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SUMMARY 

As part of a multidisciplinary investigation on the sediments of Narragansett Bay, sediment 

trap materials, surface sediments, hard shell clams {Mercenaria mcrcenaria) and sediment cores 

from throughout the bay were analyzed for organic contaminants including: polychlorinated 

biphenyls (PCBs), petroleum hydrocarbons (PHCs). polycyclic aromatic hydrocarbons (PAHs), 

substituted benzottiazoles (BZTs), bis (2-ethylhexyl) phthalate (DEHP) and coprostanol (COP). 

The objectives of this particular study were to provide infonnation on the source, transpon and 

biogeochemical fate of organic contaminants in the bay: while the overall goals of the investigation 

were to characterize the sediments and sedimentary processes of the Narragansett Bay system 

based on the results of integrated biological, chemical and geological studies. 

Sn:tirncm Im Materials 

The sediment trap samples showed a trend of decreasing concentration for most 

components from Fox Point to Ohio Ledge, suggesting that the source(s) of these contaminants 

were pollution discharges (e.g., industrial and municipal effluents, CSOs. spills and runoff,) to the 

upper Providence River and its tributaries. In general, the agreement between the results from the 

present sediment trap study and older suspended solids data ( 1985-86) was quite good. However, 

the PHC concentrations reponed in 1977 were considerably higher than the more recent values. but 

it is difficult, if not impossible, to detcnnine if changes have really occmrcd based on the limited 

number of samples analyzed and procedural variations in the different studies. 

In the case of Bzr concentrations and their ratios (C 10-BZ1'/Cl-BZT), there was a 

maximum amount of both BZl's and a minimum ratio in trap material at a Providence River station 

about 7 km soudl of Fox Point (i.e., adjacent to the Pawtuxet Cove entrance). This trend with 

distanec is probably due to the source of the BZf s to the Providence River which is the Pawtuxet 

River via Pawtuxet Cove. The ezr ratio indicates a change in the relative amounts of the two 

compounds over the distanee from the point of entry, i.e., there is a trend of increasing values with 

distance &om Pawtuxet Cove (ratio• 1.5) to Ohio Ledge (ratio = 3.2). The ratio for sediment trap 

material from the Pawtuxet River was 1.0 - 2.0; since these values are generally lower than any 
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others reponcd. it suggests that the river is the major source of the material in the Pawtuxet Cove 

traps. 

Toe relationships between contaminant concentrations in sediment trap material and surface 

sediments were quite good. For Ar 1254, the sediment levels were about twice the trap values. 

Conversely, the hydrocarbon concentrations in trap material were about 1.5 times as high for 

PHCs and about equal in pyrene, relative to the surface sediments. (In all cases, the correlations 

were significant at the 95% confidence level). In general, these data suppon the concept that the 

chemical composition of particulate material and surf ace sediments are closely related, and that the 

former could be a major source of contaminants to the underlying surface sediments. It is also 

possible that resuspended surface sediments could contribute to the particulate material in the water 

column depending on a number of factors such as bottom currents and extent of bioturbation. 

There was a significant relationship between the concentration of Cl-BZf in trap material 

and surface sediments; however, the relationship for the C10-Bzr was not as good. and there is

presently no explanation for these differences other than that the production of Cl-Bzr staned in 

1963 and ceased in 1972, while that of the C10-Bzr started in 1970 and continued to 1985. (The 

log Kow for both BZfs are essentially the same, Pruell & QuiM, 1985.) Perhaps, the fonncr 

Bzr is more uniformally distributed in particulate material and sediments than the more recently 

discharged C1o-BZT. Changes in the Bzr ratio (Cu/Cl)of trap material may be due to a number 

of reasons including: the preferential retention of the C10-BZT and/or loss of Cl-Bzr due to

various biogeochemical reactions, and the resuspension of more recent sediments containing 

higher concentrations of the C10-BZT. This trend would be in agreement with the low ratio in 

Pawtuxet River surface sediments relative to sediment from the other locations where the ratios 

generally increase as found in the trap material. For example, the Bzr ratio in swfacc sediments 

from Ohio Ledge is 7.2, in the mid-bay it is 8.2 and at the west passage the ratio is 9.5 (significant 

at the 9S% confidence level). 
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Surface Sroirocms ao4 Clams 

In general, the levels of all comtaminants were highest in the Providence River sediments 

and decreased exponentially with distance downbay, with the lowest values usually found at the 

mouth of the bay. The major exception was a station in Newport Harbor in the lower east passage, 

where the concentrations of PHCs, PCBs and COP were relatively high and similar to some of the 

upper bay stations. The sources of the contaminants at this station may be related to sewage 

effluent , CS0 discharges and runnoff to the harbor area. 

One way of evaluating the distribution of various contaminants in surface sediments is to 

compare the half distances for these components ( defined as the distance in which the highest 

contaminant concentration decreases by 50% ). A comparison of values for the east and west 

transects obtained in this study showed some small differences. For most components ( exceptions 

are BZfs) the half distances were longer in the cast transect, suggesting additional sources of 

contaminants to that area. This may be due to several reasons including the influence of Newport 

effluents etc., different water circulation patterns in the two passages, and possible influences from 

Mount Hope Bay.- Organic carbon had the longest half distance due to a large number of sources 

throughout the bay, and the BZTs had the lowest values since their only source is the Providence 

River via the Pawtuxct River. Finally, the PH Cs, P AHs. PCBs (sometimes measured as specific 

chlorobiphenyl (CB) cogeners) and coprostanol had similar half distances, suggesting maja

sources in the Providence River as well as smaller additional inputs throughout the bay. 

Five of the contaminants (CB 101, CB 138, PHCs, C10-BZT and O-BZT) showed 

significant COffllladons (9511 confidence level a- better) between sediment and clam concentrations, 

and all values dlecleased with distance from the Providence River. These sediment components are 

hydrophobic and are strongly partitioned into the clams' lipids. Based on the data from this study. 

it may be possible to identify areas of the bay from which clams are harvested for commercial use. 

For example, clams suspected of being taken from areas closed to shellfishing could be analyzed 

for, these 5 contaminants and the results converted to sediment location using the relationships 

developed in this investigation. 
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Trends from older investigations were generally similar to those observed in the present 

study; namely, highest concentrations in Providence River sediments and clams with decreasing 

amounts downbay. The range of previous values brackets those obtained in this study. Given the 

variations in station location, collection procedures, processing techniques and analytical methods, 

it is impossible to determine at the present time, if the concentrations have significantly changed 

over the past 15-20 years. 

Sediment Cores 

Highest levels and deepest penetration of PCBs (measured as CB 138) were in the Fox 

Point core which had a fairly uniform concentration down to 72 cm, but increased at 110 cm and 

remained about the same at the bottom of the core (147 cm). The other cores showed less 

penetration ranging from 42 cm (bottom of core) at Conimicut Point to 13 cm at Fields Point 

where the CB 138 values reached background ( < 0.1 ng/g) concentration. Apparently, the latter 

core site is a non-depositional area in contrast to Fox Point which has a relatively high 

sedimentation rate. 

The distribution of PHCs and pyrene were similar in some respects. In both cases, Fox 

Point had the highest level and deepest penetration with relatively constant values down to 147 cm. 

The PHCs never quite reached background levels in these cores (Ohio Ledge and Fields Point were 

the closest to background), but the pyrene did reach this level in two cores including the Fields 

Point core which again had the shallowest penetration ( 18 cm). 

Similar distributions were shown by COP and DEHP in that the Fox Point core had the 

highest levels and deepest penetration - a slight increase down to 110 cm followed by a prominent 

decrease to 147 an. None of the cores reached background values for DEHP, but Ohio Ledge and 

Conimicut Point came very close. The COP reached background in only the Fields Point core but 

it rapidly increased again. 

It is impossible to adequately explain all of the trends in sediment core distributions with only 

the organic contaminent results. However, a detailed evaluation of all of the data (i.e., trace 

metals, organic components, biological species, pollen and geochemical analyses and radiometric 
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d atin g) 
is currentl y  being prep ared  in order to provi de  infonnatio n  on histo rical trends as recorded

in the bay sediment c ore s  (King e t  al., 1 992). 
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I. INTRODUCTION

In July 1987, as pan of a multidisciplinary investigation on the sediments of Narragansett

Bay (Dr. John King, PI), we began a 2-year study of organic contaminants in the water column, 

sediments and hard shell clams <Mercenaria mercenaria) of the bay. During the first year, we 

analyzed surface sediment samples from 21 locations throughout the bay, clam samples from 10 

stations and sediment cores from 6 locations. Samples analyzed during the second year included 

sediment trap material from 7 locations and sediment cores from 8 stations in the bay. 

The contaminants analyzed in this study cover a wide range of organic pollutants that enter 

Narragansett Bay and include polychlorinated biphenyls (PCBs) and specific chlorobiphenyl (CB) 

congeners, petroleum hydrocarbons (PHCs), polycyclic aromatic hydrocarbons (PAHs), 

substituted benzottiazoles (C10-and chloro(Cl)-BZfs), the phthalic acid ester - bis (2-cthylhexyl) 

phthalate (DEHP) and the fecal stcrol - coprostanol (COP). Most of these components are 

routinely found in the waters and sediments of estuaries and coastal areas, and they have been used 

to assess the impact of chemical contamination on the near-shore marine environment (e.g., 

NOAA 's National States and Trend Program - O'Connor and Ehler, 1�1). 

Our objectives in this particular study were to provide infonnation on the source, transport 

and biogeochemical fate of organic contaminants in the bay. The overall goals of the investigation 

were to characterize the sediments and sedimentary processes of the Narragansett Bay system 

based on the results of integrated biological, chemical and geological studies of the sediments 

under the direction of Dr. John King at the Graduate School of Oceanography, University of 

. Rhode Island (King et al., 1991, King et al., 1992). 

II. EXPERIMENTAL

t. Samples

Surface sediments (LeBlanc, 1989) were collected from a total of 25 stations throughout 

the bay and the Providence River in August and October, 1985 and in June, 1986 (Figure 1 ). The 

stations range from Fox Point in the Providence River (station 1, la- same station sampled in both 

years) to station 21 at the mouth of the west passage. Shon cores ( 16.5 cm diameter) were 
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obtained by diver and the top 0.5 cm (including the surface flocculent layer) was carefully scraped 

and stored in glass jars at -20 °c until analyzed. Longer core samples were also collected by diver 

at four sites (Fox Point, Fields Point, Conimicut Point and Ohio Ledge) in June, 1986 by forcing a 

polycarbonate tube (7 cm diameter) into the sediment. These cores (30-60 cm in length), were 

stored at-20 °c until they were sectioned and analyzed. 

The other samples analyzed in this study were collected by John King (sediment cores and 

sediment trap material) and Sheldon Pratt (Mcrcenaria merccnaria samples). Complete details on 

the collection and processing of these samples can be found in the appropriate chapters of the final 

repon (King et al., 1991, King ct al., 1992). The sediment core sections and trap material (in 

glass jars) and intact clams (wrapped in aluminum foil) were stored at -200C until analyzed. 

2. Analyses

In general, the samples were extracted with methanol (sediments) or mcthanobic KOH 

(clam samples) to isolate the organic contaminants. After solvent exchange into hexane, the 

extracts were separated into 3 fractions using silica gel column chromatography (Figure 2). The 

organic contaminants in the different fractions were measured by glass capillary gas 

chromatography <GC) relative to internal standards.and the results from selected samples were 

confinned by combined gas chromatography/mass spectrometry (GC/MS). The analytical methods 

have been described in detail by Latimer (1989), Latimer ct al. (1990a, 1990b, 1991, 1992), 

LeBlanc ( 1989), LeBlanc et al. ( 1992), Pruell ct al ( 1984 ), and Pruell and Quinn ( 198S). Our 

quality assurance plan has been completely outlined in the work/quality assurance document for 

this investigation (Kina, 1988) and a copy is included in the Appendix A of this repon. Some of 

the major feaans of the plan are as follows: 

a) Pmcisim. The precision of our procedures was measured as the relative standard

deviation (RSD) of triplicate analyses, which were conducted on selected samples over the course 

of the project. In most cases, the RSDs were 10% or better. 

b) Accyracy. The accuracy of our pnxedures is meuured as percent recovery of a

standard mixture (containing pettoleum hydrocarbons, PAHs. PCBs, phthalates and coprostanol) 
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Straight chain allcanes 

Branched and cyclic al1canes (UCM) 
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F2 

PAH compounds 
C10-and CI-BZTs 

Figure 2. Aow chart of the procedures for the extraction and separation of organic contaminants 
in sediment trap material, sediments and hard shell clams (From LcBlanc, 1989). F1, F2 
and F3 are the three fractions isolated from column chromatography. 
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spiked into blank samples at concentrations similar to the lower values that were detennined in the 

field samples. These fortified blanks were analyzed over the course of the project. In most cases, 

the recoveries were within 80-120 percent of the concentration in the spike mixture, and in many 

cases the values were within ±10%. In addition, accuracy was also measured as percent recovery 

of specific organics in Standard Reference Materials (SRM), including NBS SRM 1649. (Urban 

Dust-PAHs) and Canadian NRC SRM HS-2 (PCBs in marine sediment) carried through the entire 

analytical procedure. This was done several times over the course of the project, and most of the 

recoveries were within 70-130 percent of the stated values, and many were within ±10% of this 

value. 

c) Comparability. The samples were collected, prepared, and analyzed using established

procedures that the Organic Geochemistry Laboratory at the Graduate School of Oceanography has 

used over the past 15 years. These procedures have been thoroughly tested and used in several 

successful intra- and interlaboratory comparisons. In addition, most of these procedures have been 

reponed in over 70 articles which have been published in refereed scientific journals such as those 

listed in the reference section. 

d) Limit of detection. The detection limits for our FID-GC analyses were between 0.01

and 1.0 ug/g, depending on the specific component (e.g. individual PAH or total PHCs) being 

measured in sample. Values below these levels are reported as none detected (N.D.). In the case 

of ECD-GC analyses, the detection limits are between 0.1 and 1.0 ng/g, depending on the specific 

component measured. The detection limits of our analyses for a 1-10 g (dry weight) sample are 

usually as follows: 

C.qup,mt 

PHCs(tocal) 

P AHs (individual P AH)

PCBs (total) 

PCBs (individual congener) 

COP 

Detection Limit 
<dry wei1b1 basis} 

1 µg/g 

10 ng/g 

1 ng/g 

0.1 ng/g 

10-40 ng/g 



BZfs (individual BZT) 

DEHP 

III. RES UL TS AND DISCUSSION

6 

10 ng/g 

10-40 ng/g

The complete data sets are included in the appendix of this repon. However, for 

discussion purposes, only representative sections of the data were selected in order to i llustrate 

spatial and temporal trends, and to describe geochemical processes. The criteria for selection of 

specific components were as follows: 

a) They have been measure� 1 other studies (e.g. suspended solids, S.S.); 

b) They represent different c ti.cal classes.( For example, pyrcne (Pyr) and fluoranthcnc

(Flr) are imponant PAHs, Aroclor (ArJ 1254 is a major PCB mixture, CB 101, 138 and 209 arc 

major PCB congeners, and DEHP is a common phthalic acid ester; 

c) They are regulated under EPA water quality criteria (e.g., PCBs);

d) They are useful in tracing specific sources of contamination (e.g., COP is an indicator

of municipal sewage discharges and BZf s are specific to the discharge of a chemical plant on the 

Pawtuxet River over known periods of time). 

1. Sr,dimc;nt Imp Materials.

a) Variability of trap materials

Sediment trap materials were collectCL .:x>ut 1.5 m above the sediments at five locations 

during March 20th to April 13, 1989 (King et al., 1991 ). At the Pawruxet Cove station, samples 

were also collected from March 10-20th. Most sediment trap collections consisted of six different 

samples (A, B, CD, center and Gardner traps - Figure 3). The variability in the organic 

contaminant analyses of these samples is presented in Table 1. For example, the precision of the 

first Pawtuxct Cove ttap samples (Ptux Cv 1, 3/10/89) ranged from an RSD of 20CI for Ar 1254 to 

53% for pyrene (Pyr). Based on the average environmental variation of particulate samples from 

the Blackstone River (QuiM et al., 1987) and Pawtuxet River (Quinn ct al., 1985), several of the 

sediment trap samples exceeded the expected variability for some of the contaminants (i.e. RSDs 
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I 

SEDIMENT TRAP ORIENTATION 

TOP VIEW SCHEMATIC 

UP RI VER 

t t 

GARDNER 

DOWN RIVER 

N 

Figure 3. Design of the sediment trap array used in this study. 
(From King et al., 1991.) 
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Table 1. Comparison of the variability in concencrations between the sediments collected in the six 
different traps. Variations are expressed as the rel:itive standard deviations from the means 
(%). Locations are: Pawtuxet Cove, Fields Point. Fox Point, Conimicut Point and Ohio 
Ledge. 

Ptux. Ptux. Fields Fox a 
Cv. 1 Cv. 2 Pt. Pt. 

PHCs 29 NA -,-, 5.6b _, 

Ar1254 20 32c NA 6.8d 

PYR 53 27 20 4.2 

C10-BZT 41 42 38 16 

Cl-BZT 43 64 33 19 

C1 0/Cl BZT 16 37 8.7 18 

Masse 74 32 49 21 

aFox Point trap did not include trap B due to inadequate S�lmple; 

bexcludes traps A, D and center overflow which were not analyzed; 

ctrap B and Gardner comparison only; 

dexcludes center trap which was not analyze. 

epreliminary data (J. King et al., 1991 ). 

NA= not analyzed. 

Con. Ohio 
Pt. Ledge 

NA NA 

NA NA 

28 28 

49 40 

45 37 

17 7.5 

65 46 
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greater than: PHCs = 50%, PAHs = 35%, Ar 1254 and BZTs = 20%). However, given the 

variability of direction, changes in flow rate and time of sampling, this is not surprising. 

The results of the analyses of individual sediment trap samples from Pawtuxet Cove #l are 

shown in Figure 4. Pyrenc, C10-BZT and Cl-BZT showed the greatest variability, and these 

contaminants were generally higher in concentration in the C, D traps (combined due to small 

sample size). In contrast, the Fox Point traps (Figure 5) showed the least variability 

For most of the locations, the RSDs for PHCs, and Ar 1254 did not exceed the expected 

levels indicated above; however, BZTs were variable for all sites (Table 1). The C, D and Gardner 

traps showed the highest concentrations at most of the locations. At Fox Point, there were no 

significant variations for any of the contaminants in the six traps and the Gardner trap sample 

values were very close to the average values (Figure 5). Therefore, based on these results and the 

recommendation of John King (personal communication), the Gardner trap samples were selected 

to be representative of the sediment trap materials and were the only trap samples analyzed at all 

five locations. 

b > Comparison with preyjous data

A comparison of organic contaminants in sediment trap materials and other samples from 

Narragansett Bay is shown in Table 2. The sediment trap samples showed a trend of decreasing 

concentration for all components (except the BZfs) from Fox Point to Ohio Ledge suggesting that 

the source(s) of these contaminants were the upper river and/or its tributaries which converge at 

Fox Point Since the Bzrs only enter the Providence River via Pawtuxet Cove (Pruell and Quinn, 

1985), their concentrations are highest at the stations closest to the point of enay - i.e. Fields Point 

or Conimicut Point This same trend has been observed in surface sediments from the Providence 

River (Table 2). In general, the agreement between the results from the present sediment trap 

study and older suspended solids data (1985-86) is quite good. However, the PHC concentrations 

reported by Schultz and Quinn (1977) arc considerably higher than the more recent values. This 

may indicate a substantial decrease in concentration over the 12 years between the investigations or 

it may be due to differeaces in the sample collection procedures and analytical methods used in 
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Table 2. Comparison of sediment trap data with other data in Narragansett Bay 

µg/gm ng/gm ng/gm ng/gm µg/gm µg/gm µg/gm C1JCl 
PHCs Ar 1254 CB 101 CB 209 PYR C10-BZT 0-BZf BZf 

(concentration - dry weight basis) 

Sediment Traps l(bottom waters, 1989 - this study) 
Fox Pt. 6220 638 57.8 19.0 4.8 0.91 0.19 4.8 
Fields Pt. 4110 294 23.8 12.3 3.2 1.41 0.59 2.4 
Con. Pt. 861 89 7.2 3.6 1.3 0.64 0.25 2.6 
Ohio Ledge 630 102 7.8 2.7 0.6 0.39 0.12 3.2 

TSS. (surface waters, 1985-86 - Quinn et al., 1988) 
Fox Pt. 5860 1100 110 17.0 2.8 ND ND ND 
Con. Pt. 3710 896 96 13.0 1.3 ND ND ND 
W. Passage 1670 329 16 3.0 0.8 ND ND ND 
E. Passage 2540 1040 116 13.0 1.4 ND ND ND 

TSS (bottom waters, 1985-86 - Quinn et al., 1988) 
Fox Pt. 4210 809 78.0 20.0 2.2 ND ND ND 
Con. Pt. 1320 202 19.0 7.0 1.1 0.10 0.03 3.1 
W. Passage 1200 515 53.0 8.0 0.9 ND ND ND 
E. Passage 1250 332 45.0 10.0 1.4 ND ND ND 

TSS (surface waters, 1977 - Schultz and Quinn, 1977) 
Fox Pt. 34,800 NA NA NA NA NA NA NA 
Fields Pt. 15,000 NA NA NA NA NA NA NA 
Con. Pt. 9,100 NA NA NA NA NA NA NA 
Ohio Ledge 3,400 NA NA NA NA NA NA NA 

Surface sediment (top 0.5 cm, 1985-86 - Appendix C) 
Fox Pt.2 4270 1170 93.4 29.5 4.8 1.54 0.38 4.0 
Fields Pt.3 2250 551 33.9 15.4 1.0 8.46 1.29 6.6 
Con. Pt.4 659 108 9.4 4.4 0.46 4.37 0.77 5.7 
Ohio Ledge5 587 198 15.8 10.3 0.36 2.94 0.41 7.2 

Sediment Cores (0-10 cm, Van Vleet and Quinn, 1978) 
Fox Pt. 1410 NA NA NA NA NA NA NA 
Fields Pt. 5410 NA NA NA NA NA NA NA 
Con. Pt. 570 NA NA NA NA NA NA NA 

Sediment Cores (Pruell, 1984) 
Fox Pt.6 8320 NA NA NA 5.3 3.8 0.51 7.5 
Fields Pt.6 2490 NA NA NA 0.83 2.6 0.35 7.4 
Con. Pt.6 1500 NA NA NA 0.75 7.6 1.4 5.4 
Ohio Ledge7 612 NA NA NA 0.63 0.86 0.21 4.1 

Sea Grant Cores (0-2.5 cm, 1986 - Appendix D) 
Fox Pt. NA 1020 76.7 22.9 6.4 1.34 0.32 4.2 
Fields Pt. 1730 379 35.5 14.2 1.5 6.43 1.26 5.1 
Con. Pt. 1240 359 26.7 11.1 0.79 10.8 2.20 4.9 
Ohio Ledge 868 167 12.8 7.3 0.47 2.87 0.57 5.0 

1Gardner Trap; 2St. 1, la; 3St. 2, 2a; 4St. 4, 4a; 5St. 5a; 60-5 cm; 70-2.5 cm; NA= not 
analyzed; ND = none detected. 
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these studies. Thus, it is difficult. if not impossible, to determine if changes in suspended 

sediments have really occurred. based on the limited number of samples and procedural differences 

in the two studies. 

c) Comparison with surface sediments

The relationship between contaminant concentrations in both sediment trap material and 

surface sediments vs distance from Fox Point is illustrated in Figures 6 and 7, and they show a 

trend of decreasing concentration with distance from Fox Point. For the PHCs, Ar 1254 and CB 

209, the relationships (based on R2 values) for the trap material is somewhat better than for the 

sediments. Also, the apparent rate of decrease in concentration is sometimes higher for the trap 

material (in this case, PHCs - Figure 6), perhaps due to fairly rapid settling of larger contaminant 

panicles in the Providence River and upper bay. (Pruell and Quinn, 1985). 

In the case of BZT concentrations and their ratios (C10-BZT/Cl-BZT), the relationship 

shows a maximum concentration of both BZTs (Figure 8a) and a minimum ratio in trap material 

(Figure 8b) at a station about 7 km south of Fox Point, i.e. Pawtuxet Cove. As previously 

indicated, this trend with distance is due to the source of the BZTs to the Providence River 

(Pawtuxct River via Pawtuxet Cove). The BZT ratio indicates a change in the relative amounts of 

the two compounds over the 7 km distance from the point of entry because the sample collected in 

Pawtuxet Cove has a relatively larger amount of Cl-BZT than the other samples, thereby giving the 

lowest C1o,.Cl ratio. It is interesting to note that the ratio for sediment trap material from the 

Pawtuxet River in May 1989 was 1.1 (Table 3). Particulate samples collected at the mouth of the 

river gave values of 1.0 for October 1988 and 2.0 for May 1989 (Latimer ct al., 1992). These 

values arc generally lower than any other paniculatc values reported in Table 3 and suggest that the 

Pawtuxet River is the SOUICC of the material in the Pawtuxet Cove trap with a ratio of 1.5 (Figure 

8b). One possible explanation for the concentration trend is that suspended material from the 

Pawtuxet River, is transported both up the Providence River (towards Fox Point) and down the 

river (towards Conimicut Point) depending on the tidal cycle. Thus, the expected concentration 

trend with distance would be similar to that shown in Figure Sa with a maximum at the entrance of 
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Table 3. Comparisons of C l(/Cl BZf ratios from various studies with sediment trap results. 

Ptux. Ptux. Fox Fields Con. Ohio 
Site/type River Cv.l Pt. Pt. Pt. Ledge 

Gardner sed. traps 1.1 1.5 4.8 2.4 2.6 3.2 

TSS (bottom waters) 1 ND ND 3.1 ND 

Surface Seds.2 4.0 6.6 5.7 7.2 

Surface Seds.3 7.6 7.5 5.5 4.1 

Surface Scds.4 0.1 

Surface Seds.5 3.1 

Surface Seds. 6 2.2 

Surface Seds. 7 0.1 

lSamples collected during bay wide cruises 1985-86 (particulate fraction only); QuiM '111., 1988. 
2Toc top 0.5 cm of sediment; 1985-86; this study. 

3Toc top 5 cm of sediment for Fox Pt., Fields Pt., and Con. Pt.; the top 2.5 cm of sediment for the 

Ohio Ledge site; 1979-80; Pruell, 1984. 
4The top 2 cm of a sediment core collected from Rhodes-on-the-Pawtuxet; 1987; this study. 

5Toe top 3 cm of a sediment core collected in the cove; 1987; this study. 

6Toc top 1 cm of a sediment core collected from Rhodcs-on-the-Pawtuxct; 1983; Quinn� 11., 1985. 
7Thc top 1 cm of a sediment core collected from Rhodcs-on-the-Pawtuxet; 1984; Quinn � 11., 1985. 

ND = none detected. 
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Pawtuxet Cove to the Providence River and decreasing concentrations towards Fox Point and 

Conimicut Point. 

The relationships between contaminant concentrations in sediment trap material and surface 

sediments is shown in Figure 9. For Ar 1254. the sediment levels were about twice the trap 

values, but the correlation was still very good (R2 = 0.976; Figure 9a). Reasons for the 

differences in concentrations are not clear but some possibilities include the following: dilution of 

trap material with biogenic particulate matter, relatively rapid chemical and/or microbial degration 

of some suspended PCBs in the water column, enrichment of surface sediment PCBs from deeper 

in the sediment via bioturbation and/or colloidal particle transpon in interstitial waters. 

Considering the relationship for hydrocarbons, the concentration in trap material is about 

1.5 times as high in PHCs (Figure 9b) and about equal in pyrene (Figure 9c) relative to the surface 

sediment. In both cases, the correlations were good (R2 > 0.91, significant at the 95% confidence 

level). In general, the data suppon the concept that the chemical composition of particulate material 

and surface sediments are closely related, and that the former could be a major source of 

contaminants to the underlying surface sediments (e.g., Figure 9 b and c). It is also possible that 

resµspended surface sediments could contribute to the particulate material in the water column 

(e.g., Figure 9a) depending on a number of factors such as bottom currents and bioturbation. 

There was a significant relationship between the concentration of Cl-Bzr in trap material 

and surface sediments (Figure 10). However the relationship for the C10-Bzr was not as good, 

and there is presently no explanation for these differences other than that the production of Cl-Bzr 

started in 1963 and ceased in 1972, while that of the C1o-8Zf started in 1970 and continued to 

1985. (The l<>a Kow for both BZTs are essentially the same - Pruell and Quinn, 1985.) Perhaps, 

the Cl-BZT is more unifonnally distributed in paniculatc material and sediments than the more 

recently discharged C10-Bzr 

A comparison of C10-BZT/Cl-BZT ratios from various studies in Narragansett Bay is 

presented in Table 3. The value for Pawtuxet River sediment trap material is 1.1. Particulate 

material from this river ranges from 1.0 to 2.0, Latimer ct al., 1992). In the case of trap material 
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from other locations, there seems to be a trend of increasing values with distance from Pawtuxet 

Cove (ratio= 1.5). However, the Fox Point value (4.8) seems high relative to that at Ohio Ledge 

(3.2) which is about the same distance away from Pawtuxet Cove. The values at Fields Point and 

Conimicut Point arc about the same. (The ratio in TSS from bottom water at Conimicut Point is in 

good agreement with the trap sample, but this is probably fortuitous and not the result of any 

constant process since the samples were collected some four years apan.) 

Changes in the BZf ratio of trap material may be due to a number of reasons including: the 

preferential retention of the C10-BZT and/or loss of Cl-BZT due to various biogeochemical 

reactions, and the resuspension of more recent sediments containing higher concentrations of the 

C10-BZT. This trend would be in agreement with the low ratio in Pawtuxet River surface

sediments relative to sediment from the other locations (Table 3) where the ratios generally increase 

as was found for the trap material. For example, the BZT ratio in surface sediments from Ohio 

Ledge is 7.2, in the mid-bay it is 8.2 (appendix) and at the west passage the ratio is 9.5 

(appendix). This relationship is significant at the 95% confidence level and is shown in Figure 11. 

2. Surface Secfiments and Clams

a) Sediments

The concentrations of various contaminants in surface sediments from the bay arc shown in 

Figure 12 (PHCs), Figure 13 (total PCBs), Figure 14 (C10-BZT) and Figure 15 (COP). In 

general, the levels of all pollµtants are highest in the Providence River and they decrease 

exponentially with distance downbay. with the lowest values usually found at the mouth of the 

bay. This is due to the large number of contaminant discharges to the Providence River including 

municipal and industrial effluents, CSOs, urban runoff and inputs from tributaries. The major 

exception is station 15, Newpon Harbor in the lower east passage, where the concentrations of 

PHCs, PCBs and COP are relatively high and similar to some of the upper bay stations. The 

source(s) of the contaminants at station 15 may be related to sewage effluent, CSO discharges and 

runnoff to the harbor area. 
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One way of evaluating the distribution of various contaminants in surface sediments is to 

compare the half distances for these components (defined as the distance in which the initial 

contaminant concentration at the Foit Point Station, except Bzrs which have highest 

concentrations at Station 3 near Pawtuxet Cove, decreases by 50%; Pruell and Quinn, 1985). It is 

calculated by plotting the log of the concentration (units/g sediment) vs distance, and detennining 

the slope of the line which is then divided into the log of 2 (d 1/'2 = log 2/slope). The plots of the 

various contaminants vs distance are shown for the east transect (Figures 16 and 17) and the west 

transect (Figures 18 and 19) and summarized in Table 4. For comparison, this table also includes 

the values calculated by Pruell and Quinn ( 1985) for 9 stations ranging from Fox Point in the 

Providence River through the west passage (only 2 stations) to Rhode Island Sound In general, 

there is good agreement between the older values and those obtained for the west transect in the 

present study. Normalizing the concentrations to sediment organic carbon did not substantially 

change the strength of the correlation with distance (LeBlanc, 1989). 

A comparison of values for the east and west transects obtained in the present study show 

some differences (Table 4). For most components (exceptions are BZfs) the half distances are 

longer in the east transect, suggesting additional sources of contaminants which would reduce the 

slopes of the lines. This may be due to several reasons including the influence of Newport 

effluents, different water circulation patterns in the two passages, and possible influences from 

Mount Hope Bay. Organic carbon has the longest half distance due to a large number of sources 

throughout the bay, and the Bzrs have lowest values since their only source is the Pawtuxet River 

which empties into the Providence River via Pawtuxet Cove about 7 km south of Fox Point (note 

concentration muirna for BZTs in Figures 16 and 18). The DEHP in the west transect also has a 

shon half distance suggesting that, like the Bzrs, its only source is the Providence River. 

However, this is unlikely since this phthalatc is a common pollutant found in other sources of 

conwnination to the bay. The observed trends for DEHP in the east transect are in agreement with 

the 1985 data and seem more reasonable. The total P AHs have a longer half distance than the 

PHCs - possibly because of additional inputs to the mid and lower bay (e.g. atmospheric 
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Table 4. Half-distances1 calculated for organic constituents in Narragansett Bay surface 
sediments. 

l:lalf-Qistance (km) 
Compound West Tran sect East Transect 

TOC 13.1 15.8 

Total PAHs 8.85 10.4 

PHCs 5.57 7.00 

DEHP 2.87 4.36 

Cl-BZT 4.30 2.45 

C1o•BZT 4.30 2.62 

Ar 1254 5.90 6.54 

COP 5.19 5.68 

1Half-distance = log 2/slope of semi-log cone. vs. distance graph

NA = not analyzed 

Pr;uell et al, 1985 

12.5 

7.18 

6.40 

4.70 

3.91 

3.81 

NA 

NA 
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deposition). Finally, the PHCs, PCBs (as Ar 1254) and coprostanol have similar half distances 

suggesting major sources in the Providence River as well as small additional inputs throughout the 

bay. 

b) Hard shell clams

The concentrations of various contaminants in clams and surface sediments from 9 

locations in the bay are shown in Table 5 and plotted in Figures 20 and 21. The congeners (CB 

101 and CB 138) were used in place of Ar 1254 because they are less subject to analytical variation 

and are a more precise measure of the chlorobiphenyl concentrations in environmental samples 

(Latimer, 1989). The equations, correlation coefficients (R) and confidence levels, are shown in 

Table 6. Five of the contaminants showed significant correlations (95% confidence level or better) 

between sediment and clam concentrations. These sediment components are hydrophobic and arc 

strongly partitioned into the clams' lipids. Based on the data from this study, it may be possible to 

identify areas of the bay from which clams are harvested for commercial use. For example, clams 

suspected of being taken from areas closed to sheUfishing could be analyzed for these 5 

contaminants and the results converted to sediment location using the relationships developed from 

data in Tables S and 6 ( e.g., Figures 20 and 21) 

c) Comparison with previous data

Previous studies on various organic contaminants in surface sediments from Namganscn 

Bay include the work of Prucll and Quinn ( 1985) which has been discussed in section 2a With 

the exception of that study, the other major investigations have been concerned only with 

hydrocarbons ia die bay's sediments. Quinn ( 1989) has reviewed these studies and his summary 

of the availabaconc:entration data on PHCs and P AHs in surf ace sediments is shown in Table 7. 

In general, the trends are similar to those observed in the present study; namely, highest 

concentrations in the Providence River with decreasing amounts downbay. The range of previous 

values brackets those obtained in this study. Given the variations in sediment homogeneity, station 

location, collection procedures, processing techniques and analytical methods, it is impossible to 
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Table 5. Surface sediment and clam contaminant concentration data for various sites throughout 
Narragansett Bay. All concentrations are on a dry weight basis.1 

lliLim n�gm l.Willl n&l&m 
CB 101 CB 101 CB 138 CB 138 IPHC I.PHC C10-BZf C10-Bzr 
CLAM SEDS CLA.\1 SEDS CLAM SEDS ClAM SEDS 

Sabin Pt. 22.8 31.4 16. 1 32.7 359 1190 659 10900 
Gaspee Pt. 19.5 37.3 16.4 41.0 249 2710 634 8840 
Conimicut Pt. 5.87 15.7 4.81 17 .0 211 1170 282 8650 
Rocky Pt. 2.03 10.9 1.76 1 l. 1 105 506 4.5 3340 
Ohio Ledge 12.1 15.8 12.4 21. 3 70.8 587 229 2940 
Appon. Cove 6.62 18.8 5.42 1 1. 1 44.0 581 7.3 50 
Sally Rock 3.67 4.43 3.18 5.78 38.9 345 13.1 400 
Mount View 7.31 4.23 7.06 5.65 61.1 193 107 510 
Wickford 3.38 2.53 3.65 3 .13 59.2 127 2.7 90 
Block Island 0.50 0.50 0.50 0.50 8.0 10 1.0 1 

mm ni{'�m niL&m nilim 
Cl BZT Cl BZT COP COP FLR FLR PYR PYR 
CLAM SEDS CLA\1 SEDS CLAM SEDS Cl.AM SEDS 

Sabin Pt. 112 1560 3860 8320 125 881 155 912 
Gaspee Pt. 121 1830 3180 1760 93.6 1070 83 1070 
Conimicut Pt. 56.4 1550 1010 ()7 l0 l 18 849 97 795 
Rocky Pt. 1.0 530 1590 1240 55.0 361 48 298 
Ohio Ledge 48.1 410 490 2160 56.8 510 58 355 
Appon. Cove 2.4 1 640 3260 50.4 1370 65 1370 
Sally Rock 2.1 160 210 2380 44.0 220 40 361 
Mount View 21.4 90 750 990 91.7 75 126 52 
Wickford 0.5 20 850 530 56.1 94 37 85 
Block Island 1.0 1 2090 200 36.0 30 NA NA 

1Average dry weight= 13% 

NA = not analyl.Cd 

_j 
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Figure 20. Concentrations of CB138 (a) and c
10

-BZT (b) in clams vs
surface sediments. 
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Table 6. Equations, correlation coefficientS (R) and confidence levels for organic contaminants in 
surface sediments and clams from ~arragansett Bay. 

Compound EQuation R Confidence level 

C10-BZT y = -3.38 + 0.055x 0.901 99% 

Cl-BZT y = 1.24 + 0.058x 0.897 99% 

CB 138 y = 1.46 + 0.387x 0.894 99% 

CB 101 y = 0.956 + 0.529x 0.869 99% 

PHCs y = 50.5 + 0.l00x 0.710 95% 

COP y = 713 + 0.225x 0.476 80% 

FLR 0.293 <50% 

PYR 0.249 <50% 
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Table 7. Hydrocarbon concentrations in surl'ace sediments from Narragansett Bay. 

Concentration <uui, di:y weiiht basis}
Location PHCs PAHs 

Seekonk River 

Providence River 

Fox Point 
Fields Point 
Sabin Point 
Pawtuxet Cove 
Gaspee Point 
Bullock Point 
Conirnicut Point 

Upper Bay 

Conimicut Point to 
Providence Point 

Mid-bay 

Providence Point to 
Conanicut Point 

East Passage 

West Passage 

Rhode Island Sound 

2330C 

14 lot>; 912Qf 
21108; 541 Qb; 295Qf 
204()ll; 354()f 
497Qf 
45Qb 
1610 
57Qb; 171Qf 

71 QI; 454 to 5Q9C; 669

4()()1; 112 to 505C; 185d 
124 to 414f; 934i 
142 to 148i; 214k 

287b;35 to 283C 

110 to 1508; 29 to 246C 
33k 
6Qil; 25b; 1 to 301 e 
43 to 4gf 

af aningtOn and Quinn, 1973. Samples collected in 1970-71; top 0-10 cm. 
bVan Vleet and Quinn, 1978. Samples collected in 197 5-77; top 0-10 cm. 

41.9f 

19.Sf
4.06f
2.14f; 2.18
8.04f

l.72f
2.5If; 1.6&

l .42f; 1.08

0.20 to 0.34f

0.5&; l.Ih; 
9.8i; 1.8 to 7.51 

0.12 to 0.14f 
2.51 

cffum and Quinn, 1979; Appendix 8. Samples collected in 1976-TT; top 0-5 cm. 
dWade and Quinn, 1979. Samples collected in 1977; top 0-5 cm. 
eaoehm and Quinn, 1978; Appendix 9. Samples collected in 197 5; top 0-10 cm. 
fPruell and� 1985; Appendix 10. Samples collected in 1979-80; top 0-2.5 or 5 cm. 
ILake et al., 1979; top 0-10 cm. 
hBoehm et al., 1987. Samples collected in 1984-85; top 0-1 cm. 
iQuinn et al., 1980. Samples collected in 1980; top 0-10 cm. 
.iGearing et al., 1978. Samples collected in 197 67 -77; top 0-10 cm. 
kt.ake et al., 1980; top 0-10 cm. 
INational Status and Trends Program, 1988. Samples collected in 1984-87; top 0-1 cm. 

From Quinn, 1989. 
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detennine at the present time, if the surface sediment concentrations have significantly changed 

over the past 15-20 years. 

Pruell et al. ( 1984) reported on the contamination of hard shell clams from 13 commercial 

seafood stores in Rhode Island. The locations where the clams were collected were obviously not 

known, but most of the stores indicated that they were harvested from Narragansett Bay and the 

average concentrations (wet weight) are shown in Table 8. The values for the control samples 

(Dutch Island) were similar to those at the lower stations from the bay (Table 5), assuming an 

average of 10% dry weight. 

Organic contaminants in clams (collected in 1985 and 1986) from five locations in 

Narragansett Bay were reported by Pruell et al. (1988). There were no significant differences in 

contaminant concentrations between the three size classes analyzed; however, there were some 

differences in concentrations on the two collection dates and between various stations. The results 

of these analyses are shown in Table 9. The levels of most contaminants were highest in the 

Providence River, Ohio Ledge clams showed intermediate amounts; and the lowest levels were 

found in samples from Greenwich Bay, Mount View and Mount Hope Bay. The only contaminant 

with an FDA action limit was the PCBs and none of the sample values exceeded this limit (2 µgig 

wet weight~ 20 µgig dry weight). Thus, the trends from this study are similar to those from the 

present investigation; however, the 1985-86 concentrations are generally higher than our 1987 

values. For example, their sum of BZTs for 7 stations in the Providence River has a mean value of 

1630 ng/g (Table 9) and our sum for two stations is 764 ng/g (Table 5). However, for other 

contaminants, the agreement is better (e.g. their 1986 Providence River CB 101 ranges from 14.5 

to 32.7 ng/g and om values range from 19.5 to 22.8 ng/g; their Providence River pyrene ranges 

from 40,9 to 119 ng/g and our values range from 83.2 to 155 ng/g). In general, our values for 

BZTs and CBs in clams are lower than those of Prucll et al. ( 1988), probably because of poorer 

extraction efficiency and/or chemical alteration of these compounds by mcthanalic KOH. 

Quinn (1989) reviewed the available literature on hydrocarbon concentrations (total or 

PHCs) in shellfish from the bay and the results are presented in Table 10. The values from this 
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Table 8. Concentration of organic contaminants in hard shell clams from Rhode Island seafood 
stores. 

PHCs 
Concentration (wet weight basis) 

PAHs C10--BZI' Cl-BZI' 
(µgig) (ng/g) (ng/g) (ng/g) 

Store samples 23.6±12.9 6.3±5.0 31.3±22.7 4.7+2.9 

Control samples 
(Dutch Island) 9.8± 1.8 1.7±0,2 11 ±0 2.1±0.3 

From Pruell et al., 1984. 



Table 9. 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 Sum 

Station PCBs PAHs Bzrs 

MEAN MEAN MEAN 

Providence River 358 A 427 A 1630A 

Ohio Ledge 285A B 225 B 749 B 

Greenwich Bay 160C 147 C 445BC 

Mount View 238 8 279 8 367C 

Mount Hope Bay 155 C 274 B 103D 

From Pruell et al., 1988. 



Table 10. Hydrocarbon concentrations in shellfish from :-s;:.i.rr:ig:insett Baya,

PHCs (UjU� wet wei�ht ba:-.is) 
Providence Dutch Isl:ind Date 

collected River Wick.ford or GSO Other Reference 

1970-1971 b 14-16 4.1-10

1973b 90 9.6 

1976b 42 

1979b 

1975c 

198Qd 

2.9 (GSO) 

5.3-7.l (DI) 

Farrington & 
Quinn. 1973 

Farrington & 
Medeiros, 197 5

Boehm & Quinn, 
1977 

8.0-12 ( DI) Pruell et ai., 
1984 

2.6-6.4 Boehm & Quinn, 
R.I. Sound 1978 

30-38 Quinn & Pruell, 
Allen Harbor 1980 

aAdapted from Pruell er al., 1984; 
bMercenaria mercenaria; 
CArctica islandica; 
dMya arenaria. 

From Quinn, 1989. 
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table and Table 5 (after multiplying values by 0.13 to conven dry weight to wet weight) show 

essentially the same trend - highest hydrocarbon concentrations in samples from the Providence 

River decreasing to lower values in samples from Wickford and Dutch Island. For example, the 

PHC values in clams ranged from 47 ug/g wet (359 µgig dry) weight at Sabin Point to 8 ug/g wet 

weight at Wickford (Table 5). This range of values is similar to those reponed in Table 10 (5 to 42 

ug/g wet weight) using essentially the same methodology and laboratory procedures (excludes 

Farrington and Medeiros, 1975). Given the similar values and the analytical uncenainties of the 

procedure, it is impossible at the present time to determine if the PHC concentrations have 

significantly changed over the last 15-20 years. 

3. Sediment Cores 

a) Sediments. 

A total of 14 sediment cores from 12 different locations in Narragansett Bay were analyzed 

for organic contaminants (Figure 22). The objective of this phase of the study was to measure the 

distribution of these components with depth in the cores. This information, in conjunction with 

organic contaminant release/termination dates (Table 11 ). traee metal data, biological species data, 

pollen and geochemical analyses, and radiometric dating, is currently being reviewed by Dr. John 

King and co-workers to evaluate the historical trends of pollutant input to the bay. In addition, 

they will determine the sediment accumulation rate and the rate that contaminants accumulate in the 

sediments, and he will compare these rates with the bay's input rates for the various pollutants 

(King et al., 1992). 

The distributions of several contaminants with depth in the cores from five different 

locations are shown in Figures 23 to 28. These specific cores were selected because they are from 

the Providence River and upper bay - the area of greatest contaminant input and sedimentation. 

Also, they are from the same general areas as the previously discussed sediment trap material and 

they provide additional information on these locations. 

The highest levels and deepest penetration of CB 138 was found in the Fox Point core 

where it had. a fairly urµfonn concentration down to 72 cm, but increased at 110 cm and remained 
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Table 11. Dates for release and termination of org:inic co11t:tmi11ants. 

Contaminant 

C10-BZT 

Cl-BZT 

C1-BZT 

DEHP 

PCBs 

PAHs 

PHCs 

COP 

Other irnponant dates: 

Approx. d:tte 
fast rcle:i.se 

1970 

1963 

19611 

19.+93 

I930.l 

18805 

18805 

1900 
(background levels) 

Termination 
of release 

19852 

1972 1 

19852 

ongoing 

1978 

ongoing 

ongoing 

ongoing 

CQf: 1978-19796: Fields Point Plant broken - discharge of raw sewage 
in the bay. Should be reflected as a peak in sediment cores. 
19706: Very high suspended solids concentration in the Fields 
Point effluent. Should :i.lso see a coprostanol peak. 

References: 

1 Lopez-A villa and Hites ( 1980) 

2Ciba Geigy Plant closure 

3Graham ( 1973) 

4Moore and Ramamoorthy (1984) 

5 Hottel and Howard ( 1971) 

6Lee et al. ( 1988) 

From LeBlanc, 1989. 
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about the same at the bottom of the core (147 cm, Figure 23). The other cores showed less 

penetration ranging from 42 cm (bottom of core) at Conimicut Point to 13 cm at Fields Point 

where the CB 138 values reached background ( < 0.1 ng/g) concentration. On this basis, the latter 

is a non-depositional area in contrast to Fox Point which apparently has a very high sedimentation 

rate. (The Fields Point site was not at the outfall of the Providence Sewage Trcaanent Plant; it was 

at a site with a water depth of about 3 meters, thereby allowing sediment resuspension to occur.) 

When all of the data has been compiled and evaluated, it will be possible to compare the 

distribution of CB 138 (and other organic contaminants) with trace metal data etc., in order to help 

explain the different distributions in the various cores. 

The disaibution of PHCs (Figure 24) and pyrene (Figure 25) are similar in some respects. 

In both cases, Fox Point has the highest level and deepest penetration with relatively constant 

values down to 147 cm. The PHCs never quite reached background levels(< 1-5 µgig) in these 

cores (Ohio Ledge and Fields Point (at 24 cm) were the closest to the background), but the pyrene 

did reach this level ( < lng/g) in two of them including the Fields Point core which again had the 

shallowest penetration - 18 cm. 

Similar disaibutions were shown by COP (Figure 26) and DEHP (Figure 27) in that the 

Fox Point core had the highest levels and deepest penetration - a slight increase down to 110 cm 

followed by a prominent decrease to 147 cm. None of the cores reached l.eJ'O values for DEHP but 

Ohio Ledge and Conimicut Point came very close(< 10 ngtg). The COP reached background(< 

lOng/g) in only the Fields Point core (18 and 67 cm) but it rapidly increased again from 67 cm to 

98 cm. This is indeed a unique distribution - in fact all of the Fields Point core data seems different 

in that the applffllt sedimentation rate is low relative to other nearby stations in the Providence 

River (e.g., Fox Point and Sabin Point). As previously indicated. a detailed consideration of all 

the data (e.g. metal, Pb 210, pollen, etc.) will be needed to explain the trends at this site. 

Figure 28 shows the disaibution of C10-Bzr with depth in the cores. In this case, the site 

with the hi&hest surface (top S cm) concenaation is Conimicut Point. (All other components are 

higher in the Fox Point surface sediments.) The Fox Point core is relatively constant from 20 cm 



. ' 
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to 110 cm, and rapidly decreases to background ( 10 ng/g) at 147 cm. (For unexplained reasons. 
the Fox Point core is also background at 15 cm.) All of the other cores reach background at 13 cm 
(Fields Point) to 23 cm (Ohio Ledge). One of the obvious reasons for the differences in this 

disaibution is that the only source of C 10 BZf is the Pawtuxet River via Pawtuxct Cove. Thus, it . 

is somewhat surprising that nearby Sabin Point docs not have the highest concentration of this 

compound. However, the water circulation and depositional characteristics of the Providence 
River probably account for the observed surface concentration trends of Conimicut Point > Sabin 
Point = Ohio Ledge > Fox Point > Fields Point 

b) Comparison with prev1-·.;s data

A number of studies have reported the distribution of PHCs with depth in Narragansett Bay 

sediments (e.g. Van Vleet and Quinn, 1978; Hunt and Quinn, 1979; Wade and Quinn, 1979). 

However, the only previous investigation concerned with several different organic contaminants in 

sediment cores from throughout the bay was reponed by Pruell and Quinn (198S). Those 

investigators measured the disaibutions of PH Cs, P AHs, DEHP and BZI's in sediment cores from 

Conimicut Point. the MERL site nonh of Jamestown [sland and Brenton Reef in Rhode Island 

Sound In general, they found decreasing concenttations of contaminants with depth in the cores. 

The historical record of pollutant inputs to the Providence River was recorded in the Conimicut 

Point core, but the record was smeared by bioturbation in the core from the MERL site. The core 

from Brenton Reef showed a subsurface increase for all contaminants and that area may have been 

influenced by dredge spoil material (from the Providence River) that was accidentally deposited at 

this location during transpon of the material during 1967 -1971. A comparison of that data with the 

results of the present study is shown in Figure 29. In general, the agreement is fair to good; 

however, there ue some major differences (e.g. PAHs) which cannot be explained at this time. 
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for 

A Study of the Sediments of 

Narragansett Bay 

(From King, 1988) 



11.1 ORGANIC CONTAMINANTS AND COPROSTANOL STUDIES: 

A pata auallty Reg,utrements and Assessments 

I. Ag;y,;tlQI

The accw-acy of our procedures ls measured as percent recovery of
blank samples spiked wtth a laboratory standard mJ.xture
containing petroleum hydrocarbons, PAHs. PCBs. phthalates and
coprostanol at concentrations 1tmt1ar to the lower values that we
dete:-nune tn our samples. 1bese fortifled blanks are analyzed at
leas - ,nee tn twenty samples. In most cues, the recoveries are
wtth. 80-120 percent of the spike miXture, and 1n many cases
the v�ues are within± 10% of the m!Xture. In addition. accuracy
ts also measured as percent recovery of spedftc organics tn
Standard Reference Materials (SRM). including NBS SRM 1649 ..
(Urban Dust-PAHs) and Canadian NRC SRM HS-2 (PCBs 1n martne
sediment) carrted throulh our entire analytical procedure several
times over the course oi the project. Again. most of the recoveries
are wttbin 80-120 percent of the stated values, and many are
within± 10% of this value.

II. Prttts(Qn

1be predaton of our procedures ts measured as the relative
standard deviation (RSD) of triplicate analyses. which are analyzed
with every analytical batch over the course of the project. In all
cases. the RSDs for both the organic and metal anlayses are 10%
or better.

m. BcPmcntA:UPcacss

The representativeness of our sample procedures wtll be
measured by collecting samples from different stations.

'lbe sampJinl locations will be chosen tn order to provide a
representative series of samples.

IV. Cqmpvgb4UJI

1be samples tn this study are collected. prepared. and analyzed
ustng established procedures that our laboratory hu used over the
past 15 years. These procedures have been thorou&h,ly tested and
used tn several successful intra and tnterlaboratory compartsons.



60 

In addition. most of these procedures have been reported in over 
70 articles which have been published 1n refereed scientific 
Journals: such as. Science, Nature. Envtronmental Science and 
Technology, Geochimica et Cosmoch1mica Acta. Organic 
Geochemistry, Chemical Geology, Manne ChemJstry. Manne 
Btoloay, Manne Envtronmental Research. Toxtcologtcal and 
Envtronmental Chemistry. and 1be Journal of Water Pollution 
Control Federation. 

v. cormzLctcoess

The completeness of the study wtl1 be measured as the percentage
of total samples collected that were completely analyzed. Since all
samples will be analyzed. we anticipate achieving 100 percent
completeness. If a sample la lost or destroyed durtng the
analytical procedures, that tnformatton W1ll be included tn our final
report.

Vl. Ltmtt Qf O,C«cUQn

Qazgo(QS 

1be detecuon IJmits for our f1D OC analyaes are between 0.1 and 
0.01 ulfl. depending on which spedftc component {e.g. tndtvidual 
PAH. indivtdual phthalate. coproatanol) ta be1n& measured 1n a 4 
Uter sample. Values below these levela are reported as none 
detected (NO). In the case of ECO QC analyaes. the detecuon 
lJmits are between 0.5 and 0.1 ng/ 1. depend1n1 on the spectftc 
component measured. 1be detection limits of our sediment 
analyses for a 1 0 I sample are as followl: 

petroleum hydrocarbon. (total)
PAHs (tnd1vtdual PAH) 
PCBa (tnd1vtdual conaener) 
coproatanol 
BZTs (individual BZ"n 
phthalatea (Jnd!vtdual phthalate) 

12. 1 SAIIPUKQ AND AIULTTICAL IISl&Oo-=

A 5ernPUnl McthQdgioa

1 Ul/1 dry weilht: 
10 na/1 dry weight: 
0.1 n,/1 dry weight: 
40 na/1 dry weight: 
10 n&I& dry weight: 
40 na/1 dry weight. 

A total of (10) umplea w1l1 be taken from one core at each stte. 
Samples wtll be taken a rel\,llar Interval that will depend on the 
sedimentation rate at the Site. Each sample will be a 2 cm slice of a 
freeze core. 1be sample Will be taken wtth Utanium tools to prevent 
contamination. 
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a Analytical M,thods 

L Orggntcs (See Figure 1) 

Toe detailed analytical methods for the organics are included tn 
the plan on pages 29-32 and have been published (Pruell et al .. 
1984: Pruell and Qwnn. 1985). These methods are modlflcations 
of EPA methods. and they have been successfully used 1n a number 
of laboratory intercallbrations (Farrtn&ton et al.. 1976: Hoffman et 
al .. 1984). 

a. F(ltrgttpn gnd &irQCt1Qa

After drytni to constant wetlbt at room temperature. the samples
are reweighed to determine the amount of dry weight of each
sample and then stored at •20oC.

Internal standards were added to each sample (dtaaolved-soluble
components) and these solut1on1 were extracted once wtth a l�
volume of dichloromethane tn the ort11J1a! &tau sample container.
'Ibe 011aruc extracts were then tsolated. IOlvent exchanaed With
hexane and reduced tn volume on a rotary evaporator under
reduced preuure at <300C. and atored at room temperature.

Each sample wu transferred to a round bottom fluk. Internal
standards were then added. followed by 50 to 200 ml of methanol.
dependlni on the type and size of the sample. ThJa mJxture was
refluxed for 2 hrs .. cooled. and decanted into a separatory funnel.
1be sample wu rtnsed wtth petroleum ether. and the rinse was
combined wtth the filtrate tn the separatoiy funnel which also
contained dlatllled water in a volume equal to or p-eater than that
of the methanol added to the sample. 'Ibe water.methanol
m.txture wu extracted 3 umes wtth petroleum ether and the
extract.I were combined and reduced to ca 15 ml ustng rotary
evaporauon and stored at room temperature.

Methanol wu lelected u tbe extracuon solvent because we have
found lt to be safe. convenient. and to pe quanUtaUon recovery of
a wtder variety of orpruc compound• from wet sediments. We do
not dry the sediments before extraction becauee this procedure
w1ll result In select1ve losses of some orpruc compounds:
therefore, the solvent that we uae mu1t be mildble With water.
We have selected methanol (Pruell and Qwnn. 1985).

A rotary evaporator wu selected to concentrate the sample
extract.I because it is a safe and convenient method. and tt also
ewes excellent quanutauve recovery of a wtde vartety of organic
compounds (Pruell and Qwnn. 198S).
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All extracts were separated into three fractions by silica gel 
chromatography using a method modifted from Pruell and Qwnn. 
1985. According to this procedure. the sample was reduced in 
volume to ca 2 ml and charged to a 0.5 cm x 10 cm column of fully. 
act1vtated silica gel (Grace Grade 922) using nitrogen to produce a 
flow rate of ca 5 ml/minute. The flrst fraction (f 1) was eluted wtth 
15 ml of petroleum ether and contains saturated petroleum 
hydrocarbons. "Ibe second fraction (fv was then eluted wtth 15 
ml of 80:20 petroleum ether:dlchloromethane. This fraction 
contains unsaturated petroleum hydrocarbons and polycyclic 
aromatic hydrocarbons (PAHs) wtth 2-6 fuaed rtngs. Phthallc acid 
esters and coprostanol \ftre eluted Into the third fractton (f 3' 
ustng 15 ml of 80:20. d1chloromethane:ethyl acetate. In add1t1on. 
the polychlortnated blphenyls (PCBaJ were obtained by charg1:na a 
known amount of sample to a sillca &el column and eluting wtth 
80:20 petroleum ether:dichloromethane. In some cases. a second 
silica 1el column (98:2: petroleum ether. dlchloromethane) was • 
required to clean up the PCS fraction. 

N. &lafU¥1

Each fraction was concentrated on a rotary evaporator and
analyzed on one of several diff'erent Hewlett-Packard gas
chromatop-apha (OC). 1be f1 wu proceued Ulinl a S840A GC

(FID) equipped with a 0.25 mm 1.d. x 15m DB-5 (0.25 um: J & w.

Inc.) fused siltca capillary column wtth helium as the earner gas
(ca 1 ml/min) and temperature proarammed from 35 to 29QOC at
8oC/m1n. Second fracuons (fi) were analyzed under stmtJar
conditiona on a 5890 OC. The f3 wu meuw-ed on a 5710A CC
(FID) usm1 a 30m D8-1701 (J & w. Inc.) column which was
programmed from 150 to 2900C at 4oC/min wtth a helium flow of
ca 1 ml/min. PCBa were analyzed on a 57 lOA GC CECO) using a
30m DS-5 column programmed from 100-2900C at 8oC/min wtth
a helium flow of 1 ml/min.

Resolved peaks were quant1fted againSt the Internal standards
ustnc Hewlett Packard integrators (3388A and 3390A). The
unresolved complex mJ.xture (UCM) tn f1 and f2 wu measured by
planimetry. and its area compared to that of the n-docosane (n
C22) and m-terphenyl internal standards. respecuvely. Total
petroleum hydrocarbons (HC) include the resolved and unresolved
components tn both fractton 1 (saturated hydrocarbons) and
fracuon 2 (unsaturated hydrocarbons). 1be 16 prtortty pollutant
PAHs tn £2 were also quanttfted against m-terphenyl. Those



components 1n f3 were measured using the n-trtcosanol (n-C230H) 
internal standard: they tncluded three pnortty pollutant 
phthalates, !butyl ben%)'1-. bts(2-ethylhexyl-), and di-n-octyl-J, 
and corproatanol. 'Ibe PCBa were quant1fled agatnst 
octachloronaphthalene internal standards using 4 peaks from each 
Aroclor m1XtUre (1.e. 1248. 1254. and 1260). 'Ibe organochlortne 
pestiddes were also quanttfled ustng this internal standard. For 
purposes of diacusston. the saturated and unsaturated HC are 
summed and called total HC: the 16 PAHs are summed and calle 
dtotal PAHs: the three phthalates are summed and called total 
phthalate: and the PCB auxtures are summed and called total 
PCBa. 

Several samples were lnJUally analyzed without the addition of 
internal standards in order to uaesa the background levels of 
these compounds. In all cases the backaround levels were 
tnstgnulcant when compared wtth the amount of tntemal standard 
added. Authentic standards were obtained for all of the 
compounds analyzed. Peak ldentiftcauon by retention time was 
confirmed by pa chromatography-masa spectrometry. The 
prtmary method of ldenu.8cauon of compounds 11 by retention 
time on two different columns and analyaes before and after 
dertvat1v12at1on. A smalJ number of samples are analyzed by 
combined cu chromatocraphy-masa spectrometry to conftrm the 
qualitative 1dent1ftcauon of selected compounds. nus 1nstrumen
tat1on Included a Shimadzu pa cbromatoaraph (Model GC-4 Cm) 
eqwpped wtth a 30m SE-52 or DB-5 il,us capillary column 
connected to a Flnnipn 1015 masa spectrometer With a Systems 
Industrtes data system and Rlber 400 0-8 software. 
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Abbr~v 

l. SS: 
2. CC: 
3. rl-~ES: 
4. ?l-L'C:'--1: 
5. IP!:-!C: 

6. nC15: 
7. nC16: 
8, nCl 7: 
9. pristane: 
10. nC18: 

11. phytane: 
12. nC19: 
13. nC21: 
14. nC23: 
15. nC24: 

16. nC2S: 
17. nC26: 
18. nC27: 
19. nC28: 
20. nC29: 

21. nC30: 
22. nC31: 
23. nC32: 
24. Ar 1242: 
2S. Ar 1254: 

26. Ar 1260: 
27. CB101: 
28. CB151: 
29. CB153: 
30. CB138: 

31. CB180: 
32. CB170: 
33. CB201: 
34. CB195: 
35. CB194: 

36. CB209: 
37. i: CCN: 
38. p, p'-DDE: 
39. p, p'-DDD: 
40. p, p'-DDT: 

41. a-HCH: 
42. b-P.CX: 
43. g-P.CH: 
44. Nap: 
45. AcL (ANT): 

ORGAN IC GEOC:iE:-.-1 I ST~ Y LA30~A 70K '{ / 

GR ADU A TE SCHOOL OF OCEANCGRAPH'f i] 

Com_-o_or.ent Name_ 

suspended solids 
- organic carbon 

r 
,C..o.S1 

gc resolved fraction 1 saturated petroleum hydrocarbons 
gc unresolved fracLu1, i saturated petroleum hydrocarbons 
surn. ,._{ x~.S and UCM saturated petroleum hydrocarbcns, rl 

pen tadecane 
hexadecane 
heptadecane 
pri:.tane 
octadecane 

phytane 
nonadecane 
heneicosane 
tricosane 
tetr acosane 

pen tacosane 
hexacosane 
heptacosane 
octacosane 
nonacosane 

triacontane 
hen triacon tane 
dotriacontane 
PCB formulation: Aroclor 1242 
PCB formulation: Aroclor 1254 

PCB formulation: Aroclor 1260 
2,2',4,5,S'-pentachlorobiphenyl (lUPAC • 101) 
2,2',3,S,5',6-hexachlorobiphenyl (lUPAC •1s1) 
2,2',4,4',5,5'-hexachlcrobiphenyl (lUPAC •153) 
2, 2 ', 3, 4, 4 ', 5'-hexachlorobiphenyl (lUPAC •138) 

2,2',3,4,4',5,5'-heptachlorobiphenyl (lUPAC •180) 
2, 2', 3, 3',4,4', S-heptachlorobiphenyl (lUPAC •170) 
2,2',3,3',4,5',6,o'-octachlorobiphenyl (lUPAC •201) 
2,2',3,3',4,4',5,E>-octachlorobiphenyl (lUPAC •195) 
2,2',3,3',4,4',S,S'-octachlorobiphenyl (lUPAC •194) 

-decachlorobiphenyl (IUPAC •209) 
sum ot the specified chlorobiphenyls 
p, p' -(dichlor"odiphenyldichloro) ethene 
p, p'-(dichlorodiphenyldichloro)ethane 
p, p'-(dichlorodiphenyltnchloro)ethane 

la, 2a, 3~, 4a, Sf>, E>~-hexachorocyclohexane 
la, i~, 3a, 4.0, Sa, 6~-hexachorocyclohexane 
la, 2a, 3~, 4a, Sa, 6~-hex<lchorocyclohexane (lindane) 
naphthalene 
ac~naphthylene 

629-62-9 
544-76-3 
629-78-7 
1921-70-6 
593-45-3 

638-36-8 
629-92-5 
629-94-7 
638-67-5 
646-31-1 

629-99-2 
630-01-3 
593-49-7 
630-02-4 
630-03-S 

638-68-6 
? 
544-85-4 
534-692-19 
110-976-91 

110-968-25 
37680-73-2 
52663-63-5 
35065-27-1 
35065-28-2 

35065-29-3 
35065-30-6 
40186-71-8 
52663-78-2 
35694-08-7 

2051-24-3 

72-5S-9 
72-54-3 
50-29-3 

319-84-6 
319-85-7 
SS-59-9 
91-L0-3 
208-96-3 



,, ' 

Abbrev component Narr;i? rc..;sl 

46. Acn (ANE): acenaph thene 93-32-1
47. Flu (FLO): fluorene 86-73-7
4 8. Phe (PHN): phenan threne 85-01-08

49. Ane (ANC): anthracene 120-12-7
50. Flr (FLU): fl�cran ther.e 206-44-0

51. Pyr: pyre?:e 1,,- >O 

52. BaA: ber.zo (a) anthracene S6-:·= - : 

53. Chr: chrysene 218-C.-1
54. B(b+k)F: benzo (b) fluoran thene+benzo (k) fluoranthene 205-99-2
55. B(b)F (BbF): benzo (b) fluoranthene 207-08-,

56 B(k)F (BkF): ben20 (k) fluoranthene 
57. BaP: benzo (a) pyrene 50-32-8
58. InP: indeno [1, 2, 3-cd) pyrene 193-39-S
59. Dl:>A (DaA): dibenzo [a, h] anthracene S3-70-3
60. Bpr (BgP): benzo (ghi] perylene 191-245-2

61. t 16 PAH: sum ot specified polycyclic aromatic hydroc;arbons 
62. Ret: retene ? 

63. Pyl: perylene 198-55-0
64. Squ: squalene 111-02-4
65. ClOBZT: clO-benzotriazole 25973-55-1

66. CLBZT: chloro-b�nzotr1 azole !964-99-1
67. C26-AI.. 26 c4'rbo11 ��:-:nal aldehyde 
68. C27-AL: 27 carbon normal aldehyde 
69. C28-AL: 28 carbon normal aldehyde 
70. C29-AL: 29 ca1-bon normal aldehyde 

71. C30-AL: 30 carbon normal aldehyde 
72. C31-AL: 31 carbon normal aldehyde 
73. C32-AL: 32 carbon normal aldehyde 
74. BeP: benzo (e) pyrene 192-97-2
75. ClBZT: cl-benzotriazole 2440-22-4

76. DBP: di-n-butyl phthalate 84-74-2
77. BBP: benzyl butyl phthalate 85-68-7

78. D:EHP (DHP): di-2-ethylhexyl phthalate 117-81-7
79. DOP: d1-n-octyl phthalate 117-84-0
80. COP: coprostanol 360-68-9

81. CHLE (CHO): cholesterol S7-88-5 
82. CHLA: cholestanol 80-97-7
83. PHYO: phytol 150-86-7



APPENDIX B 

Sediment Trap Materials 

1) Pawtuxet Cove #l

2) Pawtuxet Cove #2

3) Fields Point

4) Fox Point

5) Conimicut Point

6) Ohio Ledge

7) Pawtuxet River

8) Blackstone River
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APPENDIXC 

Surface Sediments and Hard Shell Clams 

l) Twenty•six surf ace samples from throughout the bay

2) '.'line clam samples from throughout the bay
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APPENDIXD 

Sediment Cores 

l) Apponaug Cove - King

2) Calf Pasture Point - King

3) Conimicut Point - LeBlanc

4) Fields Point - LeBlanc

5) Fields Point - King

6) Fox Point - LeBlanc

7) Fox Point - King

8) Ohio Ledge - LeBlanc

9) Pawruxet Cove - King

10) Potowomut Cove - King

11) Rhodes/Pawtuxct River - King

12) Sabin Point - King

13) Sally Rock - King

14) Seekonk River - King
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