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THE ENVIRCSMENTAL QUALITY OF SEDIMENTS IN A CONTAINFD
DREDGED MATERIAL DISPOSAL FACILITY OF AN INDUSTRIALIZED
SEAPORT: OPEN OCEAN DISPOSAL ALTERNATIVES

By
Raymond W. Aldenl, Robert J. Young, Jr.,
G. J. Hall, and S. S. Jackman?
INTRODUCTION

The periodic dredging of navigational channels is vital to the mainten-
ance of seaport systems. Unfortunately, the sediments from urban estuaries
may be highly contaminated. Pollutants introduced directly or indirectly
into the water; of these ecosystems are generally partitioned into, and
concentrated in the sediments. Therefore, a problem of major concern to
port cities is how potentially toxic dredged materials can be disposed with
the least possible ecological damage.

Onshore disposal, or 1andfill management, is not feasible in many sﬁl!l-
port systems. In the urbanized setting of most se=ports, land fis generally
at a prenium and, therefore, economically unfeasible for use as a disposal
site. Quite often the only open areas in the vicinity of a seaport are
wetlands that should not be filled or impounded due to their ;:nlnglcil
value. Therefore, a great deal of attention has been focused upon the pos-
siblity of open ocean disposal of dredged materials (Pequegnat Et_'ﬂ.,
1978).

The U. S. Environmental Protection Agency (EPA) and the U. S. Army
Corps of Engineers (COE) are responsible for the permitting of ocean dispos-
al operations in the United States. Specific criteria were developed

1 Director, Applied Marine Research Laboratory, Old Dominfon University,
Norfolk, Virginia 23508.
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(Federal Register, January 11, 1977) with an implementation manual (EPA/COE,
1978) for technical guidelines for evaluating the ecological effects of
dredged materials. The guidelines describe a series of lethal bicassay and
bioaccumul ation experiments which are designed to evaluate the acute toxici-
ty of sediments in order to minimize or prevent severe damage to open ocean
ecosystems, _Sediments which are shown by these tests to be unacceptable for
ocean disposal generally are designated for placement in onshore or contain-
ed sites where the contaminants will cause the least possible envirommental
damage.

Therefore, one management strategy that would minimize the land use
problem in seaports would involve open ocean disposal of all sediments for
which the criteria are met and the operations are economically feasible,
with unacceptable materials being placed in onshore or contained sites. For
this strategy to work as a long term solution, sufficient land sites must be
available for use as repositories of the unacceptable sediments.

One possible method for obtaining sufficient land for use as repositor-
fes for sediments which are unacceptable for ocean disposal would be to use
active or abandoned onshore disposal sites. In order to most effectively
use these sites over the long term, it may be necessary to evaluate how much
of the sediments currently in the sites may be removed for ocean disposal to
make room for contaminated sediments. Sediments disposed in contained or
onshore sites often lose much of their initial toxicity due to physicochemi-
cal "weathering® processes (e.g. evaporation, leaching, diffusion, photo-
chemical oxidation, numerous oxidation and reduction reactions in the sedi-
ments and at the sediment-air interface, etc.) and dilution with noncontami-
nated sediments. Therefore, much of the materials in these sites may be
acceptable for ocean disposal. Of course, the feasibility of any rehandl-
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ing/ocean disposal cperations will depend upon the amount and distribution
of acceptable materials in the sites, the projected land requirements for

the repositories of unacceptable sediments, as well as economic and engi-

neering practicalities of the project.

The present study represents an assessment of the environmental accept-
ability for ocean disposal of sediments in the Craney Island Facility in the
Port of Hampton Roads Virginia. Although this facility is the largest con-
tained disposal site in the world, it is rapidly approaching its capacity in
its current configuration. Therefore, the present study was designed to
evaluate and "map" the quality of sediments in Craney Island in the event
that the rehandling/ocean disposal management sirategy may be desired as a
long term solution to the Port's dredged material disposal needs. The study
not only involved tests recommended by the EPA/COE Implementation Manual
(1978), but the development of sublethal toxicity tests and a multivariate

statiztical protocol for the evaluation of field and 1aboratory data as
weli. The general approach produces environmental information which may be
invalu.ble to dreged matarial management experts in evaluating the rehandl-
ing/ocean disposal option since it provides quantitative maps of contamina-
tion patterns of sediment in the Facility. Should this management option
prove to be feasible in terms of the engineering and economic consider-
ations, managers may wish to remove only the least contaminated sediments in
the Facility. On the other hand, it may be necessary to evaluate the cost-
benefit relationship of rehandling sediments which are more contaminated
(albeit stil] "acceptable®) but more readily available for excavation.

The present study is a component of an on-going 5-year muliidiscipli-
nary investigation designed to determine the potential ecological effects of

open ocean disposal of sediments from various areas within the Port. Re-
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sults from portions of this program have been reported previously (Alden and
Young, 1382; Alden et al., 1982).

METHODS AND MATERIALS
Study Area and Field Methods

The Cranay Island Facilfty 1s a 1012 hectare confined disposal site
which receives sediments from dredge sites from throughout the Port of
Hampton Roads, Wirginia (Figure la). The metropolitan area of Hampton Roads
includes the cities of Morfolk, Virginia Beach, Chesapeake, Portsmouth,
Newport Mews, and Hampton and represents one of the most highly industrial-
1zed coastal areas on the eastern seaboard of the United States, as well as
the largest military port in the world. On the average, 4.1 million =° of
sediment are dredged from the navigation channels of the Port annually by
the COE, approximately 60% of which is classified as mud, clay, and silt,
taken primarily from the highly industrialized Hampton Roads Harbor/Eliz-
abeth River complex; the remainder consisting of sand. grzvel, 2,:d shell
dredged mainly from channels in the Chesapeake Bay (Pegragrat et al., 1978).
Most of the finer sediments from the Port are disposed in Craney Isiand,
while the coarser materials from the access channels in the Bay are taken to
Dam Neck, an interim nearshore ocean disposal site, or used for beach nour-
ishment. The current configuration of the Craney Island Facility is expect-
ed to be filled to capacity through routine maintenance dredging and dispos-
al operations within the next two decades. In addition, plans are currently
being made to deepen the Port from the present 13.8 m depth to 17 m to
accommodate new shipping industries utilizing larger, deep-draft vessels.

Therefore, the filling of the Craney Island Facility may be greatly acceler-
ated in the near fiture,
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Details of the design, history, sources of dredged materials, and engi-
neering characteristics of the Craney Island Facility may be found in a
recent management study report produced by the Waterways Experiment Station
of the COE (Palermo et al., 1981). To summarize some of the points perti-
nent to the present study, the Facility was constructed in the mid-1950's by
impounding a shallow portion of the Hampton Roads Harbor with dikes to form
a trapezoidal disposal area (Figure 1b). The average fi11 elevation of the
Facility at this time is 4.57 m above mean Tow water (MLW), while the dikes
are 5.49 m above MLW. Two interior dikes have besn partially completed,
separating the Facility into northern, central and southern subcontainments
on the eastern portion and an open compartment on the western sector. Major
points of dredged material inflow are indicated in Figure 1b, by the letter-
ing system of Palermo et al., 1981. In general, material deposited directly
by pipeline from various projects in the Hampton Roads Harbor and nearby
naval installations are placed at point B; direct pump-out of hopper barges
from the highly industrialized Southern Branch of the Elizabeth River and
more distant naval facilities cccurs at E; pump-out from a rehandling basin
serving primarily small contractors 1s located at C; and points F and D are
used sporadically for input of materials from Mewport Mews and miscellaneous
contracts. By far the greatest flow of dredged materials is from the east-
ern portion of the facility, with point B receiving 52%, point E receiving
30% and point C receiving 10% of the total volume projected for 1979-1992.
The dredged material typically develops a sheet flow condition in moving
from the eastern input sites towards the 4 outlet weirs located on the west-
ern dike. Typically, the western portion of the Facility is maintained as
an area o* ponding to maintain adequate water quality of effluent. Thus,
coarser materials tend to be found around the periphery of the Facility,
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near input points, and along dikes, while finer materials settle out towards
the interior and western portions. The quality of sediment received at the
facility ranges from clean, coarse material, which is excavated subsequently
for commercial fi11, to aighly contaminated materials from the Southern
Branch of the Elizabeth River, which has been shown to be quite toxic to
bioassay test animals (Alden and Young, 1982).

In approaching the assessment of sediment quality within the Facility,
two a priori hypotheses were tested for each type of amalysis: 1) the
patterns of sediment quality are related to geographic location; and 2) the
patterns of sediment quality are related to geographical characteristics. A
stratified random sampling regime was employed to establish sampling sites.
The a priori geographical hypothesis was that the northern (N), central (C),
southern (5), ll'lti western (W) subcontainment areas had different patterns of
sediment quality due to different sources of input and differential settling
patterns of sediment particle sizes (particularly with respect to the pond-
ing area W). The Facility was dividad up in a grid of 100-hectacre squares,
with peripheral squares being split into sections as required by the trape-
201dal shape of the Facility. The grid was divided into the four geographic
regions, with the interior boundaries of the W region being roughly defined
by the 4,25 m elevation contour (Figure 1b). This region was selected sub-
Jectively as representing the ponding area during the initial phases of the
study in 1981. The only areas excluded from the grid were regions along the
eastern and northern peripheries being used as active burrow pits.

A total of 55 potential collection sites were randomly allocated among
the four regions according to their relative areas: region N represented
26%; C was 22%, S was 23%, and W was 29% of the total study area. An appro-
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priate number of 100-hectare squares from ezz® reyion were randomly selected
employing a random number generator. A grid of thirty-siz smaller squares
was placed over each of the selected 100-hectacre squares and one was
selected randomly as the collection area. The exact positions of the sites
within the small squares (e.g. center, coriers, midpoint of sides) were
1ikewise selected randomly.

The collection sites were located by standard surveying triangulation
methods amploying base points established along retaining dikes. This
method was accurate to within 1 m for all sites. Although station locations
werg marked with poles where possible, the positions were relocated by the
surveyors prior to each major study.

Field collections of sediments were accomplished through the use of a
custom-made stainless steel hard corer designed to dig to 2 m in depth. All
samples were taken in triplicate. Samples were placed in acid washed 18 t
snap-top polyethylene containers and stored at 4°C until tested. Ultimate-

1y, a total of 42 collection sites were used during the three-year investi-
gation at Craney Island.

Geological and Chemical Methods
Particle size analysis of the sediments was performed according to the

sieve and pipette analysis of i:nlt (1974), Subsamples of each core were
taken for analysis from the surface, 1 m and 2 m depth.

Sediment metals were analyzed by methods adapted from those used by the
EPA Region III Laboratory. Briefly, 1-3 g sediment samples were mix’ 4 with
15 m] of concentrated, redistilled nitric acid and allowed to stand over-
night, The samples were then heated in beakers covered with watch glasses
at 110°C for 4 hours, and 5 m] of 30% hydrogen peroxide were added dropwise.
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The sawples were heated for an aadi*ional 1.5 hours. The watch glasses were
removed and the digestate allowed to evaporate ato 10 ml. The digestate was
then diluted with 20 ml ofdeionized (CI) water, covered and heated to near
boiling to dissolve all salts. 1The sample was filtered through acid washed
0.45 u glass fiber filter pzper and dilutedto 10C ml in a volumetric flask.

Metals and nutrients in elutriate witer samples were analyzed by
methods described by EPA (1979) or by the American Public Health Association
(APHA, 1978). Metals were determined by atomic ahsorption spectrometry
(AAS) following MIBK/APOC preconcentration. Concentrations of ammonia and
total Kjeldahl nitrogen were determined by nicro-Xjeldanh] modifications,
steam distillation and nesslerization. Nitrates were determined by the
Brucine method, while nitrites were analyzed by the sulfanilic acid method.
Samples for total phosphate were digested by the persulfate method followed
by phosphomalybdate blue color development.

Chlorinated hydrocarbons (CHC) were analyzed by a steam distiliation
extraction/cleanup method (Veith and Kiwas, 1977} followed by capillary gas
chromatography (GC) with an electron capture detector (ECD). Elutriate
water samples to be analyzed for polynuclear aromatic hydrocarbons (PNAK's)
were filtered thiough 0.45 u pre-extracted glass fiber filters and the
filtrates and nonfilterable solid fractions were extracted separately. The
11quid fractions were extracted with methods described by EPA (1982), while
the filter paper and filtered sediments were extracted in a soxhlet appara-
tus according to the method >f Brown et al, (1980). The extracts from tie
two fractions were combined, cleaned up by the column chromatography method
of Boetm (1980), a:.d analyzed on a capillary gas chromatograph fitted with a
Flame Ionization Detector (FID). All chromatographic data were processed on
a microprocessor employing internal standards (mirex for CHC's; 1-1-Bina-



S M S B TH R B 3= e W

<n

D d
-

M o o= B e

phthyl for PNAH's) and libraries of external standards of representative
toxins. Selected samples containing compounds identified and quantified by
capillary gas chromatography were anilyzed by gas chromatograph/mass spec-
trometry (GC/MS) for confirmation purposes.

The method of analysis for metals in biological tissues were modified
from that used by Region III EPA Laboratories. Biological tissue samples of
0.5-g dry weight were placed in micro-Kjeldah]l flasks and allowed to stand
overnight with 10 m]1 of concentrated, redistilled nitric acid (HNO;). The
digestates were boiled until approximately 3-5 ml remain. The flasks were
cooled, and 3 ml of 30% hydrogen peroxide (Hy0,) wer added to each dropwise.
The digestates were boiled to near dryness and, if residues remained, an
additional 5 ml of HNO; and 3 m]1 of Hy0, were added for additicnal diges-
tion. Following a cooling period, 5 m1 of HNO; and 30 m]1 of DI H,0 were
added and the flasks reheated to dissolve any salts. The digestates were
then diluted to 100 ul with DI H.,0.

Organic toxins in tissues were analyzed according to methods recommend-
ed by EPA (EPA, 1980a for CHC's; EPA 1980b for PNAH's). The cleaned ex-
tracts were analyzed on capillary gas chromatograph systems fitted with
ECD's or FID's, as appropriate, and data microprocessors. Representative
samples were analyzed by GC/MS to confirm the identity of toxins.

Bioassay Methods

The methods employed in the lethal tioassay experiments on the suspend-
2d solid and solid fractions of the sedimenis were essentially those which
have been described previously (EPA and CDE, 1978; Alden and Young, 1982).
There were only two basic modifications to the protocol. Only the 100%
suspended solid elutria*e concentration was tested in the 96-hour experi-

SaiNI—
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ments rather than an entire dilution series. Secondly, tha mortalities in
the 10 day solid phase tests were only recorded at the end of the experiment

rather than daily. The grass shrim; Palaemonetcs pugio was the test species

in the 96-hour tests of the suspended solid fractions. The 10-day solid

phase experiments employed P. pugio, the polychaste worm Nereis virens, the

hard clam Mercenaria mercenaria, and tae blue mussel Mytilus edulis a; the

test species.

In order to assess potential sublethal effects of exposure of organisms
to sediment fractions, respiration and osmorequlation experiments were per-
formed on a subpopulation of shrimp during the 96-hour suspended solids
experiments, A custom-made flow-through respiration system (described in
detail in an accompanying report) was™~used tn abtain daily oxygen consump-
tion ratings for groups of shrimp exposed to the elutriates pumped from the
bicassay test banks. Pertinent data (e.g. upstream and downstream oxygen
levels for chambers with and without organisms, flow rates, and final dry
weight biomass) were entered into a computer program which produced respir-
ation rates (ug Bzg-lhr-ll corrected for the 8.0.0. of elutriates moving
through the chambers. Respiration chambers and B.0.0. chambers were estab-
1ished for each of the triplicate bioassay tanks for each site and ten
shrimp were used in each chamber.

Following the 96-hour period, shrimp surviving exposure to elutriates
were transferred to tanks containing artificial seawater at either a higher
salinity (35 ppt) or a lower salinity (10 ppt) than the acclimation and test
conditions (30 ppt). Following a 24 hour exposure period, the internal
osmotic pressure or each shrimp was determined by cutting open the hemocoel
in the region of the heart, saturating a small absorbent filter pad with

body fluids, and measuring the osmolality on a vapor pressure osmometer,

10
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Following each 10 day solid phase experiment, the surviving test organ-
isms were placed in tanks containg clean artificial seawater at 20°C and 30
ppt, as during the bioassays, for a 24-hour purging perfod. Composite
samples of test species from each of the triplicate tanks were made to
provide adequate biomass for toxin analysis: 1-3 g dry weight for PNAH's;
and at least 0.5 g for metals. The tissue samples were stored in solvent

washed glass or acid washed plastic containers at -20°C until amalyzed.

Statistical Analysis

A protocol of multivariate statistical analyses was used for the evalu-
ation of each of the data sets. The preliminary step in each analytical
series involved classification and ordination techniques. The classifi-
cation or cluster analysis computer program used was that of Bloom et al.
(1977). The selected method employed logarithmically transferred data, the
Bray-Curtis (Czekonowski quantitative) similarity coefficient, and a group
average sorting scheme. Dendrograms were produced by display similarities
between stations and groups of stations for each of the data sets. Ordina-
tion analysis involved a Principal Components Analysis (PCA) (Kim, 1975) of
each data set followed by the plotting of the most important PCA scores on
graphs or maps.

Both the classification and ordination techiques served two purposes.
First, they allowed selection of station groups which were similar in geo-
logical characteristics so that the a priori geological hypotheses could be
tested for each of the data sets. Secondly, they provided effective methods
for data reduction and display of patterns which may have not been apparent
through the testing of the two a priori hypotheses. In other words, “"hot
spots® which are not relatad to the geological or broad geographic charac-

11
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teristics of the region may be observed.

Once the geological station groups were defined through the evaluation
of the ordination and classification results, a test series was conducted to
determine whether each group was best considered a unique and separate
entity or a subgroup of 2 larger agglomeration of groups. The evaluation of
the “goodness” of the groups consisted of a series of discriminant analyses
(Klecka, 1975) in which the site groups were compared as individual entities
and as various combinations of agglomerated groups. The results of the
discriminant analysis series provided a number of useful “"tools® for the
evaluation of the "goodness® of the varicus grouping regimes: the Wilk's
Lanbda, the multivariate test of the effectiveness of discrimination of the
groups; F-values for the pair wise comparison of differences between groups;
and a classification evaluation of the effectiveness of the discriminant
functions. Most importantly, the Mahalanobis Distance method employed in
creating the discriminant functions allows a classification of the similar-
ities between groups based upon the Mahalanobis D distance coefficient.
This type of classification, unlike other types of cluster analysis, allows
the eva.uation of the variance in the data (1.e. replication within
entities to be classified) as well as the means.

In testing the two a priori hypotheses, multivariate analysis of
variance (MANOVA) (Hull and Nie, 1981) and discriminant analysis techniques
were employed. The site groups defined on efither a geological or geographic
basis were compared by these multivariate techniques to determine whether
significant differences were apparent between the groups and which param-
eters were most responsible for the differences. All data were logarithmi-
cally transformed prior to analysis. Once discriminant functions were

defined, they were related to the original variables by Pearson's Corre-

12
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lation analyses.

Parametric multivariate statistics such as MANOVA and discriminant
analysis are, in part, based upon the assumption of multivariate normality.
Hiwever, envirommental data sets are seldom multivariate normal in distri-
bution. In fact, most statistical packages do not have tests available for
the assessment of multivariate normality. Therefore, a method suggested by
Green (1979) was adopted to develop conservative test criteria for the
analysis of nonnormal data. The method involved the evaluation of statisti-
cal methods in the face of violations of assumptions by simulating and test-
ing data which have the undesirable properties of the data from nature, but
which have been designed to satisfy the null hypothesis (Hg) concerning
differences between groups. A computer simulation program (described in
detail elsewhere) was employed to simulate the distribution of the data sets
which most greatly deviated from normality. The MANOVA and discriminant
models were run on a serfes of these simulated data sets which have a "worst
case® distribution, but a valid Hy;. The nominal critical levels listed in
statistical tables can be adjusted according to their relationship with the
observed values from the simulations. For example, it may be possible to
test at the a = 0.05, once this relationship has been established. Rather
than simulating each data set, one with a particularly nonnormal distribu-
tion was selected for establishing the relationship in order to make the

tests conservative (1.e. few Type II errors or "false alarms®).

RESWLTS

A total of 42 sites were sampled during the three years of study (Fig-
ure 1b). The first two yea-s were devoted to an extensive series of lethal
and sublethal suspended solids bioassays, elutriate chemistry analyses and

13




geological investigations. Twenty sites were sampled in 1381 and 22 were
studied in 1982. The third year study consisted of the longer term solid
phase bioassays and bioaccunulation experiments on sediments from selected
stations. Although virtually all of the sites selected for the 1981 study
could be sampled, some of those selected for the 1982 and 1983 studies could
not be reached because intensive disposal cperations created quicksand-like
conditions at certain of the interior sites. Alternate sites were selected
from the original 55 to replace those which could not be reached.

The results of the evaluation of the statistical methods using simu-
lated nonnormal data sets indicated the appropriate alpha levels to be used
as conservative tests of the environmental data sets. The results from a
series of 50 MANOVA tests indicated that this test is robust even when non-
normal, highly skewed data were being tested. The observed alpha levels
are nearly identical to the nominal values (e.g. when testing at a nominal o
level of 0.05, the observed value was 0.52). On the other hand, the nominal
a values for the multivariabale statistical tests produced by the
discriminant analysis are quite different from the observed values. To
achieve a test at the a = 0,05 (observed) level the nominal test alpha value
(1.e. the probability level presented in tables of critical value) would
have to be 0.002 for both the Wilk's lambda test of overall discrimination
(50 tests evaluated) or the Mahalanobis D? test of significance between
groups (200 tests evaluated). Therefore, the MANOYA test 1s considered the
statistic of choice in interpreting the significance of patterns, with the
results from the discriminant analysis being used for confirmation (at the
appropriate a level) or data presentation purposes. A more detailed evalu-
ation of these statistical techniques is presented in an accompanying

report.
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The appendix presents a key to the chemical aBbreviations employed in

the presentation and discussion of results of the various analyses.

Sediment Geology and Chemistry

Sediments evaluated fn each of the suspended solid bioassay experiments
were analyzed for geological characteristics. The results of the classifi-
cation and ordinaticn analyses are presented in Figures 2 and 3. The den-
drogram produced by the cluster analysis suggested that there were five
distinct groups of sites (Figure 2a). The ordination also indicated that
there were 5 groups of sites which were arranged in a diagonal gradient with
respect to the two PCA factors. The first factor explained 65% of the
variance in the data and represented a direct particle size gradient (i.e.
PCA 1 was positively correlated with coarser low phi sizes and negatively
related to fine size classes) (Figure 3). The second PCA factor, explaining
14% of the total variance, was positively correlated with the coarsest
sediment grain sides and, to a lesser extent, to the finest sizes, but
negatively related to the finer sands (Figure 3). Thus, the five groups
represent a gradient of sediments from finest to coarsest, with the
sediments of the fourth group containing a relatively larger proportion of
fine sands in comparison to the extreme phi sizes.

The PCA scores for the first factor were plotted upon a schematic map
of the Craney Island Facility (Figure 42). As expected, coarser sediments
tended to be found in areas near the input points, near the peripheries, and
along the dikes. Fine sediments, although fairly ubiquitous, were found to
be consistently abundant in the western ponding area.

In order to determine whether tho five site groups were distinct or
subsets of larger clusters, various combinations of the groups were tested
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by a series of discriminant analyses employing the Mahalanobis D? distance
measurement. The grouping which produced the greatest percentage correct
classification (77%) clustered groups Ila and IIb 1ato a single group. A
cluster analysis dendrogram employing the Mahalanobis D? measurement as the
classification coefficient confirmed the close relationship between groups
Ila and IIb (Figure 2b). Since this second series of analyses considered
the variance patterns within the data as well as the group means, the four
geological groups wera used for all further analyses: groups 1 (1), 2 (Ila
and IIb), 3 (III), and 4 (IV).

The results of the definitive discriminant aralysis are displayed in
Figure 5a and Tables I and II. The pattern is basically the same observed
for the PCA analysis: a direct particle size gradient was responsible for
the greatest amount of separation (OF1); and a lesser trend of sediment
distributions concentrated in the finer sands in the third group (Figure
5a). Mean values of each of the particle size categories are presented for
each of the geological site groups 1s prasented in Table III.

The a priori geographizally defined site groups were also compared with
MANOVA and discriminant amalyses. Both tests indicated a very highly sig-
nificant difference between the groups (Table I). Although there was a
moderate number of misclassifications, primarily between the western group
and the others, there were highly significant differences between all groups
(Table I1). The group S and group C sites were separated by the fact that
the sediments from the southern sites, although not as fine as those found
at Nor W, were relatively more concentrated in the fine range, while the
central group sediments were more heavily loaded in the coarser sizes (OF1
in Figure 5b and Table III). The second function (DF2) separated groups
directly by particle size: sediments from W were somewhat finer than from

16
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N, which in turn were finer than S or C (Figure 5b).

During 1981, the sediments were analyzed for eight metals: cadmium
(Cd), chromium (Cr), copper (Cu), iron (Fe), lead (Pb), manganese (Mn),
nickel (Ni), and zinc (Zn). The classification analysis indicated that the
pattern of metals were very similar (>95% similarity) between all stations
except for station 19 and, to a lesser degree, 11 and 24 which had far lower
concentrations. The PCA analysis produced a single facvor which explained
96% of the variance in the data and was highly and positively correlated

with all of the metals (r > +0.96). The PCA factor for metals was very
highly and negatively correlated with the first PCA factor for sediment
grain size (r = -0.97), suggesting that the concentrations of most metals
were determined by sediment characteristics (i1.e. fine sediments contain
more metals than coarser materials). The PCA scores for metals plotted on a
schematic map of Craney Island (Figure 4b) also indicated that stations 19,
24, and 11 had Tower concentrations of metals than the other stations, prob-
ably due to their coarse sediments (Figure 4a).

The tests of the a priori geological hypothesis indicated highly sig-
nificant differences between site groups (Table I, II and IV). As would be
expected, the groups were separated by all metals (DF1 in Figure 6a). Al
metals except manganese and nicke] were correlated with the DF2.

The a priori geographical groups also exhibited highly significant
differences (Tables I, 11 and IV). The discriminant analysis produced
functions with the same relative classification capacity (78% correct) as
did the geological site group functions. Although concentrations of metals

were fairly similar between groups (Table 1V), specific combinations of
metals were responsible for the discrimination between groups (Figure 6b).
The C and, to a lesser extent, the W groups were higher in most metals,

17

O e N ™ T RS T I PR T T e e~ M N "SRR CO ~ WA SO IO IO A el W



e BN S8 B55 O P OB I R 4 555 OBl B B BEF BT

W =S ke

while.the S and N sediments were separated by the relative content of Cd,
In, Pb and Mn.

Since the bulk metal content of the sediments was so highly correlated
to the sedimentological characteristics, the sediment metals analyses were
dropped during the 1982 and 1983 studies so that resources could be used for
the initiation of other investigations (see below).

The first two factors produced by PCA analysis of the inorganic
elutriate chemistry variables explained nearly 70% of the variance of the
data. The first factor (PCA 1) was highly correlated with nitrogen-based
compounds (NH3, TKN, MOz, NO3) and negatively correlated with total phospho-
rus (TPQ,). The highest PCA 1 scores were generally observed at the inter-
ior stations (Figure 7a). The higher PCA 2 scores tended to be found
towards the northern end of the study area and the lowest values were at the
southern end (Figure 7b).

The geological site groups were highly significantly different (Table I
and 11). The overall classification success rate for the discriminant
functions was over 70%, although samples from groups 1, 2, and 3 were mis-
classified with each other at a low to moderate degree (Table I1). As would
be expected, metals and nutrients in the elutriates were highest in the
groups with fine sediments and lowest in the coarse groups (DF1 in Figure
8a, Table V). The DF2, which separated group 2 from the remaining groups,
was positively correlated with Cr and orthophosphites (0PO,) and negatively
related to MO, and Tn (Figure 8a).

The geographic site groups were also very highly significantly differ-
ent with respect to the elutriate chemistry (Tables I, I1 and V). "I.'I'Il overs=
all rate of successful classification by discriminant functions was better

(80%) than for the geological groupings. Mutrients and certain metals were
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collected with the separation produced by OFl: S < C < N=M (Figure 8b).
The western group has the highest levels of certain of these componernts,
which separated it from group N (DF2 in Figure 8b).

During 1981, colateral studies on th2 sediment quality of the Port
indicated that there were very high levels of PNAH's in the sediments of
certain channels of the Elizabeth River. Therefore, PNAH analysis was
included in the elutriate chemistry study in 1982. The PCA analysis of the
PNAH data produced two factors which explained 88% of the variance in the
data. The PCA 1 was highly positively correlated u*lth- all PNAH's (Figure
7c) and explained 71% of the varfance. The PCA 2 was positively correlated
with the heaviest compounds and negatively related to the 1ighter PNAH's
(Figure 7d). The highest PCA 1 scores were found at the sites in the middle
of the western pending area and at the single site (36) sampled in the
central section of the Facility during 1982 (Figure 7c). These same sites
were also those which were ar=sociated with the heavier PNAH's, while sites
in the S and N regions tended to be characterized by negative PCA 2 scores
(Figure 7d).

The geological site groups exhibited very highly significant differ-
ences with respect to PNAH's in elutriates (Table I, II and ¥1). Discrimi-
nant analysis produced a classification with a high success rate (97%; Table
I1). The highest levels of PNAH's tended to be associated with the elutri-
ates from the firest sediments (DF1 in Figure 9a and Table VI). Group 4
also had fairly high levels of certain PNAH's (DF2 in Figure 9a and Table
VI). This trend was primarily due to elutriates from site 36 sediments
which, despite being coarse, exhibited high levels of PMAH's, possibly due
to its proximity to a major input point. Groups 2 and 3 were not sigaifi-
cantly different from each other (Table II) and exhibited the lowest levels
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of PNAH's in the elutriates (Figure 9a).

The geographic site graups were significantly separated by PNAH's in
the elutriates, although the statistical level of differences was consider-
ably less than for the other physical and chemical data sets (Tables I and
II). The northern and central groups were not significantly diff=rent from
each other and all group C samples except tho<z from site 36 were misclassi-
fied as group N cases (Tadle II). Except for *his anomalous site, the N and
C groups were intermediate in PNAM concentration while group S elutriates
were lower and those from group W were higher (Table VI; Figure 9b). The
sediments of the ponding area (Group W) produced elutriates with relatively
higher levels of most PNAH's in general (DF1l) and the heavier compounds in
particular (DF2) (Figure 9b).

A1l elutriates were analyzed for chlorinated hydrocarbons. However,
none of the samples contained more than trace levels (parts per trillion) of
any given CHC, while the vast majority of elutriates were found to be below
detection levels (BOL) for all chlorinated compounds. Therefore, it was
impractical to subject this data set to any further statistical amalysis.

Biological Effects
Sediments from a total of 42 sitas were evaluated by a series of 10

lethal and sublethal experiments during 1981 and 1982, The average 96 hour
mortalities for the Palaemonetes pugio exposed to sediments from each site
are presented in Figure 10a, along with indications of the values which were
significantly higher (at the a = 0.05 an ANOVA/Duncan's Test) than the
experimental controls. The mortalities were very low, with even the sig-
nificantly elevated values seldom rising above 10% and never atave 20%.

The average values for the five daily respiration rate (ug 0, g=ihr=1)
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readings for each site are presented in Figure 10b. Time effects were
ev2luated with ANCOVA models. The sites with sediments producing decreasing
respiration rates with time are indicated on Figure 10b, along with those
which produced depressed or elevated metabolism in the shrimp throughout the
experiments. The respiration rates of the control populations varied over
the course of the two year study, but the depressed values were, at times,
nearly 40% below control levels (Figure 1la). Most of the sediments produc-
ing a significant depression in respiration were found in the western pond-
ing area.

The internal osmolality of shrimp exposed to low salinities following
exposure to sediments are presented in Figure 10c, while those exposed to
high salinities are presented in Figure 10d. Significant differences in the
low salinity experiments were few and scattered throughout the Facility,
while those in the high salinity experiments were more numerous and tended
to be found in the western and northern areas (Figure 10c and 10d). MNone-
theless, the experimental values seldom deviated from controls by more than
10-15% and none approached the csmolalities of the stressing media (ca. 300
m0smKg-! and 1060 mOsmkg-!), so none of the test organisms appeared to lose
osmoregulation capacities completely (Figure 11b).

The PCA scores for biological effects are presented in Figure 12a and
12b. The PCA 1 factor explained 45% of the variance and was positively
loaded on respiration rates and negatively related to the internal osmolal-
it:!r of shrimp exposed to high salinities (Figure 12a). Most of the low PCA
1 scores, which were associated with more depressed respiration and evalu-
ated osmolality readings, were found in the southern region and across the
interior of the Facility. The PCA 2 factor explained 14X of the variance
and were directly correlated with the rather low levels of mortalities
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observed during the experiments (Figure 12b). Highest PCA 2 scores were
found in the eastern sites and scattered through the middle portion of the
ponding area.

Since the sublethal experiments tested various populations during the
two years of study, the respiration rates and osmolalities were standardized
by subtracting values observed for control organisms for the same period.
These standardized values were then subjected to the multivariate statisti-
cal analyses. Mortalities were not standardized in this manner because most
control mortalities were very close to zero throughout the study (Figure
10a).

The geological site groups were not significantly different with
respect to biological effects in the suspended solids experiments (Tables I,
I1 and VII). In fact, the univariate tests produced by the MANOVA and dis-
criminant programs indicated that the respiration rate on Day 5 was the only
parameter to exhibit a significant difference with respect to the geological
groups: the elutriates from the finest sediments produced the lowest
respiration rates (Table VII).

The geographical site groups were significantly different with respect
to the biological effects produced by the sadiment elutriates (Tables I, 1I,
and VII). Site groups W and S were separated by DF1 which was positively
correlated with respiration rates of the shrimp on days 2-4 of the upeﬂ—'
ments and negatively correlated with the osmolalilty of shrimp exposed to
low salinities (Figure 13). On the other hand, sites N and C were separated
by DF2 which was directly related to osmolality of shrimp exposed to high
salinities, respiration on the first and fifth days of the experiment, and
mortality. Although the differences between the site groups were signifi-
cant, the classification success rate was rather poor (54%). Therefore,
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the geographic model does not completely describe the subtle patterns of

biological effects of elutriates.

During 1983, a series of solid phase bioassays were conducted on

Pal aenonetes pugio, Nereis virens, Mercenaria mercenaria and Mytilus edulis.

Due to heavy disposal activities, certaia of the 23 sites selected for the
solid phase bioassays had to be relocated away f-om the interior region
which was impossible to reach. The mertalities observed during the experi-
ments were quite low. In fact, the worms, N. virens and the clams, M.
mercenaria exhibited no mortalities during the experiments. Mortalities of
the grass shrimp, P. pugio were less than 25% and nona of the experimental
conditions produced values which werz signficantly abee control levels
(Figure 142). The blue mussel (M. edulis) mortalities were within the same
range, but sediments from severai of the sites procucea values which were
signficantly different from the controls (Figure 14b). Due to the negligi-
ble levels of mortalities obsersed in the test species, the multivariate
tests were not considered to be oractical for this data set.

Following the solid phase bioassays, the four test species were allowed
to purge in clean seawater for 24 hours and the tissues were analyzed for
heavy metals and PNAH's. The levels of metals found in the tissues of the
test speries were quite low. Few of the sites contained sediments which
produced higher contained sediments which produced higher body burdens than
those found in the control organisms (Table VIII).

A classification analysis indicated that all sites were quite similar
(greater than 95% similrity) in body burden patterns, probably due to the
lack of statistically signficiant biocaccumulation for most of the species/
site/metal combinations. However, subtle but significant trends could be

detected with the other multivarizte analyses which emphasize differences.
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A PCA analysis was conducted for each species. The first two PCA factors
for the shrimp tissue metals explained 36% and 22% of the variance in the
data set, respectively. The PCA 1 was positively loaded on Cu, Zn, Pb, and
Cd and negatively loaded on Ni, while PCA 2 scores were positively corre-
lated with Mn, Fe, and Mi and ne=gatively related to Cd (Figure 15a). The
PCA 2 scores exhibited a more variable pattern (Figure 15b).

The factor produced by the PCA analysis of the nereid worms data pro-
duced only one significant factor which explained 68% of the variance. The
PCA 1 scores were highly correlated with Mn, Fe, In, Cu and M and negative-
ly related to Cd and Pb. The PCA 1 scores for the worms exhibited a nearly
identical pattern as the PCA 1 scores for the shrimp positive values for
sedimeni: from eastern sites and negative values at western sites (Figure
15¢).

The PCA 1 and PCA 2 factors for clams explained 25X and 19X of the
variance. The PCA 1 scores were positively correlated with all the metals
(Cd, Zn, PO, Mn, Cu, Ni, Fe) (Figure 15d). These scores were found in a
pattern similar to those observed for the PCA 1 scores for both P. pugio and
N. virens. The PCA 2 scores were positively associated with Fe and Mn and
negatively related to Cu and Pb (Figure 15¢). The positive PCA 2 values
tended to be found associated with the interior sites of the ponding area
while negative values were cbserved for the eastern and southern sites.

The PCA 1 factor for russels explained 30% of the variance and was
positively ioaded on Pb, Fe, Mn, and Cu and negatively loaded on Cd (Figure
15f). Like the PCA 1 scores for the other species, the positive values were
associated with the eastern sites, while negative scores were found for

western sites. The PCA 2 scores for mussels 2xplained 28% of the variance
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and was positively related to M, In, and (d and negatively correlated with
Cu (Figure 15g). The negative PCA 2 scores were found in the southern area
and along the periphery of the western region.

The geological site groups were significantly discriminated with re-
spect to body burdens of metals in the test species (Tables I, II and IX).
The classification phase of the discriminant analysis indicated that the
discriminant functions produced a very high (90%) success rate. The OF1
separated the first three geological site groups and was positively corre-
lated with all metals in worms and clams and a1l but In in mussels (Figure
16a). The metal content of the organisms appeared to increase when exposed
to coarser sediments. The DF2 separated the coarsest group 4 from the other
three and was negatively correlated with the same species-metals combina-
tions in a different order of consequence.

The geographic site groups were also shown to be highly significantly
different with respect to body burdens of metals in the test species (Tables
[, Il and IX). The discriminant analysis produced functions which signifi-
cantly separated the groups aith a high classification success rate (85%
correct overall) (Table I1). The pattern of separation appeared to be simi-
lar to that produced for the biological effects data: Group W was primarily
discriminated from Group S by DF1; and Groups C and N were separated by OF2
(Figure 16b). The DF1 scores were positively correlated with most of the
metals in the test species, particularly the two bivalves, while being nega-
tively related to cadmium in the worms and the blue mussels and lead in the
woras (Figure 16b). The DF2 scores were positively correlated with certain
species-metal combinations: most uf the metals in P. pugio; lead in A.

virens; copper in M. merceiraria; and nickel in M. edulis. They were
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negativeiy related only to iron in the clams. Thus, except for the few
species-metal combinations which were negatively related to the discriminant
scores, either E:;-uup S or Group N exhibited the highest values of most
metals in the biological tissues (Table IX).

The concentrations of PNAH's in tissues were compared to those observed
in control populations (Table X). In comparison to the other species, the
blue mussel tissues had much higher levels of most PNAH's for a larger num-
ber of collection sites (Table X). Fluoranthene, pyrene and benz(b)fluoran-
thene were the PNAH's which were most consistently and, generally, most
abundantly found among the test species (Table X) both in terms of the tis-
sue concentrations for "hop spot® =ites as well as with respect to site
group averages (Table XI). The shrimp, worms and clams all exhibited the
same pattern; benz(b)fluoranthene values were the greatest, followed by
pyrene levels which were only slightly higher than those observed for
fluoranthene. Blue mussel tissues contained the same compounds, but in a
different order of predominance: fluworanthene and pyrene were greatest and
roughly equal in concentration, followed by benz(b)fluoranthene (Tables X
and X1). Also shown to be significant in various mussse] samples were
benz({a)pyrene, benzanthracene, fluorene, and chrysene (Tables X and XI).

The PCA analysis of the shrimp PNAH body burden data produced two fac-
tors which explained 61% of the varfance. The PCA 1 scores, which explained
41% of the variance, were highly and directly correlated with total PNAH's,
carcinogenic PNAH's, pyrogenic PNAH's, and benz{b)fluoranthene (Figure 17a).
Of course, the first three composite categories are mainly composed of the
benz(b)fluoranthene which dominates the PNAH's in shrimp tissves. The PCA 2
scores were highly and positively loaded on fluoranthene and pyrene, and
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negatively, but not as greatly, related to benz{a)pyrene and indenopyrene
(Figure 17b). The positive PCA 1 scores were found to be associated with
sites at the eastern end of the Facility (Figure 17a). The positive PCA 2
scores were scattered at a few sites throwghout the Facility (Figure 17b).

The PCA analysis for PNAH's in nereid worms produced two factors which
explained 73% of the total variance (46X for PCA 1, 27% for PCA 2). The
worm PCA 1 scores, 1ike those for the shrimp were highly loaded on total
PNAH's, carcinogenic PNAH's, pyrogenic PNAH's and, most importantly, benz-
(t)fluoranthene (Figure 17c). The PCA 2 scores were positively correlated
with fluoranthene, pyrene, and, to a lesser extent, naphthalene (Figure
17d). The positive PCA 1 scores were primarily found in the interior of the
ponding area, while the positive PCA 2 scores were somewhat more scattered
in distribution (Figure 17¢c, d).

The first two PCA factors for the clams PNAH concentrations explained
36% and 25% of the variance, respectively. The PCA 1 scores were positively
correlated with total FNAH's, pyrogenic PNAH's, fluoranthene, pyrene, chry-
sene and indenopyrene (Figure 17e). The PCA 2 scores were positively loaded
by benz(b)fluoranthene, carcinogenic PNAH's and pyrogenic PMAH's, and were
somewhat negatively correlated with pyrene, chrysene, and fiuoranthene (Fig-
ure 17f). The positive PCA 1 scores were found primarily towards the inte-
rior of the ponding area (Figure 17e). The positive PCA 2 scores were found
to be associated with sites toward the northern end of the ponding area, as
well as the eastern regions of the northern and central subcontaimment area
(Figure 177).

The first two PCA factors for blue mussels explained 43X and 22% of the
total variance, respectively. The PCA 1 scores were positively corralated
with total PNAH's, the pyrogenic PNAH's, fluoranthene, pyrene, chrysesne and
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benz(b)fluoranthene (Figure 17g). The PCA 2 scores were highly loaded on
carcinogenic PNAH's, benz(a)pyrene and benzanthracene and were related nega-
tively to pyrene and fluoranthene (Figure 17h). The positive PCA 1 scores
apoeared to be found for sites mainly located in the southern containment
region, while positive PCA 2 scores were scattered throughout the Facility
(Figure 179, h).

The geological site groups were marginally different with respect to
PNAH's in tissues (Tables I, II, and XI). The overall success rate for the
classification of cases grouped by the discriminant functions was quite high
(86% correct) (Table [1). The DFl separated groups 1-3 (Figure 18a), al-
though groups 2 and 3 were not significantly different (Table 1I). The OF1
scores were positively correlated with various carcinogenic PNAH's in mus-
sels and shrimp, and negatively related to pyrogenic compounds in the clams
and the worms (Figure 18a). Group 4 was separated from the rest of tha
groups by DFZ which was positively correlated with pyrogenic compounds,
particularly fluoranthene, in varfous species and negatively correlated to
PMAH's in shrimp (Figure 18a).

The differences between PNAH tissue Tevels for the geographic site
groups were highly signifizant (Tables I, II and XI). The discriminant
analysis produced a high classification succass rate (82X correct), although
groups N and C were not significantly separated (Table II1). The OF1 scores
were positively correlated with PNAH's in mussels and shrimp and was nega-
tively related to concentrations of total PMAH's, pyrogenic PNAM's and
carcinogenic PNAH's in the clams and the worms (Figure 18b). The DF2 scores
were positively related to pyrene and fluoranthene in all species (Figure
1&). The DF2 scores were negatively related to benz(a)pyrene in shrimp and
mussels (Figure 18b). Unlike the metals in tissuves, the western group had
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the highest levels of most PNAH's except for those found in the mussels
which were at the highest levels in Group 5 sites. On iLhe other hand, test

species exposed to sediments from Groups C and N only had higher levels of
the PNAH benz(a)pyrene.

DISCUSSION

Despite numerous studies concerning the envirommental effects of dredg-
ed materials, 1ittle work has been done on the sediment gquality of confined
disposal sites. WVirtually all studies of confined disposal sites have con-
centrated upon the water quality of effluents (e.g. Krizak et al., 1976;
Barnard, 1976) or on the engineering characteristics of the sediments (e.g.
Lamar and Lafer, 1976; ASEC, 1977; Montgomery et al., 1976; Mekker and
d'Angrerond, 1976; and Smith, 1976). The only type of study which involved
an evaluation of the quality of the sediments concerned a laboratory simula-
tion of the effects of contaminated dredged materials on heavy metal uptake
by various «etland plants, MNonetheless, many of the technigues which have
proven useful for the assessment of ocean disposal of dredged materials from
channels (EPA/COE, 1978), couwpled with multivariate environmental aonitoring
strategies, can be applied effectively to the evaluation of sediment quality
in confined disposal sites.

The patterns of particle size distribution in Craney Island were basic-
ally those which would be anticipated from a knowledge of the sovrce materi-
al and the operation of the Facility. Most of the sediments are quite fine,
as would be expected of materials which would settle in the navigation chan-
nels of the region between maintenance dredging operations (Palermo et al.,
1981). The finest silt/clay materials were found in the ponding area of the
western section of the Facility, which was most remotely located from the
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heavily used input points along the eastern dike (Figure 16b). Conversely,
the coarser materials were either found in closest proximity to the inputs,
or along the peripheral or interfor dikes. As would be expected, these
patterns are from an east to west movement of dredged materials which
deposits coarser materials near inputs and maintains fine silt/clays in
suspension until the slow flow and longer residence time in the ponding area
allows deposition. Coarse materials deposited in the vicinity of the dike
could b2 construction materfals slumped from the dikes themselves, or may be
associated with the hydrodymnamic regime set up by the dike structures,

It 1s widely recognized that the results of bulk chemical analyses are
not very fruitful for environmental acsessment studies (see, for example,
Brennan et al., 1976; Lee et al., 1977; Pequegnat and Presley, 1978;
Pequegnat et al., 1978; Allen and Hardy, 1980; and Engler, 1980). However,
comparisons of the metals in sediment from the present study with older
sediment criteria are useful for descriptive purposes. The metal content of
sedinents from Craney "sland were within the ranges considered to be "moder-
ately polluted” for lead (40-60 ug/g), nickel (20-50 ug/g), chromium (25-75
wg/g), and copper (25-50 wg/g); and *heavily polluted” for zinc (>200 wg/g),
fron (> 25,000 ug/g) and manganese (> 1,500 ug/g) when classified according
to recent bulk sediment criteria (Engler, 1980). However, most of the ob-
served values (Table IV) were considerably lower than those found for sedi-
ments in the navigational channels of the industrialized regions of the
Hampton Roads Harbor (Jobnson and ¥illa, 1976) and, more recently, {J. M.
Rule, unpublished data): cadmium (1.5-3.5 uwg/g), chromium (56-72 ug/9),
copper (60-236 ug/g), nickel (35-67 ug/g), lead (65-228 ug/g), and zinc
(260-550 wg/g). The only exceptions were iron and manganese (38,250-39,500
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ug/g and 320-685 ug/g, respectively in Hampton Roads channel sediments).

The fact that these two metals were higher than the "parent® dredged materi-
als may have geochemical signficance, since it is known that under condi-
tions found in anaerobic sediments, iron and manganese form sulfides which
are quite soluble relative to the other heavy metals (Morton, 1977). These
soluble metal sulfides may be mobiiized through interstitial water of the
sediment column until they reach the sediment-water or sediment-air inter-
face where they may be oxidized into insoluble hydrated oxides. Therefore,
iron and manganese in the sediments of Craney Island may tend to be deposit-
ed and concentrated in the surface sediments through this mobilization/
precipitation process. Since the present study only sampled the top two
meters of sediment, this process may explain why concentrations of iron and
aamganese were gquite high,

The very strong inverse relationship between sediment particle size and
bulk metal content was also anticipated. The finer sediments have a such
greater surface area than coarse particles for adsorption of metals. In
addition, the high relative organic content of most silt-clays can complex
metals directly or can influence their retention as insoluble sulfides
through the process of sulfate reduction in the associated anaercbic condi-
tions. A third possibility of the strong relationship 1s that fine precipi-
tates of hydrated iron and manganese oxides may be formed when anaerobic
dredged materials are serated upon hydraul ic fnput into the Facility. These
metal oxides can scavenge other metals (see review by Morton, 1977), which
would then h_u deposited in locations where other fine materials accumul ate.

Since bulk chemical analysis of sediments has proven to be inadegquate
in the potential envirommental effects of ocean disposal, the "elutriate
test® was developed (Federal Register 38(198), 1973; 0'Connor, 1976; Lee et

n
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al., 1976; EPA/COE, 1978). Elutriate chemistry has been shown to be an
envirommentally conservative predictor of releases in the field, as well as,
a potentially useful indicator of long-term release of certain contaminants
from resettled dredged materials (see review by Engler, 1980). However,
most studies have indicated that the majority of contaminants are not re-
leased to a significant degree in dredoed material elutriates (see reviews
by Alden and Hardy, 1980; and Kester et al., 1981).

In the present study, the elutriates taken from the test tanks at the
beginning of the suspended solids toxicity tests were not filtered through a
0.45 micron filter prior to analysis, as 1s traditionally done, Therefore,
it is not possible to compare the results directly with those from previous
liquid phase chemistry studies. A large portion of the contaminant load in
the unfiltered elutriates would be expected to be associated with the fine
sediments remaining in suspension following the settling period (see Allen
and Hardy, 1980). Therefore, the values from the present study would be
expected to be higher than those reported for filtered samples. hnlthl-
less, most of the contminants analyzed in the unfiltered elutriates were
found to be only slightly higher than water quality standards for the pro-
tection of marine 1ife (EPA, 1973, 1976). Only iron, mangmnese, zinc and

‘a were more than an order of magnitude greater than their respective
criteria. Lead Tevels were 5-6X tha reference level (0.05 mg/1). Since
dilution occurs rapidly under the conditions of open ocean disposal, 1t has
been recommended that elutriate test results be evaluated against water
quality criteria only in the context of the dilution which wuld occur with-
in the inftial mixing zome (EPA/COE, 1978; Engler, 1980). Even with a very
conservative dilution factor which would produce 0.06% of the original con-
centration of disposal materials following the initial mixing period at open
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ocean disposal sites such as the Norfolk Site (Alden and Young, 1982), only
iron, manganese, and a few of the zinc values would remain above the cri-
teria after four hours. Since hoth iron and manganese a~e quite low in
toxicity and they were quite l1ikely bound to, or incorporated in (e.g. as
fine hydratad oxide precipitates), the suspended materials fn the elutri-
ates, this trend may be of l1ittle ecologica® significance to the ecosystems
surrounding an ocean disposal site. Tais ouservation concerning acute
effects of these ratals in the undiluted elutriates is .onfirmed by the low
mortal ity observed in the susnerded solids bioassay. _

It is intrresting to rote that the contaminu.ats found to be in the
highest relative concentrations in the elutriates of t'e preseni study were
very similar to those found in previous studfes. Allen and Hardy (1980)
revicwed the literature and reported that numerous studies have found that
most potential toxins except iron, manganese, and ameonia are not released
from dredged materials under conditions simulating open ocean rondilions
(e.g. moderate to high oxygen levels, high pH, high salinities, =%c.). A
more recent review (Kester et al., 1983) came to similar conclusions. Re-
su'ts from studies by Engler (1979) on a series of sites indi:ated that only
amganese, iren, zinc, and to a lesser extent, lead were found to L2 hgher
in elutriates than in the background site water. These p2iterns parallel
closely those of the present study, although Engler's concentrations wer-
gener illy lower, presumably because the elutriates were filtered. [t may be
possible to generalize from these observations that metals other than manga-
nese and iron and, to a lesser, degree zinc and lead, are not released from
dredged materials unuer corditions simulating ocean disposal and that the
levels of these four metals probably would not be of great ecological sig-

nificance to surrounding ecosystems.
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The site group patterns of elutriate chemistry were not surprising.

The elutriates of sediments from the western ponding area had the highest
levels of most nutrients and metals, followed by those from the morthern,
central and southern areas. This pattern basically parallels the relative
distribution of fine sediments, so the contribution of suspended solids to
the elutriate chemistry is strongly sugjested. However, the geographic site
group model produced a slightly "better® discrimination, so other factors
such as the source of dredged materials characteristically introduced at
each ‘nput point may influence the pattern to some degree (e.g. the materi-
als placed in the southern subcontaimment areas from the rehandling basin
may contain less nutrients and metals available for release than those from
other regions, etc.).

In reviewing the 1iterature for previcus elutriate chemistry studies of
organic compounds, 1t becomes obvious that little work has been done on
organic chemicals other than chlorinated hydrocarbons (e.g. PCB's and pesti-
cides) or "generic® organics (e.g. “"grease and oi1," and “"total hydrocar-
bons®) (Fulk et al., 1975; DiSalvo et al., 1977; Hirsch et al,, 1978;
Engler, 1980). Mo studies could be found which specifically examined the
concentrations of PNAH's in elutriates.

The levels of PMAH's in the elutriates of the present study were gener-
ally quite low (mean total PMAH's values below 250 ng/1). Most of the lower
molecular weight PMAH's (< 5-rings) were considerably below saturation
levels reported by EPA (1980). This trend 1s not unexpected since May
(1980) has demonstrated that PNAH's will preferentially partition from water
into sediments when mized, It 1s quite 11kely that the PNAH's which were
found in the 2lutriates were associated with the suspended solids. 1In fact,
most of the heavier PMAH's (> S5-rings) which have characteristic low
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solubilities were found at levels exceeding saturation levels (EPA, 1980;
May, 1980), strongly indicating that most must be sediment bound.

Mo water guality has been established for PNAH's, primarily due to the
lack of adequate information concerning envirommental effects (EPA, 1980).
However, the levels found in the elutriates were Jower than the lowest level
reported by EPA (1980) as being toxic to saltwater aquatic 1ife (300 ug/1).
When one takes into account the fact that this reference level represents
dissolved PNAH's rather than those bound up in the suspended solids phase
(i.e. in a form that is potentilly more biologically active than that tested
in the present study), the potential acute toxicity of PNAH's in the unfil-
tered elutriates of the present study would appear to be quite low.

The levels of PNAH's in the elutriates appeared to be related directly
to the distribution of the fine sediments. The fine particles and the asso-
ciated high organic content of the silt/clay fraction would be expected to
be characterized with much larger partition coefficients for PNAH's than
would coarser sediment (Karickhoff et al., 1979), so this pattern is not
surprising. Perhaps equally important is the fact that the suspended solid
load for elutriates produced from fine sediments would be much higher than
that for coarser sediments, so sediment bound PNAH's remaining in the water
colusn would be expected to be much higher. Therefore, it is difficult to
determine whether elutriate PMNAH levels were higher for fine sediments
because of a greater absolute amount at sites within the Facility with a
high silt/clay content (1.e. PNAH partitioning, transport and deposition of
processes were associated with fine sediments) or bEIIﬂI' the heavy suspend-
ed solid load of the fines maintained more of the PNAH's in the water column
after the settling period, or both.

The geogr-aphic site group model indicated that elutriates from the
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western region sedizents had the greatest PHAH loz3, thoze from the southern
group had the least, and those from the nos*hern and control areas were
intermediste. This distribution could be due to the geological distribution
amonz the subcontainment areaas. However, one of the few sites with coarser
sediments (site 36) exhibitad high PKAH levels in the elutriates suggesting
that geographic factors (e.g. proximity to the input point receiving PNAH
coataminated dredged materials from the Southern Branch of the El izabeth
Tivar) may have some influence on the overall load.

in general, toxicity tests with dredged materials have shown that the
acute toxicity appears to be the exception rather than the rule (see, for
instance, review by Engler, 1979). This trend appears to hold true even
when sediments have been selected specifically (see, for example, Shuba et
al., 1978). The results of the present study follow this generalized trend.
The mortalities of Palaemonetes pugio exposed to suspended solid elutriates
from sites throughout Craney Is1and prodmed-unly Tow mortalities, despite
the fact that sediments from some of the source areas of the dredged materi-
als have been shown to be quite taxic under identical conditions (Alden and
Young, 1982). The longer term solid phase experiments yielded similar re-
sults: 1ittle or no mortalities in test species selected to represent a
variety of ecological lifestyles. It is apparent that the dilution of con-
taminated with noncontaminated sediments and/or the various processes of
biological and chemical "weathering® have rendered the sediments of Craney
Island fairly nontexic.

The potantial sublethal effects of dredged material fractions on test
organisms have not been well studied. DeCoursey and Vernberg (1975) examin-
ed the effects of water taken from active dredge sites and onshore disposal
areas in Charleston Harbor, South Carolina on the physiology of larval zo0-
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plankton. These investigators reported that the respiratory rates of the

¢l adoceran Caphnia pulex and the larvae of the polyc:aete Polydora sp. were

cignificantly depressed for sites which eventuall; oruduced significant
lethal effects in long-term studies of up to 20 day's duration. Swimming
activities were 2120 observed to be degressed in Daphnia, larval Polydora,
and larval P. pugio which were exposed to water taken from the vicinity of
the various dredge and disposal sites.

In another dredse spoil assessment study, Shuba et al. (1978) reported
that elutriates of contaminated sediments significantly retarded growth of
P. pugio larvae. Prior to the start of the present study in 1980, these two
investigations appear to be the only ones in which sublethal effects of
dredge spoils fractions have been examined. However, other investigators
have expressed concern over sublethal effects of dredge material disposal
(Pequegnat et al., 1978).

Although grass shrimp exposed to the test sedimeats in the present
study exhibited little mortality, some of the experimental conditions did
produce significant sublethal effects. Suspended solid elutriates from
certain sites produced depressed respiraticn, and, to a lesser extent, de-
creased osmoregulation capacity, particularly at the higher salinity regime.
These effects did mot appear to be related to the geological characteristics
of the sediments. The biological effects were related to geographic loca-
tion, but there were numerous misclassifications respiration and osmoregul a-
tion (Figures 10b and 10d) suggests that, although somewhat sporadic, the
effects seem to be found for sites stretching #cross the western portions cf
all subcontainment areas. The cause of this trend is unknown since it does
not parallel closely those found for the physicochemical parameters. The

poor relationship between sublethal effects and physicochemical character-
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istics of the sediments found in this study perhaps reflects the overall
Tack of significant correlations between sediment contaminants and acute
toxicity found for previous studies (Hirsch et al., 1978). On the other
hand, the cause for the sublethal effects may be due to combinations of
contaminants or factors not measured during the study. Since the stations
containing sediments producing the greatest respiratory depression and de-
cline in hyporegulatory capacity generally were those that were flooded
during the study (i.e. those in the western ponding area and near input
points) (Figures 10b and 10d), the factor(s) creating the sublethal effects
may be associated with waterlogged, anaerobic sediments. These factors may
Se dissipated when the sediments begin to dry out in the nonflcoded re-
gions,

The ecological significance of the sublethal effects observed is dif-
ficult to determine. Respiration rates were depressed to 60% of control
values but effects of this magnitude were only observed in less than 10% of
the experiments (Figure 11a). In fact, significant respiratory effects were
seen in less than 25% of the tests. Although significant hyporegulatory
effects were found for more of the experimental conditions, ihe magnitude of
the deviations frca control levels were far less (Figure 1lc). However,
since the patterns for both effects overlap geographically to a considerable
degree, common causative agent(s) may be implied. The cbservations and
speculations reported by Katz (1979) concerning the mechanisms of nonspeci f-
iz damage of membrane function by many toxins may be true in the present
study: test organisms may be sublethally affected by contaminants which
disrupt membrane permeability, and therefore, impair Senthic respiratory and
fon exchange capacities of the gills, Agents such as ammonia [Katz, 1979),
heavy metals (Thurberg et al., 1973; Katz, 1979), petrohydrocarbons (Ander



son, 1979) and chlorinated hydrocarbons (Rao et al., 1979) all have been
inplicated in the production of these types of sublethal effects. However,
the affects may be reversible if the contaminants are renoved or diluted
{Katz, 1979). Regardless of the causative agents in the present study, the
potential reversibility of the effects may mean that the rapid dilution
associated with ocean disposal conditions would prevent similar effects from
ever occurring in the field. Monetheless, the observation of the sublethal
responses may be useful as one tool in the evaluation of the relative sedi-
ment quality patterns within the Facility.

Basic concepts concerning the bioaccumulation of heavy metals associ-
ated with dredging and/or dredged material disposal have changed in recent
years. Originally, many scientists feared that dredging/disposal operations
would release heavy metals with a high degree of bioavailability to the
biota of the area. This concern was amplified by bulk chemical analyses of
the sediments from many navigational channels which indicated high concen-
trations of many potentially toxic metals. However, more recent investi-
gations have indicated that metal concentrations measured by bulk chemical
analyses have little, if any, covrelation with the levels of toxins entering
the blota during dredging/disposal operations (Lee et al., 1975; Hirsch et
al., 1978; mMeff et al., 1978; Pequegnat et al., 1978). Furthermore, Cross
and Sunda (1979) reviewad the literature on the biocavallability of heavy
metals and commented on the fact that heavy metal levels found in the tis-
sues of benthic organisas often do nct reflect the concentrations found in
the sediments from their natural habitat. The mechanisas of bioaccumulation
of heavy metals appear to be quite complex, depending on such factors as the
metal in question, the particular biological species examined, the chemical
matrix of the enviromment, the season, the salinity regime, and many other
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factors (Neff et al., 1978; Hirsch et al., 1978; and Cross and Sunda,
1979).

One trend that does become apparent upon reviewing the literature of
dredging-related bicaccumulation is that significant accumulation of metals
in the biota appears to be the exception rather than the rule (see reviews
by Hirsch et al., 1978; Allen and Hardy, 1980; Engler, 1978; Peddicord and
Hansen, 1983; etc.). Studies conducted during and after dredging operations
have led investigators to :unr.l-;dt that the availability, uptake, and accu-
mul ation of metals is extremely limited (Sims and Presley, 1976; and Sustar
and Wakeman, 1977). Similar conclusions have been reached by investigators
exanining potential effects of dredge spoil disposal, where only a fraction
(less than 25%) of the experiments indicated aake significant trends in
bioaccumulation (Meff et al., 1978; Engler, 1979; Peddicord and Hansen,
1983; Rubenstein et al., 1983). These findings parallel the results of the
present study where less than 3% of nearly 650 metal-site-species comhing-
tions were found to exhibit statistically significant bioaccumulation pat-
terns in relation to the controls. This number of "significant® tests could
be expected to occur due to chance alone.

Even in cases where “statistically significant® biocaccumulation may
occur there is some question coacerning the ecological significance of the
trends. Mumerous investigators (Meff et al., 1978; Engler, 1979; Allen,
1980; and others) have suggested that, in many cases where statistically
significant accumulation has been detected, the Tevels were of doubtful eco-
logical signficance. This is probably the case for the present study, where
metal concentrations in the biota were generally much lower than those found
in the sediments ad were of the same order of magnitude as those of the

controls, so a great deal of bicaccumulation does mot appear to have oC

40



o Y.

- b

LSy

|

')

B OREE A LY

4 IR

=4S Em

r

ut
]

."i l‘ll"_

N B asl

™

curred. In fact, the average experimental body burdens of the metals were
belos those reported for the same or similar species under control condi-
tions in other studies (Engler, 1580; Peddicord, 1980; Peddicord and Hansen,
1983; Rubenstein et al., 1983). Moreover, the iron and manganese are the
two metals displaving the most reoccurring significant test results and, as
previously stated, these metals display an extremely low degree of toxici-
ty.

Despite the fact that few of the experimental conditions produced metal
levels in test species which exceeded those of controls, it is quite inter-
esting to note the distributional pattern of body burden within the
Facility. The metals in tissues were directly related to the geological
characteristics of the sediments. The finer the sediments, the lower the
relative aounts of metals accumulated in the biota. This trend is
completely opposite to the pattern observed for the bulk metal analyses
which indicated that higher levels of metals were associated with the fine
sediments. Perhaps the metals were so strongly bound %n the organic-rich
fine sediments that they are less biologically available than tu the
coarser materials. Geographically, this seans that the test species exposed
to the coarser sediments near the input points on the eastern end nf' the
Facility produce higher levels of metals in the biota than those from the
more metal laden fine sediments of the western ponding area.

The potential bicaccumulation of PMAH's from dredged materials has been
poo=ly studied. DiSalvo et al. (1977) reported on the biotic uptake of
*greesz and 011" from contaminated sediments. In his review of biocaccumu-
lation of toxic subtances from contaminated sediments, Engler (1979) cites
only this study .a discussing nonchlorinated organic toxins. However, there
have been a number of field studies of the distribution of PNAH's in biota
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from various marine enviromments (Dunn, 1976; Fancirov and 3rown, 1977;
Grahl-Nielsen et al, 1978; Mix and Schaffer, 1379; Pancirov et z1., 1980;
Murray et al., 1980; and losifidou et al., 1982), as well as laboratory
experiments into the biological uptake of petroleum hydrocarbons from con-
taminated water and marine sediments (Hansen et al., 1978; Lee et al., 1978;
Roesfjadi et al., 1978; and Anderson, 1979). Generally, the studies which
have been conducted have been limited to a few specific PNAH'sS in relatively
few species, especially the fishes, bivalves, and a few crustaceans (Ander-
son, 1979; Eadie et al., 1982). Monetheless, it §s useful to compare the
findings of the present study with those of previous investigators.

Only a little over 2% of the 1472 PNAH-site-species combinations were
shown to produce body burden concentrations which were significantly greater
than those found for the controls. Since at least this number of "signifi-
cant® results would be expected to occur by chance alone (at a = 0.05), the
overall bioaccumylation potential of PMAH'S in general from Craney Island
sediments wuld appear to be minimal. Of course, certain of the PNAH'S were
found to be elevated in all species, so some degree of biocaccusulation of
specific compounds may have occurred. A1l four test species exhibited
greater concentrations of heavier PRAN's, particularly fluoranthene and
pyrene, than the lighter 2- and J-ring compounds. Similar patterns hie
been reported by Hansen et al. (1978) for Mytilus edulis and Roesijadi et

al. (1978) for amother bivalue Mocoma inquinata. Anderson (1979) hypothe-

sized that heavier PNAH's would be expected to have greater steady-state
concentrations in tluuﬁ than lighter ones due to their lower depuration
rates in most species.

Although the Tevels of certain PNAH's found during the present study
were higher than those found for similar organisms in more pristine environ-
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ments (e.9. Dunn, 1976; Pancirov and Brown, i977; Mix and Schaffer, 1979;
Murray et al., 1980; Pancirov et al., 1980; and losifidou et al., 1982). the
values were weli below those produced by exposure to highly contarinated
sediments (e.g. Dunn, 1976; Pancirov and Brown, 1977; Pancirov et al., 1980;
losifidou et al., 1982), especially following oil spills (e.g. Grahl-Niel-
son et al., 1978; Lee et al., 1978; and Roesijadi et al., 1978). However,
the mixture of PNAH's found in the test species of the present stuay was
indicative of a pyrogenic rather than a fossil fuel origin: high tempera-
ture combustion products such as fluoranthene, pyrene and benzofluoranthene
predominate.

Despite the fact that few of the site-species combinations resulted in

Tevels of tissue PNAH's which were significantly greater than controls, it

is interesting to note the overall distribution trends. There appears to be |
some indication of specles specific bioaccusulation patterns. The magnitude |
of overall PNAH accumulation was greater in M. edulis than the other test
species. This phenomenon is not expected since bivalues in general and mus- '
sels in particular have long been known to accumulate xenocbiotics such as
PMAH's (Roesijadi et al., 1978; Anderson, 1979: and Pancirov et al., 1980).
However, the clam Mercenaria mercenaria did not display nearly the same
body burden of PNAH's as did M. edulis. The shrimp and worms also did not
accumyl ate PRAH's to the same degree as the mussels. This trend was not
surprising because other species of worms and shrimp have been reported pre-
viously to have low accumulation rates for PNAN's (Anderscn, 1979).

Regardless of the magnitude of accumulation, there appeared to be two
distinct patterns of PNAH biocaccumulation with respect to the characteris-
tics and collection location of the test sediments. The shrimp and mussels
tended to exhibit higher concentrations of pyrogenic PMAN's following expo-
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sure to materfals from the eastern portion of the Facility, even though
these sites often contained coarser sediments. On the other hand, the worms
and clams tended to accumulate more of their body burdens of PNAH's from the
fine sediments of the western ponding area.

Mservations during the solid phase experiments indicated that the
worms and clams remained buried in the test sediments. However, the blue
mussels geverally used byssal thread locomotion to move to the sides of the
tanks, where they attached themselves above the sediment surface. Likewise,
the shrisp tended to remain on the surface of the sediment or in the water
column. The difference in exposure conditions could be responsible for the
observed varfations in accumulation patterns. The worms and clams were
directly exposed to PNAN'S in the sediments and interstitial water. The
fine organic-rich sediments would generally contain more PNAH's and would,
therefore, potentially provide a greater potential for exposure through the
body or through ingestion. The shrimp and mussels were exposed to PNAH's on
the sediment surface, and/or in the water column. The coarser sadiments
would be expected to be characterized by a relatively greater potential for
partitioning of PNAH's into the water column than would more organic-rich
fine sediments. Rubenstein et al. (1983) have suggested that the biological
aallability of xencbiotics may be affected dramatically by the physico-
chemical characteristics of the sediment, particularly the organic load
(1.e. the greater the organic load, the lower the bioavailadility). It is,
therefore, possible that the shrimp and mussels "extract® sore PHAN's from
the water column and surface of coarser sediments to which the PNAN'S are
more loosely bound.
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SUMMARY AND COMCLUSIONS

An intensive series of investigations have been conducted in order to
evaluate the sediment quality of Craney Island Disposal Facility. The sedi-
ments were characterized as being quite fine in nature, with coarser materi-
als being located near the peripheries, dikes and input points. The bulk
metal content of the sediments was related inversely to particle size and
most metals were found in concentrations below those of the contaminated
dredged materials from the navigational channels of the inner harbor.

The elutriates of the sediments contained relatively low levels of most
metals and nutrients. Only levels of iron, marganess, zinc and asmonia were
elevated in the elutriates., However, this trend is of questionadle ecologi-
cal signficance due to the relatively low toxicity of these contminants and
the high dilution potential under open ocean conditions. The PNAH's in the
elutriates were, 1ikewise, fairly low in concentration and were indicative
of a pyrogenic origin. The concentrations of most of the contmminants 'n
the elutriates were gredater for the fine sediments of the western ponding
area than for the other subcontaimment areas.

In general, the biological effects of the sediment fractions were mini-
mal. The mortalities in the 96 hour and 10 Gay experiments were negligible
for all test species. Thersfore, all of the sices would meet the toxicity
criteria for open ocean disposal. Although sediments from some sites pro-
duced significant sublethal effects on respiration and ossorequliation ca-
pacity, these effects were not strongly correlated to physicochemical or
geographic patterns. More importantly, the dilution rates at an open ocean
site wuld make such effects unlikely in the field.

The number of sites producing indicaticns of significant bicaccumul a-
tion of metals or PNAN'S was extresely low. Iron and manganese were the
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metals most often obsarved to accumulate, while fluoranthene, pyrene and
benzofluoranthene were the predominant PMAH's. Higher body burdens of most
metals in the test species were greater for coarse sediments, particularly
those found near the input points. The PNAH concentrations in shrimp and
mussels had a similar pattern, but the worms and clams exhibited greater
body turdens in fine sediments of the western ponding area.

The vast majority of the sediments tested would appear to meet criteria
for open ocean disposal. The patterns of relative sadiment quality appear
to be generally related to particle size as well as geographic location.
Bulk chemical analysis and elutriate chemistry tests have suggested that the
western ponding region has the poorest sediment gquality, followed by the
northern, central and southern subcontainment areas. Although less clear-
Cut, the low level biological effects alwo appeared to be somewhat associat-
ed with the sediments from the interior portion of the western region. The
PNAH body burden data from two of the test species tend to amplify the same
pattern, but PMAH's in the other two species and metals in all species dis-
played exactly the opposite pattern, with highest concentrations being pro-
duced by sediments “rom eastern and southern sites. Thersfore, the defini-
tion of the distribution of sediment quality by the patterns of Tow level
body burdens appears to be problematic.

Most of ‘he sediments of the Craney Island Facility appear to have been
rendered fairly innocuous by dilution and “"weathering® processes. If it is
ever necessary to prioritize the regions of Craney Island for selection for
excaviation and ocean disposal, most of the indicators of “pollution poten-
tial® would appear to be least for the southern region and greatest for the
western area, with the northern and central regions being intermediate. The
exceptions to this trend were the bioaccumulation patterns produced by the
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sediments in the eastern regions of the Facility, but these patterns were
generally quite subtle. Of course, any ocsan disposal operations should
include a monitoring program designed to fnsure that sigaificant bioaccumu-
lztion or unforeseen chronic biological effects are detected before they

become widespread.
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Table 1. Summary of sultivariate statistica.

2w & WA B3 W o @6

X PR

Yig

A

&y 7Y R

For each data set and effect tested, the multivarlate

statistical test, its value, degrees of freedom and probability level are presented. The MANOVA

tests employed the Hotelling's test statistic, while the discriminant analyails emplcyed the
Wilk's Lambda.

Data Set

Parcicle Size

Metals in
Sediments

Effect

Geological
Site Groups

" (or1)
* (or2)
Depth

Caographic
Site Croups

" (or1)
" (or2)

Geological
Site Groups

" (DF1)
" (DF2)

Geographic
Site Groups

" (pr2)

Analysis
MANOVA

Discriminant

Discriminant

MANOVA

Discriminant

HANOVA

Discriminant

Teat

Hotelling's

Wilk's

W

Hotelling's
Hotelling's

Wilk's

Hotelling's

Wilk's

Hotellinh's

Wilk's

Value

4,300

0,046
0,313
0,054
0,504

0,247

0,488

23,764
u.ﬂlb
0,371

1,796

u.zﬁﬂ'

0,53]

1,39
1,24
18,462

27,758

1,48

1,30

24,209
1,24
1,14

24,182

_Probability
<0,0000

<0 ,0000
<0.,0000
<0.815
€0,0000

<0,0000

<0 ,0000

0,000
<0,000
0,000

<0 ,000

<0 .,000

<0,000
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H Table 1. Continued
i Data Set
.
i Inorganic
H Elutriate
E Chemistry
i
{
!
'
'
i
}
:
’ PHA's
E Elutriate
! Chemistry
1
p
!
i
!
:
: Biologlcal
i Effects
i
!
1
¢
H
]
i
!
: -
’ o
¢
t

Effect
Geological
Sicte Groups
" (DF1)

" (DF2)

Ceographic
Site Groups

© " (orl)

" (or2)
Ceological
Site Groups
* (or1)

* (prF2)

Gecgraphic
Site Croups

* (DF1)
* (oF2)

Gaological
Site Groups

* (pr1)
" (pr2)

Cepographic
Site Groups

" (orF1)

LU LAY

Analysis
MANOVA

Discriminant

HAROVA
Discriminant
(1] L]

MANOVA

Discriminant

MANOVA

Discriminant

HANOVA

Biscriminant

HANOVA

Discriminant

Hotelling's

Wilk's

"

Hotelling's

Wilk's

Hotelling's

Wilk's

Hotelling's

]
Wilk'a

Hotelling's

Wilk's
L1
Hotelling's

Wilk's

0.180
0.529

2,134

0.233
0.560
5“?3

0,181
0.651
2.449

0.322
0,543
0,323

0.782
0.926

0.464

0.665

1,33
1,20

42,312

1,39
1,24

56,104

1,24
1,14
24,341

1,15
1,8

24,351

1,18

" rnh;.li!_l_ J'_l_.f

<0, 000

<0, 000
<0.000

<0.000

<0, 000
<0, 000

<0,000

<0,000
0.0150

D.021

0.0001
0,0035
D.069

D.014&
0.317

0.001

0.0001
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Table 1. Concluded
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Dats Set Effect Analysis Test Value d.f, Probalility
Metals in Ceological MANOVA Notelling's 5,63 84,88 0.0030
Tissues Site Groupa.

" (DF1) Discriminant Wilk's 0,049 1,48 <0.0000 ‘

" (vr2) " . 0,244 1,30 0.0001

Geographic HANOVA Hotelling's B.18 84,88 <0.0000

Site Croups

" (Drl) Discriminant Wilk's 0,090 I.Z;h <0,0000

* (Dr2) " - 0.454 1,22 0,0100
PHA's in Geological MANOVA Hotelling's 2,38 66,128 0.01%0
Tissues Site Groups

" (prl) Discriminant Wilk's 0.361 1,27 0.0001

" (oF2) - - 0,631 1.16 0.0288

Geographical MANOVA Hotelling's 3,210 54,140 <0, 0000

Bite Groups

* (or1) Discrimimant Wilk's 0,137 1,39 <0,0000

" (or2) i - 0.376 1,214 0.0001
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Table L1. Summary of group comparisons produced by sultivarlate statistical analysls, For each data set, a
contingency matrix Ls presented for the geslogical and geographle site groups (Groups l-4 and
Croupm N, W, C, 8, respectively). The valuea represcnt the percent classificatlion of each group
produced by dl-ciillnint analyaila, The valuea In parentheses represent the probability levelas
of Hahalanoblie D* ;omparisons od each palr of groups,
Data Set Ceolopical Ceographie
Particle Size 1 2 b ] 4 N '} [+ ]
1 90,7 T.4 1,9 0 w 72 33,9 1.8 7.1
2 20,0 63,3 14.7 L] W 11.9 B8l.6 0 1.5
{0.0000) (0. 0000)
]l 1.1 17.9 13.2 1.8 ¢ 11.4 28,6 57.1 2.9
{0, 0000) (0, 0000) {0, 00U9) {0.0000)
L] o 4.8 4.8 920.5 8 20,5 17,9 2.6 59.0
(0.0000) (0D.0000) (0, 0000) (0.0000) {0.0000) (0.0000)
Metals in 1 18,9 18.4 2.6 0 ] 90.5 4.8 0 4.8
Sedimenta
2 24,1 75.9 0 0 W 2.0 80.0 8.0 4.0
(0.0000) (0.0000)
] 0 25 15 L] c 0 31.] 66.7 0
(0. 0000) (0. 0000) (0. 0000) (0.013)
L] 0 0 0 100 - 0 22.2 11.1 66.7
{0.0000) {0.0000) (0.0000) (0.0000) (0.0000) (0.0000)
Inorganic 1 68 22 10 0 ] 73.3 13.3 13,1 0
Elutriate
Chemistry 2 15.4 (6.7 17.9 0o w 6,7 ' 82,2 8.9 2.2
{0.0000) (0.000)
3 20.8 8.3 70.8 0 [ 5.9 23.5 70.6 0
{0.0000) (0. 0000) (0.0060) (D.00L0)
[ 0 o 0 100 5 0 1.4 3.7 BB.9
(0. 0000) (0.0000) (0.0000) (0.0000) (0.0000) (0.0000)

L4
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Table II. Concluded

Data Set Ceoalogical Ceographic
PMA's 1 2 3 [ N ] c s
Elucriate 1 93,1 [ 6,7 [] 86,7 6,7 6,7 [}
Chemistry
2 0 85.7 9.5 4.8 W 29.2 70.8 0 0
(0,0000) (0.0051)
3 0 46.7 3.3 0 c 66.7 (1] 3.3 0
(0.0000)  (0.1042) (0.5126) (0.0218)
4 0 33.) 0 66.7 8 11 16.7 0 50
{0.0000) (0.0115) {0.0021) {(0.0071) (0.0009) (0,0030)
Biological 1 49.0 33.3 2.0 13.7 N 45.5 21.12 0 31.3
Effacts
2 17.9 66,7 2.6 12.8 W 8.9 62,2 6.7 22,2
{0.0041) {0.0071)
3 167 66.7 5.3 8.3 ¢ 1.1 16,7 27.8 1.3
(0.0383) (D.B271) (0.0116) (0,0481)
4 2350 58.3 0 16.7 8 6.7 23,3 3.3 66,7
{0.1167) (0.2522) (0.151%) (0.0434) (0.000%5) (0,0959)
Hatals in 1 897 10.3 0 0 N 90.9 0 9.1 0
Tissues )
2 5.0 95.0 0 0 ¥ 12.1 87.9 0 0
(0. 0000) (0. 0000)
b | 16.7 16.7 66.7 0 C 8.3 8.3 §3.3 0
(0. 0000) (0.0113) (0.0078) (0.0000)
4 0 0 0 100.0 s 20,0 0 10.0 70.0
(0.0002) (0.00186) (0.0062) (0.0121) (0.0000) (0.0145)
94,9
PHA's 1 1 ' 2.6 0 (] 8.3 0
A 2.6 75.0 16.7
2 W (1} 0
2.8 TL.4 4.8 o (d‘-’&!l.‘-} 97.0
(0.0087)
3 16,7 16,7 66.7 0 c Al? 0 33.3 24,0
{0.0016) (0.2312) (0.6158) (0.0000) :
@ A 0 0 0 100 s 0 8.3 0 91.7
(0.0084)  (0.0260)  *(0.0014) 10.0001)  (0,0000). . (0.0000)




\ADAi® iLL. bLCE Eroup SCACLSClCAE IOF sediment grailn size data. For each of the geological and geographie site
groups (Groups l-&and Groups N, W, C, 5, respectively), the three values represent the mean, standard
error of the mean, and the number of replicates of grain'aize data for each of the Indicated phi (¢)
alzen. For the coarser grailn slze classes (¢ =0.05 to ¢4, and toctal sand), the values are based upon
the waight of sediment retained by each sieve size from 60 grams of processed sediment, The data
presented for [ine graln slze classes (¢4 to $10) are based upon valuea obtalned from plpet analysis,

Parameter Geologlcal Geographic
o . 2 S A N L . 5
$10 .68 .56 43 T XY ,8) L36 T
+.02 +.02 +.02 +,03 +.01 +,02 +.03 +.04
Ts4) Te) T1s56) Tm) [£1)] Ten) [£5)) [§1)
" .03 " .51 13 .69 .13 42 .87
+,02 4,02 +,02 +.0) +,02 +.03 +,08 +.08
Tsa) 1) s6) 1) ({13} Tsn) ) T
"' l-ﬂ! l“ l!' ll' 'll'l i.,' ill ¢"
+.01 +.02 +.0 +,04 +.02 +,03 +.06 +.03
1) [¢15) Tss) Ty Tsn) Ten T T119)
27 1.17 K3 .67 .19 N N .58 .19
+,01 .02 .03 +.04 +.02 +.03 +.07 +.06
T154) ") fm T 1) Ter) [£1)) T
6 1.32 1.07 .79 .12 1.09 1.08 .67 .92
401 4,02 +.04 +,0% +.03 +.04 +.09 +.07
Ts4) T Tss 1) T Ten 1% T
.5 1.3 1.14 .03 4 1.17 1.14 12 .93
+,01 +.02 +.04 +.06 +.03 +.03 +.09 4,07
Ts0) ¢ 27 Ts0) T 136) T %) [§1]]
'! 1.‘1 1.:: ..“- .I' lll‘ lil' l,? ltm
+- ul +t'l +'l“ *l“ 'hﬂ] N "‘..“J- ‘- n' 'h.uj
T4 T 138) 1) 156) “Ten [£1)) [61))
t4.5 1.44 1,29 1.03 .19 1.31 1.26 .80 1.11
4,02 .02 .03 +,07 +.02 +.03 +.10 +,07
) “hu 16) T T [(3)] 13%) [£1))
LAPA 1.46 1.3 1.1% T 1.3 1.3 .86 1.18
+.,02 4,02 +.03 +.07 +,02 +,02 +.10 +.07
@ Ts4) Te) Ts6) ) Tsn) Tsn 1) T




Table I11I.
Parameter

T SAND

#3.3

3

2.3

+1.3

1

Cont lnued |

Glﬂlﬂilcll
S "
3,64 13.67
+.33 +1.44
Te) Ts6)
.10 1.22
+.04 +.26
1r6) %)
.67 3.44
+.19 +.39
Tre) (36)

N1 :;:
.12 +.
1) 3Gs
23 1.60
+.07 +.61
T (1))
-n, -Iﬂ
lnl +II'
%) Js)
.04 JAd
+.02 .12
1) 6)
.01 A4
+,01 +. 04
76) 3s)
lm .ﬂl
+,00 +.01
Te) )

A0.06
43,03
1

Ak
+.03
(N)

2,20
+.11
(£10)

4.20
+.40
(i)

10,33
+1.39
1)

7.5
‘-'1
(11)

7.87
+.8%
(1)

4,72
+.64

(21)
2.13

3.0
+.58
n

.24
+.1)
“n'
89
+.31'
Tn

«39
+.17

[E1)
20

[£1))

ﬂtagrlghln
M £
4.73 26,12
73 +4,10
67) T3%)
- 31
.07 .07
67) (3%)
1.54 1.51
+.31 +.26
Ten) (3%
.08 2.10
+.19 +.38
[(3) 1%
.33 4.70
+.10 +.99
wn 13%)
.12 1.::
+.09 +,
[ (1} 19)
«17 3.06
+.09 +.01
() T135)
05 2.54
+.0) +.5%
[(}) 139)
«01 1.51
+.01 +.38
Tn 139

14,10

42,84

T

.37
+.10
a9 -

1.64
+.34

(39)

2,86
+.59
(39)

4.36
+1.11
T

1.61
+.56
(39)

.92
+.39
(39)

]
+.18
($1)]

14
+.09

(9)
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Table I11. Concluded

Parameter Geologlcal CGeopraphic
L 2 2 A 2 W L S
4,9 0 0 .02 1.78 .00 .01 1.01 .08
0 0 +.01 +.45 +.00 +.00 +.31 +.04
(54) (76) 156) 121) 10 (67) 135) (39)
$0 0 0 .01 .80 .00 .00 A7 .02
0 0 +.00 +.26 +,00 3.nu +.17 +.01
(54) (76) . Tse 1) T (67) 13%) 139)
Nr.S 0 0 .01 .49 .00 .00 .29 .01
0 0 . .00 +.17 +.00 +.00 +.11 +.00
(54) (76) T56) T2 sn (67) 13%) [$1)]
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Table IV. Site group statistices for metals in sediment data.
ia presented in unite of ug/g dry weight,
the metal abbrevistions,
LOLOGICAL
Par 2 ¥ Y A
cd 1.3 1.13 0.07 0.1
(0.2)
. # 0,110 #+ 0.091 + 0,055 + 0.017
(38) (29) (12) (3
cr 75 11 43 L]
(1.0)
LI 4+ L1815 o+ 439 4 )8%)
(38) (19) (12) 3
Cu 2.6 40.3 23.8 1.9
(0.3)
3 L0l + L1634 + 3306 + 0.60)
(38) (29) - (11) (3)
Te 50128 45457.3 NsAs 6143
(1.0) 4 764734 41054146  $2622.993 & 208,706
(38) (29) (12) (3
Mo 630 663 41 In
(1.0) 4+ 16,206 4+ 20,016 4+ ALITL 4 5.11%
(38) (29) (12) (3)
11 1 35 24 BDL
A + 0.607 + 0.840 + 2.3 ¥ -
&
(38) (29) (12) (3)

Lo

|+

—

(Format is the same as for Table I11.)
The detection limits (mg/g) are shown in parentheses below

[E 3
=
&
1]

4+ 1.861
(21)
38.1

0.888

(21)
Ad278
41114, 339

(21)
664
22,587

(21)

I+

4+ 0.842
(21)

L . ) L 3]

S -

arocRAPHIC
M £
1.4 1.8
4+ 0.166 + 0,241
(23) (9)
10 13
+ M2+ 2,848
(2%) (9)
%.2 4.0
4 L78% + 3992
(23) (9)
47466 AB326
+1253.342  4657,90
(23) (9
667 603
+ 12383 #4210
(25) (9)
o 3
+ LI + 0.4
25) (9

—-— mEaEr W

The data

1.1
0.130
(18)

[E]

61
+ 6.116
(18)
40.7
5.299

£ 2

(18)

44028.1
+ 433,062

(18)

337
4+ 61,518

(18)
0

.y

|+

(18)
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Table 1V. Concluded
GEOLOG!
Parameter 1 2 3 L
% 57 56 34 7
60 4 1013 &+ 259 + LW 4+ 166
(38) (29) (12) (3)
Zn 277,34 257.1 140, 10,2
(9:3) + 13444+ 12.584 & 16,832 + 0.328
(38) (29) (12) (3)

uun
=

GEOGRAPHIC
S o . N
49 51 64
+ 0966 + 2,506 + 6.72
(21) (25) (9)
211.95 244.6 363.1
+ .35 ¢ 13.577 + 51,81
(21) (23%) (9)

— —— —— el S T o — L o o L

.
54
+  5.86
(18)
255.9
+ 29,85
(18)
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Table V.

Natale:

(0.001)

(0.003)

(0.003)

(0.03)

ny
{0.001)

Mo
{0.03)

L

g2 O]

e GE OSN3 25 B 2 em T bR L
Site group statlstice for inorganic elutriate chemistry data. (Format im the
The data is presented in units of mg/l, except for nitrates which are in ug/l.

are presented in parentheses below the parameter abbreviations.

| oo

- e oms

same am for Table [I1),
The detection limite

SEDLOGICAL CEOGRAPHIC

L ;- 2 E = L M L £
0.006 0.004 0.002 '0.001 0.004 0.003% 0,003 0. 004

4 0001 4+ 0001 + 0001 + 0,001 4+ 0000 # 0001 & 0,000 # 0.00
(s1) (») (2 an (3 (4%) (18) (23)
0.42 0.48 0.2 0.008 0.3 0.44 0.26 0.27

4 006 4+ 006 & 006 4 0.003 4+ 0.07 4 006 ¢+ 0.09 4 0.06
(s1) () (24) (12) (%) (43) (18) (23)
0.28 0.28 0.17 0.00% n.1e 0.29 n.16 0.22

4 00 4 004 & 003 4 0,004 + 0.04 £ 003 + 005 + 0.0
(s1) (») (24) (12) (30) (43) (18) (29)
327.67 91.63 200.90 102.78 231.62 364,94 9.3 216.86
4 A0 020 s472 LD 46,05 #5266 4 2835 &AM
(s1) (») (24) (12) (%) (43) (18) (2%)
0.002 L 0.001 DL L 0.002 BOL 0.001

+  0.000 - + 0.000 -—- -—- 4 0.000 — + 0.001
(s1) () (24) (12) (%) (43) (19) (2%)
5.10 5.67 LY 0.29 4.5 5.86 .29 1.%0

4 D43 4 0.8 4 0.3 + 0.10 4+ 068 4+ 0.3 + 087 + 0.4
(1) (¢ )] (24) (12) (30) (43) (18) 25)
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Table V. Contlnued

Paramater §
e 0.23
(0.005)  + 0.0)

(51)
0.35

Pb

(51)
In 2.02
Y a2 ap
(51)
Mutrd
P
©ls) * 0.22
(51)
TN 73.02
(0.05)
+ 15,97
(51)
W6 5 008
wn
- (51)

I+

I+

I+

I+

I+

I+

I+

I+

I+

I+

I+

I+

I+

I+

e
0,006
0,003

(12)
0.02
0.01
(12)
0.03
0.01
(12)

n. 50
0.10

(12)

0.68
0.18

I+

I+

I+

I+

I+

0.16
0.03

(30)
0.28
0.05
(30)

1.16
0.22

(30)

0.2
(30)
35.62
1.50
(30)
0.18
0.05

(30)

D B
GEOCRAPHIC
e £

0.26 0.13

4 0.02  + 0.04
(45) (18}
0.37 0.22

+ 0.0 + 0.07
(45) (18)
1.89 1.51

+ 0.24 + 0.59
(45) (18)
TAL 3.26

+ 0,26 + 0,49
(45) (18)
75.48 28.73

+ 18.01 + 13.00
(45) (18)
0.14 0.11

+ 0.04 + 0.06
(43) (18)

v 22 P RER

I+

I+

I+

I+

|+

0.1%
0.04

0.24
0.06
(25)

1.12
0.25

(25)

. 2.00

0.33
(25)

.
0.73
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Table V.

Paramater

NO
{D?ﬂﬂl)

TOP
(0.008)

oro
(0.80s)

|+

-

Concluded

2.67
0.29
(31)

2.92
0.57

I+

I+

I+

e ) - |
GED

2 3
J.o8 1.11
0.60 + 0.18
(39) (24)
3.16 2,61
0.93 4+ 0.61
(39) (24)
0.007 BDL
0.003 ===
(39) (24)

0.26

4+ 0.10

(12)

BDL

1z
BDL

(12)

|

I+

4=

3.2
0.31

(30}

1.59
0.61

(30)
0.009

0.003

(30)

I+

I+

& o o

gg,nt:u FINIC

. £
2.87 2.39
0.46 + 0.44
(45) (18)
4.3 0,64
0.78 4+ 0.10
(43) (18)
BDL BDL
(4%) (18)

I+

i+

&G B oen

0.56
0.18
(25)

2,11
0.87

(25)

DL

(25)
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‘Table VI, Site group statistics for PNAH's in elutriates data,
The data are presented in units of ug/l,
below the parameter abbreviations.

Farameler
1
TPRA Il:.::
: o
L I.:.
(0.133) 1.
1)
ey 1.47
1.02
Acn }4 ’“,
(0.087) l;,
. i
+1.
{0.038) s
™ 13.34
{0.022) «31
b1 )]
A .48
10.028) 2:,1%
1)
r 1%.112
(0.033) 410,40
(1 )]
Fyre 15.01
M b
(0.050) 1:.,,

Gaologlcal

"y
10.0% .72
3,48 43,47
11) 9
N | N
4,10 .26
M) 19)
Jd1 A4
+.17 +.09
M) %)
» Al
L= +.11
(21) [{11]
n .41
2.9 +.13
‘1) Ty
M .8
i;.li .13
1) 3)
1.1 1.63
+.3 ,%.!l
(i 1V 19)
24 1.9
4.1 1.6
M) (13)
A8 .77
+.10 41.00
) (1§}

" rm— = =

MO O O3 8 E4 &G BE T R R B 3 o Ol G gw RY O

&

162,13
415,23
()

-
i

:.;:
+1.
(]

.8
+1,48
1 (1]

7.11
+1.91
LU

“»»
3.90
¢)

10,04
4,43

10,%0
45,1
()

3.9
+3.14
[{}]

(Format is the same anm for Table I11).

5’

.30
+.13
(In

.09
43,59
(L1}

N
+.13
as

1.::
+.
I
26
+,18
I

A8
+.13
(in

Bcnlrighlt
v C
169.13 109.50
440,83 435,23
(1) ()]
!';i :'il
+1. +1.
T [(7}
1.08 1.02
K1 +1.49
v (¢}
1.1 1.92
+1.03 +1.07
T [ {]]
.18 l-;l
1.37 #1.71
1:::: 1
.30 l.!:
«18 4+2.0
’:lll ()]
bR 4
1.74 41,
1{:11 Tn
W
i:ill )
10,92 1.9%
+1.1 41,13
(24) [{]]

The detection limits are presented In parenthesca

1.0
+1.1)
[{}])

1.43

+.98
(I

817
41.94
iy

4,10
+1.61
Tn
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Table VI. Concluded

Parameter Ceographic feographic
" 11 2 A A N i N 1 S
B(a)A 1.7 .92 1,91 2,03 1,44 8.3 1,36 2.42
(0.093) 4,33 4,32 41,08 41,4 +.87 4340 4,98 41,50
(18) Ta1) (1%) (6 %) (24) [{) T12)
Ch I‘I lil lo’ 'l.ﬂ :a# lﬂ.]* ‘-. 191
(0.100) 4.1 +.42 42,11 +4,04 +1.94 4,14 +1.12 +1.02
- (19) ) (1%) (3 (1%) (24) ()] )
DiB(a,h)A 10.4 L .2 20.8 0L 141 13.9 .3
(0.197) H.0 — 4.1 +1).17 - 43,41 49,24 +.20
(19) (21) s (6) (13) (24) (" (i
B(ghi)P 15.3 BOL BDL 22.) ADL 10.5 14,9 2.0
s (s) (11) (13) (s) (13) (24) [9) 12)
sa)r 26.0. .3 1.7 12.1. A 19. 6 8,1 1.6
(0.185) 46,59 +.2) 41,41 41,02 +,41 43,48 45,44 + .06
(1e) 1) (s) (s) %) () (9) [{F)]
P 19.7 woL . 3.8 9 14,80 2.5 BOL
n I.I'ﬂ i'ili — ?-h t!l,l *’lli i'. II i:-!! -
(0.170) (18) (11) 15) (6) 1%) i) (9 (12)
Mx)r 3.7 1.0 1.0 17,7 2.0 15,8 18,9 . 8
49,3 51 4178 410,08 +.96 47,66 412,48 +.37
(0.138) (18) 21) 19 () s 24 (9 (12)
1 6.8 1.3 0L 11.4 L 6.5 7.6 POL
(0.204) :]'-:, ilv“ - :l-l’ — i:-’l 1!-‘: —_
Qe) (21) (1%) (6) (1%) (24) (£))] (12)
¢ 87,29 an 3.50 54,99 3.5 66,959 37,10 2.44
413,83 41,97 41,02 41.9 41,36 414,08 422,23 +1,135
(18) (21) (1%) (6) (15) (24) (£ )] T12)
@ Pyro 116,42 313 6.40 63.00 3,84 88,13 44,36 6.71
. 410,16 +1.%7 41,19 411,88 41,35 418,20 424,38 42,20

T ae) () (s T ey TNy (W) [§¢)]
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Table VII. Site group stetistice for blologlical effecta data.

ug 0,8 lhr 1. The 10 ppt and 35 ppt represent the osmolality of the P,
when l:pﬂi:d to low and high salinities following the suspended solid “bioassays.

e

[ A

(Format is the same as for Table II1)}. Days
1-5 are the respiration rates of Palaemonetes puglo on days -5 of the experiments in units of

values (Mort 96) for P. pugio following the 96 hour experiments are expressed as a proportion.

Parameter
"
Day 1 1.34
o +,.09
T
+,09
Ts1)
3 1.63
- +.12
T
Day & 1.3
o
] 1.21
- +.08
‘{.-.u
10 FPT 619
.21
(51)
5 FrT
8.0
()
Mort 96 .07
+.01
o

ciulo!icll
2 il
.41 1.3
*'u' +|1.'
T39) T24)
1.3% 1.27
+i“ *II,
1) 1)
1.3 1.40
+.10 +,14
1) Taw)
1.32 1.37
+,06 +.12
19 en)
1.% 1.29
+,08 +.13
1) T24)
636 631
+5.60 46.37
(39) (24)
183 Blo
46.72 +10.12)
(39) (24)
.03 ,07
+.01 +,01
T1r9) T

1,36
4,15
T2

1.42
+.15
)

1.27
+.09
T

1. 39
+.12
Ti2)

1.38
+,09
2

618
+21.11

T 1)

Bo2
+13.62
(12)

02
+.01
[{})]

Geographic
N .
1.47 1.28
+.10 +.09
T136) [(})]
1.30 1.51
+.11 4,08
Tas) [ (})]
1.3 1.60
.11 +.12
1) [(}))
1.28 1.42
+.09 +.10
[£7)) Ta3)
1.23 1.29
+i n' +I“
T38) Tas)

634 623
+5.46 +5.37
{36) (45)
809 802

48.65 45,07
(36) (43)
07 05
+.01 +,01
T26) Tas)

T18)

1,24
+.10
Tie)

604
412,70
(18)

176
417.38

()

.05
+.01

T18)

1,23
1.1
(30)

1 20
.11

{Jﬂ}

1.35
.10
30)

1.19
.07
(30)

1.26
t,09
(30)

617
£17.49

(30)

179
r10.19
(30)

.06
+.01

130)

Control

1.48
. 16
(21)

1.20
+:10
(27)

1.3%7
+.10

(27)

1.59
+.15
(27)

1.49
.16
(27)

614
+71.29

(27

156
$+10.24
n
.02

+.01
Tan

.o

pugio body fluids (mOsm Kg }
The mortality
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- Table VIII. Summary of ANOVA/Duncan's Test comparisons of bicaccumulation
l of metals data. The sediment collection sites producing
signifi-antly higher body burdens of metals as compared to
) control organisms are indicated. The site producing the
Eﬂ greatest biocaccumlation effect for each species-metal
o combination is underlined and the mean concentratiom for

this experiment is indicated in parentheses. The species-
metal combinations for which no significzot differenres
were found are indicated by M.S5. ,:ot significant at the
a = 0.05 level).

SFECIES

AR

Metals P. pugio N. virens H. mercenaria M. edulis
g cd NS 45 NS
T.03)
ﬁ Cu NS
Fe 2,9,18:26 18,25,26,37,42 5 L2
E (271.65) (377.16) (920.54) (400.135)
Mn 13,37 KS NS L
ﬁ (45.97) (10.84)
Ni 4,5,9 NS LE
(9,26)
o
& Pb NS NS 36,47 XS
(2.93)
I in RS NS NS NS
&
s
5
&4

mwﬂuiﬂﬂmulmﬁmwn Lo s BT R L ] ll'lﬂl-‘l'---__--'l' L
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Table 1X.

Parameter

Mycd

PCu

W &7 R xR rE SEr BT O KD A REY NR v IR U
Site group statistlcs for bioaccumulation of metals data. (Format is the sane as for Table 111},
The abbreviations for the specles-aetal combinations are glven in the Appendix, The data are pre=-

sented in units of ug/g dry weight. The detection limitw are presented In parentheses below the
abbreviations.

'l'..‘-unl.ul leal GunirlEhl.: Control
L . 3 b N W - D . "
l: ‘! i" l‘ J‘ tz 1* #! . I-rl-,
+.0% +.06 +.11 +.06 +,08 +,05 4,08 +.07 +.76
19 Ta1) T6) ™ T2) T Ty  Ta) [£)
3 .1 3 o3 . 3 .| .2 .2
*-n: +|u‘ *-!l 1‘:”‘. "'.ﬂ" *}u! +.ﬂi +'|ll +Iuﬁ'
T129) T [(}] T3) T2) 1) T2y G2 [£)]
.5 ] 1,0 .8 .6 4 (r .8 .6
+.02 ‘ +.05% +,17 +,13 +.06 +.01 +.06 +,10 +,07
1) T Te) 1) T12) 133) T2y (2 KE))
1.3 1.0 1.3 .9 1.0 1.4 1.2 1.0 1,2
+,05 +.07 +.14 +.11 +,.08 +,0% +.10 +.12 +.09
139) T2 K (3] (¢Y) T2 1) T2y N 13
130.6 1481 155.6 156,7 146,1 130.4  141,2  154,7 161.4
2.1 42.92 +2.84 $3.92 45.54 42,55 45,60 42,44 48,05
(39) (1) (6) §))] (12) (33) 12y (12) (3)
ll-: "1 ’!l‘ ll’ .q‘ I.: ’-u !un Inli’
+.26 +,50 +.24 +.78 +.85 +.29° +.35  +.16 +.43
139) 1) 16 )] T12) T33) T2y N2 (¢))
11.4 12.4 13.5 13,6 12.0 11.6 12,4 12,8 13,5
+.25 +.33 +.46 +1,48 +,45 +.29 .61 +,42 +.74
G9) @) ®) ™ (12) (33) an 0y (12)
6.4 7.3 7.6 7.6 7.6 6.4 6.9 7.3 9.0
+.17 +.41 _tl.ul +.56 +.59 +.19 +,13 +,56 +.681
19 T21) (6) [¢)) T2) 13) T2y 02 1)
19 162 191 105 203 123 131 184 BG
+11.79 il.’a.ﬂ +21,17 in.nﬂ +25,2) 49.98 418,40 +417.35 +11.13

~ (39) (21) = (8) (3) “12) - Tnn a0




Table IX.

Parameter

NFe

HyFa

Cont inued

.

278
+5.69
T39)

244
452,52
(39)

112
+7,18
39)

23.7
+.91
(39)

‘.8
+.12
(39)

8.1
+. 54
(39)

cenlo:[cll
F 3
337 320
#1314 412,56
(21) (4)
222 212
+9.03 +8.44
121) T6)
128 204
46,87  +113,42
121) (6)
29.3 26.4
+2,18 42,46
T2 T6)
6.2 5.8
+.4) +,. 40
1) (6)
9.9 9.0
+.86 +,80
(¢1)) (%)
9.3 10.5
+. 64 +1,00
an T6)
3.3 3.7
+.57 +.43
(1) (3
3.1 2.8
+.18 +.39
(1) (3]

4

m
+16.86
(3)

180
+5.44
[é))

86
+10.70
(3)

13,7
+.39
3

4.0
+.13
(6

8.2
+. 84

)

8.8
+1.47
[§)}

326
416.97
(12)

228
+12,56
(12)

139
+9.81
012)

26.2
+1.70
N12)

5.6
+.26
(12)

9.5
41,17
12)

9.3
+.67

(12)
4.1

+.91
(12)

Geographic
. £
278 321
45.93 418,53
) (12)
185 393
+15.93  +161.69
(33) (12)
102 121
+6.79 414,07
1) (12)
23,7 29,3
+|’? "l']l.;'ﬁ
33) T12)
6.7 6.0
+.11 +.78
M) (12)
' 8.3 10.0
+.57 41,21
M) T12)
7.8 8.9
+.40 +.78
3 12)
4.3 1]
+.55 +.99
(73) (12)
2,3 2,9
+.11 +.26
(3 (12)

5

323
+12,90
(12)

206
+7.46
T12)

192
+56.78
(12)

24.2
+2.01
T12)

5.9
+.26
(12)

7.0
#.01
(12)

9.6
+.1
(12)

2.9
+.45
(12)

2.8
+.21
(T2,

Concrol

302
+11,86
(3)

197
+14.64
(3)




Tahle IX.

Param:iter

MN1i

HyNi

PPb

HyPb

Hyln

9

Cone luded
1 &
5.3 5.7
+.2) +. 34
19) Ta1)
7.5 6.7
+.30 +.40
[&1)) 121)
66 1,09
4.29 .29
(34) 1)
2.76 2.40
+.19 +.22
19) 1)
.68 1.18
+.13 +.27
19) T
1,43 1.53
+.08 +.09
19) 121)
13 78
+1.62 #1.16
(39) (21)
103 118
+2.67 +4.07
(39) (21)
91 96
42.68 4372
(39) (21)
110 az
+4.1) 40,98
(39) (21)

Geological
3

5.2
+.62
)

1.4
.82
6)

1.%
.83
T6)

92
.38
6)

63
+.12

1

A
¥+,
)

81
+.712
(6)

117
+4.88 °
(6)

106.
+5.78

“(8)

140
+16.87

= (6)

Geographic
W

53
.25
33)

7.2
+,25
)

40
+.14
[¢1))

2.90
+.18
F£3))

hb
+,04
1)

1.31
+.08

133)

%
41,02
(33)

102
42.5)
(33)

87
42,69
(33)

104
:‘-13
(33)

H

6.0
+, 50
12)

6.6
+.78
02)

1.55
+.85%
112)

1.6)
+.36
T12)

1.76
+.79
T2

1,53
+.11
112)

15
+1.54

“(12)

1
46.71
(12)

106
+4,11
(12)

104
+6.20
(12)

5.1
+.,33
72)

6,8
+,52
(12)

1,04
+,46
(1)

1,35
+0.0
(12)

1,44
+.19
T12)

1.94
+.13
(12)

16
45.12
(12)

i20
45,04
(12)

107
43.32
(12)

122
+10.86
(12)

Control

6.6
+.62
[§)]

7.8
+.67
1)

1.91
+1,14
(3)

2.4)
+.12
r§Y

,62
+.09

™
1.76

+.11
1)

76
+3.16
(3)

1o
4,12

()

113
42.63
(1)

104
422,29

= ()




Table X. Summary of ANOVA/Duncan's test comparisons of biocaccumulatiom
of PHAHs data. The sediment collectiom sites producing
significantly higher body burdens of PMAHs as compared to the
control organisms are indicated. The site producing the
greatest biloaccumulation effect for each species-PNAH combination
is underlined and the mean concentration for this experiment
is indicated in parentheses. The species-metal combinations
for which no significant differences were found are indicated
by H.5. (not significant at the o = 0.05 level). The
abbreviations for the species-PNAH combinarions are glven in

o]

W

S

ey

NaN

M 58

'i-l-li ..Iii

the Appendix.
SPECIES
PHA P. pugio H. virens M. mercenaria M. edulis
TPNA 26 KS 2,54 9,18,45,47
(3954) (1259) (10,875)
N 2 3 NS
(360) (263)
Fl N5 NS LH] 13
(493)
F 33 HS 2,3 18,45,47,53
(107) (323) (5019)
PyTe 53 3 2,3,23 18,45,47
(126) (277) (a401) (4036)
B(a)a NS LK NS 5
(3224)
Ch N5 NS NS 18,47
(282)
Bla)P a7 NS NS NS
(490)
B(b)F 26 Ks 25,54 NS
(3954) (935)
c NS NS N5 NS
Pyro NS NS NS NS
68
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Table X1. Site group statistlcs for bloaccumulation of PNAHs data. (Format is the samz as for Table I11).
The abbreviations for the specles-PNAH combinatlons are glven in the Appendix. The data are
presented in unlts of ngfg dry welght. The detection limits (ng/g) are presented in parentheses
below the abbrecviations.

GEOLOGICAL GEOGRAPHIC
Parsmster 1 - d i ' i 5 < 5 SONTROL

P TPNA H]1 1493 580 626 1406 ne 821 1192 597
+85.028 4 579,830 4 ¥91.664 +388,051 4754.438 4 96,834  $367,820 4+ 691.091  + 382,399

N () (6) ) a2) (39) (12) (12) e

N TPHA 804 463 8se 3% 604 LT} 480 467 791
+175, hbd + 1AL 744 +HA68. Thé * 36.19% 4211.29) +197.671 +200. 385 + 254.847 + 279,128

(») (1) ). (§)] (12) (33) (12) (12) (3

M TPMA sa7 m 126 351 LTl 528 4273 211 64
£93.056 # B1.978 4 05.867  +199.664 #137.142  $105.509  #113,089 4+ 78,703 4 64,189

(%) (21) () (3) (12) (13) (12) (12) ()]

My TPMA 2841 1977 20 aDL 1818 2143 852 5684 1245
A548.745 4 S02.145  $1204.451 -— 41069.198 4+ 279.578  #435.659  +1244.816  +1092.615

(M) (21) (6 3 (12} (33) (12) (12) (3

:::] 107 9 BOL L 163 126 BOL BOL BOL

#76.475 4 67.001 ane -— # 115,138 4+ 90,175 -—- - -

(39) (21) (6) 3 )] (12) (1) (12) (12) (N

N 173 DL 507 L BOL 203 BOL 253 BOL

W +121,987 —_— 306,810 —_ -— 143,814 === 253,405 iy

o (1) (71) (6) (8 )] (12) (33) (2) (12) (§)]

o R L, | TR
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Table X1. Contlinued
Faramoter L
M BDL
(61)
(1)
M ¥ ol
()
(»n)
P Acy oL
(20) e
(»)
M Acy BDL
(14)
(»)
M Acy -
(23) ik
(M)
My Acy DL
(14) 20,
(»)
P Acn Aol
(17)
E; MW

e

erP s
GEOLOCTCAL
. -
DL ADL
{21) (]
L moL
(21) (é)
DL i
(11) (s)
oL oL
(21) (8)
oL oL
{21) {s)
L L
{11) (s)
L DL
{(21) (&)

.

T RS

2,
L

&ee

Lo

D R P

CEOGRAPHIC
. -1
AL BOL
(M (12
BOL ROL
(1) (12)
BOL DL
(33) (12)
BDL ML
(1) (12)
L ML
(11) (12)
ROL DL
(3) (12)

AOL BDL
(3 (12)

-

Uus,

(12)
BDL

(12)

n

BDL

(3)
BOL

(3)

BOL

(8]
BDOL

m
BDL.

(1)
BDL

(3)

3

A
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Table XI. Continued

Parameter _l'._*

N Acn BDL
(12)

(39)

M Acn BDL
(19)

(M)

My Acn BDL

(39)

PFl RDL
(4)

(39)

N Fl BDI.
(3)

(39)

d Fl BDL

(3)
(39)

Y79 KR M T BN

A
GEOLOGICAL
2 3
BDL BDL
(21) (6)
BDL BDL
(21} (6)
BOL BDL
(21) (6)
BDL BOL
(21) (6)
BDL BDL
(21) (6)
BDL BDL
(21) (6)

-

(3)

.__H-lf

ARCEIN ARS

o

. R

(33)
BDL

(33)

BDL

BDL

(12)
BDL

(12)

BDL

(12)

BDL

(12)
BDL

(12)

BDL

—

(12)

BDL

(12)
BDL

(12)

BDL

nn

BDL

(12)
BDL

(12)

CONTROL
BDL

(3)

EDL

(3)
BDL

(3)

BDL

1

BDL

(3
BDL

(3)
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Table X1. Continued
GEOLOGT
Parsseter 1 2 3
1;}!1 30 138 120
+ 14.846 + 55.797 * 119.955
(39) (21) (6)
PP BDL BDL BDL
(3)
(39) (21) (6)
~

82

+ 57.594
(12)
BOL

(12)

GEOGRAPHIC
REC £
13 139
+15.912 + 82,852
(1) (*2)
BDL BOL
(13) (12)

- -

8

87
63.522
(12
BDL

(12)

B 24 552 | =2 o 2 b

(51
BDL

(3)
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Table XI. Contlioued

GEDLOGICAL GEOGRAPHIC
Paremeter £ 3 8. e i = . o b & x 5 CONTROL
.:;;h BOL BDL BDL BDL BDL BDL BDL BDL BDL
(39) (21) (6) (3 (12) (33) (12) (12) (3
M Ph 4 mL BDL 65 BDL 3 21 BDL BDL
“ + 2,694 -— - + 65,064 — +  2.789 + 16.464 - -—
(39) (21) (6) (3) (12) (13) (12) (12) (3)
y Pn BOL 17 BDL BDL BDL DL BDL 29 BDL
i Ry + 11.58) - - - --- -— + 19.836 e
(39) (21) (6) (3 (12) (33) (12) (12) (3)
l{'ﬁl BOL BDL DL BDL BOL BDL BDL BDL BDL
(39) (21) (6) (3) (12) (33) (12) (12) (3)
?3‘: BDL BDL DL BOL BDL BDL. RDL DL, BOL
(39) (21) (6) (3 (12) (33) (12) (12) (3
M A 29 12 BDL BDL 16 2% 22 BDL BDL
" @ %20 2 083N o e + 11,400 + B8.643 + 21.605 - -
(39) () (6) (3) (12) (33) (12) (12) (3)

EL
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Table X1. Continued

GEOLOGI GEOGRAPHIC
 Paramster 1 2 ) 4 N W ¢ s CONTROL
'Hl" BDL BOL BDL BDL BDL BDL BDL BDL BDL
(19) (1) (6) N (12) (3N (12} (123 (N
PF 16 BDL BOL BDL BDL 13 BDL 16 BDL
4)
¢ + 9.876 s i - il + 10.243 —_— + 16.288 ——
(39) (21) (6) (3) (12) (33) (12) (12) (N
:1 ;’ a8 BDL 25 BDL BDL 45 BDL 13 BDL
+ 19.91) -— + 125.010 _— -— + 23,386 - + 12.505 -
(39) (21) (6) (3) (12) (33) (12) (12) (3)
HF 92 71 55 BDL 66 104 20 79 BNL
“ + 22,503 + 28.715 + 36.349 _— 4+ 43,686 + 25.829 + 10.566 + 31.506 —
(39) (21) (6) (3) (12) (33) (12) (12) (3)
My ¥ 996 542 1238 BDL 209 179 564 2399 BDL
1
9 + 224,317  + 184.489 # 555.731 — + 114,484  + 124,427 + 36,636 + 579.113 -
(39) (21) (6) (3) (12) (13) (12) (12) (3)
:‘;ru 13 BDL BDL BDL BDL 11 BDL 12 BDL
+  7.612 — — — R + 8.007 -— + 12,027 -
(39) (21) (6) (3) (12) (33) (12) (12) - (3)

1[4
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Table XI. Continued

GEOLOGICAL GEOGRAPHIC
Paramster i 3 2 _.'E L) N W ¢ g CONTROL
l;il;ru 46 16 51 BOL BDL 65 BDL 26 ADL
+ 18.851 ¢+ 15.814 + 32.73L — e + 23,475 —— % 17.429 o
(39) (21) (6) (3) (12) (33) (12) (12) (3)
l{l?:‘r" 128 64 70 BDL 25 144 23 120 BDL
+ 20,426 4 22,199 + 49,907 ol 4 13,262 4+ 32,337 4 12,418 + 40.410 148
(39) (21) (6) (3) (12) (33) (12) 12 (k)
My Pyre 1039 660 1255 BDL 215 927 92 2301 BDL
(4) 4 178,444 + 253,969  + 502,382 - 4+ 61,735 4 110,763 + 40,303 + 524.396 —
(39) (21) (6) (3 (12) (33) (12) (12) (N
P B(a)A BDL BOL BOL BOL 0L RDL BDL BDL BDL
(24)
(39) (21) (6) (N (12) (33) (12) (12) (3)
H Bla)A BDL 22 BDL BDL RDL 22 DDL BDL BDL
(17)
M + 22,170 e - /L + 15,973 - L ol
_ (39) (21) (6) (3 (12) (33) (12) (12) (N
M B(a)A BDL BOL BOL BDL BL BDL BDL BDL BDL
(28)
(39) (21) (6) (3) (12) (33) (12) (12) M
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Table XI. Continued

GEOLOGICAL GEOGRAPHIC
Parameter 1 2 ;| ) N W c g CONTROL
Hy B(a)A 427 83 131 BDL 809 203 BDL 230 BDI-
(7 ' #270.808 + 54.459 + B84.639 - + 808,712 + 139,090 --- + 82,016 -—
(39) (21) (6) ()] M) (311 (12) (12 (n
P Ch EDL BDL BDL BDL BDL RDL RDL BDL. ADI.
(53)
(39) (21) (6) (3) (12) (33) (12) (12) (3
N Ch BDL BDL BDL BDL BDL BOL BDL BDL BDL
(37) i i
(39) (21) (6) (3 (12) (33) (12) (12) (3
!{l‘gn BDL BDL BOL BDL BDL EDL BDL BDL. 64
: 1 - = e — o Ll — + 64,189
(39) (21) (6) (3) (12} (33) (12) (12) (3)
My Ch BDL 39 128 BDL ' L BDL BDL 203 BDL
i -—- + 28,241 + 83,597 — -— -— -— + 82,321 -—
(39) (21) (6) (3) (12) (33) (12) (12) (3
P DiB(a,h)A  BODL BDL BDL BDL BDL BDL RDL BDL BDL
(70)
(39) (21) (6) (3) (12) . 1an (12) (12) (3

9L
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Table XI. Continued
Parameter _ 1
N DiB(a,h)A BDL

(50)
(39)
M DiB(a,h)A BDL
(42)
(39)
My DiB{a,h)A BDL
(50)
(39)
P B(ghi)P EDL
(17)
(39)
N B(ghi)P BDL
(12)
(39)
M B(ghli)P BDL
(20)
(39)

(6)
BDL

(6)

BDL

(6)

BDI

(3)

BDL

(3)

BDL

(3)

BDL

(3)

(3)

EDL

(3)

BDL

-———

(12)
BDL

(12)

BDL

(12)

| 3|
GEOGRAPHIC
. L
BDL RDL
(33) (12)
BDL BDL
(33) (12)
BDL BDL,
(33) (12)
BDL RDI,
(33) (12)
EDL BDL
(33) (12)
BDL BDL
(33) (12)

(12)

APt

(12)
BDL

——

(12)

BDL

(12)

)]

BDL

(3)

RDL.

—_——

(3)

-——

(3)
BDL

(3)

BDL

(3)
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E' Table XI. Continued

% GEOLOGICAL GEOGRAPHIC

E Parameter 1 2 3 4 . . i i Sinrl

é Hftfgghﬂ'l‘ IDL_ I.Dr IDT IDL_ BDL BDL BDL BDL BnL

; iR . = i e - = =

! (39) (21) (6) (3) (12) (33) (12) (12) (3

g r{:;;}r BDL 70 BDL 181 BDL 17 168 BDL BDL

: — #51.511 A +180,940 — +17.089 il A -

E (39) @1) 6) ) (12) (33) (12) (12) (3)

g. 3(a)P 18 136 230 BDL 53 22 246 13 BOL

;‘ iy 2.0 460,581  $179.909 - 453,281 422,355 #165,949 + 92,520 -

g (39) (21) (6) (3) L (33) (12) (12) (3)

;u 3(a)P -y 2% ane. oL 62 BDL BOL BOL BDL
i = +35.630 — - 62,352 - s eran -

i (39) (21) (6) () (12) (33) (12) (12) )

!Hr B(a)P 172 209 BDL BDL 358 88 297 27 596

: b Fiol.3le  21357.40 2~ — . #303,252  #49,617 #275,167  + 27,286 4595,516

E (39) (21) (6) (3 (12) (33) (12) (12) (3)

‘P B(B)E 167 1158 580 445 1233 151 354 1164 437

g 9 + 45.870 366,163  $391.664  $445.476 +756,409 448,766  4163.093 692,184 +436,513

'

fray (29) (21) ® ) (12) (39) (12) an (3)

.

i



6L

hG [N ANS NES. md N T B R o
Table dl, Continued Detection Limits (ng/g)
GPOLOGICAL
Parameter 1 1 3 _"l' N
(28) '
+131.528 4 B&. 531 +45,020  + 36.190 +199, 204
(1) (21) (6) (3 (12)
M B(L)F 162 119 BDL 286 220
(47)
450,006 + 6605 4286,008 . #116.792
(39) (21) (6) (3) (12)
My B(b)F 124 280 222 BOL 148
(28) $47.237  $110,200 $154.218 === +71.884
(39) (21) (6) (3 (12)
PC 182 1400 580 626 1233
=)
¢ +46.75) #581.742  4391.664  4388,05) +756,409
(39) (21) (&) (3 (12)
NC 538 a7 275 56 604
=) +137.302 s25.707 2173924 436,190 4221,293
(19) (21) (6) (3 (12)
MC 189 155 DL 286 _ 262
=) 457,911 # 72,4985 - +286,008 +122,636
(35} (21) (6) (3) (12)

Ler el

482

HI43,476
(11)

164

+ 58,691
(33)
97

+40,411
(33)
168

450,089
(33)
505

+144,997
(33)
196

+ 63,668
(33)

o N e

PHIC

C

234

+103,252
(12)

136

491,565
(12)
87

:l?i.i?ﬁ
(12)
822

+367.828
(12)
480

+200, 385
(12)
136

+ 91,565
(12)

5

60

+41,995
(12)

LIHH

+135,961
(12)
1164

+692,184
(12)
175

+ 95,220

(12)

BDL

(12)

CONTROL
7191

479,128

4381, 830
(3)
597
+382,399
(3)
791
4279.128

(3)

LA

(1)
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Table XI. Continued
GEOLOGICAL
Parameter 1 i 3
Bt 34 s13 222
) $112.542 $269.833 154,218
(39) (21) (6)
P Pyro 198 1400 580
o + ﬂ.!ﬁ:l 2 581,742 +391,664
9 () )
N Pyro 576 27 300
i 4135.807 125,707 417,877
(29) (1) (6)
f Pyro 276 228 53
) $61.767 4 10,642 436,349
(39) (21) (6)
dy Pyro 1309 1031 1460
=) * 212,705 + 32.017 t'iza.?lt
(39) (21) (6)
P B(k)F BOL oL BOL
(23) o, et i
(39) (21) (6)

]
L=

Detection Limits (ng/g)

BOL

(3)

626
4388, 051

(3)

56
436.190

()

206
286,008

348
_1;:121.#32
(12)
12313
+ 756.409
(12)
604
+221,293
(12)
348
+116.523
(12)
711
4300, 756
(12)
BDL

(12)

3

421
+141,535
(12)
1180
+ 691,414
(12)
188
+ 97,282
(12)
79
431,506
(12)

2820

H44.313  + 685,853

e
GEOGRAPHIC
W c
185 554
X 75.480  +445.593
(33) (i2)
181 822
+ 49.750 +367.828
(33) (12)
349 480
:ttu.:n 4200, 385
(33) (12)
294 155
X 63,355 4 89,499
(33) (12)
963 608
#155. 648
(33) (12)
BDL BDL
(33) (12)

(12)
BDL

-

(12)

[T

ot gt -

CONTROL

977
977,345
)

597
+382, 399

(3)

791
+279.128

(3)

(3)

977
+977.345

(3)

161
+160,627

(3

L i e
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Table XL. Cont inued
Detection Limits (ng/8)

GEOLOGICAL GEOGRAPHI

Parametat 1 2 3 k] N W g n 5 conrpoL
N BUK)F BOL 3 L BOL Y] BOL BOL BOL BOL
(5 e 421,200 = — 0108 — — —
(39) (21) (6 o (12) (an (12) (1 (1
H{:;:ll EDL RDL BDL BDL BOL BDL l.m. BDL BDL
(39) (21 ) ) (12) (33) (12) (12) (3)
My B(k)F 18 ML BOL L , BOL BDL BDL 59 BDL
3 +18.141 - - — e —an e 458,958 e
(39) (21) ® %)) C02) (33) (12) ) )
i BOL 172 WL BOL BOL BOL 300 BDL BOL
(19 — 4171.378 : _— ——— .-“ — i‘mq_uz — f—
() (21) (6) &) (12) (33) (12) 12) )
N1 BDL BOL BOL moL L woL BDL BDL BDL
(51) . st ool pio e 10 re - is e
(9 @n ® [t a2 () (12) (12) (3)
I BDL BOL BoL BDL BDL BDL BDL BDL BOL
(85) ok - B i i - 25 2 il
() an T ® » (12) (39 (12) (12) e

oo
=




Table XI. Concluded Detection Limits (ng/g)

CHOLOGICAL GEOGRAPHIC
Parameter ’ 2 3 L _ N N L = CONTROL
My 1 BDL BDL BDL BDL ' BDL BDL BDL BDL BDL
(51) i ' )
(39) (21) (6) (3) (12) (3 (12) (12) (3)

oo
P




Figure 1la. Location of the Craney Island Disposal Facility in the
Port of Hampton Roads, Virginmia.
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Figure

1b.

Details of the Craney Island Disposal Facility Study Area:
Four geographic regioas; 55 sampling sites; points of
inflow indicated by lettering system of Palermo gt al..
1781; outlet weirs along western dike; interior dikes;

and lenosits of coarse materials.
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Figure 2a.

Figure 2b.

Dendagram presenting the results of a Bray-Curtis cluster

analysis of grain size characteristics of collection sites.

The site numbers are those indicated in Figure 2b, and the
roman numerals indicate site groups. (Top

Dendogram presenting the results of a confirmation cluster
aralysis of grain size characteristics of site groups
(suggested by the Bray-Curtis analysis) employing the
Mahalanobis [ distance measurement. The roman numerals
indicate the site groups suggested by A, while the arabic
numbers r sent the site groups used in all subsequent
analyses, (Bottom)
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Figure 3. Ordination of the scores of the first two factors produced
by a PCA of grain size characteristics of collection sites.
The number system is the same as used in Figure 2a.
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Figure 4. Results of PCA of geological and yeomchemical character-
istics of sediments.

Figure 84a. Scores of the first factor of a PCA of grain size charac-
teristics plotted on a schematic map cf Craney Island.
The site locations correspond to those shown in Figurr 1b.
Soiid upward directed 1lines represent negative PCA scores.
The relative meaning of the PCA scores derived from factor
loading patterns is indicated on the scale axis. (Top)

Figure 4b. Scores of the first factor of a PCA of sediment metal con-
centration plotted on a schematic map of Craney Island.
(Format is the same as for Figure 4a.). (Bottom)
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Figure B5a.

Figure 5b.

Confidence ellipses (= 95%) of geological site groups
plotted on a graph of the first two discriminant functions
(DOF1 and DF2) produced by a discriminant analysis of
sediment grain size characteristics of Craney Island. The
Tabels presented the relative meaning of each axis have
been aerived from a Pearson's correlation analysis of
relationships between the discriminant functions and the
original variables. (Top)

Results of discriminant analysis of sediment grain size
characteristics of geographic site groups. (Format is
the same as for Figure 5a). (Bottom)
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Figure 6.

Figure 6a.

Figure 6b.

Results of discriminant analyses of sediment metal content
data. (Format is the same as for Figure 5a).

Geological sitegroup confidence ellipses. (Top)
Geographic site group confidence ellipses. (Bottom)
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Figure 7.

- Figure 7a.
Figure 7b.
=t
4
J E
!
| I- %
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Results of PCA of elutriate chemistry data. (Format is the
same as for Figure 4a).

PCAl scores for inorganic elutriate chemistry data. (Top)
PCA2 scores for inorganic elutriate chemistry data. (Bottom)
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Figure 7c.
Figure 7d.

PCAl scores for PNAH elutriate chemistry data.
PCA2 scores for PNAH elutriate chemistry data.

(Tap)
(Bottom)
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Figure 4. Results of discriminant analyses of inorganic elutriate

chemistry data. (Format is the same as for Figure 5a).

Figure B8a. Geological site group confidence ellipses. (Top)
Figure 8b, Geographic site group confidence ellipses. (Bottom)
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Figure 9. Results of discriminant analyses of PNAH elutriate
chemistry data, (Format is the same as for Figure 5a).

Figure 9a. G2oiogical site group confidence ellipse. (NOTE: Since
low numbers of replicates caused portions of the group 3
ellipse to fall outside of the range of the graph it has
been omitted). (Top)

Figure 9b. Geological site group confidence ellipse. (Bottom).
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Figure
Figure

10.

10a.
10b.

Results of biological tests of Palaemonetes pugio exposed
to suspended solid elutriates for 96 hours. sSingle stars
fndicate stations containing sediment fractions producing
biological responses which are significantly (a = 0.05)
different from those observed under control conditions.

Mortalities. (Top)

Respiration rates. (Five day average). Double stars
indicate stations producing a significant time effect in

the ANCOVA model (1.e. a significantly declining respiration
over the course of the experiment). (Bottom)

# e

L g

i —— - e

R [ ] iy, — - —

(e | [l = = .,



106

LII..L

8 R 8 2
; -

(b)

(- 1-wb 20 6m AV HOLLVHILSTY

(2)

“AI96 LY ALITVIHOM X

L e D N WS W D £ A B 0 LS BB O 4P S ) O

T P S T T T T T S S O e e
-



R e T W 4L

|

Y W ] 3 .l‘
1i L L &
LT .
- S P i e e M .r-.-.-.L.lm L

R R e S e i SRS W W & . &

Figure 10c.

Figure 10d.

Internal osmolality of shrimp exposed to low salinity
conditions (10 ppt) following the 96 hour experiment, (Top)

Internal ossolality shrimp exposed to high salinity
conditions (35 ppt) following the 95 hour experiment. (Bottom)
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Figure 11.

Figure 1la.
Figure 1lb.

Results of biological tests of Palaemonetes
standardized as a percent of control values.
sane meaning as in Figure 10).

Respiration rates. (Top)

Internal osmolality at low salinity. (Bottom)
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Internal osmolality at high salinity.

Figure llc.
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Figure 12. Results of PCA of biological effects data. (Format is
the same as for Figure 4a).

Figure 12a. PCAL scores for biological effects data. (Top)
Figure 12b., PCA2 scores for bfological effects data. (Bottom)
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Figure 13.

¥

Results of discriminant analysis of biological effects data
for geographic site group confidence ellipses. (Format
is the same as for figure 5a).
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Figure 14. Mortalities observed for solid phase bioassays. (Stars
retain same meaning as in Figure 10).

Figure 14a. Palaemonetes pugfo. (Top
Figure 14b. Mytilus edulis. (Bottom)
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Figure 15.

FF o Figure 15a.
L Figure 15b.

Results of PCA of bioaccumulation of metals data.

is the same as for Figure 4a).

(Format

PCAl scores for metals in Palaemonetes pugio. (Top)
PCA2 scores for metals in Palaemonetes pugio. (Bottom)
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Figure 15c.
Figure 15d.

PCAl scores for Nereis virens. (Top)

PCAl scores for metals in Mercenaria mercenaria.
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Figure l5e.
Figure 15f.

PCAZ2 scores for metals in Mercenaria mercenaria. (Top)

PCAl scores for metals in Mytilus edulis. (Bottom)
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Figure 16a.

Figure l6b.
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Results of discrminant analyses of bioaccumulation of
metals data. (Format is the same as for Figure 5a).

Geological site group confidence ellipses. (See note on
Figure 9a concernino the omission of ellipse 4. (Top)

Geographic site group confidence ellipses. (Bottom)
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Figure 17. Results of PCA of bioaccumulation of PMAHs data. (Format

Is the same as Figure 4a).
Figure 17a. PCAL scores for PNAHs in Palaemonetes pugio. (Top)
Figure 17b. PCA2 scores for PMAHS in Pal aemonetes pugio. (Bottom)
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Figure 17c.
Figure 17d.

PCAl scores for PNAHs in Nereis virens.

PCA2 scores for PNAHs in Nereis virens.
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Figure 17g. PCAl scores for PXAHs in Mytilus edulis. (Top)

Figure 17h. PCA2 scores for PNAHs in Mytilus edulis. (Bottom)
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Figure 18. Results of discriminant analysis of bioaccumulation of
PNAHs data. (Format is the same as for Figure 5a).

Figure 18a. Geological site group confidence ellipses (see note on
Figure 9a concerning the omission of ellipse 3). (Top)

5

Figure 18b. Geographic site group confidence ellipses. (Bottom)
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APPENDIX: KEY TO ABBREVIATIONS

Organic Abbreviation Inorganics & Nutrients Abbreviation

2 TPNA TPNA Nitrate LY

3 NAPH N Nitrite NO2

E ACETHY Acy Tota! Phosphate TPO,

2 ACETHA Acn Ortho Phosphates GPO,

Ea FLUOR F1 Total Keldhal TKN
DIBTHIO DiBT Ammonia NH3

g FHERAN Ph

E ANTHA A Animals Data Letter Abbreviation
FLUORAN F Falaemonetes pugio (A) P

PYRENE Pyre Mercenaria mercenaria (C) L]
BENZAN 8(a)A Mytilus edulis (D) My

E CHRYSE Ch Nereis virens (8) N

E DIBENZAN 0iB(a,h)A
BENZPERY B(ghi)P

E BENZPYR B(a)P

E BENZFLUB B(b)F
BENZFLUK B(b)F

E‘ INOPYR I

E CARSYN ¢
PYROSYN Pyro
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