead, manganese, zinc; Chapter 3).
Because of the recognized insensitivity of atomic absorption spectro-
photometry for barium and vanadium, these two elements have been determined
by instrumental neutron activation analysis. However, because of the
extremely low concentrations of these two elements in all but a few MAFLA
area sediments, often magnified by the tremendous matrix interferences
caused by the typically high calcium carbonate contents, the quantification
of barium especially has been less than successful prior to the work re-
ported herein (the 1977/78 study). Improved neutron activation techniques
have finally enabled us to determine barium as low as the sub-ppm level,
where previously the methodological detections limits were, at best, in the
30 to 50 ppm range.

In this Section, the results of measuring surficial sediment con-
centrations of barium and vanadium by neutron activation analysis are
presented. Reference should be made to the discussion of other metals'
distributions and sediment trace metal chemistry in general by Trefry in
Chapter 3.

METHODS AND MATERIALS

The neutron activation analysis techniques utilized in this study are
detailed in Shokes and Reed third quarterly MAFLA report, January 15-May 15,
1978, in Dames & Moore 1978e. The sediments subjected to partial digestion
were analyzed for Ba with the Ba-139 procedure; the totally digested samples
were analyzed using the Ba-131 (INAA) procedure. Vanadium was determined
using the V-52 (INAA) analysis procedure. The method consists essentially
of irradiating the samples for varying time periods in a Torga type reactor
at the University of Californmia, Irvine, and measuring activity levels with
a spectrometer after given periods of time.

RESULTS AND DISCUSSIONS

Appendix 4-1 contains the seasonal station means of leachable
and total barium and vanadium contents, as well as those for iron (from
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Chapter 3) and grand station means of calcium carbonate, percent fines (silt

plus clay; < 62 um) and total organic carbon. Figure 127 contains the
sediment sampling station numbers and locations. Prior to the 1977/78 MAFLA
study, sediments had been analyzed for total content of each metal. The

addition of analyzing the amount of metal leachable with acid (in this case,
1 N HNO3) was done to provide an indication of how much of a sediments
metal content was particulate surface related. This interest stemmed from
the expectation that any alterations in metal concentrations would be
manifest in surface phases and also from the understanding that any metals
(at natural levels or not) associated with particulate surfaces are more
readily available to be cycled through the food chain than those imbedded in
mineral matrices.

As can be quickly seen in Appendix 4-1, real seasonal variability in
sedimentary metals is not apparent. What variations exist at some stations
among seasons are almost totally related to sedimentary inhomogenieties
which can be relatively large over a small geographical area, especially
when course-grained quartz and carbonate materials dominate. Table 38
condenses Appendix 4-1 by presenting grand station means for the same
parameters along with the variation among seasons as 10 ) and the mean
leachable fraction (in percent).

It has been concluded (Presley et al., 1976) that no apparent alter-
ations have been made to the metal burdens of MAFLA outer continental shelf
sediments. Indeed, from the extensive set of metal data accumulated to this
point, it can be said that trace heavy metal distributions throughout the
MAFLA lease area are mineralogically controlled, reflecting the sources, the
residence times in the water column and the depositional environmeants of the
particles composing the sea bed.

The most quantitative mineralogical parameters available and, there-
fore, the ones we generally consider to be controlling the association of
metals with sediments, are calcium carbonate and organic carbon contents
along with the various parameters indicating particle grain size. In
general, biogenic carbonate-rich sediments, which are common on the Florida
shelf, are impoverished in heavy metals relative to the terrigenous (land-
derived) clay minerals restricted to the northwest corner of the MAFLA area.
Also, carbonate sediments tend to be more coarse than those of predominantly
clay mineral composition and, with a less favorable surface area-to-volume
ratio, are not as efficient at incorporating metals via surface-associated
phenomena. Adding to this metal content bias is the trend toward higher
organic carbon content with decreasing grain size, association with organic
matter (e.g., through complexation) being another mechanism for imcorpora-
tion of metals into sediments.

The MAFLA lease area can be divided into several sedimentary prov-—
inces based upon the parameters just discussed. It can be shown that the
distributions of trace metals (including barium and vanadium) can be ex-
plained with very little discrepancy by the segregation of these areas. It
should be noted that barium 1s not a transition element as are the others
analyzed on this program, and being a large Group II element it should
exhibit a geochemical nature more coherent with that of calcium. The
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GRAND STATION MEANS* OF LEACHABLE (-L)

TABLE 38

TOTAL (-T) SEDIMENTARY BARIUM VANADIUM AND IRON

AND

STATION Ba-L Ba-T 2 LI
2101 7.9+1.1 55 14 2
2102 3.6+0.1 17 21 1
2103 7.9+42.1 24 33 1
2104 9.1+1.9 23 40 1
2105 12.3+1.2 53 23 2
2106 12.3+0.6 21 59 2
2207 6.7+1.4 50 14 1
2208 10.1+1.6 }2%) 22 1
2209  10.3+1.2 (49) 21 2
2210 13.0+1.0 37 36 2
2211 10.1+1.7 57 18 3
2212 10.4+#2.3 25 42 2
2213 11.7+1.2 50 24 2
2315 10.1+1.7 47 21 1
2316 8.5+4.0 25 34 1
2317 11.4¥2.0  [27) 42 2
2318 2.3%0.4 5.9 39 0
2419 6.6+2.4 10.4 63 2
2421 8.0+0.2 25 32 2
2423 11.3+1.5 <70 >16 9
2424 3.140.6 20 16 1
2426 7.4+4.0 1 16 1
2427 9.9v1.0 (B 12 3

lpercent leachable

*Concentrations on Mg -

V-L
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3557+310

V-T % L Fe-L Fe-T % L % CaCO3  %<62 um % TOC
37 67  684+47 1360 50 46 9.5 0.11
771 461492 680 65 30 3.5 0.07
.5 49 1080+231 2073 52 44 6.5 0.09
.6 70 692+70 1047 66 98 9.7 0.16
.7 74 553+175 935 59 99 9.4 0.19
0 47 1735431 4235 41 96 19.2 0.28
9 59  360+60 900 40 47 8.4 0.10
5 38 929+514 1830 51 87 53.4 0.24
3 47  805+31 1350 60 87 39.6 0.27
2 50  1159+147 1715 68 92 29.2 0.27
5 56 1388+188 2410 58 96 13.5 0.26
0 29 27134658 9373 29 88 33.0 0.41
0 20 2760+485 11650 24 86 47.8 0.37
.3 49 506+243 873 58 88 7.8 0.10
.8 62 332491 1060 31 47 14.3 0.13
.5 49 1407+564 2155 65 90 16.9 0.09
3 54 95+11 370 26 10 2.3 0.05
.3 70 436+128 775 56 35 2.2 0.08
4 39 11224264 1680 67 59 9.1 0.10
0 56 9140+2537 16200 56 75 13.9 0.25
A 42 338+83 900 38 13 4.5 0.04
.1 35  2793+454 4125 68 43 5.1 0.08
0 31 16900 21 80 51.6 0.46
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TABLE 38 (CONTINUED)

STATION  Ba-L Ba-T 2 L v-L V-T %L Fe-L Fe-T % L % CaCO3 %<62 pm % TOC
2528  5.9+1.2 14 44 1.840.2 3.8 47 1517+78 2065 13 55 3.9 0.05
2529 8.0+1.8 18 44 2.6+0.9 10 26 35404814 5020 71 72 3.8 0.08
2531  8.4%¢1.2 Q@D 70 3.6+0.5 6.6 55 3663+743 5480 67 92 4.4 0.08
2533 8.5+4.4 17 50 3.1+0.8 8.5 36  2940+425 5690 52 90 5.0 0.08
2535  7.6+1.4 93 8 4.8+0.2 - - 3103+331 10900 28 72 64.4 0.89
2536  8.2+0.8 82 10  4.4+0.4 31 14 3167+108 13767 23 70 74.0 0.71
2638 9.3+0.8 : 285. 3  8.8+1.9 42 21 5737+1452 22700 25 14 72.8 0.64
2639 4.3+0.3 (99 4  4.4%0.5 27 16 4113%154 9220 45 19 14.3 0.16
2640 2.4+40.7 44 5 1.9+40.8 8 23 2730+1654 6653 41 32 5.0 0.11
2641 1.8+0.3 63 3 2.0+0.2 14 14 1040+201 4245 24 8 4.6 0.17
2643 12.0+1.7 3.8 32 5.8+0.7 12 48  6903+1602 13833 50 83 5.7 0.25
2645 10.0+2.6 <45  >22  7.0+0.5 - - 5007+786 11900 42 88 11.2 0.31
2746 9.2+4.9 18 51 2.8+0.5 4.3 66 1087+121 1745 62 97 39.1 0.32
2747 11 20 55 2.940.3 3.6 81 1110+209 1625 68 98 12.4 0.19
2748 12.5+2.1 18 69 3.1+0.5 4.0 78 2067+215 3120 66 98 6.8 0.20
2749 12 15 80 3.7 5.7 65 2010 2840 71 9% 5.4 0.05
2851 9.8+4.6 41 24 2.7+¢1.4 5.9 46 1000 3290 30 47 4.3 0.05
2852 11.3¥3.9 <42 >27  2.9+1.1 5.7 51 1260 1610 78 93 3.8 0.06
2853 11.6+4.9 47 25 3.7+#1.6 4.5 82 - 2320 - 93 6.9 0.11
2854 4.6 83 6 4.3+0.2 11 39 6720 6770 99 57 6.5 0.14
2855 1.2+40.5 29 4 1.0+0.1 2.1 48 280 860 33 11 2.1 0.06
2856 1.3 29 4 0.6+0.3 1.5 40 220 420 52 9 0.8 0.05
2957  11.7+0.6 13. 90 2.1+0.1 5.8 36  892+89 2070 43 96 21.7 0.22
2958  11.2+1.3 17 66 2.0+0.4 3.2 63  633+12 1060 60 97 20.8 0.17
2959 11.3 26 43 2.4+0.5 4.2 47  1293+302 2103 61 95 28.4 0.30
2960 10.5+2.2 (11} 95 3.2 - - 1707+110 2030 84 97 6.2 0.14
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difference in atomic (or ionic) size between barium and calcium, however,
precludes total geochemical coherence.

Figures 127 through 129 map the distributions of calcium carbonate,
silt plus clay sizes (i.e., weight percent of the sediment that is <62 um
in particle diameter; a measure of grain size in general), and total organic
carbon in MAFLA sediments, and Figure 130 summarizes the combination of
carbonate content and grain size (as fine, medium and coarse). In each
case, inspection contours have been drawn and, although different patterns
arise in each case, a general pattern begins to emerge as each is super-
imposed on the other.

Relative to the Roman numeral designations made in Figure 130, the
MAFLA lease area can be described in terms of four distinct sedimentary
areas and several other which are more complex zones of combined or mixed
character. The northwest corner of the area (I and parts of II, III and
VII) represents the clay mineral end-member being dominated by terrigenous
materials from the Mississippi River. Here the sediments are generally high
in fines, low in carbonate, high in organic content and high in metals.

The opposite end-member region relative to the previous discussions
is the large section of latitudinally middle shelf off Florida (area X)
which is controlled by the accumulation of planktonic debris and coral
rubble of high carbonate, coarse size and low organic carbon (and low metal)
contents. This area receives essentially no land-derived contribution to
its sediments.

Two other fairly distinct areas are those designated by VI and IX in
Figure 130. Area VI, especially its northern portion, is a sedimentary
regime dominated by quartz sands of very little carbonate content but with
coarse size character and very low organic carbon. These sediments have
been found to be the lowest of all MAFLA substrates in metal content (both
total and leachable).

Area IX is dominated by a finer-grained and higher organic content
version of the biogenic carbonate sediments in the nearer-shore area X.
these sediments are generally enriched in metals relative to those of X.

The geographically middle regions of the MAFLA area (IV, VIII, V,
parts of III and II) represent the meeting zone between the clay mineral and
biogenic carbonate end members and varied combinations of mineralogical
geochemical composition are found.

Figure 131 (reproduced from Chapter 3) shows the distribution of
total sedimentary iron over the MAFLA area with inspection contours showing
general agreement with those of Figure 130. Iron can be considered an
exemplary transition metal, indicative of the others measured in this study
(except barium) with regard to geochemical association. From the discus-
sion in Chapter 3 and the distribution of vanadium shown in Figure 132, we
can see that this is the case. For barium (total), however, although some
coherence with iron exists between the two end-member regions (Mississippi
River provenance vs carbonate Florida shelf), the trends are significantly
different (Figure 133).
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In general, it can be said that barium trends more or less positively
with carbonate and decreasing grain size east of the areas influenced by
terrigenous clay minerals, which happen to be mineralogically enriched in
barium while low in carbonate. The net result 1is a substantially more
complex distributional pattern for barium relative to iron and the other
metals as can be seen in comparing Figure 133 with Figures 131 and 132.

The unique nature of barium relative to the other metals examined in
this study becomes more apparent upon inspection of its leachable (1 N
HNO3) amount and fraction distributions. Although, as just described, the
presence of clay minerals disrupts any positive trends between barium and
calcium carbonate, clay mineral barium is mineral-related (as opposed to
grain-size and/or organic matter related) and leaching the sediment with
weak-to-moderate strength acid should not release it into solution. Table
38 (the Ba-L column) shows this quite dramatically to be the case with only
a very narrow range of barium amounts being leachable relative to the
large range of total barium amounts between sedimentary end members. As the
similarity matrix (Table 39) shows, the result of analyzing leachable barium
trends rather than total is that a clear barium-to-calcium carbonate rela-
tionship is established (S.I. = 0.86). The leachable amounts of the other
metals, including vanadium, maintain their same strong similarities with
grain size and organic carbon content that were established by total con-
centration distributions.

Figures 134 through 136 show the geographic distribution of leachable
fractions (leachable divided by total concentrations) for iron, vanadium and
barium, respectively. For iron and vanadium, the trends become much less
distinguishable as the greater leaching power of 1 N HNO3 on readily acid
soluble carbonates compared to clay minerals and quartz sands tends to
obliterate the clear dichotomy observed for leachable and total amounts.
While the carbonates are low in metals, much of the mineral is dissolved in
the leaching process releasing a large portion of what is present.

Quartz sands are also low in metals but most of what metal contents
are assocaited with them are on surfaces. Therefore, even though little
mineral dissolution takes place from the 1 N HNO3, again a large portion
of what metals are there is removed. The terrigenous clay minerals compo-
nent of the sediments contains much higher leachabe amounts of metals but
since the 1 N HNO3-resistant minerals are also relatively enriched, the
leachable fractions tend to be lower as the contribution from clays becomes
greater.

Figure 136 substantiates the previous discussion for barium as the
Mississippi River-influenced end member is characterized by very low leach-
able fractions. Essentially all (>90%) of the barium associated with clay
minerals 1is bound into the acid-resistant phases. One potential ramifica-
tion of this is that in the western MAFLA area, where oil production might
eventually be most prolific (by virtue of the greater likelihood of its
existence), leachable barium in sediments might prove to be particularly
sensitive monitoring tool. Since the ambient, baseline leachable fractions
are at the 3 to 5% level, small changes can conceivably be detected with
great sensitivity.



Ba  Cd  Cr
Ba 1.00

cd 0.66 1.00

Cr 0.67 0.75 1.00
Cu - - -
Fe - 0.66 0.65
Ni 0.65 0.79 0.64
Pb - - -

A 0.60 0.70 0.74
Zn - 0.61 -
<16 m - - -
CaCO3 0.86 0.67 0.74
TOC - 0.68 0.67

lgrain-size fraction
270C = total organic carbon

TABLE 39

SIMILARITY MATRIX FOR TRACE METALS IN
1 N HNO3 LEACH OF MAFLA SEDIMENTS

CaCO0y  TOC2

Cu Fe N Pb ¥V Zn  <16ym!
1.00

0.71 1.00

0.62 0.70 1.00

0.85 0.78 0.64 1.00

0.68 0.76 0.69 0.74 1.00

0.84 0.78 0.70 0.83 - 1.00

0.83 0.61 - 0.72 - 0.77 1.00

0.75 0.69 0.70 0.71 0.75 0.77 -

- 1.00

76¢



-

e

vl 7

Fe - Leachable Fraction \\\\\

(%) \

OREDGETRAM. STATION ONLY
SUPFLEMENTAL BOX CORE STATIONS

GOX-CORE STANON MUMBER

P

Xy
B R Nosmere OEPTH CONTOURS 1IN METRES \
SCALE

" 1000

Qi ®,

(=13

DREDGETRAM. STATION NUMBER
(3 4

. Y SN | L : B L - o \}

Figure 134. Leachable (1 N HNO3) fraction of sedimentary iron (in %), MAFLA lease area.
Roman numerals correspond to carbonate texture groupings in Figure 130.

S6¢t



LEGEND

@ sy somon V - Leachable Fraction
8 SECONDARY STATION (%) ] Rv7\O 7 ®
20

) 7

)

9 B X T _'osmene DEPTH CONTOURS IN METRES

R S - S | S ) IR SRR © S S ) L

Figure 135. Leachable (1 N HNO3) fraction of sedimentary vanadium (in %), MAFLA lease area.
Roman numerals correspond to carbonate texture groupings in Figure 130.

96¢



s FIUOY

B X D G0 siemerres OEPTH CONTOURS IN METRES

Ba - leachable fraction

(%)

OREDGE TR STATION DMLY
SUPPLEMENTAL BOX CORE STATIONS
OKX-CORE STANON NUMBER

OREDGETRAVA. STATION NUMBER

W L W —aF g

Figure 136. Leachable (1 N HNO3) fraction of sedimentary barium (in %), MAFLA lease area.
Roman numerals correspond to carbonate texture groupings in Figure 130.

|

L6t



398

CONCLUSIONS

Both vanadium and barium have been extensively characterized as to
their sediment concentration (both total and 1 N HNO3-leachable) distribu-
tions over the MAFLA outer continental shelf. Neither element appears to
have had its sediment concentrations impacted by anthropogenic contribu-
tions; natural geochemical processes of supply and transport comntrol the
levels observed for each metal.

Vanadium is most closely related to mineralogy and grain-size char-
acter of the sediments of the MAFLA area with fine-grained, clay minerals
having the highest concentrations, coarse-grained quartz sands having the
lowest, and coarse-grained biogenic carbonates (the most wide-spread sedi-
ment type) having quite low concentrations. These trends are coherent with
the rest of the transition metals (irom, copper, lead, etc.) discussed in
Chapter 3.

Barium displays different mineralogical trends compared to the other
metals. Within the large suite of biogenic sediment samples collected in
this study from the Florida shelf, barium is more directly related to
carbonate content than to grain size. However, the quartz-dominated ter-
rigenous sediment of the near-shore northern Florida shelf and the clay
mineral-rich muds off Mobile represent the most barium-depleted and barium-
elevated sediments, respectively, as is the case for the other metals.

For all the metals except barium the amount leached with 1 N HNOj
was quite variable but related to the total content in such a way that the
leachable fractions spanned a relatively small range. For barium, however,
the amount leached was relatively constant (and low) over the range of
sediment types surveyed and the leachable fractions were somewhat more
variable. This characteristic might enable the use of leachable barium as a
monitoring parameter during future oil and gas production activities.
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APPENDIX 4-1

MEAN SEASONAL CONCENTRATIONS OF BARIUM AND VANADIUM
IN THE 1 N HNO;-LEACHABLE (L) AND TOTAL (T) OF MAFLA
SURFICIAL SEDIMENTS. ALSO PRESENTED ARE AVERAGE TOTAL
ORGANIC CARBON (TOC), CALCIUM CARBONATE (CaCO3) AND
WEIGHT FRACTION LESS THAN 62 ym IN PARTICLE SIZE. ALL
METAL CONCENTRATIONS ARE IN ug/g DRY WEIGHT SEDIMENT.
SEASON KEY: =-'76 = SUMMER 1976; -1 = SUMMER 1977;
-2 = FALL 1977; -3 = WINTER 1978.



APPENDIX 4-1 (Continued)

S

2101

2102

2103

2104

2105

2106

2207

l1eached fraction

3Total
Leached/Total

*C = % CaCO3; F = % sediment <62 pm; T = % TOC

Ba-'76 Ba-1 Ba-2 Ba-3 v-'76 V-1 V-2 V-3 Fe-'76 Fe-1 Fe-2 Fe-3 C/F/T*
7.81 7.4 6.9 9.4 2.1 2.3 2.1 712 630 710 700 46
552 <25 4.7 1.9 1350 620 1370 9.5
133 47 100 53 52 0.11

3.5 3.7 1.5 1.2 1.0 463 340 520 270 30
24 9.3 2.0 1.4 710 650 3.5
15 40 65 71 65 42 0.07
5.9 7.8 10 1.2 2.2 1.6 1310 810 970 1230 44
34 14 3.6 3.3 1610 1650 2960 6.5
20 71 47 48 81 59 42 0.09
11 9.1 7.2 1.7 1.8 1.9 678 730 760 600 98
33 <37 12 3.0 2.4 2.3 1060 1100 980 9.7
30 60 60 71 83 64 66 61 0.16
13 11 13 2.2 1.5 2.2 460 360 750 640 99
53 2.7 790 1080 9.4
23 73 58 69 0.19
12 13 12 2.7 2.9 2.7 1770 1750 1700 1720 96
21 6.0 4140 4330 19.2
57 45 43 40 0.28
7.9 7.0 5.2 2.0 1.2 1.8 298 320 420 400 47
60 39 3.9 1.9 900 8.4
13 13 41 95 33 0.10

00%



APPENDIX 4-1 (Continued)

S

2208

2209

2210

2211

2212

2313

2315

2316

2317

Ba-'76 Ba-1 Ba-2 Ba-3 v-'76 v-1 V-2 V-3 Fe-'76 Fe-1 Fe-2 Fe-3 C/F/T*
8.2 11 11 2.1 1.2 1.9 705 560 1690 760 87
61 30 4.5 4.6 1360 1350 2780 53.4
18 27 36 46 52 41 61 0.24
11 9.0 11 2.3 1.8 1.9 850 800 780 790 87
70 28 4.8 3.8 1220 1480 39.6
14 39 44 50 70 53 0.27
12 14 (29) 1.3 2.7 2.3 1315 1010 1060 1250 92
46 27 4.2 1610 1820 29.2
28 53 82 69 0.27
12 9.2 9.0 2.7 3.0 3.6 1500 1150 1330 1570 96
57 5.5 2410 13.5
18 56 62 0.26
9.0 9.1 13 2.0 1.4 2.6 3370 2520 1880 3080 88
<45 25 6.3 7.7 9640 8950 9530 33.0
32 35 21 32 0.41
11 11 13 1.9 3.2 1.4 3320 2500 2460 86
63 36 10 11 11400 11900 47.8
52 19 13 29 21 0.37
9.4 12 8.9 1.5 1.4 0.5 780 420 318 88
47 (10) 2.9 1.6 1220 800 600 7.8
20 52 31 64 53 53 0.10
7.2 5.3 13 1.3 1.2 2.6 360 230 405 47
18 32 2.3 3.2 880 1240 14.3
40 39 57 81 41 33 0.13
12 13 9.2 2.1 2.5 2.1 1260 2030 930 920
27 4.5 1480 2830 16.9
44 47 85 72 0.09

10%
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S

2318

2419

2421

2423

2424

2426

2427

2528

2529

Ba-'76 Ba-1 Ba-2 Ba-3 v-'76 V-1 V-2 V-3 Fe-'76 Fe-1 Fe-2 Fe-3 C/F/T*
1.9 2.6 2.4 0.9 0.6 0.6 104 98 82 10
5.9 1.3 370 2.3
35 69 28 0.05
3.9 7.3 8.6 1.7 2.1 3.0 290 530 487 35
7.8 13 1.9 4.7 450 1100 2.2
50 66 89 64 64 44 0.08
8.1 7.8 8.0 2.3 1.9 2.1 1030 1420 917 59
25 5.4 1680 9.1
32 43 61 0.10
10 13 11 10 8.9 10800 6220 10400 75

<70 17 16200 13.9
59 67 0.25
3.7 2.9 2.6 1.2 0.9 1.0 415 350 250 13
20 2.4 900 4.5
19 50 46 0.04
12 5.8 (4.4) 1.9 1.6 (1.8) 3080 3030 2270 43
46 47 5.1 4590 3660 5.1
26 37 67 62 0.08
9.2 9.5 11 3.8 4.5 2.9 3570 3240 3860 80
81 12 16900 51.6
11 32 15 0.46
4.8 7.2 5.6 1.7 1.7 2.1 1540 1580 1430 55
15 12 3.7 3.9 2000 2130 3.9
32 47 46 54 77 67 0.05
9.1 6.0 9.0 1.7 2.6 3.4 3890 2610 4120 72
18 10 5860 4180 3.8
51 17 49 62 0.08

oYy
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S

2531

2533

2535

2536

2638

2639

2640

2641

2643

Ba-'76 Ba-1 Ba-2 Ba-3 v-'76 v-1 V-2 V-3 Fe~'76 Fe-1 Fe-2 Fe-3 C/F/T*
7.0 9.2 8.9 4.0 3.8 3.1 3950 2820 4220 92
12 6.6 5480 4.4
58 61 72 0.08
12 3.5 10 2.3 3.9 3.1 3170 2450 3200 90
<49 17 8.5 5480 6110 5480 5.0
59 27 58 40 58 0.08
8.9 7.9 6.1 4.7 5.0 4.6 3420 2760 3130 72
93 59 10900 67.4
10 31 0.89
9.1 7.6 7.9 4.9 4.1 4.3 3290 3090 3120 70
82 31 13200 13900 14200 74.0
11 16 25 22 22 0.71
9.5 8.4 10 8.0 11 7.4 6060 4150 7000 14
300 270 (14) 42 23400 22000 72.8
3 4 18 26 32 0.64
4.6 4.0 4.3 4.9 4.3 4.0 4290 4010 4040 19
99 27 9220 14.3
4 18 47 0.16
1.6 2.8 2.8 1.1 2.0 2.7 1150 2590 4450 32
44 43 6.1 9.8 2710 4750 12500 5.0
5 7 18 28 42 55 36 0.11
1.6 2.1 1.7 2.1 2.2 1.8 1270 950 900 8
54 72 14 4830 3660 4.6
4 2 15 26 25 0.17
14 11 11 5.1 6.4 5.9 8730 5740 6240 83
25 51 12 13400 13900 14200 5.7
22 43 65 41 44 0.25

€0y
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S Ba-'76 Ba-1 Ba-2  Ba-3 v-'76 V-1 V-2 V-3 Fe-'76 Fe-1 Fe-2 Fe-3 C/F/T*
2645 13 9.1 8.0 6.5 7.1 7.4 5620 4120 5280 88
<45 (2.6) 11900 11.2
47 0.31
2746 12 3.6 12 2.7 3.4 2.4 950 1180 1130 97
17 18 4.6 3.9 1520 1970 39.1
71 67 59 62 63 57 0.32
2747 11 11 3.1 2.6 2.9 1350 1010 970 98
20 3.6 1980 1270 12.4
55 81 51 76 0.19
2748 11 14 2.8 3.6 2.8 2050 1860 2290 98
18 4.0 3120 6.8
78 70 60 0.20
2749 12 3.7 2010 94
15 5.7 2840 5.4
80 65 71 0.05
2851 13 6.5 3.7 1.7 1000 47
41 5.9 3290 4.3
32 63 30 0.05
2852 8.5 14 3.6 2.1 1260 93
<42 5.7 1610 3.8
63 78 0.06
2853 8.1 15 2.5 4.8 93
47 4.5 2320 6.9
17 56 0.11
2854 4.6 4.4 4.1 6720 57
83 11 6770 6.5
6 40 99 0.14

70%
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s Ba-'76 Ba-1 Ba-2 Ba-3 vV-'76 V-1 V-2 V-3 Fe-'76 Fe-1 Fe-2 Fe-3 C/F/T%
2855 1.5 0.8 1.0 0.9 280 11
29 2.1 860 2.1
5 48 33 0.06
2856 1.3 1.3 0.8 0.4 220 9
29 1.5 420 0.8
4 53 52 0.05
2957 12 12 11 2.0 2.2 2.0 937 790 950 96
12 14 5.8 2170 1970 21.7
75 79 34 43 48 0.22
2958 12 9.7 12 1.7 2.2 640 640 620 96
17 3.2 1060 20.8
71 69 58 0.17
2959 12 11 11 1.8 2.6 2.8 1370 960 1550 95
32 20 (0.9) 4.2 2190 1650 2470 28.4
38 55 67 63 58 63 0.30
2960 13 9.1 9.4 3.2 3.2 3.2 1820 1600 1700 97
11 2030 6.2
85 84 0.14

SoY
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ABSTRACT

Demersal fish and macroepifaunal samples collected by Dames & Moore
from the MAFLA area of the Gulf of Mexico were analyzed for trace metal
content using methods approved by the Bureau of Land Management. Some
unanticipated pooling of samples was necessary and a few samples could not
be analyzed at all because of the small size of the specimens collected. A
complete list of all samples received and an indication of how they were
processed is appended to the report. Results appear to be comparable to
those reported for earlier MAFLA studies. A detailed analysis and inter-
pretation of the results, however, was not a contractual requirement and,
thus, is not a part of this report. Replicate analyses of NBS standard
material and the internal consistency of the results themselves indicate
that the quality of the analytical results is high. No evidence of signif-
icant sample contamination in the laboratory was noted. Despite some early
delays, the analyses were completed essentially on schedule.
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INTRODUCTION

Analytical Research Laboratories, Inc. (ARLI) has completed work on
its subcontract to Dames & Moore to perform trace metal (Cd, Cr, Cu, Fe, Ni,
Pb, Zn) analyses on a portion of the samples collected by Dames & Moore on
its Bureau of Land Management 1977/78 MAFLA Benchmark Survey (BLM Contract
Number AA550-CT7-34). This final report includes a list of all samples
received by ARLI for trace metal analysis since July 1977 and an indication
of how each sample was processed. Some samples were processed individually,
some samples were pooled before analysis, and a few were not analyzed due to
lack of sufficient sample material.

The report also includes a brief description of the method used in
analyzing the samples and a summary of the results. The evaluation and
interpretation of the results are not included in this report. Respon-
sibility for that task has been assigned to a committee appointed for the
purpose.

METHODS

The methods used in this investigation are designed to meet the
requirements prescribed in the Bureau of Land Management Solicitation
Number AA550-RP7-10 modified as of June 30, 1977. Detailed descriptioms of
the analytical methods and the accompanying quality control practices were
given earlier in our third quarterly report (Dames & Moore, 1978e). These
items will be reviewed only briefly in this report.

ANALYTICAL METHODS

TISSUE PREPARATION
Demersal Fish

Tissue preparation is carried out in an enclosed clean bench using
nitric acid-washed Pyrex glassware and utensils. The thawed specimen is
washed, skinned, and 10 g sample of muscle tissue is transferred to a tared,
nitric acid-washed breaker. After having been weighed to determine its wet
weight, the sample is dried on the lyophilizer and weighed again to deter-
mine its dry weight.

Macroepifauna

Preparation of the macroepifaunal tissue is carried out in a manner
similar to that used for the demersal fish. The type of sample material
used varies with the kind of organism being sampled. Muscle tissue from
the tail section composes the sample material for larger shrimp specimens,
while one or more whole organism makes up the sample material for small
shrimp and echinoderm specimens. Some starfish samples include only the
arms of the specimen. Soft inner tissue makes up the sample material for
shell fish and crabs.
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ACID DIGESTION

One gram of dry tissue is digested in hot 70% nitric acid (Ultrex
grade) and 30% hydrogen peroxide. The clear, yellow digestate is diluted
with deionized water to a volume of 10 m in a polyethylene flask for
analysis by atomic absorption. A procedural blank is prepared along with
each batch of 10 to 30 samples by treating an empty beaker in the same way
that the samples are treated.

ATOMIC ABSORPTION ANALYSIS

The metal concentrations of the digestate solutions are determined on
a Perkin-Elmer Model 370 Atomic Absorption Spectrophotometer. The instru-
ment is equipped with a deuterium arc background correcter and an HGA-2100
graphite furnace. The methods are taken from Analytical Methods for Atomic
Absorption Spectrophotometry published by Perkin~Elmer in 1973 and updated
to 1976. Methods using the graphite furnace are taken from Analytical
Methods Using the HGA Graphite Furnace published by Perkin-Elmer in 1973 and
updated to 1977.

The copper, iron, and zinc content of all samples is determined by
using an air-acetylene flame to atomize these elements. Some of the macro-
epifauna samples also have cadmium or chromium contents high enough to be
measured in the flame mode. The cadmium and chromium content of most
samples and the lead and nickel content of all samples were measured with
the HGA-2100 Graphite Furnace. This method is used to determine elements
present at concentrations too low to be measured effectively in the flame.
In practice, the samples are analyzed in groups of 10 to 30. Absorbance
values for each element in each sample are measured along with the absorb-
ence values of the blanks and standards. When all these data have been
collected for a given group of samples, they are entered into a computer
along with the appropriate sample identifications, sample weight, standard
solution concentrations, and dilution ratios. The computer has been pro-
grammed to establish standard concentration versus absorbence curves for
each element and calculate the concentration of each element in the original
sample of dry tissue.

INTERNAL QUALITY CONTROL

SAMPLE ACCOUNTABILITY

A description of each sample received at ARLI is recorded in a sample
log book and a unique identificaton number is assigned to the sample. Using
this number to identify the sample, permanent records are kept in laboratory
notebooks of all operations, including weighings and other measurements
involving the sample. Each record is dated and initialed by the individual
performing the operation.

INSTRUMENT CALIBRATION

Calibration of the Perkin—-Elmer Model 370 Atomic Absorption Spectro-
photometer is accomplished through the use of standard solutions each
containing 1,000 g m =1 of one of the seven metals to be reported, namely
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Cadmium, chromium, copper, iron, lead, nickel, and zinc. .The solutions are
prepared by dissolving reagent grade metals in the appropriate acid, follow-
ing the procedures recommended in Perkin-Elmer's Analytical Methods for
Atomic Absorption Spectrophotometry, 1973 Edition with Supplements through
1976. These stock solutions are diluted to give solutions with absorbence

values similar to those found in the samples. A standard calibration curve
is then established relating absorbence and concentration for each metal as
described above. The standards are run at the beginning of a series of

analyses and repeated at intervals of 4 to 5 analyses when operating the
graphite furnace.

Samples of the National Bureau of Standards Standard Reference
Material 1577, Bovine Liver, have been analyzed to check the accuracy of the
standard solutions and the precision of the methods. Results of a series of
three analyses are given in Table 40. There is good agreement between the
two sets of values, especially for the elements Cd, Cu, Fe, and Zn where the
concentrations are at levels well above the detection limits for Atomic
Absorption methods. The precision reported for these elements is also as
good or better than that reported by NBS. The concentrations of the other
two elements reported by NBS, Cr, and Pb, are so low that they are near the
detection limits for these two metals. As a result, while the agreement
with NBS values is still reasonably good, the precision of the measurements
is not as good.

TRACE METAL PROCEDURAL BLANKS

Procedural blanks for trace metals analysis of demersal fish and
macroepifaunal samples are prepared in an identical manner since the samples
are analyzed in an identical manner. These samples are usually digested in
groups of 15 to 30 samples. A procedural blank is prepared with each group
of samples by adding to an empty beaker the same reagents that are added to
the samples. The beaker is heated and cooled and otherwise treated in
exactly the same manner as the samples in the group.

Average trace metal concentrations for 18 blanks are given in Table
41. The iron and lead concentrations are at least an order of magnitude
smaller than those found in the samples. Cadmium, copper, and nickel levels
in the samples are more variable, but for the most part are well above the
blank levels. The chromium and lead concentrations in the samples are near
the levels reported for the blanks.

Blank levels appear to be closely related to reagent lots. One lot
of Ultrex grade nitric acid, for example, may be very 'clean" with concen-
trations of the metals of interest well below specifications. While in the
next lot of same reagent, several metals may be present in their maximum
allowable concentrations.

MATERIALS

The nitric acid used in the trace metals analysis is J.T. Baker
Ultrex Grade. Redistilled nitric acid supplied by the G. Frederick Smith
Company of Columbus, Ohio shows blank levels equivalent to the Ultrex
acid and is used in cleaning glassware and for digestion of some
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TABLE 40

RESULTS OF TRACE METALS ANALYSIS
OF NBS BOVINE LIVER STANDARD

ELEMENT BOVINE LIVER (NBS), ppm BOVINE LIVER (ARLI)*, ppm
cd 0.27 + 0.04 0.34 + 0.03
Cr 0.088 + 0.012 0.06 + 0.02
Cu 193.0 + 10.0 184.0 ¥ 2.0
Fe 268.0 + 8.0 263.0 + 5.0
Ni - 0.39 + 0.07
Pb 0.34 + 0.08 0.4 + 0.1
Zn 130.0 + 13.0 131.0 + 2.0

*Average of 3 determinations + standard deviation
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TABLE 41

BLANK LEVELS FOR TRACE METALS ANALYSES
(A Sample Weight of 1.00 g is Assumed)

ELEMENT CONCENTRATION*, ppm STANDARD DEVIATION, ppm
Cadmium 0.02 0.006

Chromium 0.16 0.09

Copper 0.24 0.15

Iron 1.51 0.72

Lead 0.2 0.07

Nickel 0.12 0.07

Zinc 0.8 0.30

*Average of 18 blanks
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macroepifaunal samples. The 30% solution of hydrogen peroxide is reagent
grade supplied in part by Mallinckrodt Chemical Company and in part by
Fisher Scientific Company. Deionized water distilled in all-glass stills is
used for diluting the digestate and in cleaning the glassware.

RESULTS

A total of 605 demersal fish and macroepifaunal samples for trace
metals analysis have been received at ARLI from MAFLA Archives and Cruises
DM I, DM II, and DM IV. Most of these samples were analyzed but some of
them were pooled first in order to provide sufficient material for anmalysis.
Some samples were not analyzed at all because the sample did not provide
sufficient material. A complete list of these samples is given in Appendix
5-A along with an indication of the disposition of each sample. Table 42
summarizes the number of samples treated in each way. Note that only 69
samples were not analyzed. Of the remaining 536 samples, 108 were pooled
to form 40 composite samples resulting in a further reduction in analyses
completed.

Results of the analyses of individual samples were reported to the
Data Processing Center at the New Orleans office of Dames & Moore as soomn
as they were completed. There the results were recorded on magnetic tape
and will be on file at the National Oceanographic Data Center in Washington,
D.C. Evaluation and interpretation of the results are to be done by a com-
mittee appointed for that purpose (see Chapter 6).

DISCUSSION

Since the generation of analytical data is the primary responsibility
of ARLI in this project, it is appropriate to consider the quality of these
data and to give some general impressions regarding the results. Some
special problems will also be considered.

DATA QUALITY

The results of three determinations of the trace metals in the NBS
Bovine Liver Standard were shown earlier in Table 40. The concentrations of
six metals, cadmium, chromium, copper, iron, lead, and zinc measured at ARLL
are in excellent agreement with the values reported for those metals by the
National Bureau of Standards. The seventh metal, nickel, was not reported
by NBS. The precision of these measurements, as indicated by the standard
deviation, is as good or better than that reported by the NBS for the ele-
ments cadmium, copper, iron, and zinc. The concentrations of these elements
are well above the detection limits for atomic absorption methods. The
chromium and lead measurements shown less precision since their comcentra-
tions are approaching the detection limits of the instrument. Although the
concentrations of the trace metals in the NBS standard is well above that
found in many of the MAFLA samples, the same high degree of accuracy and
precision seen in the NBS standard analyses can be expected in the MAFLA
sample analyses.
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TABLE 42

SUMMARY OF DISPOSITION OF MAFLA SAMPLES
RECEIVED AT ARLI FOR TRACE METALS ANALYSIS

SAMPLES
NUMBER SMALL SMALL RESULTING ANALYZED
SAMPLES SAMPLES SAMPLES POOLED AND
SAMPLE TYPE RECEIVED NOT ANALYZED COMBINED SAMPLES REPORTED
DEMERSAL FISH
Archive 12 0 0 0 12
DM I 77 0 0 0 76*
DM II 77 19 2 1 57
DM IV 77 0 10 5 72
Subtotal 243 19 12 6 217
MACROEPIFAUNA
Archive 108 20 0 0 88
DM I 148 27 96 34 59
DM II 54 2 0 0 52
DM IV 52 | 0 0 51
Subtotal 362 50 96 34 250
Total 605 69 108 40 467

*One sample lost during analysis
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The MAFLA sample results themselves appear to bear out this expecta-
tion. The demersal fish samples, being nearly all of one species, show only

minor variations from sample to sample for a given metal. On the other
hand, the macroepifaunal samples, representing a variety of organisms, show
wide variation in concentration of the various metals. Thus, we have

similar metal contents for the similar demersal fish samples, but a variety
of metal contents where these are a variety of macroepifaunal organisms.

REVIEW OF RESULTS

Although a detailed analysis and interpretation of the results is the
work of the Trace Metals Committee, a preliminary survey indicates that the
trace metal contents reported in this study are comparable to those reported
in earlier MAFLA investigations. Values reported for demersal fish tend to
be slightly lower, but of the same order of magnitude as earlier studies.

DEMERSAL FISH

These samples showed very low concentrations for all the metals
reported. Cadmium, chromium, copper, nickel, and lead concentrations were
almost always less than 1 ppm for archive samples as well as the DM cruises.
Iron and zinec concentrations show wider variations, but very few samples
exceed levels of 10 to 20 ppm.

MACROEPIFAUNA

These samples showed a wide range'of values for the various metals.
In this respect, the results resemble those reported in earlier MAFLA
investigations. Despite the variations, there are some correlations that
become evident in even a superficial survey. Many of the above-average zinc
concentrations, for example, are found in a particular crustacean,
Acanthocarpus alexandri. High cadmium levels are uniformly found in the
mollusc, Spondylus americanus. A more detailed analysis of the data can be
expected to reveal more complex relationships.

SPECIAL TOPICS

SAMPLE CONTAMINATION BY PARTICULATE FALLOUT

A series of tests designed to evaluate the risk of trace metals
sample contamination from particulates in the laboratory atmosphere was
carried out and reported during the month of September 1977. A copy of a
complete report was included as Appendix H of the first quarterly report

(Dames & Moore 1977c). This investigation involved exposing petri dishes
containing 25 m of dilute nitric acid to the laboratory atmosphere for a
period of one or four hours. Samples were collected both in the open

laboratory and in the clean bench and hood where trace metal samples wuold
actually be handled. These solutions were then analyzed by AAS. Results
obtained showed trace metal levels that were lower in the clean bench and
hood than in the open laboratory. But in all three locatioms, trace metal
levels were quite low and of about the same order of magnitide as the
precision that can be expected for AAS analyses. On the basis of these
data, it was concluded that contamination would be minimal if the tissue
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samples are prepared for acid digestion in the clean bench. This conclusion
was strengthened by the recognition that the samples are exposed to the
laboratory atmosphere for a much shorter time than the duration of the
fall-out tests.

Results of sample analyses seem to support this conclusion. No
evidence of gross contamination was observed. Many of the unusually high or
low metal concentrations reported appear to be related to the type of
organism analyzed.

UNDERSIZED SAMPLES

Some of the demersal fish and macroepifaunal samples received for
trace metals analysis were too small to furnish sufficient tissue. The
problem was most acute with the DM I samples, but was also preseant to some
extent with the DM II and DM IV samples as well as with the archived samples
from the summer of 1976. In order to understand how the problem arose and
how it impacted the analytical process, it will be helpful to recall the
sampling schedule for demersal fish and macroepifauna.

At one station, on each of seven transects of each of three benthic
cruises, 11 specimens of demersal fish of species Syacium papillosum were
collected. Each specimen was intended to supply 20 g of tissue for hydro-
carbon analysis and 10 g of tissue for trace metals analysis. However, at
ARLI, the specimens collected at some stations were found to be too small
to furnish the necessary tissue for both analyses.

Because of the greater variety of organisms involved, the macroepi-
fauna sampling schedule was somewhat more complex. Three different organ-
isms were to be collected at each sampling station. On the summer 1977
(DM I) cruise, three separate specimens of each organism were to be col-
lected and each individual specimen was to be analyzed for both hydrocarbons
and trace metals. On the other two cruises, DM II and DM IV, several speci-
mens of each organism could be pooled to make up the sample for that sta-
tion. When the samples were received at ARLI, many of them, especially
those from the DM I cruise, were too small to supply material for both hy-
drocarbon and trace metals analyses.

The Program Manager was informed of the problem in October 1977 and
after a delay of more than a month seeking BLM approval, he directed that
the following two-fold approach be followed in analyzing the undersized
demersal fish and macroepifaunal samples. The first element of the approach
would be to reduce the minimum sample size for hydrocarbon analysis from 20
to 10 g.

The second modification approved by the Program Manager set up an
order of priority for sampling these undersized specimens. The tissue
samples for both fish and macroepifauna were taken according to the follow-
ing priorities.

a. When the specimen is large enough, separate tissue samples are
taken for HMWHC and TM analyses.
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b. When specimens are smaller, tissue from two or more specimens of
the same species collected at the same station are pooled to
provide sufficient material for both HMWHC analysis and TM
analysis. ’

c. When the pooled tissue is insufficient for both analyses, HMWHC
analysis is performed, if possible, and TM analysis is omitted.

d. When the pooled tissue is insufficient for HMWHC analysis, trace
metals analysis only is performed.

e. When the pooled tissue is insufficient for either HMWCH or TM
analysis, no further processing of the sample is done.

The approach gives some priority to hydrocarbon analysis and follow-
ing it led to a 20% reduction in the number of trace metals analyses per-
formed, as indicated in Table 42 (shown earlier).

Besides reducing the number of analyses, both hydrocarbon and trace
metals, the undersized samples led to considerable additiomal paper work.
This resulted because it was necessary to record which samples were pooled
to form a composite and to assign a new identification number for each
composite sample. The additional costs resulting from the reduction in
sample numbers and the increased sample handling and record-keeping led ‘to a
modification of the total costs mid-way in the program.

Finally, the delay of over a month in seeking BLM approval of the
plan for the undersized samples led to a schedule slippage which was not
made up until the end of the trace metals program. A similar delay in the
hydrocarbon program was never entirely overcome.

CONCLUSIONS

All but 69 of the 605 demersal fish and macroepifaunal samples
received at ARLI for TM analysis have been analyzed by methods and proce-
dures approved by the Bureau of Land Management. The 69 samples were not
analyzed because of insufficient sample material. Of the 536 samples
analyzed, 108 of them were pooled to form 40 composite samples since indi-
vidual samples did not furnish sufficient material for individual analysis.
Because some samples were not analyzed and some were pooled before analysis
due to insufficient sample material, the number of reports submitted was
reduced to 467.

The results appear to be comparable to those reported for earlier
MAFLA studies. Detailed analysis and interpretation of the results is the
task of the Trace Metals Committee.

The quality of the results is good as indicated by replicate analyses
of NBS Standard material and by the internal consistency of the results
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themselves. No evidence of gross pollution of samples by laboratory par-
ticulate fall-out was seen. This bears out the conclusion of preliminary

studies in this matter.

The analyses were completed essentially on schedule. Some schedule
slippage early in the program resulted from delays in securing BLM approval
of the plan for processing undersized samples. This slippage was corrected
by the end of the program.
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APPENDIX 5-1

INVENTORY AND STATUS OF MAFLA

SAMPLES FOR THE TRACE METALS ANALYSIS



SAMPLE TYPE

Summer 1976 (Archive)
Demersal Fish
Macroepifauna

Summer 1977 (DM I)
Demersal Fish
Macroepifauna

Fall 1977 (DM 1I)
Demersal Fish
Macroepifauna

Winter 1978 (DM 1V)
Demersal Fish
Macroepifauna

422

CONTENTS

NUMBER

OF SAMPLES PAGE

12
108

77
148

77
54

77
52
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INTRODUCTION

This report is a discussion of the trace metal (TM) analyses carried
out by Analytical Research Laboratories, Inc. (ARLI) on demersal fish and
macroepifauna collected in the MAFLA lease area. A complete listing of the
results will be found in the Dames & Moore Data Tape. A detailed descrip-
tion of the analytical procedures can be found in the third quarterly report
by ARLI (Dames & Moore, 1978e).

Seven metals were analyzed by atomic absorption spectroscopy:
cadmium (Cd), chromium (Cr), copper (Cu), iron (Fe), nickel (Ni), lead
(Pb), and zinc (Zn). Two other metals, barium (Ba) and vanadium (V), were
analyzed by neutron activation analysis, and are covered in the report by
Shokes (Volume II, Chapters 4, 7, and 23). With the exception of Fe, all of
the aforementioned metals can be considered toxic to varying degrees (Bowen,
1966). At the same time, Fe, Cu, and Zn are essential elements for most
organisms (ibid.). Thus, the suite of metals selected by BLM for analysis
contains elements whose augmented presence in the environment might prove
detrimental, as well as elements which if withheld or made less "available,"
might also be of negative benefit to the local biological community.

Benthic biota are potentially valuable indicators of environmental
perturbation because they both influence and are influenced by the interac-
tion of two important oceanic geochemical reservoirs, the sediments and the
water column. Geochemically important reactions largely take place at
interfaces (Stumm and Morgan, 1970; Horne, 1978). In the benthic environ-
ment, the interface between water column and sediments is not a thin sur-
face, but rather extends x cm below the surface in the "bioturbation" zome,
and may be considered to extend upward into the near bottom nepheloid layer
if it is present. In shallow areas where rooted macrophytes are found, the
definition of an interface is further confused while at the same time
increasing in surface area.

The inhabitants of the interface zone are thus subject to environmen-
tal changes which impact either the sediments and/or the water column, a
situation which is most likely to occur in the event of OCS investigations
for or procurement of oil and gas reserves. Changes in the water column
might affect the coupling of the phytoplankton and zooplankton. This has
been shown in the case of hydrocarbon release (Heinle and Vargo, 1977).
This was followed by alterations in the benthic community (Grasle and
Grasle, 1977). A restructuring of the benthic community would likely lead
to a redistribution of TM in the various benthic biota reservoirs (Johnson,
1978). Thus, it is important in a benchmark study to not only document the
TM content of benthic biota, but also to address the question of varia-
bility. The thrust of the subsequent discussion will be an attempt to deal
with the variability of the 77-78 MAFLA biota TM data in a descriptive as
well as a mechanistic sense.
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RESULTS AND DISCUSSION

ANALYTICAL VARIABILITY

The first consideration is to determine how much of the observed
variability of results is real or environmental, and how much can be as-
cribed to the analytical procedures. Unfortunately, the results presented
here do not contain within them a convenient statistical basis for deter-
mining the variance. There are no sets of replicate analyses of the same
sample material or matrix. The only replicate analyses were carried out on
NBS-SRM (Standard Reference Material bovine liver), and on a series of
procedural blanks. Because of the nature of the biota tissues analyzed, as
well as probable real biological differences, consideration of the analy-
tical uncertainty is different for the demersal fish samples and the macro-
epifauna samples. Table 43 shows the comparison of NBS and ARLI results for
analyses of NBS-SRM bovine liver along with an indication of about how much
higher or lower the individual trace element concentrations of bovine liver
are than the average MAFLA fish or epifaunal samples. Also included are the
average and standard deviation of 18 procedural blank determinations based
upon an assumed one gram sample. As can be seen, the estimate of actual
uncertainty in the analytical results is somewhere between the CVZ for
bovine liver and the CV%Z as determined from the series of blanks, depending
upon the sample size and the concentration in that sample. Table 44 lists
the subjective compromise values for analytical uncertainty which have been
used in this report. All error estimates are for one standard deviation.

TRACE METALS IN SYACIUM PAPILLOSUM

Figure 137 shows the weighted grand mean and weighted seasonal means
for eight trace elements in the Dusky Flounder Syacium papillosum (skeletal
muscle only). Barium and vanadium results are included in order to present
a maximum comparison, but these elements will not be discussed in any detail
here. Analyses for Pb are not included because >95% of the results were
below the detection limit of 0.3 ppm (below 0.1 ppm in about 35% of the
analyses).

One hundred ninety-three (193) specimens of Syacium were collected at
12 stations on cruises DM I, II, and IV. An additional 12 specimens of
Monolene sessilicauda, another flounder, were obtained on one cruise. The
chemical analyses of this species appear to coincide with Syacium and
will not be discussed further. Seventy~two (72) fish analyses were carried
out from seven stations in the winter, DM-IV; fifty-seven (57) from six
stations in the fall, DM II; and sixty-four (64) from six stations in the
summer, DM I.

The large number of replicate specimens collected at a variety of
geographic locations in different seasons makes it possible to draw some
conclusions about the TM distribution in this species and how it may relate
to external envirommental factors. This analysis is further aided by two
fortuitous factors: the specimens analyzed for TMs were all large mature
fish (130-170 mm) probably in their second year of growth (R. Shipp, per-
sonal communication). While these specimens were definitely biased toward
the large side of the size frequency distribution (cf. histograms in



TABLE 43

COMPARISON OF ARLI AND NBS ANALYSES OF SRM BOVINE LIVER, AND COMPARISON
OF TM'S IN BOVINE LIVER WITH LEVELS IN MAFLA FISH AND MACROEPIFAUNA SAMPLES

Liver Liver ARLT blank#**
Element NBS (ppm)* ARLT (ppm) ** (Fish) (Macroepifauna) n=18
Cd 0.27 + 0.04 0.34 + 0.03 (9%) ~20 ~0.5 0.02 + 0.006 (30%)
Cr 0.088 = 0.012 0.06 + 0.02 (33%) ~0.3 ~0.1 0.16 + 0.09 (56%)
Cu 193 + 10 184 = 2 (1%) ~100 ~20 0.24 £ 0.15 (62%)
Fe 268 + 8 263 £ 5 (2%) ~30 -3 1.51 + 0.72 (48%)
Ni —— 0.39 + 0.07 (18%) ~1 ~0.1 0.12 + 0.07 (58%)
Pb 0.34 + 0.08 0.4 = 0.1 (25%) ~10 ~1 0.2 + 0.07 (35%)

1+

Zn 130 =+ 13 131 £ 2 (2%) ~10 ~1 0.8 + 0.3 (37%)

* Mean :_1 S.D.

**Mean + S.D. (C.V.%) (coefficient of variation)

YA
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TABLE 44

ESTIMATE OF COEFFICIENT OF VARIATION IN THE TRACE
ANALYSIS OF MAFLA FISH AND MACROEPIFAUNA

CV%Z for:
Element Fish Macroepifauna
cd 30 10
Cr 50 35
Cu 10 10
Fe 10 5
Ni 15 20
Pb - 25

Zn 5 5
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Chapter 19), they eliminate some substantial portion of the variability in
the results due to size differences. The other factor which helps in the
interpretation of possible envirommental effects on TM content is the small
home range of the organism; probably this range is <10 km (R. Shipp, per-
sonal communication).

Cadmium in Syacium averaged 0.0107 ppm with a one-sigma coefficient
of variation of about 45%. (About 307 to 40% of the Cd results were below
detection limits (BDL) which varied from 0.006 to 0.02 ppm depending upon
analysis conditions. In computing the weighted mean values, the BDL samples
were assumed to have a value of 50% of the stated detection limit.) Thus,
perhaps two-thirds of the observed variability is likely to be analytical in
nature. In general, these results are about one order of magnitude (10x)
lower than previous results for '"flatfish" in the Gulf of Mexico (NMFS,
1975; Horowitz & Presley, 1977). As shown in Figure 137, there is a sugges-
tion of a seasonal trend with Cd decreasing from summer, through fall, to
winter. Some stations showed more seasonal variation than others. The
maximum effects were shown at Stations 0005 and 2209 with >50% decline from
fall 1977 to winter 1978.

Chromium averaged 0.21 ppm + 0.07 (32%) with very little, if any,
in the way of seasonal trends. The observed variation can be entirely
accounted for on the basis of uncertainties inherent in the analytical
procedures. The MAFLA samples are five times lower than NMFS (1975) compi-
lations, and about 20 to 30 times lower than the results of Horowitz and
Presley (1977).

Copper values for Syacium show good agreement with results cited in
the two previous works, averaging 1.64 ppm + 0.38 (23%). Figure 137 shows
indications of a reverse seasonal trend with Cu being lowest in summer and
highest in fall and winter. However, the variation is only about twice the
analytical variation.

Iron in Syacium from the MAFLA area is about ome-half that found in
flatfish in the Western Gulf of Mexico (ibid.). The results presented here
average 8.16 ppm + 1.6 (19%), again with approximately onme-half of the
variability being analytical. Like Cd, Fe shows the lowest values in the
winter, though the differences are not great (<20% cf. Figure 137).

Nickel averaged 0.51 ppm + 0.14 (27%), lower than values cited by
Horowitz & Presley (1977), but comparable to NMFS (1975) values. Over half
the variation is analytical, but Ni shows one of the strongest seasonal
trends. Like Cu, it is higher in winter than in fall and summer. Inter-
estingly enough, Station 2209 shows the maximum seasonal effect with a five
times increase from DM I to DM IV, a period of only about eight months.

Zinc shows the least variation of all the metals studied and it is
ascribed the lowest analytical variation (5%). Average Zn values were 15.8
ppm + 1.2 (8%) and agree well with the two cited references.
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NATURAL VARIABILITY OF SYACIUM TRACE METAL CONTENT

As the previous section shows, something less than 507 of the varia-
tion in trace metal content of S. papillosum can be ascribed to natural
causes. The natural variability is some complex function of size, diet,
geography, season, and non-diet (or physical) water column inputs. All of
these parameters appear to be confounded with the physiological state of

Syacium as well as that of its diet organisms. We have some access to
geographic and possible seasonal effects from the MAFLA samples owing to the
large number of specimens collected. Possible non-diet effects might be
related to sediment chemistry and the composition of the suspended particu-
lates. Analyses of selected macroepifauna may provide some hint about

changes in the composition of what Syacium eats. These latter data will be
discussed in a subsequent section.

Seasonal variability in the Syacium trace metal data are indicated in
Figure 137. Three types of trends are apparent, though in only two cases do
the one-sigma error bars not overlap their neighbor. Ba, Cd, Fe, and V all
show winter values which are smaller than those obtained in the summer. The
trends for Ba (60% to 130% of mean value) and Cd (70% to 135%) are the most
pronounced. Fe and V show slight maxima in fall instead of summer. The
range of variation for Fe is quite small (82% of mean to 120% of mean) as is
that of V (80% to 115%). Vanadium also has the highest uncertainty in the
mean values by season.

Copper and nickel illustrate a seasonal variation which is directly
opposite to the Ba-Cd group. Nickel is substantially high in winter than in
summer (165% of mean to 65% of mean). While copper is less intense, minimum
values are also observed in the summer.

Chromium and zinc show the least seasonal variation, and might be
classified as having "neutral" trends.

The Ba and Cd trends of being low in winter may be realted to changes
in the TM content of the food organisms, a subject which will be discussed
later. Copper is an essential micronutrient and may show a buildup in body
tissues owing to a decline in metabolic rate in winter if copper excretion
biochemistry is more affected than copper intake. The chemistry of Ni is
similar to Cu, which is about as good a clue to nickel biochemistry as is
available. The "neutral" trends of Cr and Zn may be related to active
internal concentration regulation. Such processes have been indicated for
mulluscs (Sheldon Pratt, personal communication) in the case of zinc.

Geographic variation in these trace metal in fish data was addressed
through a Bray-Curtis Q-mode cluster analysis. In this treatment Ba, Pb,
and V are eliminated, so that the station similarities reflect only Cd, Cu,
Cr, Fe, Ni, and Zn. Figure 138 shows the result of ordination in two
dimensions. Nine of the stations fall into clusters indicated as B, C, and
E. These designations are the same as those for the partial-digest trace
metal in sediment clusters which, remarkably, plot in these same clusters.
This suggests that the "available" TMs in sediments are somehow
related to the TM content of Syacium muscle tissue.
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A similar cluster analysis was attempted with the inclusion of Ba and
V, but the resulting clusters did not bear such straightforward relation-
ships to the partial-digest TM in sediment clusters. Apparently Ba and V in
Syacium behave in a manner different from the other six metals studied.

When the individual metal mean concentrations in Syacium at each
station are plotted against an X-axis Bray-Curtis ordination, the curves
fall into two families. Figures 139 through 143 (for Cd, Ba, Fe, Cr, Zn)
all show a positive slope with respect to the one-dimensional ordination of
relative TM similarities between stations. (Note that both Ba and V were
plotted on the station ordination derived by not including them.) Figures
144 and 145 for Cu and Ni show trends which are opposite to those of
the Ba and Cd group. Figure 146 for V appears to be nondeterminate.

Thus, the geographic station clustering for metals in Syacium pro-
vides the same metal behavior groupings as did the seasonal variation plots;
Ba and Cd low in winter with positive slope vs. station ordinatiom, and Cu
and Ni high in winter with negative slopes vs. station ordination. There is
no obvious reason for this comparative grouping. The data are not available
for Syacium in order to determine differences in seasonal TM behavior at
different stations. However, the mean seasonal trends and the geographic
clustering suggest that seasonal differences are geographically distributed.

TRACE METALS IN MAFLA MACROEPIFAUNA

Over 240 specimens comprising some 60 species of organisms were
analyzed for Cd, Cr, Cu, Fe, Ni, Pb, and Zn. Table 45 presents a summary of
these data as mean values and includes the range. The groupings, which
account for more than 95% of all MAFLA macroepifauna analyzed, are arranged
in approximate order progressing up the food chain. The sponges are filter

feeders, as are for the most part the clams and scallops. Snails are
included in this second group in order to keep them with the rest of the
molluscs even though they are scavengers. Shrimp are next, utilizing both

filter feeding and deposit feeding. These are followed by sea urchins, sand
dollars, and then the starfish, the last group being both deposit feeding
and carniverous. The final group is made up of crabs and lobsters, which
are predators who may also deposit-feed. The underlined names serve to
identify the entire groupings as they may be used in subsequent discussion.

The TM data are also plotted by metal against the six groupings.
These data are shown in Figures 147-149. An internal comparison of the data
by generic grouping and an evaluation of the results relative to other TMs
in biota studies follows here on an element-by-element basis.

Cadmium was less than 1 ppm, on average, in the sponges, shrimps,
urchins and starfish. High concentrations were found in the clam group with
a substantial contribution coming from the scallops Aequipecten (66 ppm) and
Argopecten (9.4 ppm), as well as the clam Spondylus (15.7 ppm). Similar
cadmium concentrations in molluscs were found in the previous MAFLA study
(Betzer & Sims, 1976). In general, molluscs tend to be high in Cd with
scallops being particularly good at concentrating this element (Segar et
al., 1971).
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TABLE 45

MEAN, STANDARD DEVIATION, AND RANGE OF TRACE METAL CONCENTRATIONS

FOUND IN VARIOUS GROUPS OF MAFLA MACROEPIFAUNA SPECIMENS

Sponges 0.82*% + 1.25 0.94 + .75 5.7 4.0 91.5 + 92 9.7% + 4.5 0.43 +.33 14,0+ 7.4

n = 28 0.02 - 3.8 0.42 - 2.7 1.2 - 13.3 34 -~ 314 0.2 - 13.9 0.00 -1.00 7.0 - 29.4

Clams 13.71 ¢ 7.2 3.4% 2.3 4.32% 1,05 90.1% 36.9 2.4% % 2.2 0.83 *1.18 163t 61

n = 18 0.36 - 18.4 0.36 - 6.5 3.6 - 5.7 10.4 -~ 110 0.6 - 5.5 0.2 - 3.4 39 - 205

Shrimp 0.42% £ .36 0.21 £ .19 32.5* 13.8 17.0%* 17.4 0.81 % 1.18 0.067 £ ,001 48.6 £ 13.1

n = 45 0.06 - .88 0.04 - .51 22.8 - 60.0 3.4 - 51 0.1 - 3.3 0.0 - 0.3 39.3 - 74.6

Sea 0.56 £+ .30 2.00+ 1.07 5.57* 1.8 128 + 89 0.51 % 0.19 0.39 + 0.37 14.7 £ 9.5
Urchins

n = 48 0.065 - .94 .6 - 3.3 2.8 - 8.2 29 - 292 0.05 - 0.6 0.0 -~ 1.1 3.2 - 31.1

Starfish 0.99*% + 1.5 2.13 £ 1.49 8.03 £ 4.95 43 £ 16 0.483 + 0.16 0.37 * 0.16 37.7 £ 18

n = 38 0.54 - 5.0 0.4 - 4.9 4.6 - 19.6 16 - 65 0.2 .6 0.22 - 0.70 11.3 - 66

Crabs 3.454 + 5.0 0.83 + 0.79 39.5 £ 42.6 50 + 52 0.77 * 0.32 0.18 £ 0.14 48*% = 34

n = 60 0.2 - 15.3 0.14 - 2.52 il - 140 6.5 - 164 0.15 - 1.11 0.0 - 0.4 24 - 124

* reject one outlier

1 The scallop Aequipecten was excluded from the mean. Its [Cd] was >60 ppm.

2 The two snails Tugurium and Murex were excluded from the mean for Cu only.

3

Apparently a bimodal distribution .
excluded from this mean.

The three high species 4.3 (n=8), 10.8 (n=1), and 13.1 (n=1) were

4 There were two high outliers, Iliacantha and Scyllarus which could not be excluded on the basis of a
Q test (Dean & Dixon, 1951).

VAA
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The MAFLA (77-78) sponge samples are about a factor of three lower
than those Cd concentrations found by Betzer & Sims (1976). The sea urchin
class and the starfish have Cd values similar to the prior MAFLA samples
(Betzer and Sims, 1976) and are in agreement with values of Segar et al.
(1971). 1In the crustaceans, the present MAFLA values for shrimp are quite
low, and in agreement with values of Horowitz and Presley (1977) and Shokes
(1978). The crab group, on the other hand, shows distinctly higher Cd
values, more like the previous MAFLA results of Betzer and Sims (1976).
The crabs are generally higher up the food chain than are the shrimp which
might account for the increase in the former group. The results of Betzer
and Sims (ibid) included both shrimp and crabs and averaged 1.8 ppm Cd as
compared to 2.1 ppm Cd in the present study if a weighted mean of shrimps
and crabs is used.

The analyses for chromium range from a low of 0.2 ppm for the shrimp
group to 3.4 ppm for the molluscs. Again, the sponges are lower than the
previous MAFLA samples by about four times, whereas, the echinoderm groups
are higher than the 1976 MAFLA samples by about three times. No comparisouns
with Segar et al. (1971) are possible as they found Cr to be below their
detection limits in echinoderms. Thus, the present Cr values for MAFLA
starfish, sea urchins, and sand dollars should be viewed with caution. They
may be high by two to three times.

Chromium in the crustaceans and the molluscs shows comparable values
to the 1976 MAFLA data with the molluscs being the group with the highest
values though the results of Segar et al. (1971) are considerably lower
(different species). Values for the shrimp are lower (5 to 10 times) than
those of Horowitz and Presley (1977), but higher than those of Shokes
(1978). As with the Cd, the crabs are higher than the other crustaceans
examined. With the exception of the sponges, it appears that the 1977-1978
MAFLA maceoepifauna samples are higher in Cr than are other comparable
specimens.

Copper results for the 1977-78 MAFLA project compared very well with
the 1976 results reported by Betzer and Sims (1976). Naturally, the crus-
tacean groups showed the highest values as copper is used in the blood as
hemocyanin. The crabs Iliacantha (140 ppm) and Paguristes (122 ppm) had the
highest values. Also note that the two species of snails, Murex beauii (62
ppm) and Tugurium caribaeum (35 ppm), were eliminated from the mean values
computed for molluscs (Table 45). The results for Cu in shrimp agree well
with Gulf of Mexico data of Horowitz and Presley (1977) and Shokes (1978).
The mollusc (excluding snails) data and the echinoderm results are similar
to values quoted by Segar et al. (1971), but slightly higher than the
Southeast Atlantic data quoted by Windom & Betzer (1978).

Iron shows a wide range of values, being highest in sponges, molluscs
and sea urchins. One sea urchin, Araeosoma violaceum (452 ppm) was elimi-
nated from the computed means for this echinoderm group. Sea urchins seem
to concentrate iron to a high extent. One species reported by Segar et al.
(1971), Echinus esculentus, had a concentration of 22,000 ppm in the intes-
tines, though other tissues were 1,000 times lower.




449

As in the 1976 MAFLA study, Fe was high in the sponges, though the
present data are about 5 times lower than the results of Betzer & Sims
(1976). Fe values in the molluscs, however, are virtually identical in the
1976 and 1977/78 studies. Values for Fe in the shrimp and crabs of the
present study are lower by about 3 times than the 1976 data. The present
data on shrimp are comparable to those of Horowitz and Presley (1977) and
only slightly lower than results of Shokes (1978).

Nickel shows the same biota group trends for the 1976 MAFLA study
and the 1977-78 study, that is, highest in sponges, next highest in the
molluscs, and lower in all the other groups. However, in both the sponges
and the clams, the 1977-78 data are about 5 times lower than the previous
results and are in general agreement with data of Segar et al. (1971). The
1976 and 1977-78 results for Ni in crustaceans and echinoderms are in good
agreement. In particular, the shrimp values are about one-half those
reported by Horowitz and Presley (1977), but are about 5 to 10 times higher
than the results of Shokes (1978).

The results for Pb are quite as variable as those for Fe, with a
low mean of 0.07 ppm for the shrimp and a high mean of 0.83 ppm for the
molluses. With the exception of the molluscs, all of the 1977-78 lead data
are 2 to 3 times lower than the 1976 data. The mollusc data for the
two studies are virtually identical. The mollusc data of Segar et al.
(1971) are quite variable, but also 2 to 5 times higher than the results
reported here.

For shrimp, the 1977-78 MAFLA biota with the lowest Pb values, the
results are lower than the data quoted by Windom and Betzer (1978) and much
lower (10 to 30 times) than the results of Horowitz and Presley (1977). The
data of Shokes (1978) are comparable to the present results. Again, the
crabs, which are higher up the food chain than are the shrimp, show higher
mean values for Pb.

Not many comparative data on Pb in echinoderms exist. All of the
data of Segar et al. (1971) are higher by 2 to 5 times, while the data
for Asterias forbesii (Windom and Betzer, 1978) are lower by about two
times.

Zinc shows a relatively uniform distribution within the six groups of
organisms presented here (15 ppm to 50 ppm) except for the mollusc group
which averages over 160 ppm. This is the same general trend as the data of
Segar et al. (1971). Molluscs apparently concentrate Zn and have some
ability to regulate their internal concentrations independent of the sub-
strate (S.D. Pratt, personal communication).

For shrimp, the zinc data are comparable to the other Gulf of Mexico
studies by Horowitz and Presley (1977) and Shokes (1978). The Atlantic data
in Windom and Betzer (1978) are somewhat higher.

For echinoderms, the present results compare well with Segar et al.
(1971) and Windom and Betzer (1978). For the crabs, however, the Gulf of
Mexico data are about 3 times lower than the Atlantic data of Windom and
Betzer (1978).
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INTERACTION OF SYACIUM WITH MACROEPIFAUNA, SEDIMENT, AND THE WATER COLUMN

All of the seasonal trends in individual TM content of Syacium shown
in Figure 137 are significant at the 0.0l level. While the metal contents
of individual replicate specimens appear not to be normally distributed, the
test of the hypothesis that total winter means are different from total
summer means is based upon the means of station means, making a "t'" test
valid. It is important to examine other MAFLA TM data for the macroepi-
fauna, sediments and suspended particulates for clues to the causes of these
seasonal variations.

For several of the metals examined, fairly rapid changes in Syacium

muscle tissue apparently occur. For instance, Ni shows more than a two
times change over approximately the three-month period between the fall
sampling and the winter collections. In order to compare the different

chemistries of the several metals, an estimate of the relative whole or-
ganism turnover time was computed for Ba, Cd, Fe, V, Cu, Ni, Cr, and Zn.
The estimate is based upon the TM content of Syacium and the average concen-
trations in the pooled shrimp, a major food item in the Syacium diet (Topp
and Hoff, 1972). Table 46 presents the results of this computation. The
time period is purposely eliminated from the table in order to minimize
misinterpretation of the estimated values. The comparative values are
important in determining differences in chemistry. The estimates are nor-
malized to the minimum value, Cd = 1.00.

Little is known about the actual chemical form of these elements as
they exist in the muscle tissue of Syacium (or any other animal). It would
seem, however, that they must be fairly free to migrate in and out of the
tissue, or else the marked seasonal changes we observe could not be so

pronounced. For elements with relatively low turnover times, like Cd and
Cu, changes in the TM content of the Syacium diet might be an important
factor. The longer residence time elements which show significant sea-

sonality (e.g., Ba) must be relatively less biologically active in order to
have sufficient time to change between seasons.

With shrimp comprising a significant portion of the Syacium diet,
perhaps seasonal variation of TMs in the shrimp are important. Barium,
cadmium, copper, and nickel, the metals which show the strongest sea-
sonal trends in Syacium, were studied in detail in the MAFLA shrimp speci-
mens. For Ba in Mesopenaeus tropicalis, Solenocera atlantidis, Sicyona
brevirostris, Parapenaeus longirostris, and Penaeus setiferus (pooled) the
winter values are one-half of the summer values. For Cd 1in this same group,
the winter analyses average less than 60% of the summer values. Thus, for
Cd and Ba, seasonal changes in the food Syacium eats certainly help to
explain the observed seasonal trends for that fish.

On the other hand, changes in Cu and Ni in the aforementioned group
of shrimp do not take place on a seasonal basis. Summer and winter averages
for these metals are virtually identical, forcing a search for other
explanations.

Body burdens of TMs in fish may be affected by direct interaction
with the water column as well as diet and intake. Absorption through the
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TABLE 46

ESTIMATED RELATIVE TURNOVER TIMES OF TRACE METALS
IN SYACIUM, NORMALIZED TO Cd = 1.00

Element Relative Turnover Time
cd 1.0
Cu 1.9
v 7.7
Zn 12.3
Fe 18.3
Ni 23.6
Ba 36.4

Cr 38.2
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gill tissues is a likely pathway, and may offer an explanation for the
seasonality in copper content of Syacium. Data of Betzer (Chapter 22) show
large increases in the near-bottom total suspended loads in the Florida
Middle Grounds (Station 2315), off Panama City (Station 2528), and in the
Mississippi-Mobile area (Station 2639). In addition, copper in the sus-
pended particulates was 2 to l4 times higher than in the sediment samples
(average 7 times increase). A similar but less pronounced trend was ob-
served for Cd (average 2 times increase), with no change in the Pb distri-
bution. Cr was also much higher in the near-bottom suspended particulates
than in the sediments. Unfortunately, no data were obtained for Ni as all
the results were below detection limits (BDL).

Thus, the higher values for Cu in Syacium in the winter versus the
summer could be related to water column interactions, and storm resuspension
of the fine surface sediment. If so, the mode of uptake of Cu must be
quite different from that of Cr which was also enriched in the particulates.
Such a difference in biological interactions is also suggested by the large
difference in relative fish tissue residence times (Table 46) and the fact
tha; Cr shows a relatively neutral seasonal variation in Syacium (Figure
137).

We have no ready explanation for the strong seasonality of Ni in the
demersal fish analyzed here. 1Its coordination chemistry is much like that
of Cu, its next door neighbor in the periodic table. Perhaps Cu and Ni
behave in a similar fashion with respect to their biological chemistries.
It would be of considerable interest to know the relative proportions of Cu
and Ni that are removed from suspended particulates by a weak acid leach.
Nickel might be highly "available."

Biogeochemical Relationships by Elements

Cadmium and zinc show very similar distributions within the six
groups of biota plotted in Figures 147-149. This is not surprising in view
of the fact that they belong to the same group in the periodic table (IIB).
Such group relationships do not always hold, but in this case the strength
of the trend of phylogenetic differences suggests that it might continue
down the group to Hg.

The maximum Cd and Zn values occur for the molluscs, and the phylo-
genetic group with the second highest values are the crustaceans, princi-
pally the crabs. While the shrimp have relatively elevated Zn values, the
Cd in shrimp is extremely low.

Two other heavy metals which exist primarily in the divalent state,
Ba (Group IIA) and Pb (Group IVA), are also found in high concentrations in

the molluscs. Lead shows its maximum values in this group, while Ba exhi-
bits high values in only two of the MAFLA species, namely Tugurium and
Argopecten. It would be of value in future studies to determine whether

this trend of relatively high Ba, Cd, Pb, and Zn holds for other mollusc
species.

Iron and nickel show a similarity in that they are highest in the
filter feeders. Here we neglect the somewhat anomalous behavior of "iron
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concentrating" by the sea urchins. Data of Betzer (Volume II, Chapter 22)
for the concentration of metals in the suspended particulates in the MAFLA
area show that in winter the suspended loads in the water column are high-

est. Further, the concentrations of Fe, Cu, Cr, and Cd in the winter
samples of suspended particulates are higher than those in the surface sedi-
ments from which resuspension had taken place. It would seem that filter

feeders would thus be presented with higher levels in the water column and
might subsequently show seasonal trends.

Of course, possible seasonality of occurrence of these metals in the
filter feeders would likely also be a function of the "availability" of the
particulate TMs to the organisms. An indication of this parameter is given
by the percent of total metal released to the aqueous phase by a weak acid
leach. Again, data of Betzer (Volume II, Chapter 22) show that this is
highly variable. For Stations 2737 and 2315, the concentration of metal in
the weak-acid-soluble fraction averaged about 20% for Fe, 80% for Cu, and
approximately 0% for Cr (many of the Cr data were based on BDL values).
Thus, the "availability" and the mass which is resuspended into the water
column to become available to filter feeders reach a compromise.

Unfortunately, the number of specimens of filter feeders collected,
and the uneven seasonality of collection, make it impossible to establish
seasonal trends in these biota. It would be important in future studies to
get good seasonal data for sponges and molluscs, as these organisms could be
quite valuable in examining water column/benthos interactions.

Biogeochemical Relationships by Taxa

The variability of results for TM analyses in the MAFLA macroepifauna
samples is much greater than that for the demersal fish Syacium. Most of
this variability cannot be ascribed to analytical variations (compare Tables
44 and 45) but is most likely '"natural," i.e., dietary, geographic, sea-
sonal, etc. Though data for individual species are too few, in most cases,
to assess these variables, some indications can be seen through a principal
component analysis of relative TM distributions by taxa.

Figure 150 shows the results of such an analysis for 37 species and
the nine TMs analyzed in the MAFLA 1977/78 program. All species represented
by single replicates only, as well as several species with internally anom-
alous or distorting individual metal contents, were excluded from the anal-
ysis. Table 47 lists the species in Figure 150 by identifying number.

Three major groupings of organisms can be identified by this tech-
nique: two groups of basically deposit feeders, A and C, and predators.
Several filter feeders are scattered across the ordination. Also, three
species of c¢rabs are distributed outside the larger predator or deposit
feeder groups.

Sponges 5 and 8 are each comprised of several specimens collected at

the same set of stations in the summer of 1976. In a plot such as Figure
150, one would expect similar species (close taxonomic relationships) to
lie close to each other. However, sessile filter feeders may more accur-

ately reflect the average nature of the water column flowing over them.
The average conditions in which sponges 5 and 8 lived were similar.
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TABLE 47

SPECIES USED IN THE CLUSTER ANALYSIS OF

TRACE METALS BY TAXA (R-MODE)

Syacium, winter 78
Syacium, fall 77
Syacium, summer 77
Omitted

Pseudoceratina crassa

Haliclona urceola

Placaspongia carina

Craniella

Murex beauii

Aequipecten glyptus

Loligo pealeii

Eucarida decopoda

Penaeus aztecus

Penaeus duorarum

Parapeneus longirostris

Sicyonia brevirostris

Solenocera atlantidis

Mesopenaeus tropicalis

Scyllarus chacei

Paguristes spinipes

No.

21 Munida jirrasso

22 Acanthocarpus alexandri
23 Iliacantha subglobosa
24 Stenorhynchus seticornis
25 Portunus spinicarpus

26 Portunus spinimanus

27 Luidia clathrata

28 Astropecten duplicatus
29 Astropecten nitidus

30 Goniaster tesselatus

31 Astroporpa annulata

32 Astrophyton muricatum
33 Eucidaris tribuloides
34 Stylocidaris affinis

35 Arbacia punctulata

36 Lytechinus variegatus
37 Clypeaster ravenelli

38 Encope michelini

39 Comactina echinoptera
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The two sponge specimens represented by 6 and 7 were also collected
during the summer of 1976, but at widely differing locations. While the
mean values were used for this analysis, inspection of individual Haliclona
values collected at Stations 0005 and 2103 shows that the metal content of
the specimen at Station 0005 was generally higher.

The deposit feeder Cluster C is made up primarily of echinoderms,
although some of them are predators (27 and 28), hence, the overlap there

is with Group B. Note that the deposit feeding crab, Stenorhynchus, is
included in the "echinoderm" deposit feeding group. This species is from a
group which would be expected to include deposit feeders. Some of the

species in Group C are mixed deposit feeders and predators (24, 29, 30) but
apparently more closely related to the deposit feeders than the predators.

The other deposit feeder group, Group A, is comprised completely of
shrimp, and in general, this group has lower total TM contents than the
echinoderm group. This can be seen by the comparison in Figures 147, 148
and 149, and the fact that in the cluster analysis, the shrimps are comsi-
derably more negative on the X-axis. Clearly there are distinct taxonomic
differences between the two groups on the basis of TM distributions. What
is not so clear is whether this separation results from different phyloge-~
netic biochemistries, variations in the nature of the 'deposit" feeding
mechanism practiced by the two groups, or by subtle biases resulting from
analytical or sampling errors. However, the tight taxa groupings and the
relatively large number of organisms sampled over various geographic areas
and seasons suggest true species differences.

A possible seasonal and/or geographic trend can be seen in the shrimp
samples. Mesopenaeus tropicalis (#18) is taxonomically close to Solenocera
atlantidis (#17), yet falls considerably outside the rest of the shrimp
cluster. The five specimens of S. atlantidis were collected mainly in fall
and winter off the Panama City area, whereas M. tropicalis was collected in
summer off the Tampa Bay area. It is impossible from such small samples to
determine whether season or geography are more important.

Other examples of such differences can be seen by comparing time
and area of catch of some of the individuals falling outside the major
groupings, but will not be dealt with further here. This approach, however,
might well be utilized in future studies where larger numbers of specimens
are collected.

Two additional aspects of Figure 150 should be noted before leaving
the subject. The predator group, which includes crabs, a squid, a snail, a
deposit feeder/predator lobster (#19), and two starfish at the echinoderm
end, lies intermediate between the two deposit feeder groups. That is, it
contains species with relatively higher TM content than the shrimp, but
lower than the echinoderm group. This suggests that predators in Figure
150 are feeding more on the shrimp group than on the echinoderm group. This
fits with the known behavior of the organisms in Group B.

Finally, Syacium papillosum is included in the cluster analysis as
three entries, representing relative TM contents determined for three
seasons. The data plot nearly one on top of the other, though the winter
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data are slightly separated from the summer and the fall. Syacium is most
nearly like the lower end of the shrimp group, and shrimp are known to
be a major component of their diet (Topp and Hoff, 1972). Thus, seasonal
variations in shrimp TM content and element distribution might be important
factors in the observed seasonal variations in Syacium.

POTENTIAL INDICATOR ORGANISMS

The development of OCS areas for oil and gas reserves will result in
the disruption of the benthic environment in local areas. Affects upon the
water column may be more widespread because of its geographic movement
through the area, sediment resuspension being carried downstream, etc. This
means that monitoring efforts should include study of deposit feeding
organisms and higher trophic levels which feed on them, as well as filter
feeding organisms which interact more directly with the water column.

The results of the TM analyses of MAFLA biota presented here show
that the Eastern Gulf of Mexico is, in general, a very '"clean" area. Noune
of the analyses show that the area has been subjected to heavy metal pol-
lution. While low levels of TMs in the biota may make the analytical chem-
istry more difficult, they also make it easier to see a change, should the
biota be impacted. The relatively pristine enviromment of the Eastern
Gulf of Mexico should be viewed critically. This is an area where further
studies of the nature of trace element distribution in the biota can be
conducted without the effects of outside perturbations. The benchmark
studies of the MAFLA area provide a sound basis for the development of
further programs.

Table 48 gives a summary of how the TM results of the present study
compare with other reported work. As can be seen, the results are about the
same as, or are lower than, previous data.

Filter feeders, such as sponges and molluscs, could be used as inte-
grators of water column effects. However, considerably more study of the
seasonality in TM distributions needs to be undertaken. With respect to
the water column, both molluscs and sponges should be used because of the
apparent ability of the molluscs to concentrate some metals and not exchange
them. This would be an advantage in comparing a chronically stressed loca-
tion to a supposedly unstressed environment, but may be a disadvantage when
attempting to document a ''transitory" or one-time event. If sponges have a
higher turnover time (shorter time constant in response to a change), they
may be more useful in the latter type of monitoring.

Figure 151 shows a plot of the number of replicates required to
"see" a stated percent difference between two samples of the clam Spondylus
americanus. For all nine metals studied, a sample size of 20 is sufficient
to see a 100%7 difference between two samples. The 'clean'" nature of the
MAFLA area indicates that a 100% difference in trace element content of
Spondylus could easily occur, and an impact resulting in such a difference
might be small and could be seen quickly. It is doubtful that a 2 times
change in the concentration of any of nine elements studied would be detri-
mental (or even noticed) by any of the organisms studied.



A.

B.

458

TABLE 48

SUMMARY OF MAFLA BIOTA TRACE METAL RESULTS

COMPARED TO OTHER DATA

Trace Metals in Syacium

Cd
Cr
Cu
Fe
Ni
Zn

Pb

about 10 x lower than previous
5 x =10 x lower than previous
about same
about same
about same
about same

lower than previous, but probably still too high*

Trace Metals in Macroepifauna

Cd

Cr

Cu

Fe

Ni

Zn

Pb

about same, but 2x - 3x lower in sponges
about same, but sponges low, some echinoderms
high

about same

about same, but 3x - 5x lower in sponges

and crustaceans

about same, but 5x lower in filter feeders
about same

2x - 3x lower than 1976 MAFLA, but probably

still too high#*

% cf. results of Settle and Patterson (1976).
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The second type of monitoring that should be considered is that of
food chain increase or '"bioconcentration." It would seem that the combina-
tion of a deposit feeding shrimp and the carnivore Syacium would be appro-
priate. Processes which affect the benthos directly (dumping, dredging,
drilling, etc.) are likely to impact the deposit feeders. A change in these
organisms is quite likely to be reflected further up the food chain, e.g.,
in the crabs, fish, and starfish.

The advantage of analyzing the demersal fish Syacium papillosum have
been mentioned previously. The fact that they spawn over a very long time
scale (Topp and Hoff, 1972) results in a wide spectrum of specimen sizes
(and ages) at any one point in time (see Volume I, Marine Chemistry, this
report). If there is any cumulative effect which overrides seasonal trends
for a particular metal, such an age class mixture could be used to good
advantage in monitoring.

Any one of the several shrimp studied here could be used in conjunc-
tion with Syacium for the deposit feeders/food chain monitoring. We happen
to have the highest number of replicates for Sicyonia brevirostris. Figure
152 shows the required number of replicates to determine a stated particular
TM difference between two samples. As with Spondylus, the number of repli-
cates required to see a 100%Z difference is relatively small.

CONSIDERATIONS FOR FUTURE WORK

The data presented here, and their interpretation, point to several
considerations in the design of future studies.

1. The natural variability of the results should be examined in more
detail. In particular, more replication in the laboratory is
required in order to document the analytical uncertainties. This
should consist of at least triplicate analyses of a single
specimen digest, and periodic (say 20% of samples) replicate
digests of the same specimen. Analytical abilities to approach
accuracy vary considerably from laboratory to laboratory. The
work statement should recognize this and trade off some field
data for time spent in documenting analytical uncertainties.

2. More detailed seasonal data are required for the several indi-
cator species in particular, and for the macroepifauna in
general. This should be done at different geographic locations.
As things stand now, many possible geographic trends are obscured
by or confounded with seasonal trends. Complete seasonal data
are needed at several individual geographic locations. This
might be accomplished by examining, in detail, the chemistry and
biology at monthly intervals at only two or three stations. The
extant MAFLA benchmark data are probably sufficient to extrapo-
late to the rest of the eastern Gulf of Mexico.

3. In terms of interpreting results from indicator organisms, we
need considerably more study on the question of individual metal
turnover time in the various species. We need to know the time
constants for the "indicator organism' response in order to
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improve sampling strategy. Such data are also necessary in order
to understand the role of the biota in coupling the water column
to the benthos.

CONCLUSIONS.

1. From examinations of the TM content of the demersal fish and the
macroepifauna of the MAFLA OCS area, it 1is clear that the area
represents a 'clean'" enviromment. There are no obvious indica-
tions of anthropogenic pollution impact.

2. The data set collected thus far, combined with many of the pre-
vious results, give us a reasonably good benchmark from which to
work, either in more detailed mechanistic studies, or in the
monitoring of OCS oil and gas reserve development.

3. The distribution of similarities in TM content within species of
the macroepifauna make taxonomic and behavioral sense. Cluster
analysis such as has been presented here can help to illucidate
seasonal and geographic trends in data variability.

4, From all of the above considerations, there emerge several
"indicators species" of filter feeders, deposit feeders, and
predators which are potentially valuable for monitoring the
effects of OCS activities which disrupt the marine environment.
The species can be selected so as to efficiently address the
question of water column/benthos/sediment interactions with
regard to OCS development impact.

5. The clean environment of the MAFLA lease area is a resource that
should be utilized for further mechanistic studies. It would
seem a most advantageous area in which to examine the nature and
dynamics of the biota mediation of water column/sediment inter-
actions, and would provide a good comparison to similar coupling
roles of the benthos in temperate climates.
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ABSTRACT

For the first time since the inception of the MAFLA Lease Area base-
line survey, reliable barium concentration data have been generated for
biological specimens (demersal fish and macroepifauna) from the area. Also
the vanadium data base for these samples has been substantially added to and
comparison has been made between the previous atomic absorption-derived
data (Betzer and Sims, 1976) and the currently used neutron activation
techniques.

In the case of the Syacium papillosum, the only demersal fish sam-
pled extensively, no geographical trends were found for either element, but
barium tissue burdens do appear to be lower in the winter than in the sum-
mer. Also, there is less populational variability in tissue barium in the
winter relative to the summer (and fall). Most likely this season trend,
if real, is due to either change in average specimen maturity (or size),
change in feeding habit, or some combination of the two. Vanadium does not
show such a trend but cadmium does (Volume II, Chapter 3).

Macroepifauna demonstrated no observable seasonal or geographic
trends. However, significant differences were found for both elements among
the four major phylogenetic groups represented (sponges, echinoderms, cru-
staceans and molluscans) and more specifically among the feeding habit types
represented (filter feeders vs deposit feeders vs grazers). As a phylum,
echinoderms (starfish, urchins) contained the highest levels of both barium
and vanadium while only select feeding types (especially deposit feeders) of
crustaceans a