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SECTION 1

ORGANICS

by

James G. Quinn and Robert W. Cairns




INTRODUCTION

Scientists from the Graduate School of Oceanography, University of
Rhode Island, conducted a preliminary survey of chemical contaminants in
marine sediments from the former Derecktor Shipyard Site at Coddington
Cove, Newport, Rhode Island. Samples were collected by divers on
November 3, 1993 and were subsequently analyzed for inorganic components
in the laboratory of Dr. John King and for organic contaminants in the
laboratory of Dr. James Quinn at the Graduate School of Oceanography.
Butyltin analyses of the samples were carried out by Dr. Terry Wade at Texas
A&M University. The results of the survey, as well as a comparison with the
investigators' previous work in Narragansett Bay, is the subject of this report.
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EXPERIMENTAL

Work Plan

The final work plan for the study was submitted on October 22, 1993 and
is included as Appendix A.
Sample Sites in Coddington Cove, Newport

Samples from 12 stations were collected from a small U. S. Navy boat by
GSO divers on November 3, 1993 (Figure 1). The stations were selected by
Navy and GSO personnel to include a range of locations in Coddington Cove.
Surface sediments were taken with a titanium scoop from the top 2.0-2.5 cm
of a large acrylic corer (15 cm h x 16.5 cm dia.) with care so as not to include
sediment from the sides of the corer. The samples for inorganic and organic
components were individually stored in sealed glass jars. Sediment cores
were obtained by using long polycarbonate tubes (11.5 cm dia) which collected
the top 25 to 35 cm of sediment. The tubes were capped and stored. Samples
of organisms were also collected by divers at a few of the stations and they
were wrapped in aluminum foil and placed in Ziploc® bags for storage.
Sample Storage

All samples were stored on ice during collection and transport to the
GSO. On return to the laboratory, the surface samples were stored in the
refrigerator at 1-2°C, the core samples were stored in the outside solvent shed
at 0 to 2°C, and the organism samples were stored in the freezer at -20°C.

On 11/5/93, the surface samples for organics were subsampled for
butyltins which were then stored in glass jars at 1-2°C until shipped on ice to
Dr. Terry Wade at Texas A&M University on 11/9/93. After receipt, the
samples were stored at -20°C until analyzed. The remaining portion of the
organic surface samples were stored at -20°C on 11/5/93. Water was removed
from the top of the cores and they were stored at -20°C on 11/4/93. The
surface samples for inorganic components were transferred to Dr. Kings'
laboratory on 11/4/93. Notes on the collection of samples are enclosed in

Appendix B.




Sample Analyses
Organic Contaminants

Surface sediments were completely thawed at room temperature and
weighed into round bottom flasks. (Subsamples were heated to constant
weight at 100°C to determine the percent dry weight of the sediments as
shown in Appendix C.) Internal standards and acetonitrile were added to
each flask and the sample was refluxed for two hours to extract the organic

contaminants from the sediment. After cooling, water was added and the
contaminants were solvent exchanged into hexane which was reduced in
volume and charged onto a column of fully activated silica gel (Grace 922,
200-325 mesh) to separate the organic contaminants into two fractions by
elution with 98/2% (v/v) hexane/methylene chloride (PCBs and OCPs),
followed by elution with 80/20% (v/v) hexane/methylene chloride (PAHs).

For the individual PCBs and OCPs, identification and quantification
was done, using a HP5890 gas chromatograph equipped with 60m DB-5
column (J & W Scientific) and a Ni6é3 electron capture detector, by
comparison, using response factors, to known quantities and retention
indices of authentic standards traceable to the NIST. PAHs were identified
and quantified using a HP5971 GC-MSD with a 30m DB-5 column. The GC-
MS was operated in the SIM mode and analytes were quantified using
extracted ions. The general analytical procedures are outlined in Figure 2 and
more detailed information on the methods has been reported by Latimer
(1993).

Sediment cores were removed from the freezer and allowed to slightly
thaw for about 1-2 hours at room temperature. The intact sediment core was
pushed out of the plastic tube, and allowed to thaw at room temperature an
additional 1-2 hours. The sediment was then sectioned by cutting with
titanium plates, and the outside portion of the section was scrapped away in
order to avoid contamination from the plastic tube. The inside portion of the
core section was subsampled and analyzed as described for the surface samples
(Appendix C).
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Only one organism sample (from station 6) was of sufficient size for
analysis and only organic contaminant analysis was performed. This sample
included 1 large clam (Mercenaria mercenaria) and 6 small clams (Pitar
morrhuana). After removal of the shell material and fluids, the wet tissue
was homogenized in a blender and extracted with acetonitrile as described for
the surface sediments. A subsample of tissue was heated to determine % dry
weight as previously described (Appendix C).

Butyltins

The concentrations of butyltins including tetrabutyltin, tributyltin,

dibuytltin, and monobutyltin were determined as described by Wade et al.
(1990). Sediments were freeze-dried and a 10-15 gram aliquot of dry sediment
was placed into a centrifuge tube and tripropyltin (TPT) was added as a
surrogate analyte. The sample was extracted with 0.2% tropolone in
methylene chloride by vigorously shaking the capped tube with a wrist action
shaker. The tube was centrifuged and the supernatant collected, and the
procedure was repeated two more times. The extract was then concentrated
on a rotary evaporator and solvent exchanged into hexane.

The sample was hexylated in the centrifuge tubes by adding
hexylmagnesium bromide under a nitrogen atmosphere and heating at 60°C
in a water bath for six hours. The excess reagent was neutralized by adding
6M hydrochloric acid. The hexane phase was removed and saved, and the
aqueous phase was extracted three more times with pentane. Sodium sulfate
was added to the combined extracts to remove water, and the samples were
then concentrated and transferred to a silica (13.5 g)/alumina (17.0g) column
and eluted with pentane. Samples were concentrated and tetrapropyltin
(4PT), was added as a recovery standard. Samples were quantitatively
analyzed by gas chromatography using a flame photometric detector equipped
with a 610 nm filter. The sample concentrations are reported as ng of Sn per
gram of dry sediment. |
Analytes

The following is a list of analytes that were measured in this study. It
includes virtually all of the organic contaminants measured by the NOAA
National Status and Trends Program.




Polycyclic Aromatic Hydrocarbons (PAHs; 24 total)

Biphenyl (BIP)

Napthalene (NAP)
1-Methylnaphthalene (IMN)
2-Methylnaphthalene (2MN)

2,6-Dimethylnaphthalene (DMN)

Acenapthene (ACT)
Acenaphthylene (ACL)

2,3,5-Trimethylnaphthalene (TMN)

Fluorene (FLU)
Phenanthrene (PHE)
1-Methylphenanthrene (1MP)
Anthracene (ANT)

Fluoranthene (FLA)

Pyrene (PYR)
Benz(a)anthracene (BAA)
Chrysene (CHR)
Benzo(a)pyrene (BAP)
Benzo(e)pyrene (BEP)
Perylene (PER)
Dibenz(a,h)anthracene (DBA)
Benzo(b)fluoranthene (BBF)
Benzo(k)fluoranthene (BKF)
Indeno(1,2,3-cd)pyrene (INP)
Benzo(g,h,i)perylene (BPE)

YPAHSs = sum of the 24 PAHs
The method detection level (MDL) for the PAHs is approximately 2

ng/g dry weight of sediment and 5 ng/g dry weight of tissue.

Polychlorinated Biphenyls (PCBs; 27 total)

PCB008 (2 Cl)
PCBO018 3 CD)
PCB029 (3 CD
PCB050 (4 CD
PCB028 (3 CD
PCB052 (4 CD)
PCB104 (5CD)
PCB044 (4 CI)
PCB066 (4 C)
PCB101 (5CD
PCB087 (5 CD)
PCB077 (4 CD)
PCB154 (6 CD)
PCB118 (5 CD)

PCB188 (7 CD)
PCB153 (6 C)
PCB105 (5 CD)
PCB138 (6 CD)
PCB126 (5CD
PCB187 (7 CD
PCB128 (6 CI)
PCB200 (8 CD
PCB180 (7 CD)
PCB170 (7 CD)
PCB195 (8 CI)
PCB206 (9 CD)
PCB209 (10 CD

YPCBs = sum of the 27 PCBs x 2.0
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The MDL for the PCBs is 0.5 ng/g dry weight of sediment and 1 ng/g
dry weight of tissue. A value for the total Aroclors is obtained by multiplying
the sum of the individual PCB congeners by an appropriate conversion factor
(2.0) obtained from the analysis of individual Aroclor mixtures. The MDL for
total Aroclors is 10 ng/g dry weight for sediment and 20 ng/g dry weight for
tissue.

Organochlorine pesticides (OCPs; 5 total)

o,p’ - DDE Hexachlorobenzene
p.p’ - DDE Mirex
Aldrin

The MDL for OCPs is 0.5 ng/g dry weight of sediment and 1 ng/g dry
weight of tissue.

Butyltins (BTs; 4 total)

Monobutyltin Tributyltin (TBT)
Dibutyltin Tetrabutyltin

The MDL for BTs is 1 ng Sn/g dry weight for both sediment and tissue.
Quality Assurance

Detailed information on the quality assurance/quality control program
that was used in this study is included in Appendix D.




RESULTS

The data sets for all of the organic contaminants are included in Appendix
E. The values listed in these tables are occasionally below the stated MDL (e.g.
values down to 0.1ng/g are reported) and they are only listed to give an estimate
of the concentrations. As previously indicated, the MDLs are 0.5 to 1.0 ng/g for
PCBs and OCPs, 2 to 5 ng/g for PAHs, and 1.0 ng Sn/g for the butyltins.
Surface Sediments

Table 1 is a summary of the organic contaminants in surface sediments (top
2 cm) from 12 stations in Coddington Cove (Figure 1). The ¥XPCBs is the sum of 27
individual congeners measured in each sample multiplied by a correction factor
(2.0) to convert to total PCBs based on Aroclor 1232, 1248 and 1262. The XPAHs is
the sum of all the hydrocarbons (24 PAHs) in each sample. Tributyltin (TBT) is the
major butyltin species and pp DDE is the most abundant OCP in the samples.
Tetrabutyltin, a tracer for paint chips, was not found above the MDL in any of the
samples. The data in this table is also illustrated in graphical form in Figure 3.
Here, the trends are more easily seen and show high values of all contaminants at
station 3, elevated levels of TBT and 2 PAHs at a station 2, and a high
concentration of YPCBs at station 11. Several of the stations (i.e. 1-4) were selected
for sampling because of the proximity to outfalls discharging into Coddington
Cove. Clearly, stations 2 and 3 show elevated concentrations of most contaminants
relative to the other two stations, especially station 1 which is surprisingly low in
all measured contaminants. Station 11 is interesting in that although it is between
Pier No. 1 and Pier No. 2 (about 200 m from shore), it has a high level of XPCBs
and organic carbon. Station 12 was the control station, between the breakwater
and Pier No. 2, and yet it showed values very similar to many of the stations closer
to potential contamination sources (i.e. outfalls and piers).

Figures 4 and 5 show the distribution of individual PCB congeners and
PAH components, respectively, at three of the stations. The PCB pattern at these
stations are quite similar with the most abundant components being the mid-range
molecular weight (MW) congeners 066, 101, 077, 118, 153, 138 and 180 (Figure 4).
In addition, the largest individual congener at any of the sites is CB209 at station 3.
The identify of this congener was confirmed by GC-MSD, but there is no
information on the possible source(s) of this component at the present time. Figure
5 illustrates the PAH distribution in surface sediments from three stations. Again,
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the pattern of individual PAHs is similar at those stations, and the most abundant
components are the mid to high-range MW PAHs including PHE, FLA, PYR, BAA,
CHR, BBF, and BEP. These hydrocarbons are usually indicative of a combustion or
pyrogenic origin for the PAHs (Pruell and Quinn, 1988), but they may also be
derived from other possible sources (e.g. creosote from coal tar). In order to
provide additional information on these components, the sample from station 2
was analyzed for total hydrocarbons by GC-MSD. The results show that
substantial quantities of high MW petroleum hydrocarbons are present and
suggest several possible sources including fuel or diesel oils, as well as heavier
lubricating or bunker fuels.
Clams

Only one sample was of sufficient size to analyze, and only the PCBs, OCPs,
and PAHs were measured in this mixed clam sample from Station 6. The YPCBs
was 342 ng/g and the major congeners were CB077, 154, 153, and 138; while,
pp'DDE was 5.4 ng/g. For the PAHs, the major components were FLA, PYR,
CHR, BBF, and BEP; and the YPAHs was 516 ng/g.
Sediment Cores

Table 2 is a summary of the organic contaminants in sediment cores from 3
stations in Coddington Cove. This data is also shown in graphical form in Figures
6 to 8. The concentrations of the various contaminants at Station 1 show somewhat
different trends with depth in the core (Figure 6); however, the YPCBs, TBT, and
2PAHs all generally increase with depth down to 15-17 cm. Assuming very little
mixing and a sedimentation rate of approximately 0.5 to 1.0 cm/yr, the deepest
section of this core corresponds to an age of about 16 to 32 years (i.e. 1962-1978).
Since TBT was first introduced into the environment in antifouling paints in the
early 1960's (Wade et al., 1990), the above range could be correct. However, since
the widespread use of TBT occurred after 1970, the higher sedimentation rate (e.g.
lem/yr) is probably more accurate. Of course, another possibility is that the
sediments in this core were deposited under varying sedimentation rates. In any
case, the distribution of organic contaminants with depth is certainly related to
their input to the cove over the past 20 to 60 years, depending on the actual
conditions of deposition.

The distribution of organic contaminants at station 3 (Figure 7) shows a
trend of minimum concentrations at the mid-depth section (7-9 cm) for YPCBs,
pp’DDE and >PAHs. In contrast, the TBT values decrease with depth down to the




9

- deepest section of the core at 15-17 cm, where they are similar to corresponding
values at station 1. Station 12 was selected as the control site and the trends for this
core are shown in Figure 8. Here, the concentrations of the ¥PCBs and pp"DDE
generally increase with depth down to 22-24 cm, the TBT decreases from the
surface to 7-9 cm and remains constant to 15-17 cm, and the YPAHs is relatively
constant with depth. Unfortunately, the deepest section of the core was not
analyzed for TBTs and thus, no age estimates can be made for this section of the
core.

The distributions of individual PCBs in the core from station 3 are shown in
Figure 9. As previously noted, the 0-2 cm section (as well as the 7-9 cm section) has
a relatively large concentration of CB209 and there is no apparent reason for this
one congener to be so abundant compared to the other components in these
samples. The section from 15-17 cm depth shows a more uniform distribution of
congeners. With the exception of CB209, the congener pattern in the three sections
is somewhat similar, with the most abundant components being the mid-range
MW congeners including CB101, 077, 118, 153, 138, and 180.

Figure 10 illustrates the distribution of PAHs in the station 3 core. The
pattern of individual PAHs in the three sections is different in that the 0-2 cm
section has mid to high-range MW PAHs, and the bottom two sections show
mostly mid-range components including PHE, FLA, and PYR. In general, the
latter MW range of components is usually indicative of a combustion or pyrogenic
origin of PAHs (Pruell and Quinn, 1988) from several possible sources including
atmospheric deposition, disposal or leakage of used lubricating oils, sewage
effluents and road runoff.
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DISCUSSION
Comparison with Previous Data from Narragansett Bay

The most recent and most extensive study of organic contaminants in
Narragansett Bay sediments was reported by Quinn et al. (1992). In that
investigation, surface sediments (top 0.5 cm) were collected by divers from a total
of 26 stations throughout the bay in August and October, 1985 and in June, 1986
(Figure 11). The stations ranged from Fox Point in the Providence River (station 1
and 1a - same station sampled in both years) to station 21 at the mouth of the west
passage. These samples were analyzed for PCBs and PAHSs using methods that
were similar to those used in the present study, and the results are shown in
Figures 12 and 13, respectively.

In the case of the PCBs, the concentrations ranged from 2360 ng/g at station
1 to 8 ng/g at station 21, (Figure 12). It should be noted that the 10 congeners
measured in this study account for approximately 60% of the concentrations
reported in the present investigation. Two of the stations (13 and 14) bracket the
Coddington Cove site and the values for these locations are 21 and 26 ng/g,
respectively. In addition, the Newport station (15) has a concentration of 184 ng/g.
Surface sediments (top 2 cm) in Coddington Cove range from 12 ng/g at station 10
to 733 ng/g at site 3 (Table 1). For comparison, the Effects Range - Low (ER-L) for
total PCBs is 50 ng/g and the Effects Range - Medium (ER-M) is 400 ng/g for
marine surface sediments in the National Status and Trends Program (Long and
Morgan, 1991). These comparisons are used to mark sites with regard to the
potential for adverse biological effects. Thus, most of the Coddington Cove
sediments would be classified as ER-L and two stations (3 and 11) would be
classified as ER-M.

The pp DDE values in Narragansett Bay surface sediemnts ranged from 27
ng/g at station 1 to 0.1 ng/g at station 21; and the concentrations at stations 13, 14
and 15 were 0.1, 0.2 and 0.3 ng/g, respectively. Corresponding values for ER-L
and ER-M are 2 and 15 ng/g, respectively. Surface sediment in Coddington Cove
ranged from <0.2 to 13.6 ng/g with the latter value found at station 3. Thus, about
half of these sediments are in the ER-L range. ,

We have not previously measured butyltins in Narragansett Bay and they
are not included in the Long and Morgan (1991) report. However, Wade et al.,
(1990) reported values for TBT ranging from <5 ng Sn /g to 187 ng Sn/g in marine
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surface sediments. The concentrations found in Coddington Cove range from 32
ng Sn/g to 372 ng Sn/g, with the highest values at stations 2 and 3.

Figure 13 shows the range of PAHs measured in Narragansett Bay surface
sediments, ranging from 28.5 ug/g at station 1 to about 2 pug/g at the mouth of the
bay. The 16 PAHs measured in this study account for about 90% of the
concentrations reported in the present investigation. Values for stations 13,14 and
15 were 0.3, 1.1 and 11.3 pg/g, respectively; and the ER-L and ER-M concentrations
are 4 and 35 pg/g, respectively. The values for Coddington Cove range from 0.7 to
81.7 ug/g with most of the stations at the ER-L level and stations 2 and 3 in the ER-
M range.

Table 3 is taken from Pruell et al. (1988) and shows the concentrations of

PCBs and PAHs in Mercenaria mercenaria from several locations in Narragansett
Bay. The value for Sum PCBs and PAHs account for approximately 60% and 90%,
respectively, of the corresponding concentrations measured in the present study.
Values for a single mixed clam sample from Coddington Cove are 342 ng/g for
2PCBs and 516 ng/g for YPAHs. The YPCB values are thus about the same as
those in clams from Greenwich Bay, Mount View and Mount Hope Bay; while the
> PAH concentrations are somewhat higher than those in the Providence River
clams.

One final comparison, in which sediments from similar depositional
environments (e.g. coves) are compared, may be in order. Surface sediments from
Potowomut Cove, located in the west passage of the upper bay, have the following
values: 2PCBs = 60 ng/g; pp'DDE = 2.7 ng/g; and 2PAHs = 2.6 ug/g (Quinn et
al., 1992). These values are considerably lower than those reported for most
sediments from Coddington Cove (Table 1). The estimated sedimentation rate in
Potowomut Cove is above 0.5 cm/yr (John King, personal communication).

At this point, it is tempting to conclude that the sources of organic
contaminents found in Coddington Cove are from past Naval and/or construction
activities at Derecktor Shipyard. However, additional work is needed to assess the
contributions of other possible sources of this contamination such as commercial
and recreational activities in Newport Harbor, the effluent discharge of the
Newport Sewage Treatment Plant, and pollutants from other areas of Narragansett
Bay that have been transported to Coddington Cove and deposited in these
sediments.
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Table 1

Summary of Organic Contanimants in
Surface Sediments (0-2 cm) from

Coddington Cove

Station Y PCBsa PPDDE = Tributyltin 3 pAHsD
(ng/g)¢ (ng/g)c (n&le@C (ug/gc
1 68 0.2 32 4.4
2 209 3.1 372 66.6
3 733 13.6 255 81.7
4 195 nd 155 6.2
5 105 1.7 202 5.1
6 132 2.1 125 5.9
7 73 3.6 61 47
8 148 1.8 131 6.5
9 28 0.8 72 0.7
10 12 3.5 64 0.6
11 658 1.5 139 5.5
12 176 2.5 116 5.0

a. XPCBs: Sum of 27 congeners x 2.0.
b. XPAHs: Sum of 24 hydrocarbons.
c. All values given on a sediment dry weight basis.




Table 2

Summary of Organic Contanimants in
Sediment Cores from Coddington Cove

Station Y PCBsa ppDDE  Tributyltin ¥ PAHSsb
epthom)  (ng/ge  (ng/g° (gSn/pl  (ug/p
1(0-2) 67.6 0.2 32 4.4
1 (7-9) 137 nd 77 7.6
1(15-17) 94.6 0.2 94 16.3
3(0-2) 733 13.6 255 81.7
3 (7-9) 191 39 217 29.8
3(15-17) 560 15.9 84 115
12 (0-2) 176 25 116 5.0
12 (7-9) 140 1.8 45 6.8
12(15-17) 268 3.7 42 5.3
12(22-24) 366 5.4 na 6.7

a. YPCBs: Sum of 27 congeners x 2.0.
b. YPAHSs: Sum of 24 hydrocarbons.
c. All values given on a sediment dry weight basis.



ron Table 3

Results of statistical analyses conducted on the sum concentrations of
contaminants from several chemical classes measured in the quahogs. All of the
size classes and dates were combined from each station. Means from the stations
with the same letter group are not significantly different (p = 0.05).

Concentration (ng/g, dry weight basis)

Sum Sum
Station PCBs PAHs
Mean Mean
Providence River 358 A 427 A
Ohio Ledge 285AB 225 B
. Greenwich Bay 160 C 147 C
Mount View 238 B 279 B
Mount Hope Bay 155 C 274 B

- From Pruell et al., 1988.
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Location of surface sediment stations in MNarragansett Bay

(From

Figure 11

When two numbers are reported,

Quinn et al., 1992 )..

the second is labeled with a letter and represents samples
collected one year later; for example, station 1 (1985) and

station la (1986).



41°

0'
Total PCBs.

15! 1

20'

25’

710

50'

* Sum of Ar 1242 + Ar 1254 + Ar 1260

Concentrations of total PCBs in surface sediments (ng/g

Figure 12,

1992).

’

(From Quinn et al.

dry) from Narragansett Bay



410

50

Concentrations of PAHs in surface sediments (ug/g dry) from

Narragansett Bay

Figure 13.

1992).

from Quinn et al.,

(Sum of 16 PAHs;



SECTION 2

TRACE METALS

by
John W. King and Paul F. Gangemi

prevsaen,




12

2.0 Owverview of Trace Metal Contamination in Coddington Couve,
Newport, RI

2.1 Introduction

A total of twelve surface samples and eight core samples were
transferred by Jim Quinn's laboratory to John King's laboratory. The surface
samples were analyzed for grain size, organic carbon content, partial digestion
and metal analysis, acid volatile sulfide (AVS) and simultaneously extracted
metals (SEM) in replicate, and total digestion and analysis of selected Target
Analyte List (TAL) metals. All of these analyses were performed on the core
samples with the exception of the AVS and SEM analyses. A summary of the
analyses is shown in Table 2.1.1.

Partial digestions were done to allow comparison of the Coddington
Cove samples to the large database for Narragansett Bay that has been
analyzed almost exclusively using the partial digestion preparation method.
In addition, we did total sediment digestion preparations of the Coddington
Cove samples to facilitate comparison of the results to the NOAA National
Status and Trends Program Sediment Quality Guidelines for trace metals
(Long and Morgan, 1991). We have undertaken an extensive method
development study in support of this project to intercalibrate our partial
digestion method, a slight modification of the NOAA total digestion method
(Zdanowicz, Finnerau, and Kothe, 1993), and EPA method 200.2 for total
recoverable elements (Martin, Creed, and Long, 1992).

2.2 Analytical Methods

221 Grain Size Analyses: The sediment samples were also
analyzed for the distribution of non-carbonate, non-organic grain size. This
analysis allows for possible correlation between the appearance of fine
particles and the degree of metal adsorption (Corbin, 1989; Forstner, 1976,
1989, 1990; Salomons and Férstner, 1984). The grain size sampling interval is
identical to the one used in the metals analysis. Five grams of the frozen
sample were weighed, placed in 250 ml beakers and treated with 1 N acetic
acid (Fisher Scientific, 98% reagent-grade) for 24 hours to remove any
carbonates in the sediment. The samples were then transferred to 50 ml
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polyethylene centrifuge tubes and centrifuged at 2,500 r.p.m. for 10 minutes.
After decanting the dissolved carbonate, the samples were rinsed with
deionized water and centrifuged a second time under the same conditions.
The supernatant was decanted again and the samples were quantitatively
transferred to 250 ml polyethylene beakers to provide a larger volume for the
gases to escape. The samples were then treated with 10 m! of 30% hydrogen
peroxide (Fisher Scientific, 30% reagent grade) in order to remove the
organics from the sediment. The reaction was allowed to continue until the
organic material stopped reacting with the hydrogen peroxide in a ratio of one
part sample and ten parts hydrogen peroxide to prevent a limiting reagent in
the reaction. The samples were then transferred back to the centrifuge tubes,
centrifuged, decanted, rinsed and centrifuged again prior to electronic
analysis. This distribution of the grain sizes is determined by sieving off the
> 63 um (sand) fraction and determining the % sand. An Elzone Model
180XY particle counter with a calibrated 120.483 um orifice tube is used to
determine the distribution of the < 63um. The < 63um is then dried,
weighed, and % silt and % clay determined. |

222  Total Organic Carbon: The organic carbon content of the
samples was determined using the Loss-on-Ignition (LOI) method of Dean
(1974). This method involves determination of the loss of mass of a
previously dried sample after ignition in a muffle furnace at 550°C for 1 hour.
The % LOI is an estimate of the organic fraction. The % organic carbon can be
estimated by multiplying the % LOI by .432 the approximate mass of carbon in
organic matter.

223  Partial Sediment Digestion and Metal Analyses: A ~25 cm3
volume of wet sediment was freeze dried for 48-72 hours. After drying, the
samples were reweighed to determine the dry weight and the percent water.
The samples were then pulverized and two grams were weighed for digestion
in 50 ml polyethylene centrifuge tubes. The samples were treated with 50 ml
of 2 N nitric acid (Baker Instra-analyzed, trace-metal grade), heated in a hot
ultrasonic water bath (55°C) and allowed to digest for 36 hours. The samples
were agitated and vented three times daily during the digestion procedure to
release any gases that evolved from the dissolution of organic matter and
calcium carbonate within the sediment. Once the metal cations are released
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into solution, the samples were centrifuged at 2300 r.p.m. for 10 minutes and
decanted into 50 ml, acid-cleaned, polyethylene bottles. The metal digestion
procedure followed is adapted from Corbin (1989); Lambert and Oviatt (1986);
Santschi et al. (1984); and Tessier et al. (1979).

The supernatant was analyzed for the concentrations of ten metals (Cu,
Cr, Zn, Pb, Ni, Mn, Fe, Cd, Al and Ag) using an ARL Model 3410 Inductively
Coupled Argon Plasma Spectrometer (ICP). The ICP is a form of atomic
emission spectroscopy that measures the ten metals listed above at
wavelengths of 324.754 nm, 213.856 nm, 205.552 nm, 220.353 nm, 231.604 nm,
257.610 nm, 273.955 nm, 228.880 nm, 396.152 nm and 328.068 nm, respectively.
Metal concentrations were measured and compared with a standard estuarine
sediment (National Bureau of Standards 1646) from Chesapeake Bay. The
comparison of the measured concentrations allows for the determination of
the accuracy of the method and for the data to be reported as a standard
deviation from the mean.

224  Determination of Acid Volatile Sulfides and Simultaneously
Extractable Metals in Sediment: This method describes procedures for the
determination of acid volatile sulfides (AVS) and for metals that are
solubilized during the acidification step (simultaneously extracted metals,
SEM). Our methods closely follow those outlined in the EMAP Laboratory
Methods Manual (Klemm et al.,, 1991). This method provides an estimate of
the concentration of amorphous or moderately crystalline monosulfides in
sediments (Cornwell and Morse, 1987). Sulfide is important in controlling
the bioavailability of metals in anoxic sediments (DiToro et al., 1990). This
method provides a means of assessing the amount of metal associated with
sulfide. If the molar ratio of toxic metals measured by SEM to AVS exceeds
one, then the metals are potentially bioavailable.

2241 Summary of the AVS and SEM methods -- The AVS in the
sample is first converted to hydrogen sulfide (H2S) by acidification with
hydrochloric acid at room temperature. The HS is then purged from the
sample and trapped. The amount of sulfide that has been trapped is then
determined. The SEM are metals liberated from the sediment during the
acidification. The SEM are measured after filtration of the sample.

AVS values are measured using a sulfide ion-specific electrode. Five
grams of wet sediment in a 250 ml round bottom flask with septum are
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stirred vigorously while 10 ml of 6M HC1 is injected through the septum. Np
gas purging the sediment solution is bubbled through a flask containing 50 ml
of sulfide anti-oxidant buffer (SAOB) and 30 ml of deaerated deionized water
(DDIW) for one hour. The SAOB containing the trapped sulfides is diluted to
50 ml, and the sulfide measured using a sulfide ion-specific electrode. The
electrode is calibrated using sulfide standards prepared from Nay$ in 1:1
diluted SAOB. (Allen et al., 1990; Boothman, 1991; Baumann, 1974).

224.2 Determination of Simultaneously Extracted Metals (SEM) --
After the generation of sulfide has been completed, the remaining sediment
suspension in the HpS generation flask is filtered through a 0.45u membrane
filter resistant to attack by acid. The solution is transferred to a 100 ml
volumetric flask, the filtering flask is rinsed with distilled water, the rinses
are added to the volumetric flask and diluted to volume with deionized
water. The concentrations of Cd, Cu, Ni, Pb and Zn are determined by either
ICP spectrometry or atomic absorption. The concentration of Hg is
determined using a mercury analyzer.

224.3 Analytical procedures -- Sediment grab samples or cores will be
stored in polycarbonate tubes with polyethylene end caps for transport. Upon
return to the laboratory, samples will be sectioned into 1 cm thick sections,
homogenized before analysis of metals and frozen. Wet subsamples will be
taken for analysis and replicate subsamples will be used for dry weight
determination.  All reagents will be made from Ultrapure water
(distilled / deionized).

SEM filtrates will be analyzed for metals (Cd, Cu, Ni, Pb and Zn) by
inductively coupled plasma atomic emission spectroscopy (ICP) using EPA
method 6010. Metal analyses, with the exception of mercury, will be carried
out at the University of Rhode Island on an ARL 3410 ICP spectrometer, using
EPA QA protocols for this procedure. Mercury will be analyzed using a
Leeman Labs PS200 Automated Mercury Analyzer because it is significantly
more sensitive than the ICP.

225  Total Sediment Digestion and Analysis of Selected TAL Metals:
Total sediment digestions were done on 12 surface samples and 8 core
samples using a modified version of the method used by the NOAA Status
and Trends Program (Lauenstein and Cantillo, 1993). A subset of the Target
Analyte List (TAL) metals shown in Table 2.2.1 were analyzed subsequent to
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the total digestion. The modifications to the NOAA Status and Trends
Program method involved a reduction in the sample size to ~0.2 gram dry
weight in order to reduce the amount of HF acid needed to dissolve the
silicates in the sample. Reduction in the amount of HF acid used for
dissolution allows a reduction in the amount of boric acid (H3BO3) needed to
neutralize the HF acid. The boric acid can cause matrix interference problems
that can make it difficult to analyze samples that have been totally digested
with HF on the ICP-AES. One goal in this study was to modify the NOAA
Status and Trends total digestion method, which is a time-consuming
approach that requires metal analysis with AA spectroscopy, to allow metal
analysis with ICP-AES, a relatively rapid approach.

2.3 Results

2.31  Grain Size Distributions: The results of grain size analysis of
the surface samples are summarized in Table 2.3.1. The majority of stations
located near the bulkhead in shallow water (Stations K1, 2, 4, 9 and 10) have
high sand contents and relatively small fine fractions (< 15.6 um), whereas
the majority of deeper water stations (K5, 6, 8, 11 and 12) have low sand
contents and relatively high fine fractions (< 15.6 um). Stations K3 and K7 are
intermediate in grain size.

The results of grain size analysis of the core samples are summarized in
Table 2.3.2. The sediments collected at Stations 1 and 3 are extremely variable
downcore, whereas the sediments collected at Station 12 are relatively fine-
grained and uniform downcore.

The grain-size parameter % < 15.6 pm is the most important metric of
lithology for trace metal studies because positively charged metal cations tend
to be readily adsorbed on the negatively charged surfaces of particles smaller
than ~16 pm in the water column and are subsequently deposited into the
bottom sediments. Larger particles do not have abundant negative surface
charges and therefore do not adsorb metal cations. Metal concentrations will
be normalized for lithologic variation by dividing by the % < 15.6 um.

232  Organic Carbon Content: The organic carbon content of the
Coddington Cove samples was determined by loss-on-ignition (Dean, 1974)
and the results are summarized in Tables 2.3.3 and 2.3.4. The organic content
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of the surface sediments is inversely correlated to the grain size distribution.
Coarse sediments have lower organic contents, whereas finer sediments have
a higher organic content (Fig. 2.3.2.1). A similar but weaker relationship is
observed for the core samples (Fig. 2.3.2.2). In this study the organic carbon
determinations are primarily used to normalize the organic contaminant
concentrations.

233  Partial Digestion and Metal Analysis: The results of the partial
digestion and analysis of metals for the Coddington Cove surface samples are
summarized in Table 2.3.5 and shown in Figures 2.3.3.1-2.3.3.10. A wide
range of variation in metal concentrations is observed and a significant
component can be attributed to lithologic variation. If the metal
concentrations can be normalized for lithologic variation, then spatial
patterns in metal concentration are more evident. Therefore we normalized
the data in Table 2.3.5 by dividing the metal concentrations by the values of %
of the sediment that is fine grained (i.e. < 15.6 um) from Table 2.3.1. The
results of this normalization are summarized in Table 2.3.6. The normalized
metal concentrations for the stations located near the outfall pipes in the
former Derecktor Shipyard (K1, K2, K3, K4, K9, and K10) have significantly
higher normalized metal concentrations than the stations located further
from the outfalls (K5, K6, K7, K8, K11, and K12).

The results of the partial digestion and analysis of metals for the
Coddington Cove core samples are summarized in Table 2.3.7 and shown in
Figures 2.3.3.11-2.3.3.20. The metal concentrations from surface samples K1,
K3, and K12 are used for the interval 0-2 cm in Figures 2.3.3.11-2.3.3.20.
Downcore trends for metals that tend to be of anthropogenic origin (i.e. Cu,
Zn, Cr, Pb, Ni, and Cd) are evident at Site 3 and Site 12. In general metal
concentrations are at a maximum in the surface sediments of Site 3 and
decrease downcore, whereas for Site 12 the metal concentrations increase
downcore. No systematic variation in metal concentrations is observed for
Site 1.

234  Acid Volatile Sulfide (AVS) and Simultaneously Extracted
Metals (SEM): AVS and SEM studies were undertaken on the surface
samples obtained from Coddington Cove in order to determine the potential
bioavailability of the trace metals. Replicate analyses were run on each
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surface sample. The results of these studies are summarized in Table 2.3.8
and the AVS data is shown in Figure 2.3.4.1. AVS concentrations in the
surface sediments of Coddington Cove are relatively high and ratios of
SEM/AVS are very low (i.e. <<1.0).

2.3.5  Total Digestion and Analysis of Selected Target Analyte List
(TAL) Metals:  The results of the arsenic study are summarized in Table 2.3.9
and in Figure 2.3.5.1 for the surface sediments and Figure 2.3.5.2 for the cores.
Arsenic concentrations are moderate in Coddington Cove (Fig. 2.3.5.1) and do
not exceed NOAA guidelines. Concentrations increase downcore at Site 1,
whereas they generally decrease with depth at Sites 3 and 12 (Fig. 2.3.5.2).

The results of the mercury studies are summarized in Figures 2.3.10 and
2.3.5.3 for surface sediments and Figure 2.3.5.4 for the cores. Mercury
concentrations significantly exceed the NOAA ER-L guideline in the
sediments of Coddington Cove (Fig. 2.3.5.5). Concentrations decrease
downcore at Site 1, whereas they increase down core at Site 12. A simple
down core trend is not observed at Site 3.

The results of studies of a suite of TAL metals for the surface sediments
are summarized in Table 2.3.11. Concentrations of several metals exceed
NOAA guidelines. The spatial distributions of the concentrations of these
metals -- nickel, lead, chromium, zinc, copper, and silver -- are shown in
Figures 2.3.5.6 - 2.3.5.11.

The spatial distributions of nickel, lead, chromium, zinc, copper,
mercury, and silver after normalization to grain size (<% 15.6um) are shown
in Figures 2.3.5.12 - 2.3.5.18 and the results are summarized in Table 2.3.12.
The normalized results clearly indicate that maximum concentrations are
found adjacent to the outfall pipes in the former Derecktor Shipyard.

The results of studies of a suite of TAL metals for sediment cores
obtained from Coddington Cove are summarized in Table 2.3.13. The results
are similar to those described earlier for the partial extractions.

24 Discussion

24.1  Spatial Distribution of Anthropogenic Metals in Coddington
Cove and Possible Source Areas: It is possible to classify metals on the basis
of their major source into the categories of anthropogenic and lithogenic
(Forstner, 1976; Forstner and Wittman, 1979). Anthropogenic metals are
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primarily derived from the activities of man, whereas the lithogenic metals
are primarily derived from the weathering of rock and soil (Forstner, 1976;
Forstner, 1979). The anthropogenic metals found in the sediments of
Coddington Cove are copper, zinc, chromium, lead, nickel, cadmium, silver,
mercury, and arsenic whereas the lithogenic metals are manganese, iron, and
aluminum.

The spatial distribution of metals in the surface sediments of Coddington
Cove is partially obscured by grain-size variations. For this reason a grain size
normalization is utilized to obtain a more accurate spatial distribution of
metal concentrations. The results of this normalization are summarized in
Table 2.3.6 and 2.3.12 and Figures 2.3.5.11 ~ 2.3.5.16 and indicate that the
normalized concentrations of the anthropogenic metals -- copper, zinc,
chromium, lead, nickel, mercury, and silver -- are significantly higher
adjacent to the outfall pipes from the former Derecktor Shipyard and decrease
with distance from the outfall pipes. The spatial distribution of metals
observed in this study indicates that the most probable source of the
anthropogenic metals in Coddington Cove are the outfall pipes.

242  Comparison of Metal Concentrations in Coddington Cove with
Metal Concentrations in Narragansett Bay: Previous studies of Narragansett
Bay sediments (King, 1994; Corbin, 1989) have shown that anthropogenic
metal concentrations decrease exponentially downbay from the major sources
in the Providence metropolitan area. The maximum metal concentrations
and metal concentrations at Coddington Cove Station 12, a control station, are
superimposed on the downbay trends for anthropogenic metals in Figures
2.42.1-2.42.6. The maximum concentrations of copper are comparable to
those found in the Providence River and the copper concentrations at Station
12 are comparable to those found at mid-bay stations (Fig. 2.4.2.1). The
maximum concentrations of zinc significantly exceed those found in the
Providence River, and the zinc concentrations at Station 12 are comparable to
those found at mid-bay stations (Fig. 2.4.2.2). The maximum concentrations
of chromium and the concentrations found at Station 12 are comparable to
those found at mid-bay stations (Fig. 2.4.2.3). The maximum concentrations
of lead are comparable to those found in the Providence River, and the lead
concentrations at Station 12 are comparable to those found at mid-bay stations
(Fig. 2.4.2.4). The maximum concentrations of nickel significantly exceed
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those found in the Providence River, and the nickel concentrations at Station
12 are comparable to those found at mid-bay stations (Fig. 2.4.2.5). The
maximum concentrations of cadmium are comparable to those found in
upper Narragansett Bay, and the concentrations at Station 12 are comparable
to those found in lower-bay stations (Fig. 2.4.2.6).

The concentrations of the anthropogenic metals -- copper, zinc, lead, and
nickel -- observed in Coddington Cove are very elevated for a site located in
lower Narragansett Bay. The concentrations of the anthropogenic metals,
chromium and cadmium, are slightly elevated for a site in lower
Narragansett Bay. These results indicate that a major local source of
anthropogenic metals exists in Coddington Cove.

2.4.3  Evaluation of Sediment Quality for Trace Metals in Coddington
Cove: At present regulatory sediment quality criteria for trace metals have
not been established. Two general approaches to evaluating sediment quality
for trace metals were used in this study. The first approach was to use the
NOAA Status and Trends Sediment Quality Guidelines (Long and Morgan,
1991). These guidelines are based on the observed general relationship
between sediment contaminant concentration and biological effects in a large
data base obtained from a wide range of depositional environments. The
major limitation of this approach is that it is impossible to assess the
bioavailability of trace metals from concentration data alone. For example,
metals that are present in high concentrations but are sequestered primarily
in the form of highly insoluble sulfides will not be bioavailable. For this
reason we also studied acid volatile sulfide (AVS) and simultaneously
extracted metals (SEM). The AVS and SEM approach allows an evaluation of
the bioavailability of trace metals by determining if sufficient sulfide is
available in the environment to sequester the metals in the sulfide form,
which will not be readily bioavailable. If the ratio of SEM/AVS is less than
one, then the metals are considered to not be bioavailable (Klemm et al.,
1991).

The NOAA National Status and Trends Quality Guidelines for trace
metals of interest in Coddington Cove are summarized in Table 2.4.1.
Sediments with metal concentrations that exceed the ER-L guidelines are
generally considered to cause observable biological effects, whereas sediments
that exceed the ER-M guidelines are generally considered to cause major
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biological effects. The maximum concentrations of nickel, lead, and zinc
found in Coddington Cove sediments exceed the ER-M guidelines, and the
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Evaluation of Coddington Cove sediments using the NOAA guidelines
indicates that they would have a significant impact on the biota.

The results of the AVS and SEM studies indicate that AVS
concentrations far exceed SEM concentrations and the observed ratios of
SEM/AVS are significantly lower than 1.0. Therefore, the potential for
biological effects from exposure to trace metals may be significantly lower
under present conditions than would be predicted by comparison of the
concentration data with NOAA guidelines. However, the high AVS
concentrations indicate that the present conditions in Coddington Cove
sediments are highly anoxic. Under anoxic conditions metals will tend to
exist as highly insoluble sulfides and will not be bioavailable. However, if
anoxic conditions are ameliorated either by an improvement in

environmental conditions, seasonal cycles, or dredgi

ng of the sediments, then
the sulfides will rapidly oxidize and the metals will be bioavailable. One way
of viewing the quality of Coddington Cove sediments is that they have the
potential to cause biological effects even if they are not at present causing
biological effects. The issue of the quality of Coddington Cove sediments with

respect to trace metals will require more detailed studies.

244  Accumulation Rates and Historical Trends in Contaminant
Inputs to Coddington Cove, RI: ~ The results of the preliminary core studies
indicate that more detailed studies, including radiometric dating of cores, can
provide useful information on contaminant accumulation rates and
historical trends in contaminant inputs to Coddington Cove. Determination
of contaminant accumulation rates and assessment of historical trends in
contaminant inputs are essential to proper modeling of the system. The
preliminary results indicate that Station 12 is most suitable for detailed
studies because lithologic variation is minimal at this site.




Table 2.1.1 Numbers and Types of Samples Analyzed in the King

Laboratory.
Number of
Number of Number of Lab QC Total Number

Analysis Type Samples Lab Batches Samples of Samples
Partial Extraction

Metals 20 2 7 27
TAL Metals 20 2 18 38
AVS 12 N.A. 16 28
SEM 12 N.A. 15 27
TOC 20 N.A. 5 25
Grain Size 20 N.A. 4 24

*N.A. = not applicable.
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Table 2.2.1 Analysis Parameters and Method Limits of Quantitation.

Method Limit of Quantitation in ug/g

Metals Partial Digestion Sediment - TAL  Sediment - SEM
Aluminum (Al) 1.00 20.0 —_
Arsenic (As) — 34 —
Cadmium (Cd) 0.125 25 .138-3.30
Chromium (Cr) 0.425 8.5 —
Copper (Cu) 0.375 7.5 .375-10.00
Iron (Fe) 1.500 30.0 —

Lead (Pb) 1.750 35.0 1.75 - 46.70
Mangaﬁese (Mn) 0.200 4.0 —_
Mercury (Hg) — 00001 .0000005-.000013
Nickel (Ni) 1.000 20.0 1.00-26.67
Silver (Ag) 0.125 2.5 —

Zinc (Zn) 0.225 4.5 .225-6.00

Acid Volatile Sulfide (AVS) in sediment 0.025 - .05 umol/g

Ancillary Sediment Measurements
Total Organic Carbon (TOC) 0.1%
Grain Size 0.2%




TABLE 2.3.1
GRAIN SIZE ANALYSIS - 1993 SURFACE SAMPLES

ANPYCUR T AU 0
LVUUUINQO TUINVAUVE, N

SAMPLE |DRY WEIGHT IN GRAM %SILT

NAME  [>63 <63 % Vol>3.9u |%Vol>15.6u|% SAND [%SILT  |%CLAY [63-156u |<15.6u
K1 25517|  0.8648| 814500| 43.1200| 74.6875| 206170 4.6955| 109147| 143977
K2 3.1041] 09288| 88.8000| 52.0000| 769634| 204511| 25794| 11.9759| 11.0547
K3 15030 11171 e62000{ 320700| s7.3842| 282633 143725 | 136733| 289625
K4 30825  1.1321 82.8000| 38.4500| 73.1386| 222412 46202| 103282 165332
K5 00363] 18730 710400 2023700] 1.9320) 705501 275179 2s.8008! 692854
K6 0.1685| 17387| 807400| 358700 88349| 736067 | 175584 | 307000| 584642
K7 18312] 14550] s95700] 336100] 557239| 396581| 46180| 14.8812] 29.3949
K8 02343] 20001] oos200| 480800] 100800| 81.3956| 850441 432335] 486865
K9 53473| 01066| 618400 261000 98.0454] 12087| 07459 o05101] 14444
K10 52389 04490| 94.1400] 450200| 97.0345| 26034| 0.1621] 1.2450| 1.5004
K11 ooss4| 191211 978000 43e6100| 44189| 934783| 21028 41.6829( 538082
K12 0.0672| 21490| B89.6200| 425000| 3.0322| 86.9025| 100653 | 412113| 557565
SAND=A SILT=B  CLAY=C
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TABLE2.3.2

GRAIN SIZE ANALYSIS - 1993 CORE SAMPLES
CODDINGTON COVE, RI

SAMPLE DRY WEIGHT IN GRAM %SILT

NAME >63 <63 % Vol>3.9u | %Vol>15.6u] % SAND 1% SILT | %CLAY {63-15.6u |<15.6u
CC-1-7-8 0.5733 1.6804 91.5500 18.8500| 2543821 682614 6.3005| 14.0849| 60.5069
CC-1-15-17 1.5180 1.2619 90.7900 34.3900| 54.6063 | 4121304 4.1808| 156109 29.7828
CC-1-22-24 2.1271 1.4798 95.2400 39.5500| 58.9731 | 39.0740 1.9529| 162261 | 24.8008
CC3-7-9 1.9469 0.6423 95.3600 42.9800 | 75.1931 | 23.6559 1.1510] 10.6620 | 14.1449
CC3-15-17 1.5080 1.2914 91.7700 34.2300 ) 53.8687 | 42.3347 | 3.7966] 15.7907 | 30.3406
CC-12-7-8 0.0880 2.0807 95.8100 38.6400| 4.1146) 91.8678| 4.0176] 37.0501 | 58.8353
CC-12-15-17 0.0434 1.7580 93.8300 39.2000] 24079 915707 | 6.0214| 38.2561 | 59.3360
CC-12-22-24 0.0705 1.7422 96.6500 43.5700{ 3.8892] 92.8911 32197| 41.8755] 54.2353
SAND=A SiLT=B CLAY=C

{AVA+B+C))100 = %SAND

((B+C)}(%B/100)/(A+B+C))100 = %SILT

%CLAY = 100 - %SAND - %SILT
%SILT 63-15.6u = ((B+C)(Vol>15.6u)/(A+B+C)) 100
%SILT>15.6u = 100-%SAND-%SILT 63-15.6u




TABLE 2.3.3

LOSS ON IGNITION - SURFACE SAMPLES
CODDINGTON COVE, RI 1993

SAMPLE |DRY WEIGHT IN GRAMS Total % | % Organici
NAME WET 100C 550C | % WATER |Organic |Carbon
K1 1.91 1.05 1.00 45.03 4.76 2.06
K2 1.68 1.00 0.97 40.48 3.00 1.30
K3 2.09 1.15 1.08 44.98 6.09 2.63
K4 225 1.40 1.31 37.78 6.43 2.78
K4-3 1.27 0.85 0.78 33.07 8.24 | 3.56
K5 2.21 0.58 0.49 73.76 16.52 6.70
K6 240 0.89 0.80 62.92 10.11 437
K7 2.55 1.62 1.52 36.47 6.17 2.67
K8 2.80 1.12 1.00 60.00 10.71 4.63
K9 2.00 1.58 1.51 21.00 4.43 1.91
K8-2 5.00 3.90 3.80 22.00 2.56 1.11
K10 3.00 2.41 2.32 19.67 3.73 1.61
K10-2 2.60 2.09 2.02 19.62 3.35 1.45
K11 2.10 0.77 0.66 63.33 14.29 6.17
K12 1.88 0.73 0.64 61.17 12.33 5.33

% WATER = ((SED.WET - SED.100)/SED. WET) x 100
% Organic = ((SED.100 - SED.550)/SED.100) x 100

% Organic Carbon = .432 x % Organic



ey

TABLE 2.3.4

LOSS ON IGNITION - CORE SAMPLES
CODDINGTON COVE, RI 1993

SAMPLE |DRY WEIGHT IN GRAMS Total% | % Organic
NAME WET 100C 550C | %WATER |[Organic |Carbon
CC-1-7-9 1.35 0.50 0.44 62.96 12.00 5.18
CC-1-15-1 1.39 0.71 0.68 48.92 423 1.83
CC-1-22-2 2.00 1.07 1.00 46.50 6.54 2.83
CC-3-7-9 2.12 1.21 1.15 42.92 4.96 2.14
CC-3-15-1 137 0.59 0.54 56.93 8.47 3.66
CC-12-7-9 1.20 0.51 0.48 57.50 5.88 2.54
CC-12-15~ * 1.31 0.57 0.50 56.49 12.28 5.31
CC-12-22- 1.61 0.64 0.59 60.25 7.81 3.38

% WATER = ((SED.WET - SED.100)/SED. WET) x 100
% Organic = ((SED.100 - SED.550)/SED.100) x 100

% Organic Carbon = .432 x % Organic




TABLE2.3.5

METALS DATA (Partial Digestion) - SURFACE SAMPLES

CODDINGTON COVE, NEWPORT Rl

Sample cu ZN CR PB NI MN FE cD AL AG
K1 32.960 91.263 21.152 25.565 12.647 117.370| 17413.421 0.148 8869.613 |BD

K2 301.498 539.973 52.860 190.407 70.362 201603 | 33593.640 |BD 20235.701 IBD

K3 338.277 969.789 71.265 176.355 98.086 216511 | 43486.241 0.972| 23617.254 0.823
K4 59.431 131.151 27.895 45371 17.251 196.041 19646.981 1BD 8642.220 0.150
K5 48.759 122.843 38.366 45505 16.774 205479 21668.878 0.151] 10144.158 0.328
K6 59.394 147.276 43.903 50.664 19.457 232.489 ] 23719.093 0.200| 11206.496 0574
K7 29,081 99.806 23.898 28.443 18.281 157.637 | 21777.741 0.179| 8967.829 0.128
K8 63447| 132872 39.314 49,317 16.706 194.193| 20831.716 0200| 10004.927 0.425
K9 5547 46.022 9.494 4722 10.369 83550| 13400.385 |BD 6813.487 | BD

K10 7232 41,945 9.152 3.766 9.626 76.858 | 13057.855 |BD 6419.850 | BD

K11 59.538 140.347 38.117 45416 16.272 181.464 | 19493.076 0.125 9595.381 0.400
K12 . 63.145 126.812 51.695 50.520 17.298 218.128 | 22434.757 {BD 11012.199 0.775
*BD - BELOW DETECTION (METHOD LIMIT OF QUANTITATION)

Sample CU ZN CR PB Ni MN FE CD AL fYe)
P1646 11.066|  104.99 29.653 14.864 18.486 195.578 | 21842.493 0.125] 11549.1 125
1646 - 100% 18000]  138.000 76.000 28.200 32.000 375.000 | 33500.000 0.360| 62500.000 - -

% Recovery 66.478 76.084 39.017 52,709 57.769 52.1564 65.201 34.722 18.479 ---
PBCSS-1 11.471 92.759 38.442 11.545 41.801 148.743 | 21694.377 0.125| 13522.095 0.125
BCSS-1-100% 18.500 119.000 123.000 22.700 55.300 229.000 -—-- 0.250 -—- ---
% Recovery 62.005 77.949 31.254 50.859 75.590 64.953 --- 50.000 - ---
PPACS-1 388.263 710.826 45.662 351.718 26.776 230989 | 30777.327 2.1541 13975.253 1.879
PACS1-100%]|  452.000|  824.000 113.000| _ 404.000 44100 | 470.000 - 2.380 -
% Recovery 85.899 86.265 40.409 87.059 60717 29.147 - 90.504 - -




Table 23.6  Coddington Cove Surface Sample Metal Concentrations Normalized to % < 15.6 pm.
Cu Zn Cr Pb Ni Mn Fe Cd Al Ag
K1 229 6.39 1.47 1.78 0.88 8.15 1210 010 616 —
K2 27.2 48.9 4.78 17.2 6.37 18.3 3040 — 1830 —
K3 11.7 33.5 246 6.08 3.39 7.48 1500 036 815 .028
K4 3.60 7.94 1.69 2.74 1.04 11.9 1190 — 523 .009
K5 704 1.77 554 657 242 297 312 002 146 .005
Ké 1.02 2.52 751 867 333 3.98 406 .003 192 010
K7 989 3.40 4.83 968 622 5.36 741 .006 305 004
K8 1.36 2.85 841 1.06 358 4.16 446 004 214 .009
K9 3.85 32.0 6.59 3.28 7.20 58.0 9305 — 4730 —
K10 4.76 27.6 6.02 248 6.33 50.6 8592 — 4220 —
K11 1.10 2.60 707 843 283 3.37 362 002 178 .007
K12 95 227 927 906 310 391 402 — 197 014

w



TABLE 2.3.7

METALS DATA (Partial Digestion) - CORE SAMPLES
CODDINGTON COVE, RI

Sample cu ZN CR PB NI MN FE cD AL AG™
CC-1-7-9 04.129 178.166 43.118 55.908 21.384 204.522 29995.029 0.550 15463.702 0.699
CC-1-15-17 58.787 149.653 31.954 45.595 18.363 164.268 25279.943 0.425 12558.487 0.450
CC-1-22-24 87.083 136.798 30.444 35.843 17.746 162.992 | 24775.345 0275 | 12754574 0.400
CC-3-7-9 152.447 547.059 58.480 111.261 63.378 186.185 | 36189.384 0.800 | 20830.759 0.400
CC-3-15-17 148.310 291.021 53.520 132.712 34.522 196.555 | 28443.481 0.950 | 15031.722 1.250
CC-12-7-9 67.320 147.709 52.951 51.802 21.041 253.111| 27130.366 0250 { 15148583 0.950
CC-12-15-17 83.063 175274 66.815 68.890 24,296 291056 | 29344.348 0.475| 16835.025 1500
CC-12-22-24 87.083 136.798 30.444 35.843 17.746 256773 | 28127.612 0.450 | 17841.423 1.500
CC-12-22-24R 90.055 174.138 65.342 | 67.941 22764 251.000| 27329.560 0.450 | 15960.645 1.424
* SILVER NUMBERS NOT RELIABLE DATA ICP NOT MEASURING ACCURATELY
*BD - BELOW DETECTION (METHOD LIMIT OF QUANTITATION)

Sample CU ZN CR PB NI MN FE CD AL AG
P1646 12.806 103.620 37.868 10.034 20.869 220969 | 25150.036 0.200 | 18393.084 .-
1646 100% 18.000 138.000 76.000 28.200 32.000 375000 | 33500.000 0.360| 62500.000 T
% Recovery 71.144 75.087 49.806 38.773 65.016 58.925 75.102 56.556 29.430 -
PBCSS 12.400 93.350 44150 10.025 45.125 169.450 | 24421.300 0.075| 18357.925 -
BCSS-1-100% 18.500 119.000 193,000 22,700 55.300 220.000 - 0250 B -
% Recovery 67.027 78.445 35.804 24.163 81.600 73.096 - 30.000 - -
PPACS-1 418.304 723947 51.157 347.778 30.139 272.705 | 35438.172 2299 | 19763.183 1.649
PACS-1-100%| _ 452.000 824.000 113.000 404.000 44.100 470.000 — 2.380 - -
% Recovery 92.545 87.858 45.072 86.084 68.342 58.022 - 96.507 B -




TABLE 2.3.8

ACID VOLATILE SULFIDE AND SIMULTANEOUSLY EXTRACTED METALS
CODDINGTON COVE, R

Uisizs

Convertion from ug/g of Sediment to umoles/g

eg. (ug of Cu/ g of Sed.) x (1 mole of Cu/ 63.54g of Sed.)=x umole/g

ATOMIC WEIGHT Ratio of SEM to AVS
cu ZN P8 NI cD HG
63.54 65.37 207.19 58.71 1124 200.59 SEM/AVS = SUM [METALS] /AVS
ISample  JAVS umol/gram dry sed. |% DIFFERENCE § BLACK  UMOLE/G DRY SAMPLE WHITE  UMOLE/G DRY SAMPLE SEM/AVS SEM/AVS
ame Black White CU ZN PB Ni CcD HG CuU ZN PB Nt CD HG BLACK WHITE
ﬂKI : 328.77 456.77 32.59 24621 5.8061 0.2651 0.9033 0.0000)  0.000046 0.7264f 3.9474 0.2498 1.2626 0.0000]  0.000020 0.0287 0.0135
HK2‘ 99.35 143.00 36.02 381563] 57134 020071 0.9678 0.0000{ 0.000018 1.0982] 13.8583 04992} 0.5890 0.0000}  0.000035 0.1086 0.1122
IKS 1151.21 1140.08 0.97 0.1456] 16.6248 0.6978] 1.7698 0.0071 0.000100 0.0000] 14.4700 0.7198] 1.0716 0.0056f 0.000084 0.0167 0.0143
Lti 57.69 59.76 3.70 0.3993 1.8106 0.3270f 03712 0.0056{ 0.000152 0.3255 1.9803 0.1421 0.2730 0.0000f 0.000117 0.0506 0.0455
E& 706.52 716.33 1.38 0.17491 3.6228 0.3556] 0.6867 0.0000] 0.000033 0.1415]  3.1429 0.3459] 086915 0.0000] - 0.000030 0.0069 0.0060
!KS' 394.06 341.13 14.40 039601 26721 0.2894] 0.6316 0.0000]  0.000067 02343 2.0669 0.2549] 0.1148 0.0000}  0.000058 0.0099 0.0078
ﬂK? 71.55 76.80 7.08 0.0364 1.2062 0.1086{ 0.3074 0.0000]  0.000097 0.0863] 0.9825 0.1321 0.0962 0.0000]  0.000146 0.0232 0.0169
l@ 356.67 467.17 26.85 0.2713 1.9887 0.2534{ 0.9458 0.0000{ 0.000077 0.2961 1.8015 0.2489F 0.3138 0.0000{ 0.000065 0.0097 0.0057
IKQ 6.44 5.23 20.74 NA 0.0401 0.3210 0.0305] 0.0188 0.0002] 0.001148 N/A 0.0787
IK 10 4.15 3.31 22.52 0.0596] 02940 0.0268] 0.0286 0.0000}]  0.000231 00575] 0.2819 0.0337] 0.0268 0.0000f 0.000812 0.0984 01211
IK1 1 48.01 53.82 11.41 0.5906] 35707 0.2598] 24216 0.0000]  0.000095 0.5155)  2.9063 0.2654 1.0477 0.0000]  0.000079 0.1425 0.0880
K12 52.52 48.81 7.32 0.9206] 2.4393 0.2931 2.02561 0.0000{ 0.000106 0.8264 1.7666 0.2965 1.1849 0.0000] 0.000127 0.1083 0.0833
29 35.67 30.39 15.99 0.1366 1.4626 0.0306] 05215 0.0000]  0.000153 0.0000] 0.3868 00234} 0.2850 0.0000f 0.000136 0.0603 0.0229
7 29.53 34.57 15.73 0.0000] 0.3488 0.0263] 0.1215 0.0000] 0.000144 0.0000] 0.2653 0.0200] 0.0879 0.0000§ 0.000154 0.0168 0.0108

* Dry weights were taken from separale aliquots than those used for analyses.

N/A = NOT ANALYSED




TABLE2.3.9

ARSENIC TOTAL DIGESTION - SURFACE AND CORE SAMPLES
CODDINGTON COVE, Ri

SAMPLE NAME  |Arsenic (ug/g dry)
K1 6.442
K2 7.422
K3 11.262
K3 R 9.761
K4 6.354
K5 8.879
K6 9.089
K7 7.292
K8 7.854
K9 0.294
K9R 0.638
K10 2.035
K11 8.981
Ki2 7.082
CC-1-79 6.981
CC1-15-17 7.831
CC-1-22-24 9.901
CC-3-7-9 7.327
CC3-15-17 6.272
CC1278 10.129
CC12-15-17 9.067
CC-12-22-24 8.399
CC-SRM1646 8.206
CC-BCSS-1 8.727
STD 1646 7.885
BCSS- 8557




- TABLE 2.3.10

MERCURY TOTAL DIGESTION - SURFACE AND CORE SAMPLES
CODDINGTON COVE, Rl

SAMPLE NAME | Hg (ug/g dry)
) Ki 0.4908
K2 0.4692
K3 0.6856
k3 R 0.5219
k4 0.3833
K5 0.6135
B k6 0.3321 |
K7 0.2471 |
k8 0.3275
kO 0.0653
k9 R 0.4221
k10 0.3700
k11 0.1274
ki2 0.2948 |
1-79 0.3798
11517 0.2819
- 11-22-24 0.2456
379 0.0762
31517 0.5812
1279 0.4398
12-15-17 0.5368
, 10-00-04 0.6415
12-22-24R 0.7558
| pacs-1 cor 5.3562
pacs-1ss 5.0178
1646 core 0.1586
rrrrr 1646 ss 0.1730
blank core 0.0002
blank oid 0.0002
) blank ss 0.0001




TABLE 2.3.11

METALS DATA (Total Digestion) - SURFACE SAMPLES

CODDINGTON COVE, NEWPORT RI

Sample CU ZN CR *PB NI MN FE *CD AL *AG MG \Y%
K1 45,522 149.431 95.992 35.393 38.595 355.764 | 32516.576 0.201} 62015.834 0.5987 | 7779.317 94.508
K2 196.827 593.456 152.206 180.764 85.275 419.931 | 51329.202 0.154| 62131.383 0.823| 6921.666 89.737
K3 262.344 1231.421 195.012 201.061 128.180 416.958 | 59063.840 | 1.002] 61011.471 1.2668 | 7389.526 110.723
K4 62.843 189.526 84.788|: 51.348 37.406 488,778 | 30740.648 0.121| 48409.975 13.776 ] 6264.339 78.803
K5 52.291 173.311 105.578 43.296 38.347 379.482 | 33995.518 0.217} 58875.498 2.3207 | 11390.438 94.622
K6 57.769 175.299 109.064 48.579 40.837 433.267 | 35411.853 0.209] 64824.203 1.5936 | 10420.817 97.112
K7 27.930 118.703 79.302 31.699 37.406 349.127 | 31295.761 0.174| 52868.329 54065 6639.401 86.284
K8 76.006 184.302 102.832 50.604 40.238 397.914 | 32093.393 0.194| 60418.778 1.7387 | 9808.246 88.425
K9 3.988 58.824 65.304 14.856 33.898 302,592 | 19468.096 0.851| 37792.622 0.73281 3613.161 62.812
K10 12.469 63.840 60.848 22,132 31.421 420.948 | 21521.696 0.072| 44664.339 0.5636| 3929.676 66.833
K11 81.4591 1104.448 131.934 46.082 167.916 460.770 | 38145.927 0.311| 69925.037 1.2244 | 12157.921 104.948
K12 53.865 160.599 114.214 45.990 40.399 418454 | 35174.564 0.232| -65385.536 15811 10659.352 99.252
K3R 264.706 | 1182.453 189.432 192.372 126.122 379.860 | 55516.949 0967| 57271.685| 09721 6972.084 105.683
K9R 1.495 56.303 56.801 13.087 31.39 317.887 19739.91 0.076| 37421.026 0.3438| 3580.967 62.78
* Run on GFAA .
Sample CcuU ZN CR *PB NI MN FE *CD AL *AG MG
T1646 1 154611 1331671  08.753 18.0021 30401 340606 | a2068.008 0.160| 50050102 ] 0.384] 10636.908]  93.760 |
1646 - 100% 18.000 138.000 76.000 28.200 32.000 375.000 | 33500.000 0.36| 62500.000 - 10900.000 94,000
% Recovery 85.804 96.498 129.938 63.837 123,128 93.234 97.519 46.667 95.935 --- 97.586 99.751
1 15.477 118.822 126.311 17115 67.898 233.150 | 33213.679 0.116] 61532.202 0.1498 | 13678.982 98.352
BCSS-1-100 "~ 18.500 119.000 123.000 22.700 55.300 229.000 --~ 0.25 --- --- --- ---
% Recovery 83.659 99.850 102.692 75.396 122.781 101.812 --- 46.400 .-~ --- --- - -
TPACS-1 392.519 828.928 117.706 373.552 56.858 450.374 | 46187.032 1.8181 61720.200 2.005] 13578.055 131.671
PACS-1-100 452.000 824.000 113.000 404.000 44,100 470.000 - 2.38 --- --- 127.000
% Recovery 86.840 100.598 104.165 92.463 128.930 95.824 -=~ 76.387 --- --- --- 103.678




TABLE 2.3.12

METALS DATA (Total Digestion) - SURFACE SAMPLES NORMALIZED to GRAIN SIZE

e

CODDINGTON COVE, NEWPORT R

Sample cu ZN CR *PB NI MN FE *CD AL " AG MG v <15.6u
K1 3.162 10.379 6.667 2458 2681 24.710| 2258453 0.014| 4307.336 0.042 540.316 6.564| 14.3977
K2 17.805 53.684 13.768 16.352 7.714 37.987| 4643212 0.014] 5620.372 0.074 626.130 8.118] 11.0547
K3 9.058 42518 6.733 6.942 4.426 14.396] 2039.322 0.035| 2106569 0.044 255.141 3.823| 28.9625
K4 3.801 11.463 5.128 3.106 2.262 20.563| 1859.330 0.007| 2928048 0.833 378.895 4766| 165332
K5 0.755 2502 1.524 0.625 0.554 5.479 490.801 0.003 849.999 0.034 164.446 1.366 | 69.2654
K6 0.988 2.998 1.865 0.831 0.698 7411 605.702 00041 1108785 0.027 178243 16611 58.4642
K7 0.950 4.038 2.698 1.078 1273 11.877] 1064.667 0.006] 1798556 0.184 225.869 2.935| 29.3949.
K8 1.628 3.948 2203 1.084 0.862 8523 687.424 0.004] 1294139 0.037 210.088 1.894| 46.6865
K9 2.761 40.725 45211 10.285 23.468 209.490| 13478.110 0589 | 26164.507 0507 | 2501.456 43486| 1.4444
K10 8.201 41.988 40.020 14,556 20.666 276.858| 14154.842 0.047 | 29375.782 0371] 2584.552 43.956] 15204
K11 1511 20.491 2.448 0.855 3.415 8.549 707.740 0.006| 1207.354 0.023 205572 1947 53.8082
K12 0.966 2,880 2.048 0.825 0.725 7.505 630.861 0.004] 1172.699 0.028 191.177 1.780] 55.7565
K3R 9.140 40.807 6.541 6.642 4355 13.116] 1916.857 0.033| 1977.444 0.034 240.728 3649| 289625
K9R 1.035 38.9680 39.324 9.060 21.732 220079| 13666292 0.053| 25007.244 0238 2479.167 434641 1.4444
* Runon GFAA

Sample cU ZN CR___ “PB NI MN FE *CD AL *AG MG
[T1646 15.461 133.167 98.753 18.002 39.401 349.626] 32665.828 0.168] 59959.102 0.384| 10636.908 93.766
1646 - 100% 18.000 138.000 76.000 28.200 32.000 375.000] 33500.000 0.36| 62500.000 10900.000 94.000
% Recovery 85.804 96.498 129.938 63.837 123.128 93.234 97519 46.667 95.935 97.586 99.751
TBCSS-1 15,477 118.822 126.311 17.115 67.898 233.150] 33213679 0.116] 61532202 0.1498 | 13678.982 98.352
BCSS-1-100% 18.500 119.000 123.000 22.700 55.300 229.000 025
% Recovery 83.659 99.850 102.692 75.396 122.781 101.812 46.400 ---
TPACS-i 392.519 828.928 117.706 373.552 56.858 450.374} 46187.032 1.818] 61720.200 2005] 13578.055 131.671
PACS-1-100%|  452.000 824.000 113.000 404.000 44.100 470.000 2.38 127.000
% Recovery 86.840 100.598 104.165 92,463 128.930 95.824 76.387 103.678

P



TABLE 2.3.13

METALS DATA (Total Digestion) - CORE SAMPLES
CODDINGTON COVE, RI

Sample CuU ZN CR *PB NI MN FE *CD AL * AG MG V
CC-1-79 100.299 240.020 109.780 59.102 23.952 345.808 | 39857.285 0.379{ 62075.349 0.7086 | 9970.559 111.776
CC-1-15-17 71.144 200.498 98.507 55.591 26.368 316.418 | 34700.995 0.300| 58005.970 053283 7617.413 99.005
CC-1-22-24 70.792 170.297 92.079 49,357 19.307 311.881 | 32245545 0.239| 55921.287 0.4901 | 6859.406 95.05
CC-3-79 140.150 513.217 122.195 61.110 45.885 304.239 | 42457.855 0.510] 53080.798 0.4032 | 6305.237 97.257
CC-3-15-17 133.897 365.854 111.498 63.014 40.319 298.168 | 34030.363 0.791{ 45559.980 1.0274 | 6055.251 134.395
CC-12-79 71.677 202.588 119.960 61.314 26.381 443.006 | 38895.968 0.314| 66484.818 1.0524 | 10729.716 104.032
CC-12-15-17 88.778 254.364 132.668 74.710 29.925 464.339 | 39480.798 0.424| 67338.155 1.5062 | 10866.833 115.212
CC-12-22-24 92.391 227.767 125.000 69.251 29.644 387.352 | 35891.304 © 0.382| 58725.296 14784 | 9462.945 105.237
* Run on GFAA

Sample CU N CR *PB NI MN FE *CD AL *AG MG V
SRM1646 14.414 142.644 97.416 21.131 26.839 370.278 | 34364.811 0.215{ 61500.000 0.4175| 11166.998 98.41
1646 100% 18.000 138.000 76.000 28.200 32.000 375.000 | 33500.000 0.360} 62500.000 .- "~ 10900 94
% Recove! 80.078 103.365 128.179 74.933 83.872 98.741 102.582 59.722 98.400 - __102.450 104.691
BCSS-1 12.878 117.385 122.833 19.687 51,015 233.284 | 33461.119 0.125} 63717.187 --- 14039.624 99.059
BCSS-1-100 18.500 119.000 123.000 22.700 55.300 229.000 --- 0.250 --- --- --- ---

% R ===

PACS-1 442.251 895.854 111.056 360.845 43.435 474334 | 48875.123 1.981| 65377.591 13954.59 138.697
PACS-1-100 452.000 824.000 113.000 404.000 44,100 470.000 --- 2.380 - --- --- 127
% Recovery 97.843 108.720 98.280 89.318 98.492 100.922 --- 83.235 --- --- --- 109.210




Table 2.4.1

NOAA National Status and Trends Sediment Quality
Guidelines (Long and Morgan, 1991).

Metal ER-118/8 ER-MHM8/8
Cd 5 9

Cr 80 145

Cu 70 390

Pb 35 110

Ni 30 50

Ag 1.0 2.2

Zn 120 270

Hg 0.15 13

As 33 8
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FIGURE 2.3.3.1. Metal concentrations in Coddington Cove surface sediments.
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FIGURE 2.3.3.2. Metal concentrations in Coddington Cove surface sediments.
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FIGURE 2.3.34. Metal concentrations in Coddington Cove surface sediments.
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FIGURE 2.3.35. Metal concentrations in Coddington Cove surface sediments.
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FIGURE 2.3.3.8. Metal concentrations in Coddington Cove surface sediments.
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FIGURE 2.3.3.9. Metal concentrations in Coddington Cove surface sediments.
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FIGURE 2.3.3.10. Metal concentrations in Coddington Cove surface sediments.
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FIGURE 2.3.5.8. Distribution of total chromium (ug/g) in the surface
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CONCLUSIONS (Organics and Trace Metals Combined)

1. The levels of organic components and trace metals from primarily
anthropogenic origin are very high in Coddington Cove surface sediments relative
to concentrations typical of lower Narragansett Bay sediments. In addition, the
concentrations of the XPCBs, PAHs, and pp’ DDE found at a few of the cove
stations are similar to or exceed values found in the Providence River. The
concentrations of nickel and zinc exceed those typically observed in the Providence
River and the levels of copper and lead are comparable to those observed at this
location.

2. Elevated concentrations of the XPCBs and 2PAHs were found in the one
clam sample of sufficient size for analysis. These values are similar to those in
clams from the upper Bay and the Providence River.

3. The spatial distribution of organic contaminants and trace metals in the
surface sediments of Coddington Cove, after normalization for grain size
variations, indicates that the primary sources for many of these components are the
series of outfall pipes from the former Direcktor Shipyard. Normalized
concentrations are highest in the proximity of the outfall pipes and decrease with
distance away from the outfalls.

4. The maximum concentrations of XPCBs, > PAHs, nickel, lead, zinc, and
silver observed in Coddington Cove sediments exceed the NOAA ER-M
guidelines. These results may indicate the potential for biological effects from
exposure to organic and metal contaminants in the sediments of Coddington Cove.

5. The acid volatile sulfide (AVS) concentrations observed in Coddington Cove
sediments are relatively high and are significantly higher than the sum of the
concentrations of the simultaneously extracted metals (SEM). Therefore, the
observed ratios of SEM/AVS are significantly lower than 1.0. The results of the
AVS and SEM studies indicated that the potential for biological effects from
exposure to trace metals in the sediments of Coddington Cove is significantly
lower under present conditions than would be predicted by comparison of the
concentration data with NOAA guidelines.
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6. A high-quality study of historical trends in contaminant inputs to
Coddington Cove could be done at Station 12 because of the minimal amount of
lithologic variation. Our results indicate that anthropogenic organic and metal
concentrations generally increase downcore at Station 12. These results suggest
that anthropogenic inputs to Coddington Cove were higher in the past than at
present.
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Final Work Plan



OBJECTIVE

The objective of this project is to conduct a geochemical study of

organic and metal contaminants in sediments from the former Derecktor
Shipyard site at Coddington Cove in Narragansett Bay. This investigation

will include the following components:
1) Provide laboratory analysis of sediment samples provided by the
navy. Based on the video survey, biota sample analysis (e.g. clams)
may be substituted for a few of the sediment sample analyses as

directed by the navy. :

2) Provide field support to train and oversee navy divers in order to
assure proper QA /QC and sampling procedures.

3) Statistically compare levels of contaminants in Derecktor
Shipyard sediments with other levels observed in Narragansett Bay.
4) Provide results of laboratory analytical work to document that
appropriate QA/QC principles were followed.

SPECIFIC TASKS
Task 1:

Task 2:

Task 3:

Program management
Involves general management and oversight for this

project

Fieldwork preparation
Representatives from URI shall prepare and provide

all sampling containers, buoys, reageants, ice,

coolers, core sampling equipment, etc. necessary to
conduct this sampling investigation. In addition, URI
divers will collect the samples. The PI will instructhe
divers on proper sampling methodologies and QA/QC
procedures prior to field sampling.

Mobilization and demobilization




Task 4:

Task 5:

Task 6:

A-2
The dive boat shall be provided by the navy. A
representative fron URI shall transport all
sampling equipmer:: listed under Task 2 to the dock
where the navy boar is located. Loading of the boat
shall be accomplished by the navy.

Fieldwork

A representative of URI shall be present on the dive
boat while sampling is occurring and shall be
responsible to insure that proper QA/QC procedures
and field sampling protocols are being adhered to.
This representative shall also be responsible for
properly labeling (including completion of chain of
custody forms), packing, refrigeration, and
transporting the samples to the laboratory at the
completion of each days sampling. Prior to the
initiation of fieldwork, URI shall submit 3 copies

of their field sampling procedures and laboratory
QA/QC procedures along with method detection
limit information for their laboratory equipment/
procedures.

Laboratory analysis
URI shall complete the following chemical analyses

~ as indicated:
List of Number QA/QC
Analytes Sediment Samples
Samples
PAHs 20 1
Tal metals 20 1
Pesticides / PCBs 20 1
Butyltins 18 1

Investigation/Laboratory reports



Task 7:

A-3

6A: Literature review: URI shall provide published
information regarding observed sediment

contaminant concentrations within Narragansett

Bay. These values shall be statistically compared to those
concentrations obtained from the Derecktor sediments in
this investigation.

6B: Data package from laboratory: includes:
a. Chain of Custody sheets
b. Data summary tables
c. Appropriate QA/QC information such as
calibration data, raw data, etc.

Meeting and site visits

7A: NUWC to present findings of Benthic video and
Bathymetric charting activities to NETC, Northdiv,
NOSC, and representatives of the University of RIL
This meeting will be used to definitize the exact
sediment sampling locations and whether or not to
sample biota. The meeting will be held at the GSO
on October 22, 1993.

7B: Meeting to present results of sampling, general
observations, and chemical analysis.

TENTATIVE DELIVERABLES AND SCHEDULE:

Meeting #1 (Discuss proposed fieldwork) October 22, 1993
Fieldwork Week of 27 October 1993
Lab results (first set) 1 December 1993

Lab results complete 26 January 1994

Final lab package & report 25 February 1994

Meeting #2 (present results) 3 March 1994
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Notes on the Collection of Samples
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Navy Project
Collection of Samples
(notes by J.G. Quinn - 11/10/93)
Collected samples on 11/3/93 from approximately 0930 to 1645
Samples were collected by diver.

The day was cold, windy, and cloudy , about 50°F.

All surface sediments were taken from the top 2.5 cm of the large
corer (25 cm h x 16.5 cm dia.)

Sediment cores were collected at station #1,3,9,12 from the top
15-35 cm of sediment (11.5 cm. dia.).

Stations (Times are when diver entered water)

Station #6 tissue sample
0949
Station #1
1016 large amounts of sand and grit,
marker in water tissue sample
Station #10
1045
marker in water very sandy sediment
Station #3
1108 starfish, visibility very poor
Station #9 water depth = 1.5 m,
1150 very sandy sediment
Station #7
1219 very sticky sediment, tissue sample
Station #2 lots of shells, a piece of metal?
1243 metal paint chips?
Station #12
1315 area inside breakwater - control station,

tissue sample



Station #5
1516 slimey sand
Station #8 oil in sediment;
1550 slimey, sandy sediment, smell of oil
Station #11
1613 sediment smelils of oil, sandy silt
Station #4
1629 sandy silt; several pieces of metal or rocks

All samples were stored on ice during collection and transport. On
return to the laboratory at about 1730, the samples were stored as
follows:

a) Surface samples in refrigerator at 1 - 20C.

b) Cores samples in outside solvent shed at 0 to 20C

overnight on ice. The next day water was removed from top of

the cores (still on ice) and they were stored at -20°C.

The surface samples were subsampled for Butyltins (60-90 g wet
wt. each) on 11/5/93. These subsamples were stored at 1 - 20C
until shipped to Dr. Terry Wade, College Station, Texas. They were
frozen at -200C on 11/8/93 and packed with blue ice in cooler and
sent Federal Express on 11/9/93 in p.m. They were received on
11/10/93, still on ice.
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USN Cod. Cove Sample Weight

Trial LOCATION |Type| Int. | Wet Wt.| Dry Wt.| Dry Wt. % Organic
D Number Std.| gm. % gm. Carbon
NC1 12(Cntl) Sed|yes| 16.65 [37.42%]| 6.2307 5.33
NC2 1 Sed|yes| 20.17 |53.82%/10.8555 2.06
NC3 7 Sed | yes| 12.23 [64.75%| 7.9185 2.67
NC4 11 Sed|yes| 16.92 {37.41%| 6.3296 6.17
NC5 9 Sediyes| 18.67 [75.12%|14.0254 1.51¢%
NCé6 2 Sed|yes | 14.59 167.73%| 9.8822 1.30
NC7 4 Sed yes| 13.34 166.19%| 8.8327 3.17¢
NC8 3 Sediyes| 17.69 |42.30%| 7.4835 2.63
NC9 8 Sed|yes| 18.95 140.27%| 7.6311 4.37
NC10 10 Sed|yes| 11.80 [79.23%] 9.3496 1.53¢
NC11 5 Sed|yes| 16.11 129.15%| 4.6956 6.70
NC12 8 Sed! yes| 14.76 {41.46%| 6.1194 4.63
NC13 6 Clam| yes | 26.66 [16.66%| 4.4414
NC14 |12 (7-9cm) |Core| yes | 10.05 143.09%| 4.3305 2.54
NC15 |12(15-17cm)|Core| yes | 12.28 [39.38%| 4.8361 5.31
NC16 |12(22-24cm)|Core/yes| 11.42 |40.80%| 4.6593 3.38
NC17 | 1 (7-9cm) [Core| yes| 11.00 |36.66%| 4.0326 5.18
NC18 | 1(15-17cm) |Core| yes| 13.19 |52.85%| 6.9713 1.83
1{22-24cm) |Core 2.83
NC19 | 3 (7-9cm) [Core| yes | 10.84 [58.05%| 6.2928 2.14
NC20 | 3 (15-17cm) [Core|yes| 12.85 [47.33% 6.0821 3.66
T = average of two
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DATA SUMMARY DRY/WET -USN Cod. Cove

TRIAL Tare Total Total Wet Dry Mean S8 RSD

ID__| Wt.(g) |Wet Wt.| Dry Wt. | Wt (g) | Wt(g) | Weight | %D/W | % %

NC1A |0.9980|2.1774| 1.4368 | 1.1794 | 0.4388 | 37.21% |37.42%, 0.31% | 0.82%

NC1B | 1.0022|2.6803 | 1.6338 | 1.6781 | 0.6316 | 37.64%

NC2A [ 1.00392.5902| 1.8586 | 1.5863 | 0.8547 | 53.88% [53.82%0.09% | 0.16%

NC2B | 1.0034|4.7244 | 3.0038 | 3.7210 | 2.0004 | 53.76%

NC3A | 1.0003|3.0111 .3012 | 2.0108 | 1.3009 | 64.70% | 64.75% [ 0.07% | 0.11%

N

NC3B |0.9972]2.7735

N

.1482 | 1.7763 | 1.1510 | 64.80%

NC4A | 0.9955|2.4479| 1.5392 | 1.4524 | 0.5437 | 37.43% [37.41%0.04% | 0.10%

' Y

NC4B | 0.9902 | 3.0895

-t

.7750 | 2.0993 | 0.7848 | 37.38%

NCEA .0054 | 4.4669 | 3.6058 | 3.4615 | 2.6004 | 75.12% |75.12% | 0.00% | 0.00%

-
()

NC5B | 1.0005|3.7207

w

.0440 | 2.7202 | 2.0435 | 75.12%

NC6A | 0.9933 | 2.5043

N

.0119 | 1.5110 | 1.0186 | 67.41% |67.73%| 0.45% | 0.67%

NCeB | 1.0009)2.5200

N

.0347 | 1.5191 | 1.0338 | 68.05%

NC7A [ 0.9947|3.6815

M)

.8354 | 2.6868 | 1.8407 | 68.51% [66.19%3.27% | 4.94%

NC7B | 1.00424.0283

N

.9360 | 3.0241 | 1.9318 | 63.88%

NC8A | 0.9978|2.4428 | 1.5990 | 1.4450 | 0.6012 | 41.61% [42.30%|0.99% | 2.33%

NC8B | 0.991712.3670| 1.5831 | 1.3753 | 0.5914 | 43.00%

NCSA | 0.9977|2.6642]| 1.6513 | 1.6665 | 0.6536 | 39.22% |40.27% | 1.48% | 3.69%

NC9B | 0.9744 | 1.5913| 1.2293 | 0.6169 | 0.2549 | 41.32%

NC10A | 0.9980 |3.4740

N

.9568 | 2.4760 | 1.9588 | 79.11% |79.23%[0.17% | 0.22%

NC10B | 1.0011 | 2.3991

N

.1105 | 1.3980 | 1.1084 | 79.36%

NC11A | 0.9855|1.9184 1 1.2571 | 0.9329 | 0.2716 | 29.11% [29.15%| 0.05% | 0.16%

NC11B | 0.9955 | 1.8930| 1.2574 | 0.8975 | 0.2619 | 29.18%

NC12A | 1.0016|1.9375 1.3919 | 0.9359 | 0.3903 | 41.70% [41.46%|0.35% ;| 0.83%

NC12B | 0.9970{1.8547 | 1.3505 | 0.8577 | 0.3535 | 41.21%

NC13A | 0.9992|1.9470| 1.1521 | 0.9478 | 0.1529 | 16.13% | 16.66% | 0.75% | 4.48%

NC13B | 1.0030)1.4260| 1.0757 | 0.4230 | 0.0727 | 17.19%

NC14A | 0.9973|2.0841| 1.4662 | 1.0868 | 0.4689 | 43.15% [43.09% | 0.08% | 0.18%

NC14B | 1.0044 | 2.4844 | 1.6413 | 1.4800 | 0.6369 | 43.03%

NC15A [1.0032|2.4811 | 1.5848 | 1.4779 | 0.5816 | 39.35% [39.38%|0.04% | 0.10%

—

NC168 .0032 1 2.0656 | 1.4219 | 1.0624 | 0.4187 | 39.41%

—a

NC16A .008311.8168 | 1.3415| 0.8085 | 0.3332 | 41.21% 140.80% | 0.58% | 1.43%

NC16B | 1.0085|2.0086| 1.4124 | 1.0001 | 0.4039 | 40.39%
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DATA SUMMARY DRY/WET -USN Cod. Cove

TRIAL Tare Total Total Wet _ Dry Mean D RSD

D Wt.(g) [Wet Wt.| Dry Wt | Wt. (g) | Wt(g) | Weight | %D/W | % %

NC17A | 0.9951|1.9820| 1.3561 | 0.9869 | 0.3610 | 36.58% |36.66%|0.11%| 0.31%

NC17B | 1.0007 | 1.8458 | 1.3112 | 0.8451 | 0.3105 | 36.74%

NC18A | 0.9976 | 1.8967 | 1.4884 | 0.8991 | 0.4908 | 54.59% [52.85% 2.45% | 4.64%

NC18B | 0.9995 | 2.0058 | 1.5139 | 1.0063 | 0.5144 | 51.12%

NC19A | 0.9993 | 1.8254 | 1.4844 | 0.8261 | 0.4851 | 58.72% |58.05% | 0.95% | 1.63%

NC19B | 1.0021 | 1.7466 | 1.4293 | 0.7445 | 0.4272 | 57.38%

NC20A | 1.0042 | 2.0468 | 1.5007 | 1.0426 | 0.4965 | 47.62% |47.33% | 0.41% | 0.87%

NC20B | 1.0047 [1.7602| 1.3601 | 0.7555 | 0.3554 | 47.04%




US NAVY CODDINGTON COVE CORES

SAMPLE Id. |SAMPLE DEPTH |APPROX. WET WT. (g) DATE DATE CORE

TW JK JGQ SAMPLED SAMPLED
USN CC-12 7-9 cm 65 73 1569 11/3/83 12/16/93
USN CC-12 16-17 cm 60 69 93 11/3/93 12/16/93
USN CC-12 22-24 cm X 75 157 11/3/93 12/16/93
USN CC-12 29-31 cm X X 153 11/3/983 12/16/93
USN CC-1 7-9 cm 62 55 33 11/3/98 12/22/93
USN CC-1 15-17 cm 55 59 58 11/3/93 12/22/93
USN CC-1 22-24 cm X 75 160 11/3/93 12/22/93
USN CC-3 7-9 cm 62 84 88 11/3/93 12/23/93
USN CC-3 15-17 cm § 60 58 98 11/3/93 12/23/93
USN CC-3 22-24 cm § X 52 115 11/3/83 12/23/93

X = no sample

§ = shells in samples
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Quality Assurance/Quality Control Program
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Organic Contaminants

There are many quality control steps and quality assurance checks that
are routinely performed during all phases of our analyses. A general
description of those procedures is provided here for the sediment analyses
described in this study.

Blank analyses are conducted with every five sets of samples (4
samples/set). These analyses are carried out as usual including the addition
of internal standards to solvent followed by refluxing for 2 hours and column
chromatography. On the average, this amounts to one blank analysis for
every 20 samples. If blank levels are greater than two times the MDL (see
below), those samples are re-analyzed after the blank value has been
confirmed and reduced to acceptable levels.

Extraction efficiency is measured by conducting spike and recovery
studies using the internal standards (e.g. 7 deuterated PAHs and 3
chlorinated hydrocarbons). The spiking levels are similar to those anticipated -
in samples from low level and moderately contaminated sites. Background

levels of these compounds are also measured in unspiked samples for
subtraction from the spiked samples. Based on previous work, the recoveries
of all components are usually between 70% to 130% relative to the external
standards added just before GC analysis. Corrective action is taken and the
analysis is repeated if any of the internal standards are outside of this range.
However, since all of the quantitation measurements are done by the internal
standard method, these results are automatically corrected for losses in the
analytical procedure.

The instrumental detection limits for our GC-ECD and GC-MSD
analyses are between 0.05 and 0.5 ng per component depending on the specific
compound in question. Based on these values, the Method Detection Level
(MDL) is approximately 0.5 ng/g (dry) for individual PCBs and OCPs, and 2
ng/g(dry) for individual PAHs for a sediment sample ( minimum dry weight

of 5 g ). Our Reliable Quantitation Level (ROL) is 4 x MDL or 2.0 ng/g (dry) for
individual PCBs and OCPs, and 8 ng/g (dry) for individual PAHs.
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Instrument variability is determined by replicate injections of the same
standard or samples; the values for all components usually range between 1
and 5% RSD (Relative Standard Deviation) for the standards, and between 1
and 10% RSD for the samples. Overall analytical precision is determined by
processing replicates of a randomly chosen sample. The frequency of this
procedure averages one duplicate for every 20 samples. If the percent
difference exceeds 25% for RQL analyte concentrations, corrective action is
taken until the desired precision is achieved.

Analytical accuracy is determined by the analysis of a standard
reference material obtained from the National Institute of Standards and
Technology (sediment SRM 1941and tissue SRM 1974). The repeated analysis
of these certified materials (one for every 20 samples) allows a check on the
accuracy of our analyses, which is usually * 25% of the accepted value for the
SRMs depending on the specific components measured. In addition, we
routinely participate in the NOAA Status and Trends Intercalibration
Exercises conducted by the NIST. For example, we recently analyzed Marine
Sediment III - QA92SED3. In all but a few cases, (e.g. 44 out of 51 analytes) our
values were * 25% of the consensus values and most values were within *
10%. If the values in the present study exceed this limit, corrective action will
be taken and the SRM will be re-analyzed until it is within the limits used by
the NIST (+ 30% of the certified concentration range).

In summary, the frequency of our QA/QC procedures are as follows:
Blanks - every 20 samples; Matrix Spike - every 20 samples; Duplicates - every
20 samples; and SRMs - every 20 samples. Thus, we analyze approximately 4
QA/QC samples for every 20 sediment samples processed. If any problems
occur or if any of the QA/QC values are outside of our defined limits,
corrective action is immediately taken to correct the situation including re-
injection, re-extraction, preparation of new standard solutions, changing
chemicals and solvents, and repair of instruments.
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Butyltins

Quality assurance/quality control for butyltin analysis relies on
reproducible, precise, accurate and non-contaminating procedures. This is
insured by analysis, with each sample set, of a duplicate, certified reference
material, reagent blank, and spike blank. Each set of samples run must
comply with established limits of acceptability. Due to the fact that the
quantitation of each butyltin depends upon its individual chemical properties
different ranges of acceptance are set for each butyltin. The reproducibility,
precision and accuracy is not only monitored within a given set of samples,
but also compared to other previous analyzed sets.

Tri-n-propyltin (TPT) is used as a surrogate standard added before
samples are extracted. The percent recovery of the surrogate is determined by
the addition of tetra-n-propyltin before gas chromatographic analysis. Percent
recoveries of TPT are monitored and any sample with percent recover less
than 40% is re-extracted.

Potential contamination by butyltins is monitored by running reagent
blanks with each sample set. If analytes are detected in the reagent blank at
concentrations greater than three times the MDL, the entire set is re-extracted.
Butyltins used to make standards, surrogate and external standards are
checked for purity. Reagents must be butyltin free. Grignard reagents are
tested to insure they are of acceptable reactivity and do not contain butyltins.

The reproducibility of the procedure is monitored by analyzing
duplicates of randomly chosen samples. Acceptance criteria for duplicates
with concentrations greater than 10 times the MDL is + 20 percent difference.

Accuracy is determined by analyzing certified reference material. The
butyltin concentrations for the certified reference material must be + 20% of
the certified concentration range for tetrabutyltin, tributyltin, dibutyltin, and
monobutyltin. The acceptable range for the spike blank percent recoveries is
70-130% for tetrabutyltin, tributyltin, and dibutyltin and 40-100% for
monobutyltin. GC-FPD precision is controlled by running calibration
solutions within every run.
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USN SEDIMENTS-PCBs+CP

Sample | CB008 | CB018 | CB029 | CB0S0 | CB028 | CB0S2 | CB104 | CB044 | CB066 | CB101 | CB087 CB077 | CB154 | CB118 | CBI188

(Location) | ng/g DW | ng/g DW | ng/g DW | ng/g DW | ng/g DW | ng/g DW | ng/g DW | ng/g DW | ng/g DW ng/g DW | ng/g DW | ng/g DW | ng/g DW | ng/g DW | ng/g DW
1 0.2 0.1 nd 0.2 0.4 0.6 02 02 | 21 1.7 0.7 3.6 nd 24 0.6
2 0.6 09 nd 0.7 1.0 4.1 0.2 18 7.7 89 34 17.6 nd 7.6 1.7
3 0.9 12 nd 1.3 2.1 44 1.4 23 145 145 5.6 30.1 nd 139 5.0
4 0.3 04 nd 0.5 0.8 3.8 02 1.6 83 8.6 3.6 18.6 nd 9.2 1.5
5 0.3 0.2 nd 0.4 0.8 1.1 02 0.4 39 3.8 0.9 66 | nd 42 1.1
6 03 0.2 nd 0.4 0.8 1.6 02 0.6 L__LLZ 49 1.6 9.3 nd 54 13 |
7 0.4 0.2 nd 0.3 0.6 1.2 03 0.5 2.6 26 | 06 5.8 s nd 2.5 06
8 0.4 03 nd 0.6 1.0 2.8 02 1.0 51 5.8 2.1 125 nd 6.8 14
9 nd nd nd nd nd 0.1 0.1 nd 0.6 05 0.7 6.9 nd 19 0.1
10 03 0.1 nd nd nd 0.3 0.1 nd 0.6 0.7 0.3 1.1 nd 04 01
11 0.9 0.8 nd 1.6 2.7 104 05 44 30.0 294 14.5 64.5 nd 352 4.7
12 0.5 04 nd 0.8 18 1.8 05 0.8 59 54 2.0 13.1 nd 7.8 1.8




USN SEDIMENTS-PCBs+CP

sz

sezd

Sample CB153 CB105 .| CB138 CB126 CB187 CB128 CB200 CB180 CB170 CB195 | CB206** | CB209 3. CBs 2. PCBs
(Location) | ng/g DW | ng/g DW | ng/g DW | ng/g DW | ng/g DW | ng/g DW | ng/g DW | ng/g DW | ng/g DW | ng/g DW | ng/g DW | ng/g DW | ng/g DW | ng/g DW
1 35 0.8 40 0.5 1.6 0.8 0.2 22 13 nd 0.9 5.0 33.8 67.6 ]
2 10.1 64 11.9 1.7 44 2.1 nd 59 32 1.1 08 0.7 105 209
3 322 16.4 394 5.1 15.7 5.7 4.8 304 16.6 nd 144 88.8 367 733
4 8.1 6.8 114 1.2 22 24 0.7 35 21 nd 0.6 09 97.3 195
5 64 nd 6.9 09 2.6 1.2 nd 33 20 nd 1.6 35 52.7 105
6 73 nd 87 1.3 29 1.6 0.6 4.4 2.7 nd 1.8 39 66.0 132
7 34 0.7 37 0.7 19 0.6 0.5 2.1 09 nd 1.4 2.6 36.7 73.4
8 15 2.0 9.0 1.1 25 1.8 0.5 32 2.0 nd 1.5 2.7 74.2 148
9 08 0.5 0.7 0.1 02 0.1 nd 0.4 0.1 nd nd 0.1 14.1 28.1
10 0.5 0.1 0.6 0.1 0.1 0.1 nd 0.2 0.1 0.1 nd 0.1 59 11.7
1 258 27.0 38.7 39 53 93 1.7 8.4 55 nd 2.1 2.0 329 658
12 93 2.8 11.5 1.5 40 23 0.7 5.0 30 nd 24 2.7 88.0 176




USN SEDIMENTS-PCBs+CP

Sample HCB | g-HCH | HEPT ALDRIN! HEPT E| OP'DDE|A-CHLDA| TRANSNON DIELDRIN| PP'DDE | OP'DDD| PP'DDD | OP'DDT | PP'DDT MIREX
(Location) | ng/g DW | mg/g DW | ng/g DW ng/g DW | ng/g DW|ng/g DW| ng/g DW ng/g DW ng/g DW | ng/g DW | ng/g DW| ng/g DW ng/g DW | ng/g DW | ng/g DW
1 nd na na nd na 1.0 na na na 0.2 na na na na nd
2 02 na na 0.1 na 5.1 na na na 3.1 na na na na nd
3 02 na na nd na 38 na na na 13.6 na na na na nd |

4 nd na na nd na 40 na na na nd na na na na nd
5 nd na na nd na 29 na na na 1.7 na na na na nd
6 nd na na nd na 2.6 na na na 2.1 na na na na nd
7 nd na na nd na 15 na na na 3.6 na na na na nd
8 0.1 na na nd na 21 na na na 1.8 na na na na nd
9 nd na na nd na 04 na na na 0.8 na na na na nd
10 nd na na nd na 0.7 na na na 35 na na na na nd
11 nd na na nd na 8.7 na na na 1.5 na na na na nd
12 0.1 na na nd na 24 na na na 2.5 na na na na nd




USN SEDIMENTS-PAHs

IMN

Sample NAP 2MN BIP DMN ACL ACT TMN FLU PHE ANT IMP FLA |
(location) | ng/g ng/g ng/g nglg ng/g ng/g ng/g ng/g ng/g nglg ng/g ng/g ng/g
1 03 nd 6.8 50 6.6 58.9 183 24 427 305 201 211 1050
2 20 25 05 128 76 427 635 10.1 439 3990 1330 368 12000 |
3 29 82 97 40.8 23.0 867 193 51.7 859 4890 3360 441 13600
4 nd nd nd 0.6 nd 89.3 nd nd 25.2 217 260 154 886
5 8.0 47 1.7 110 34 26.6 12.7 103 427 224 129 427 644
6 38 nd nd 89 nd 24.7 182 3.9 55.1 264 203 14.0 788 |
7 nd nd 35 1.7 1.8 28.1 183 4.0 53.6 385 161 34.6 831
8 35 24 0.1 14 19 317 119 11.0 53.6 309 181 819 818
9 nd nd nd nd nd 27 nd nd 49 411 186 43 114 |
10 1.9 0.7 nd nd nd 1.0 23 1.0 0.9 212 174 13 943
11 11.8 6.9 11.0 185 123 576 20.9 82 749 392 254 51.1 1320 |
12 127 1.0 9.9 133 14 95.7 10.0 nd 488 263 284 219 817

s



USN SEDIMENTS-PAHSs

Sample PYR "‘BAA CHR BBF BKF BEP BAP PER INP DBA BPE ¥ PAHs

(location) | nglg nglg ng/g ng/g nglg ng/g nglg ngl'g nglg nglg nglg ng/g
1 794 166 406 358 224 273 164 572 100 212 974 4380
2 9390 7380 4980 10100 2070 5140 3320 1050 1720 784 2070 66600
3 10100 10600 6390 9230 1980 5600 4710 1336 2850 1460 3060 81700
4 710 414 764 646 439 443 431 165 318 934 272 6240
5 518 378 479 633 248 404 402 147 258 85.2 313 5070
6 601 405 603 801 287 452 488 203 278 89.1 355 5940
7 681 277 376 399 245 303 302 116 240 52.1 233 4740
8 758 562 624 874 294 487 481 203 291 118 328 6540
9 79.3 34.6 70.6 673 55.6 53.2 49.1 174 44.0 15.0 19.4 690
10 93.9 26.1 415 70.5 242 40.1 385 226 183 93 295 561
11 990 274 538 381 245 257 206 95.5 132 28.4 132 | 5510
12 123 185 523 438 347 388 249 131 168 359 226 5000




USN TISSUESPCBs+CP

Sample CB0O0O8 | CB018 | CB029 | CB050 | CB028 | CB052 | CB104 | CB044 | CB0O66 | CB101 | CB087 | CB077 | CB154 | CB118 | CB188

(location) | ng/g DW | ng/g DW | ng/g DW | ng/g DW | ng/g DW | ng/g DW | ng/g DW | ng/g DW | ng/g DW | ng/g DW | ng/g DW | ng/g DW | ng/g DW | ng/g DW | ng/g DW

6 (CLAM) 0.2 14 nd 0.6 0.7 39 nd 2.6 nc 13.0 3.1 379 20.7 102 5.0




USN TISSUES-PCBs+CP

Sample CB153 | CB105 | CBi138 | CBl126 | CB187 | CB128 CB200 CB180 | CB170 | CB195 | CB206** | CB209 3 CBs | 2 PCBs
(location) | ng/g DW | ng/g DW | ng/g DW | ng/g DW | ng/g DW | ng/g DW | ng/g DW | ng/g DW | ng/g DW ng/g DW | ng/g DW | ng/g DW | ng/g DW | ng/g DW
6 (CLAM) 238 nd 19.2 23 8.1 3.0 1.0 8.1 2.8 nd 1.6 20 171 342




USN TISSUES-PCBs+CP

OP'DDD

Sample HCB | g-HCH | HEPT | ALDRIN|HEPT E|OP'DDE|A-CHLDA| TRANSNON | DIELDRIN| PP'DDE PP'DDD| OP'DDT | PP'DDT | MIREX
(location) |ng/g DW|ng/g DW|ng/g DW| ng/g DW |ng/g DW|ng/g DW| ng/g DW | ng/g DW ng/g DW | ng/g DW | ng/g DW|ng/g DW| ng/g DW | ng/g DW| ng/g DW
6 (CLAM) 0.1 na na 0.2 na 23 na na na 54 na na na na nd




USN TISSUES-PAHs

Sample NAP 2MN 1IMN BIP DMN ACL ACT TMN FLU PHE ANT IMP FLA

(location) ng/s ng/g ng/g ng/g ng/g ng/g ng/g ng/g ng/g nglg ng/g ng/g ng/g

6 (CLAM) 22 2.3 nd nd 6.1 4.7 0.2 14 0.9 17.3 13.9 3.6 117




USN TISSUES-PAHs

[

it

Sample PYR BAA CHR BBF BKF BEP BAP PER INP DBA | BPE Y PAHs
(location) ng/g ng/g ng/g ng/g nglg ng/g ng/g ng/g ng/g ng/g ng/g ng/g
6 (CLAM) 109 17.6 619 453 245 40.8 15.7 16.8 nd 0.7 179 516




Butyltins Surface

Sample Tetrabutyltin | Tributyltin Dibutyitin | Monobutyitin

(location) ng_/gﬁ ng/g ng/g ng/g
1 0.1 31.7 9.4 4.8
2 0.2 371.7 230.9 86.0
3 0.1 255.0 34.6 14.2
4 0.1 154.5 68.1 21.2 ]
5 0.2 201.7 20.6° 9.7 |
6 0.1 125.1 15.6 8.2
7 0.2 61.4 5.7 3.3
8 0.2 130.5 18.6 6.2
9 0.1 71.5 2.6 2.0
10 0.1 63.5 2.2 3.0
11 0.1 139.3 16.2 8.0
12 0.1 1156.5 8.0 5.8
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USN SED CORES-PCBs+CP

Location CB0O8 | CB018 | CB029 | CB0S0 | CB028 | CBO52 | CB104 | CB044 | CBO66 | CB101 | CB0O87 | CBO77 | CB154 | CB118 | CBISS
(depth cm.) | ng/g DW | ng/g DW | ng/g DW | ng/g DW | ng/g DW | ng/g DW | ng/g DW | ng/g DW | ng/g DW ng/g DW | ng/g DW | ng/g DW | ng/g DW | ng/g DW | ng/g DW

1 surface 02 0.1 nd 0.2 04 0.6 0.2 0.2 2.1 1.7 0.7 3.6 nd 24 0.6

1 (79 nd nd nd 0.3 0.3 1.2 nd 0.2 08 6.7 34 5.0 nd 5.6 1.3
1(15-17) nd nd nd 0.2 0.6 1.5 nd 0.5 nc 4.0 1.8 54 nd 43 1.1

3 surface 0.9 1.2 nd 1.3 2.1 44 14 23 14.5 14.5 5.6 30.1 nd 139 5.0

3 (79 nd 0.6 nd 0.4 0.6 1.5 nd 0.5 ne 7.0 1.6 6.8 nd 53 1.7

3 (15-17) 13 1.3 nd 2.5 3.7 10.1 1.1 4.7 nc 27.1 9.3 35.9 nd 24.0 5.1
12 surface 05 04 nd 0.8 1.8 1.8 05 0.8 59 54 2.0 13.1 nd 7.8 1.8
12 (79 04 03 nd 0.6 14 1.6 03 0.6 35 52 1.0 8.2 nd 6.5 1.8
12 (15-17) 1.3 09 nd 1.7 3.1 5.0 0.5 2.6 nc 14.0 42 19.4 nd 13.0 2.6
12 (22-24) 1.0 0.7 nd 1.9 29 6.6 04 2.6 nc 17.1 6.6 27.2 nd 18.0 3.4
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USN SED CORES-PCBs+CP

Location CB153 CB105 CB138 CB126 CB187 CB128 CB200 CB180 CB170 CB19S | CR206** | CB209 3 CBs 3. PCBs
(depth cm.) | ng/g DW | ng/g DW | ng/g DW | ng/g DW | ng/g DW | ng/g DW | ng/g DW | ng/g DW | ng/g DW | ng/g DW | ng/g DW | ng/g DW | ng/g DW | ng/g DW
1 surface 35 08 4.0 0.5 1.6 0.8 02 22 13 nd 09 5.0 338 61.6
1 (79 73 1.5 7.6 08 32 1.3 3.0 4.5 5.7 nd 1.6 713 68.6 137
1(15-17) 59 14 6.3 0.7 2.5 1.1 1.8 33 1.8 nd 10 20 473 946 |
3 surface 322 164 394 5.1 15.7 5.1 4.8 304 16.6 nd 144 88.8 367 733
3 (19 10.8 nd 112 1.5 4.7 1.6 13 9.1 43 nd 3.1 21.7 953 191
3 (1517 303 93 362 4.6 124 7.0 4.0 22.0 11.6 4.4 4.8 75 280 560
12 surface 93 28 115 15 4.0 23 0.7 5.0 3.0 nd 24 2.7 88.0 176
12 (79 93 nd 93 12 3.7 1.6 0.8 4.7 2.7 nd 23 28 69.9 140
12(15-17) 13.8 4.6 17.0 1.9 53 3.6 1.1 7.0 4.3 nd 33 4.0 134 268
12(22-24) 18.8 5.7 243 2.7 7.2 5.1 1.7 9.2 6.0 nd 8.2 6.0 183 366
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USN SED CORES-PCBs+CP

Location HCB | g-HCH | HEPT | ALDRIN| HEPT E|{OP'DDE; A-CHLDA| TRANSNON | DIELDRIN | PP'DDE | OP'DDD | PP'DDD | OP'DDT | PP'DDT | MIREX
(depth cm.) | ng/g DW | ng/g DW | ng/g DW | ng/g DW [ng/g DW|ng/g DW| ng/g DW | ng/g DW ng/g DW | ng/g DW | ng/g DW| ng/g DW | ng/g DW | ng/g DW | ng/g DW
1 surface nd na na nd na 1.0 na na na 0.2 na na na na nd
1 (79 0.1 na na nd na 94 na A na na nd na na na na nd
1(15-17) nd na na nd na 4.7 na na na 0.2 na na na na nd
3 surface 02 na na nd na 38 na na na 13.6 na na na na nd
3 (79 nd na na nd na 3.0 na na na 39 na na na na nd
3(15-17) nd na na nd na 105 na na na 159 na na na na nd
12 surface 0.1 na na nd na 24 na na na 25 na na na na nd
12 (7-9) nd na na md na 3.0 na na na 1.8 na na na na nd
12 (15-17) nd na na nd na 1.5 na na na 37 na na na na nd
12 (22-24) nd na na nd na 41 na na na 54 na na na na nd
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USN SED CORES-PAHs

Location NAP 2MN IMN BIP DMN ACL ACT TMN FLU PHE ANT iMP FLA
(depth cm.) ng/g nglg ng/g ngl/g nglg nglg ng/g nglg nglg nglg nglg nglg ng/g
1 surface 03 nd 6.8 5.0 6.6 589 i8.3 24 42.7 305 201 27.7 1050
1 (79 29.8 nd 30.7 16.8 29 31 41.6 3.0 0.2 536 274 66.9 1850
1(15-17) 53 nd nd nd nd nd 56.4 38 108 3600 429 279 4370
3 surface 29 8.2 9.7 408 230 867 193 51.7 859 4890 3360 441 13600
3 (79 168 41.8 131 49.8 45.7 14.0 860 75.0 710 5700 1140 517 6200
3(15-17) 466 1590 1750 1020 455 38.1 3090 186 4130 19100 6000 1010 23000
12 surface 12.7 1.0 9.9 133 7.4 95.7 100 nd 48.8 263 284 219 817
12 (79) 73 nd N_»7.2 74 nd 44.2 139 3.8 38.7 256 196 16.1 627
12 (15-17) 15.6 54 24.6 137 6.2 305 11.1 33 40.6 244 129 22.0 517
12 (22-24) 25.7 19.7 21.0 16.2 18.2 558 20.8 15.1 51.8 322 150 583 524
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USN SED CORES-PAHs

Location PYR BAA CHR BBF BKF BEP BAP PER INP DBA BPE Y PAHs

(depthem.) |  ng/g ng/g ng/g nglg ng/g ng/g ng/g ng/g ng/g ng/g nglg nglg
1 surface 794 166 406 358 224 273 164 57.2 100 21.2 974 4380
1 (79 1990 263 577 426 250 382 358 120 104 3.0 246 7580
1(15-17) 4740 385 763 586 223 379 334 130 89.6 0.8 167 16300
3 surface 10100 10600 6390 9230 1980 5600 4710 1336 2850 1460 3060 81700
3 (79 8950 1010 1420 703 249 510 762 170 112 4.7 259 29800
3(15-17) 40300 3050 2470 1690 399 1410 2440 385 234 12.9 687 115000
12 surface 723 185 523 438 347 388 249 131 168 35.9 226 5000
12 (79 785 382 574 1100 347 599 647 237 382 105 431 6800
12 (15-17) 733 252 37N 635 384 466 469 152 331 99.1 393 5350
12 (22-24) 835 497 472 373 902 653 523 159 384 163 464 6720

e
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Butyltins Cores

Location |{ Tetrabutyltin | Tributyltin Dibutyltin | Monobutyltin
(depth cm.) ng/g ng/g ng/g ng/g
1 surface 0.1 31.7 9.4 4.8
1 (7-9) 0.2 76.9 18.3 7.9
1 (15-17) 0.2 94.1 10.6 5.1
3 surface 1 255.0 34.6 14.2
3 (7-9) A 217.3 50.1 18.9
3 (15-17) .1 83.8 14.8 5.7
12 surface 0.1 115.5 8.0 5.8
12 (7-9) 0.1 44.5 7.8 2.2
12 (15-17) 0.2 41.5 2.4 1.6

LT-d
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APPENDIX F: QUALITY ASSURANCE/QUALITY CONTROL PROGRAM

I.  Trace Metal QA/QC
There are many quality control steps and quality assurance checks that
are routinely performed during all phases of our analyses. A general

description of these procedures is provided below.

1. Blank analyses are conducted with every batch of samples. Batch

sizes range from 12-36 samples and on average one blank analysis will be run
for every 20 samples. If blank levels are greater than 20% of the sample
concentrations, that batch of samples will be reanalyzed.

2. Extraction efficiency is measured by conducting spike and recovery
studies. All sample runs are followed by EPA-accepted spike additions. The
results of the spike adds (a % recovery) must fall within the range 85-110% for
the run to be accepted and completed. In addition, a standard reference
material (SRM) is run with every batch of samples. The observed values of
the SRM must fall within the range 85-115% of either previously observed
mean recoveries for a particular partial digestion method, or 75-125% of the
published total metal concentration for the SRM for a total digestion method
for the results of the run to be accepted.

The estimated method detection level and wavelengths for the ICP-AES
for trace metals of interest are shown in Table 1.

3. Instrument variability is determined by calibration using calibration
solutions for each analyte. Full calibration is performed at least every 2-3
weeks of continuous use and more frequently if the daily normalization of
the ICP-AES is not successful. The normalization is performed each run
using 3 standard solutions of varying concentration. If the concentration of
each element falls within 10 percent of the linear calibration curve for that
element, then the run is accepted. The determination of trace metal
concentration in the samples is preceded (and followed) in each run by
measurement of check samples containing each element being measured.
The check samples must fall within 10% of the known concentration for the
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run to continue. Overall analytical precision is determined by processing
replicate samples. A replicate sample is processed every 10 samples.

4. Analytical accuracy is determined by the analysis of several sediment
reference materials. These include NIST (SRM 1646) and the Canadian
standards PACS-1, BEST-1, MESS-1. The SRM must fall within 85-115% of
previously observed values for partial extraction methods and 75-125% of
observed values for total extraction methods.

In summary, the frequency of our QA/QC procedures is as follows:
blanks - every 20 samples; duplicates - every 10 samples; spike adds - every 20
samples, and SRMs - every 20 samples. If any problems occur or if any
QA /QC values are outside of our defined limits, then corrective action will be
taken to solve the problem.

II. Trace Metal Facilities

Laboratory facilities include clean room and equipment for trace metal
sample preparation, and equipment for AVS determination and SEM
extraction. Trace metal analyses are done on an ARL Model 3410 ICP-AES., a
Leeman Labs PS200 Automated Mercury Analyzer, and a Perkin Elmer
Zeeman/5000 System Atomic Absorption Spectrophotometer.
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Table1l. Recommended Wavelength and Estimated Detection Limits.

Metal *Wavelength (nm) DL (ug/g dry weight)
Aluminum 308.215 10
Antimony 206.833 0.05
Arsenic 193.696 0.2
Cadmium 226.502 0.05
Chromium 205.552 x 2 0.2
Cobalt 228.616 0.2
Copper 324.754 0.2
Iron 259.940 50
Lead 220.353 0.1
Magnesium 279.079 50
Manganese 257.610 0.2
Mercury 194.227 x 2 0.005
Nickel 231.604 x 2 0.2
Selenium 196.090 0.5
Silver 328.068 0.05
Thallium 190.864 0.1
Vanadium 292.402 0.3
Zinc 213.856 x 2 0.3

*From U.S., E.P.A., Methods for the Determination of Metals in Environmental Samples,

Method Number 200.7, 1992.
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APPENDIX G: AVS/SEM QA/QC INFORMATION

Overall sulfide recovery is determined by analysis of a known amount of
sodium sulfide standard added to DDIW from which the sulfide is liberated
during the analysis procedure. Accuracy is evaluated as percent of recovery
and recoveries of 95% + 10% are expected.

Accuracy of the SEM analyses will be assessed by matrix spike recovery
and analyses, and replicate analyses of samples.

L Precision

All extractions will be performed in duplicate, and precision will be
expressed as Relative Standard Deviation (RSD = 100% s.d./mean). Data on
precision will be transmitted with each quarterly report, if that analyte was
measured during the quarter. Precision for ICP measurement techniques is
generally on the order of 2-5%, although extraction error generally reduces
this. Precision for the overall analysis (extraction and analysis) is generally
less than 10% RSD.

II. Detection Limits

The following table provides an estimate of the detection limits for ICP
analyses for trace elements in solution.

Table1l. Estimated detection limits for ICP analysis of solutions.

Limit of Quantitative Detection

Element (ug/g)
Cadmium 5
Copper 15
*Mercury .00002
Nickel 40
Zinc 9
Lead 70

*Mercury is analyzed on a Leeman Labs PS200 Automated Mercury Analyzer.



NI. Completeness

The completeness of the study will be measured as the percentage of total
samples collected that are completely analyzed. We anticipate achieving
100% completeness.

IV. Specific Routine Procedures

1. Calibration Procedures

Standards are prepared from ICP grade metal standards. Two
independent, primary stocks are always maintained for comparison. Fresh
standards (five standards, including a blank, spanning the linear working
range) are prepared for each analytical batch and are stored for no more than
three days. The complete standard curve is regenerated at least every 25
samples, and a midrange re-slope standard is run every five samples.

2. QC Charts

Solution QA audit samples are obtained twice a year and analyzed at
least three times during each analytical batch. These data are used to
maintain QC charts, which are updated each analytical batch. If an analysis is
more than 2 standard deviations from the mean, or if seven successive
samples are biased above or below the mean, then the analysis is declared out-
of-control and remedial measures are taken. QC charts for each analysis will
be supplied to EPA annually.

3. Instrument Maintenance
All instruments are maintained according to the manufacturer's

instructions. ICP gases are all high purity gases, and air filters are changed
semi-annually or if a reduction in performance is noted.
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