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ABSTRACT

QAcid extractable Cd, Co, Cr, Cu, Fe, Mn, Ni, Pb, and 2n were determined
on sediments from the Inner Virginia Shelf, and from shipping channels in
the lower Chesapeake Bay and Hampton Roads Harbor system. Levels of Cd,
Cu, Pb, and Zn exceeded average crustal abundances for most of the study
sites. Cumulative frequency curves suggested that there wer; two major
populations for all metals and perhaps a third and smaller one for Cd, Cr,
and Mn. Plots of metal vs Fe indicated no anthropogenic inputs of metals
for shelf and Chesapeake Bay channel sites, but suggested anthropogenic
influences for all metals in several of the inshore sites. Enrichment
factor calculations showed enrichment of C4, Cu, Pb, and Zn with respect
to average crustal abundances. A recommendation of this study for evalu-
ation of envirommental geochemical metals data is to utilize mean concen-
trations, cumulative frequency plots, and metal vs Fe and/or enrichment

factor calculations when evaluating the pollution status of sediments\
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TRACE ELEMENTS AND THEIR ASSOCIATIONS
IN SEDIMENTS OVER THE HAMPTON ROADS HARBOR
AND LOWER CHESAPEAKE BAY AREA

Introduction

When assessing metal sediment concentrations for environmental studies,
one major problem is the choice of methods of data analyses.: One may
attempt to evaluate the data based on absolute metal concentrations, or
choose between a variety of other methods, ranging from relatively simple
ones like elemental ratios to more sophisticated ones such as discrimi-~
nant analysis.

Helz et al. (1983) analyzed sediments from the Chesapeake Bay, Baltimore
Harbor, and Elizabeth River for trace elements (Cr, Mn, Fe, Co, Ni, Cu,

Zn, Ccd, and Pb). They calculated enrichment factors (E.F.) for their data
using Al as the reference metal and average crustal shale values from

Turekian and Wedepohl (1961) by the relation:

(X/Al) sediment
(X/Al) Earth's Crust

EF =

where X/Al is the ratio of the concentration of element X to Al. They found,
in general, enrichment of Cd, Pb, and Zn in the Bay and postulated that this
resulted from: (1) atmospheric deposition, or (2) unrepresentative crustal

abundance data - perhaps metal concentrations in Chesapeake Bay are anomalous

as compared to the average crustal abundances.
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Using Fe based enrichment factors, Helz et al. (1983) compared their
data to that from several other East and Gulf Coast estuaries and found
enrichment of Cd, Pb, and Zn in most cases. They stated that the Al
concentrations in both the Hampton Roads and Baltimore Harbor sediments
were high when compared to the respective main Bay areas. In Hampton
Roads, no consistent anthropogenic effect was found for Cr or V but Zn
was highly enriched.

Goldberg et al. (1978) collected and analyzed eight cores from the
Chesapeake Bay (including one from the James River). They presented
detailed metal concentrations for four of these cores and concluded, from
the absolute concentrations, that surface metal contents were considerably
enriched over values below 50 cm. This trend was not clearly evident in
all cases. In some instances, other types of data analysis may have
provided a clearer indication of whether or not there was enrichment.
Normalization of the trace metal concentrations to either Al or Fe
may have been very useful for this purpose.

Sommer and Pyzik (1974) used metal versus aluminum/metal ratios as an
aid to evaluate metal-sediment assocjations of Chesapeake Bay sediments.
They determined that Al was associated with clay minerals in Bay sediment
and used Al as an indicator of clay minerals. Linear relationships were
found between Cu and Al/Cu; Pb and Al/Pb; Cr and Al/Cr; Mn and Al/Mn.
Iron did not show a linear relationship. Sommer and Pyzik suggested that
because of the linear relationships for Al and Cu, Pb, Cr, and Mn,
these elements were associated with the clay mineral portion of the

sediment and that an alternate distribution mechanism (sulfides)

was possible for Fe.
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Johnson and Villa, Jr. (1976) determined acid extractable metals in
Elizabeth River sediments. They found that concentrations of all metals
analyzed (Cd, Cu, Cr, Hg, Pb, Zn, Al, and Fe) were two to ten times greater
than for sediments from the mid-Chesapeake Bay. Distribution of metals
generally reflected heavy industrial, commercial, and domestic inputs
along the river. Their findings are reviewed in the discussion section.

Johnson and Villa, Jr. (1976) discussed the work of Sommer and Pyzik
(1974) and examined their data for metals in Elizabeth River sediments by
the same metal vs Al/metal technigue. No linear relationshiﬁs were found
for Fe, Cr, Pb, or Cu with Al. They then concluded that either Al was not
associated with clay minerals in the Elizabeth River as it was in the Bay
sediments, or non-linear relationships are indicative of anthropogenic
sources rather than natural ones.

It seems highly unlikely that the association of Al with clay minerals
(assuming these authors mean silicate clay minerals) would vary as postu-
lated above, since Al is an inherent and abundant component of the clay
minerals structure. Other forms of Al were undoubtedly present in sediments
since the extraction techniques used by these workers would not significantly
dissolve the silicate lattice. Whether or not these other forms of Al would
be associated with silicate clay minerals may be questionable, but it is
expected that these forms will be in the clay-sized fraction of sediments.
Most of the Fe in sediments will be in the forms of hydroxides or sulfides,
depending on Eh, and in the clay-size fraction. The most relevant con-

clusion as to the association and distribution of Al and Fe, with respect

to clay minerals, is that the forms of all three occur predominantly
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in the clay-sized sediment fraction. Many sediment forms of Al and Fe

are relatively easily extracted; silicate clays are not.

Trefry and Presley (1976a, b) used metal vs Fe plots to characterize
unpolluted sediments and to identify sediments thought to be polluted from
anthropogenic sources. They did not use metal vs metal/Fe ratios but
simple metal vs Fe scatter plots. A population that occurred within the
+95% prediction interval about the best fit linear line was defined as
natural or unpolluted. Metal concentrations occurring outside of the 95%
interval were postulated to indicate anthropogenic input. Rule (1982)
discussed sediment metals in the lower Chesapeake Bay and Hampton Roads
Harbor area as evaluated by the technique of Trefrey and Presley.

Chester and Voutsinou (1981) used dilute HCl to extract sediment metals
and assessed the sediment's pollution status by examining absolute trace
metal concentrations. They suggest that spatial contour maps of surface
metal concentrations are a simple and effective manner to present results.
Although proposing the use of this simple method, they point out that
great care is necessary in choosing baseline metal levels.

Absolute amounts of trace elements are, to some degree, simply a function
of sediment particle size. Therefore, assessing a group of data where
sediment particle size is variable must be done with caution. ‘Even when
the grain size is nearly homogeneous within a data set, the choice of
baseline data must be done with care.

Sinex and Helz (1981) noted that certain unfractionated samples from

the Chesapeake Bay contained higher trace element concentration than cor-

responding <63um fractions. They postulated that the coarser grained
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fraction contained fecal pellets, heavy minerals, aggregates of fine-

- grained materials, or sand grains with unusually thick coatings.
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Shrader, Rule, and Furbish (1977) studied the distribution of several

2

metals in different size fractions of stream sediments. They found that

the concentration of some metals, notably Mn, was greater in the sand
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and clay fractions than in the silt sizes with the highest concentrations

v

often in the sand sizes. This phenomenon is most probably attributable

-
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to Mn-oxide coatings on the sand grains.
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Generally, the sediment fraction that contains the greatest concentra-
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tions of trace metal is, of course, the finer size. A very desirable
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method of assessing the trace metal status of sediments would be to

-

analyze the <63um material. In this manner, the variable effect of grain
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size will be eliminated. Most environmental studies utilize an unfrac-

»;: tionated or <2mm portion of sediments for the various determinations.

- Analyses of the <63um fraction, while desirable, would entail additional

' time and labor often beyond that available for the research. The most useful

it technique should allow use of chemical data from unfractionated samples, be
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- applicable to a wide range of sediment types, and minimize the difficulty
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in selection of baseline or reference concentrations. A number of such

L

techniques do exist; this paper evaluates some of them utilizing sediment

.

metal data from the lower Chesapeake Bay, Inner Virginia Shelf, and
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Hampton Roads Harbor System. A suggested plan for the data analyses

of trace metals in sediments is given.
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Materials and Methods

The Port of Hampton Roads, Virginia, is located within a major metro-
politan area encompassed by Norfolk, Virginia Beach, Chesapeake, Portsmouth,
Newport News, and Hampton (Figure 1l). Waters of this harbor are along one
of the most industrialized coastal areas in the eastern part of the
United States. The largest military port in the world is located here.
Navigation channels of this port system are maintained by the U.S. Army
Corps of Engineers (COE). The COE dredges an annual average of 4.1 million
m3 of sediment from the port systems channels. ApproximatelyIGO% of this
material is classified as mud, clay, and silt and is taken primarily from
the HamptonRoads/Elizabeth River portion. These are the most active
industrial areas in the port system. The balance of the dredged materials
consists of sand, gravel, and shell which comes from the Chesapeake Bay
Channels (Pequegnat et al., 1978, current research).

The large Naval Base is located adjacent to Sites E and F; Sites G-I
are on the main stem of the Elizabeth River where there is moderate
industrial activity (fuel facilities and chemical companies). The highly
industrialized area, with private and naval shipyards, oil storage and
creosoting facilities, and fertilizer companies occur along Sites K, L,
and M. A less densely developed area in the upper reaches of the
Elizabeth River are represented by Sites P, Q, S, T.

Sediments from the highly industrialized segments are presently disposed
at Craney Island, a diked disposal area (Figure 1l). With normal maintenance,
dredging and disposal operations, the Craney Island site will be available

for several years but has a finite lifetime. Plans are also being made to
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deepen the Port of Hampton Roads from the present 13.8m depth to 17m to
accommodate deeper draft vessels. Should the deepening occur, the filling
of Craney Island would be greatly accelerated. A multidisciplinary study
was designed to investigate if open ocean disposal of sediments from
various areas within the port system would be ecologically acceptable.

Sediment samples were collected to use in various types of bioassays,
for particle size analyses, and for metals analysis. Sediment samples
collected for all these various purposes were analyzed for trace metals.

One hundred and seventy-nine sediment samples were collec;ed over a
three-year period from forty-six stations in the navigation channels in
the lower Chesapeake Bay (Thimble Shoal and Cape Henry channels), Hampton
Roads Harbor, and the Elizabeth River (main stem and Southern Branch).
Samples from a proposed offshore disposal site on the Inner Virginian
Shelf about 27 km from the Bay mouth were also taken (included in the
179 count).

The sampling pattern for the offshore area is shown in Fiqure 1. All
other samples, in the navigation channels, were taken at one-mile inter-

vals using navigation buoys as site markers. At each site, four samples

; were taken across the channel between the buoys.

EE: Sediment samples were collected using either a Shipek grab or a 0.76m>

Efﬁ clamshell grab. Care was taken to avoid contamination from the samplers

t. ’ and the samples were placed in plastic bags for transport to the laboratory.
~

?:: Sediments were dried at <40C°, crushed and passed through a 2mm stainless

steel sieve and stored in plastic bags. Sediment grain-size analysis was
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performed on the samples collected from the Chesapeake Bay channels and the
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offshore site as a part of the contracted study. Analysis of grain-size
of the Hampton Roads and Elizabeth River samples were conducted where
time permitted. Portions (2-6g) of the <2mm samples were extracted as
follows: fifteen ml of concentrated (15.4 M) HNO3 (redistilled) were
added to the samples and then heated at 100°C for four hours. Five ml of
30% Hy0p were added and the mixtures heated for an additional 2 hours. The
extract was filtered through acid washed Whatman No.2 filter paper and
diluted with ultrapure deionized water to a final acid concentration of
10%. The metals Cd, Co, Cr, Cu, Fe, Mn, Ni, Pb, and 2n were'determined
by flame Atomic Absorption Spectrophotometry using a Perkin-Elmer 603
instrument. All data were calculated on a dry weight basis. Stastical

calculations were conducted using the Statistical Packages for Social

Sciences (SPSS) by Nie et al. (1975).
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Results and Discussion

53

:3 Sediment metal concentrations as averaged for different areas are shown

.

v in Table 1. The areas are defined by site groupings in Table 2. Metal

\

b concentrations are generally lowest in the Norfolk Disposal Site (NDS) area.
E Except for Pb, concentrations of metals are similar for the NDS area and

4' Outer Thimble Channel. The Inner Thimble Channel sediments, closer to

P inshore activities, have a slight but consistent increase in concentrations
[; for all metals. The NDS sediments are fine sands; the Thimble Channel
: sediments range from coarse sands to fine material which is responsible
for same of the increase in sédiﬁent metal concentrations.
Starting in the Inner Thimble Shoal Channel, the general pattern shows

Wy an increase in metal concentrations toward the industrialized portions of

- the Elizabeth River. Levels of Cd, Cu, Pb, and Zn exceeded average crustal

abundances (Taylor, 1964, Table 3) in several sites close to industrial

e

activities. Concentrations of Cd and Pb showed the greatest elevations

P

¥ above crustal abundances (>10X) and this increase occurred for a greater
'f number of sites than for other metals.

2 Maximum concentrations of Cd, Cr, Cu, and Pb occurred in sediments

- from the most highly industrialized area in the mid-Elizabeth River, while
;; maximum values for Fe and Zn were found in the lower Elizabeth River. The
)

’; highest values for both Mn and Ni occurred in the inner Hampton Roads

', sediments. The concentration pattern (Table 1) of Mn and Ni, and to a

l'.

f: lesser extent, Mn and Co, suagests a geochemical association between these

s; elements in the sediments. Geochemical association of Mn with Ni and Co has

- frequently been reported (Siegel, 1974; Levinson, 1980).
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Concentrations of all metals decrease in the Uppermost Elizabeth River,
reflecting the lower level of industrialization, but values in these sedi-
ments were still greater than those in the Thimble Shoal Channel and NDS
area, and exceeded the average crustal abundance for Cd, Cu, Pb, and Zn.

Although there were no statistically significant differences in average
concentrations of trace elements extracted from Elizabeth River sediments
during the present study (sampled in 1979) and the levels measured by
Johnson and Villa, Jr., 1976 (sampled in 1974, Table 4), the ranges for
most metals for the present study were much more narrow than'for that of
Johnson and villa, Jr. A more severe extraction procedure was used in the
current study and the higher mean values may have resulted from the removal
of a greater amount of metals from the sediments. Although the average
Johnson and Villa, Jr.'s values were lower, there were several instances
where maximum-found values exceeded those for the present study. This may
have resulted from slightly different sampling patterns or may indicate
a change in the distribution pattern of the metals.

There is, of course, a variation i; grain size (Table 2) over the study
area which causes some of the differences in trace metal levels; however,
variations in metal concentrations also exist in similar grain-sized
samples (such as in the Elizabeth River). Such observations are common in
geochemical studies. Analyzing the <63um fraction of sediments may help to
resolve this problem. Since it was not possible in the current study to
analyze the <63um fraction, the next best approach was to use a method of

data analysis which might account for grain-size effect. If a data assess-

ment technique can be utilized which inherently incorporates the influence
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(effect) of grain-size on the trace metal content, then there would be
no need to group the data by particle size and a larger set of data
can be compared.

Cumulative frequency plots of metal concentrations have long been used
(Siegel, 1974) to determine the number of populations present in a group
of samples. When a cumulative frequency curve for a given metal (metal
concentration vs number of occurrences for each concentration) is con-
structed on a probability plot, a single population is defined as a group

of points which form a straight line. Multiple populations within a single
{(given) data set will give two or more straight-line segments on the graph.

Cumulative frequency plots were constructed for each metal analyzed
utilizing the entire data set. All curves had two distinct straight-line
portions indicating two major populations present. Plots for Cd, Cu, Cr,
and Mn (Figures 2 and 3) show the variety of curves obtained. The popu-
lation defined by the near-vertical segment (low metal concentrations)
includes the Norfolk Disposal Site and Thimble Shoal Channel sediments.
The nearly horizontal segment (higher range of concentrations) includes
the Hampton Roads Harbor and Elizabeth River sediments. The portion of
the curves for Cd, Cr, and Mn between the larger near-vertical and near-
horizontal segments may indicate that a third population is present.

The data were then divided into three groups based on geographic areas,

sedimentological and geochemical characteristics, and cumulative frequency

curves. The three groups were Norfolk Disposal Site (OFFSHORE); Thimble

shoal Channel (CHANNEL); and sites from the Hampton Roads Harbor and

Elizabeth River (INSHORE).
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It is assumed that for natural sediment conditions (no anomalous metal
concentrations), the relationship between Fe and another metal will form a
linear trend (Trefrey and Presley, 1976a, b). Should the concentration of
Fe change because of changing mineralogy, sediment particle size (which
will inherently change mineralogy) or other naturally occurring phenomena,
the concentration of the other metal will change with a constant relation
to Fe. If a scatterplot of metal vs Fe is constructed and a regression
line with a 95% prediction band is plotted, then the natural geochemical
population of a given data set is defined. That means there is a 95%
probability that the points that fall within the prediction interval
belong to the normal population and those that are outside of this
band are from a different (or anomalous) population.

Metal/Fe plots were constructed for the OFFSHORE, CHANNEL, and INSHORE
data groups and also for all data for each metal. Representative plots
are shown in Figure 4.

Even though the metal concentrations vary greatly between the data sets
in Figure 4, the same scale was used for comparative purposes. Correct
plotting of OFFSHORE Cu for evaluation as a single data set is shown in
Figure S5a. The slope and nature of the curves for the OFFSHORE and CHANNEL
samples (Figure 4a,b) are very similar and no doubt from an unpolluted
environment. Metal concentrations are low and all points fall within
the 95% prediction interval.

When all sites of two data sets belong to the same population, they will

fall along the same line of the metal/Fe curves. Those samples having

coargser sediments with low metal concentrations will lie on the lower
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portion near the ordinant; those samples having finer sediments with

resulting higher metal concentrations will lie further to the right but
along the same line. It is clear (Table 1) that the Thimble Channel
sediments vary in metal content. The outer channel sites are generally
more similar to the OFFSHORE than those in the inner channel. However, the
OFFSHORE and CHANNEL samples form one population for Cu and if plotted
together would fall along the same line. When samples are from different
geochemical populations and have different metal/Fe ratios, they tend to
form lines of different slopes when plotted on the same graph. The Cr/Fe
plot in Figure 5b is a very good example of what appears to be two popu-
lations in one data set. The upper group of samples to the left fits
closely with the points for a similar OFFSHORE plot (Figure S5c) while the
other points lie along a distinctly different curve. The OFFSHORE and
CHANNEL data for Cr/Fe horizontal row of points are from relatively coarse,
clean sands in the Thimble Shoal Channel; they have very low and similar

Cr concentrations.

The data distribution for the INSHORE sediment plots (Figure 4c) is
totally different than for the other two groups. The points are widely
scattered and the 95% prediction interval is relatively wide. Even so,
several points are above this band, indicating anomalously high values.
Although there is some particle-size variation in the INSHORE group,
sediments are predominantly silt-sized or less. The anomalously high
values are from sites along the highly industrialized portion of

the Elizabeth River.
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Each of the metal/Fe (Cu/Fe) plots in Figure 4a, b, ¢ have included
similar grain-sized material. The coarser, low metal content OFFSHORE and
CHANNEL sediments gave similar curves with few anomalous points. The
INSHORE data, with mostly silt and clay-sized materials gave a scatterplot
with widely spread points, a wide prediction interval, and several
anomalous points.

When data from all sites are plotted on the same graph (Figure 44), less
satisfactory results are obtained. One obvious difference is that the 95%
prediction band has been compressed. The large number of OFFSHORE and
CHANNEL samples that plot together near the ordinant along the x-axis had
the effect of compressing the confidence band. Even so, only three addi-
tional samples fall above the line as being described as having anomalously
high Cu values.

As a more direct test of the influence of particle size on the metal/Fe
plots, samples for which particle size analysis had been conducted were
selected. Fiqure 6a shows plots of Zn vs Fe for all data available and
only for those samples having >15% clay (Figure 6b). Because of the nature
of the study area sediments, most of these data are from the INSHORE sites.
The INSHORE data are shown in Figure 6c). The plot of Zn vs Fe for >15%
clay samples gives a regression line and 95% prediction interval which fit
the data much better than for the plot of all data. Plots for other metals
when grouped according to clay or silt and clay content were similar to that
in Figure 5. The more narrow confidence band is again evident in the all
data plot. It appears that the potential difficulty with the all data

plots is with the great number of data points (from OFFSHORE and CHANNEL)
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lying together near the ordinant and not with the particle-size difference.
Improved evaluation of the lower concentration samples (OFFSHORE and CHANNEL
sands) can be better accomplished by plotting them separately or as one
group (Figure 5b) but evaluation of the INSHORE data set was affected
only slightly by the all data plot.

Another method for assessing geochemical data is the enrichment factor,
EF (Zoller et al., 1974; Sinex and Helz, 1981). The EF is defined for

this data analysis as:

(X/Fe) sediment

EF = (X/Fe) Earth's crust

where X/Fe is the ratio of the concentration of element X to Fe. Anthro-
pogeni§ inputs of Fe are relatively small as compared to natural sources
(Helz, 1976) so Fe was chosen as the element for normalization. Aluminum
is also used as the element for normalization (Zoller et al., 1974; Helz
et al., 1983) and thought by these workers to perhaps be more desireable
than Fe. Since Al data were not available for all sediments in the current
study, Fe and Al could not be compared, nor Al used. For the samples
where both Fe and Al analysis were available, plots of Fe vs Al gave
a correlation of 0.90 (Figure 6d4).

The major assumption, or perhaps limitation, of this method is the use
of average crustal abundance data. A study area may be either enriched
or depleted in relation to the average crustal abundance and still be

free of anthropogenic inputs. This method does, however, give a common

reference point for comparison. A value of 1 would mean neither enrichment
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nor depletion in relation to the Earth's crust. The crustal abundance

data of Taylor (1964) were used to compute the EF for all data in this

Lo

paper. Sinex and Helz (198l1) state that the EF is not very sensitive to |

e ¢

the choice of reference material and if average shale data were used

instead of average crustal abundance, the enrichment factors would change

by less than 10% except for Cd, Pb, and Zn which would decrease ~40-50%.
Enrichment factors for metals from the study area sediments are shown

in Table 5. The enrichment factors were computed for individual samples

within each location group and then individual EFs were averéged to

obtain the group value. Elements that show definite enrichment are Cd4,

Cu, Pb, and Zn. The greatest enrichment occurs, as expected, in the

N heavily industrialized Elizabeth River. Cadmium and Pb show the greatest

enrichment with Zn next and the least for Cu. The enrichment patterns for

these four elements are similar; almost identical for Cu, Pb, and Zn, and

slightly different for Cd. The seemingly high enrichment factors for Cd

s ey 'l

and Pb for the OFFSHORE and Thimble channel sediments are probably because
of the relatively low concentrations for Fe. Cadmium and Pb concentrations
3 in these sediments were very low; several will have to be reanalyzed with

: larger aliquots to give values above detection limits. Given the nature

of the sediments (sands) and the very low Fe values, these enrichment

- factors should be cautiously interpreted. Even though the OFFSHORE samples
J . are defined as being enriched, the absolute concentrations of Cd and Pb
obviously indicate no need for environmental concern. The enrichment
factors for Cd, Cu, Pb, and Zn are within the range of values computed by
Sinex and Helz (1981) for various East and Gulf Coast estuaries. Enrichment

factors for'Co, Cr, Mn, and Ni were at or below one.
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Mean enrichment factors fromthe data comparison with Johnson and villa, Jr.
(1976) are presented in Table 6. Strong enrichment of Cd, Pb, and 2n is
evident in both sets of data. However, there was an apparent decrease in
the enrichment factor for Cd from 1974 to 1979 in the lower portion (Main
Stem). This decrease most likely resulted from reduced input of wastes
and wastewater from a chemical plant along the river. Factors for Cr are
unity (or near) in all cases and there has been no change for Cu, Pb,

or Zn since 1974.

Summary and Conclusions

The mean concentrationé for extractable sediment metals were evaluated
with respect to average crustal abundances. Levels of C4, Cu, Pb, and Zn
exceeded average crustal abundances for most of the study sites. Mean
values for Cd, Cr, Cu, Fe, Pb, and Zn were not statistically different
from samples measured in 1974 in the Elizabeth River. The range of
values for the current study was much more narrow than in 1974.

Cumulative frequency curves suggested that there were two major popu-
lations for all metals and perhaps a third and smaller one for Cd, Cr,
and Mn.

Plots of metal vs Fe indicated that sediments from the NDS site and
The Thimble Shoal Channel were not anthropogenically affected and, for
most metals, were slightly different in their geochemical nature. These

plots for INSHORE data were very different and indicated that several sites

were enriched well above natural levels. Grouping of sediments as a function
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of particle size gave less scatter of the points and identified anomalously
high samples. Based on the present results, segregation of samples based
on general particle size (i.e., sand or silt and clay) before constructing
metal vs Fe plots is recommended.

When the data were evaluated using the enrichment factor (EF), Cd, Cu
Pb, and Zn showed enrichment with respect to crustal abundances. Because
of the very low Cd and Fe values for the NDS area which resulted in high
EFs, it is recommended that both sample concentrations and EF data be
presented in geochemical studies. '

Both the metal vs Fe plots and the EF identified anomalous metal concen-
trations. The metal vs Fe plots identified anomalous concentrations for
a greater number of elements than did the EF. One advantage of the metal
vs Fe plots is that they do not rely on average abundance data which may
not be appropriate for the study area sediment.

Metal concentrations, metal vs Fe plots and enrichment factors all
identified the same sections of the study area as most affected by
anthropogenic sources. Each of these means of data evaluation contributes
unique and useful information and all should be included in data evaluation.

A suggested approach to geochemical data analysis is to: (1) evaluate
metal concentrations using appropriate crustal abundances; (2) construct
cumulative frequency plots; (3) construct metal vs Fe plots utilizing
particle size grouping; and/or (4) calculate enrichment factors choosing
appropriate reference data. 1In all instances, the metal concentrations

as well as plots or enrichment factors should be presented.




Sl iy
ARSI

-—— n
- %y (SRR

3 T it}
r s
P

.'

iy

)
s
P AN

>
e

- [ )
AT WA

SN

Lt T

ar

ARSI AR AN At s - S e A . - T T T R TIpr——m— “-.“

19

Metal concentration values from this and other studies (such as Sinex
and Helz, 1981) are obtained from partial sediment extractions while the
crustal abundances reflect total values for a given rock material. It
should be noted that the EFs so calculated are conservative estimates
and may actually be greater than the calculated values. Interpretation
of the EFs must, therefore, be made with the type of extraction in mind
and may vary from study to study. Interpretation of the results based

on the extraction method can lead to estimation of the potential

environmental impact based on enrichment of a given metal.
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TABLE 2. Site legend and description of sediment type.

SITES # OF SEDIMENT
AREA INCLUDED SAMPLES TYPE

NORFOLK DISPOSAL SITE Numbered Sites 49 fine sands
THIMBLE CHANNEL-OUTER AA thru EE,U 35 coarse sands
THIMBLE CHANNEL-INNER FF thru II,V,A 26 coarse/fine sands;silts
NEWPORT NEWS CHANNEL B,C,D 13 silts/clays;sands;shell
INNER HAMPTON RQADS E,F 9 silts/clays
LOWER ELIZABETH RIVER (MAIN) G,H,I 12 clays/silts
MID-ELIZABETH RIVER K,L,M 12 clays/silts
UPPER ELIZABETH RIVER r,Q,S,T 16 clays/silts




TABLE 3. Average crustal abundance data from Taylor (1964).
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TABLE 4. Means and standard deviations of trace metals in
Elizabeth River sediments from the current study
and from Johnson and Villa, Jr. (1976)'.

MAIN STEM SOUTHERN BRANCH
METAL (mg/kg) 1974, EPA? 1979, RULEZ 1974, EpAZ 1979, RULE?
cd 5.3+5.5 2.0+1.1 2.3+1.6 2.3+1.6
Cr 47+26 5246.6 40+30 ' 57+17
Cu 38+43 75436 82+91 130+69
Fe 28834+8043  36208+5512 2509248145 31825+9736
Pb 70+68 93+39 106+101 149+62
Zn 386+404 459+197 2874263 363+197

1. .
Sites were chosen from the current study to correspond with the areas

sampled by Johnson and Villa,-Jr. (1976).

2Sampling for the Johnson and Villa, Jr. study was conducted in 1974,

and in the Elizabeth River for the current study in 1979.
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TABLE 6. Comparison of enrichment factors from the current
data with that from Johnson & Villa, Jr. (1976)
for the Elizabeth River.

MAIN STEM SOUTHERN BRANCH
METAL 1974, EPA 1979, RULE 1974, EPA 1979, RULE
cd 59 +741 15 +7.9 23 +12 19 +9.4
Cr 1.0+ 0.9 0.8+0.1 0.8+ 0.4 © 1.040.1
Cu 1.4+ 1.5 2.3+41.4 3.1+ 2.7 4.0+41.3
Pb 12 +12 12 +4.2 18 +14 21 +4.0
Zn 11 +11 10 +3.2 9 + 6 8 +2.9

lnanges are + Standard Deviation.

-
3.t
&

e

XA

A

S

TR

R R I P A :_"’-'_ AV IR G TR R S
IROASNENE A O T TR LR S “~'.$'~‘-*‘¥\'.t‘}‘~':‘::g

e e e Y WL e



L

Lanaih . Sl E St

ceaay Apnas T ]WNOIL

S3RSLY WIMIAIGIG S0V WHOS W
L 1)

-.-" Er

3148 19904810 100N

[ TTU R IV LT Y]
L0 TV TTH
D418 WE04B0
WY 30 €0504084¢
®014VI0Y
JAVRIZOVSIV

0881 -8461 SNOILVLS TVNOILIOAY ®
SNOILVAS 6L01-02) ©

oN3D3T

- <

evwm o
YIuv 1veodse
I nee

HOV3E

VIAN HAZGVIINS

NIORION

AVE INV3IJVYSIHD

H1NONS180d

H YoRUH,
3 SOVON NOLJNVH
h ~o%
-. P ot

NOLJNVH

54
-2
v

=

-~
N

"h .'... .. -
a®n - ™

- L

satoasal

p? 8,

p <~_'.‘ .
O
A%,

YHAS
o
Y4 )

v
A

-.\" y

w e s
..
)

-

-
o

ol ol i b,

~

-
n

L.
-
e

.J'..‘.‘-"-(;-».

o TS T}

., -

RS

R

- .
> R T R B




e Ak Al a2 2 o &4 o d oh au s sl dod anh S oate et Al o Zai ke chin A e i la Ave ah She S0a S Ave ShL ST S TRE Tl )
C af et

FRER. PLOT OF OO

2 'fl'}'t}?.

v d

10
1 ) ! ! |
1.0 0.4 1.2 2@ 3IW o 8?“ 7.'“

|

X Y Y ] 1
-110 279 ¢.7 103.6 144.¢ 1793 zz}.a a?s.o

FRED. MLOT OF CV

FIGURE 2. Cunulative frequency curves for Cd and Cu.

R I St UL B A P R el e P N - KN X L R I
T A S AN e R T e
A I AE SR AP PE P A P R %ty

R L e L .t N
o S VAR PR I S T D DO S TP TS L L B S PUNIIY ) 2 e A

‘e R




MES TSI AT RT W T T e T T W T e ST LT LT LY T AT TR T AR Y TN T M TR T YT T MY T O TR T W T O TV YW

FRER PLOT FOR R

U ¥ B 1 | J |
=60 2.9 13.7 W6 s NI 2.1 N
R rem
FRED. MLOT OF W
1t
“1
1
10! 1 q T T !
-;0 n l}; 314 6 14 (12 ] s
™ rea
".
N
)
4 FIGURE 3. Cumulative frequency curves for Cr and Mn.

» Ve N RS
M_L___m‘ﬂ:gﬁn PR A R R




atadtan el ot Aul Sad Sl Sad ol Sub A Aad Bad Aad ok thd Sok i i A St ARl g e i Al i avide A el et it s e 2'1

uui

T

) ® OFFSHORE SEDIMENT EXTRACTIONS  CONF=95%
T;\ = CORRELATION COEFFICIENT = .7750
..\ .
o\ »
- &
b
8
vid
8
2‘#
8
Il;-

CU (MG/KG)
_.‘._ﬂ

g
wJ
[
.. t
o
] Y 1 U T T T 1 \
FIGURE 4a. .08 8.00 16.00 24.00 32.00 40.00 48.880 S6.80 64.00
FE (MG/KG) L'
] CHESAPERKE BAY SEDIMENT EXTRRCTIONS  CONF=95%
;" CORRELATION COEFFICIENT = .7773
ﬁd
8
v
s
a4
s
—-U"
o
x
]
-‘- :
o8
v
]
s
e
FIGURE 4b. 'ggg .08 15.00 24.00 32.00 40.08 45.08 56.08 6i.08
FE (MG/KG) =10
. FIGURE 4. Scatterplots for Cu vs Fe with the 95% prediction

interval.

VR L ARSI Y



\ e ase
’

SPYRRERS

B

A w e a
PPN 1

ALVATSY M RNALE " S RN ST Ea

[ o™ S Al Ao Ml A

"0

32.08

CU (MG/KG)

FIGURE d4c.

*10

32.00

J

CU (MG/KG)

FIGURE 4d.

FIGURE 4,

J

A

24,08

)

16.90
1

8.00

1

1

INSHORE SEDIMENT EXTRACTIONS
CORRELATION COEFFICIENT =

CONF =957,
.6198

hadiet e h Sl Thali i - Al “ B N Bl Y Yl Y Ae M U N A ARSI N Al N A Sl MY

-16.00

24.09

16.00

A

8.00

0.00
1
*
t.
.
\
1

1

-8.00

-165.00

L] T T T 1
8.09 16.08 24.00 32,00 40.00

FE (MG/KG)

TOTAL DATR SEDIMENT EXTRACTTONS  (O~7=737
CORRELATION COEFFICIENT = .7584

*
.
+ R d
.
. .
- M *
,/‘ -
Y * hd -
- - * o 7
—_— —
— - T .
- -
. — . +
- * -
: . Tes
, - . . e
- g - ) .
.t ‘

T —
S6.00 64.00

10’

T L T T
16.00 24.P0 32.00 40.00

FE (MG/KG)

T
8.00

concluded,

R BT T ) -sn - I\.\-‘\"_-\y ..-'\' \.‘.-. SRR
c. -, - & ' \.‘\‘. - n 5 -f‘ "L-. o ."\“‘;~‘ AL

N

" R & O W, ¥

-
48,00 88.07 E4LCC

10

D™




Lol tahap st aiat At Al At Sl Sh - Aeh- A U A0S S oA S St Aien 1 Su O Bar Al i 0 PRARE -ma e e d T I"'"!Vl'.“uv,.‘]"a‘l,‘!’,‘vﬁ

OFFSHORE SEDIMENT EXTRACTIONS  CONF=9S%
CORRELATION COEFFICIENT = .775@

8.0
-

I

4.0
—

CU (MG/KG)
2.0

N g

N ~

. ] 1 R | L L A L) L R
— FIGURE 5a. .00 2.00 4.09 6.00 8.090 16.08 12.00 14.00 16.08

! FE (MG/KG) @’

CHESAPEAKE BAY SEDIMENT EXTRRCTIONS  CONF=957
CORRELATION COEFFICIENT = ,2790

=1

o '
1 <"
2 .
';-1
+
*
| J e
¥ +
.

r .,
'.-
A
.
3 v‘
Ry

R

1
.
-
*
*
H
*
+
*

CR (MG/KG)

\
|

2 T AR LR

2.00

FIGURE 5b. ‘'gigg .00 16.00 24.00 32.80 49.00 48.80 56.00 64.00
FE (MG/KG) *Q

s

- FIGURE 5. Scatterplots for Cu vs Fe and Cr vs Fe with the
95% prediction interval.

4

4 -

‘.. e T e e pte e e WL oo - Tt ettt L N N Tt T S N P PR
e T -7 B e e T T T e e e T e S -, . 4 AR A )



- T - W TR TR T W T W T wm T T m T omT w Tw e - = ¥ = . = W
e i e b geg ue B it b s aatE A iC e INAMC MY AT A A R Rl ek TR ST LT
LYY ~

L4

OFFSHORE SEDIMENT EXTRRCTIONS  CONF=95%
CORRELRTION COEFFICIENT = .8671

LY
' »
]

"1Q

“r Ny Ty
.
..
4,08

.
Y

.
L R

[y

-
L
-

2..

L

1.08

A

CR (MG/KG)
8.09

-1.00

-2.08

FIGURE 5¢. '0.88 6.8 16.880 24.00 32.00 40.00 48.00 S6.00 64.00
FE (MG/KG) x|

OFFSHORE ¢ BAY SEDIMENT EXTRACTIONS  CCNF=QSY
CORRELARTION COEFFICIENT = .2935

=10

.%
']

3.8
*

2.88

1.0
P
+

i
»*
L d
R d
*
H
>
+*

\\'l
Vil

P

CR (MG/KG)
s.00

Bt il
"
[}

1

PR
-1.00

]

O]

3 ~ | ‘
e FIGURE 53. '8.80 8.08 16.00 24.00 32.00 40.8¢ <5.03 ©3.03  6e.C:
- FE (MG/KG) LOTGN
n_:~

d

FIGURE 5. concluded.

. B T . - < o
- - - - LI N B Sl et A “e e - B R RS

’-’, o o~ ...-...-,‘. RIS -, .r._.. . \'\\\\ * 9
..-P?‘.r:'l".’_'{}f.'l":'s:'n -r‘-‘.‘! L AP AACS JA\_- _\t.t-":.a;.s..;.mfm.« SRR JJ‘.L..M.; ) y\u\si "\}u \l




~ .~.. N :.‘ AR "”l"'"-r:ww—.‘"“-"'V":r'f--'vrr '-‘ yTVE —-'r),“' O i '_‘ ‘_‘- e e — SN TS TN N TV N WAR N T g e e ra
® TOTAL DATA SEDIMENT EXTRACTIONS  CONF=95%
'; CORRELRATION COEFFICIENT = 8574
.
N
8
£
8
‘:‘:-1
8 * .
—~
o | .
¥ . —
S8 T
= — 2
w“1 / . " "’ .
Se /;,///Ii .. /
NQ.J i',‘.{ ’.§:,_. ‘.”//,—;’ s
i /_ }
8
’ aJ 1 L) i 1 MR 1 L}
FIGURE 6a. .62 6.00 16.9 24.80 32.00 40.080 48.80 S65.82 64.00
FE (MG/KG) %P
= > 1S7 CLAY SEDIMENT EXTRACTIONS  CONT=QSY
';. CORRELRTION COEFFICIENT = .8589
n.
8
a-
]
.
2
[ 1
3 A
¥
o8
£ 4
Sg
s .‘-l
e
FIGURE Gb. '? ] T \J T R S L L R
8.00 12.08 16.00 20.08 24.08 28.88 32.00 35.01 D07
FE (MG/KG) LItuR
FPIGURE 6. Scatterplots for Zn vs Fe and Al vs Fe with the
95% prediction interval.
I R L NP AT S W ‘.,‘_:~_ e, k.‘..::.‘_.\".:___:.., X . “‘.: IR AP .‘\\;_' ;..._ RS ..'~N:.I
ki PR VR VR PRIV IS VR BT I JUA TR U RS Rt PN

W W VO, P RO UL P U RO W WLy .5




Pl it it S T

P

Lty S Aate Skt Sl 4 bl adisraand adi i aval et 48 * EJdi-shedh SEa i Shalit i h e B M PEMadN L M i AEOE L a S A e U R e e e
; & INSHORE SEDIMENT EXTRACTIONS  COMF=7S%
';' CORRELATION COEFFICIENT = 8035
8-
&
@
&
o
&
—a
(G}
<
oS
T <
P
~Ng
d-
g
? L A ] L} T Ll L T L]
FIGURE 6c. 0.80 8.80  16.00 24.00 32.80 40.88 48.C7 56.03 64.00
FE (MG/KG) =10
) TOTAL DATA SEDIMENT EXTRACTIONS CONF=9Sy
g CORRELATION COEFFICIENT = ,9@30
o
&
'N’_ +
8
3
8
‘—\2:—
D
X
o8
T
=J
ag
‘-
g
FIGURE 64 v y Y T ! T T T -
- 0.80 5.0 10.80 15.80 20.80 25.00 30.00 35.80  4p.00
FE (MG/KG) 1@’
FIGURE 6. concluded.
-y . . . . - -
.. ‘o e A ST -’ - - -7 -, -~ ~ -
A e e e L S T e e e

- "L ‘—r‘—







