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EXECUTIVE SUMMARY

In urban environments such as the New York-New Jersey Harbor Complex, contaminated
sediments that fail toxicity tests lead to large increases in dredging costs threatening the
viability of port operations. Knowledge of what classes of contaminants contribute most
to toxicity would aid in management decisions on source reduction and dredging options.
In many urban harbor sediment sites, the most dominant class of anthropogenic
contaminants are complex mixtures of petroleum hydrocarbons whose compositions are
not readily resolved by traditional gas chromatography that typically separated
hydrocarbons according to vapor pressure alone. This unresolved complex mixture of
petroleum hydrocarbons has been referred to as the UCM and can be due to either
physical and biological weathering of crude or refined oil products, where initially more
prominent peaks are preferentially lost by physical or biological processes. The UCM in
urban harbor sediments may also be due to inputs of motor oils or lubricating oils. The
median concentrations of UCM in 46 EPA REMAP Program collected sediments across
the harbor complex complex was 980 ug/g, with selected samples exceeding or
approaching 1% oil by weight. The concentrations of UCM were much higher than that
of total PAHs in the same samples (averaging over 600 times higher), and as in other
urban harbor studies, there was almost no correlation between total petroleum
hydrocarbons (TPH) and PAHs, with the latter showing compositions characterized by

variable and mixed sources.



We have found that in many areas of the NY/NJ Harbor complex, the UCM pattern and
spatial distribution is consistent with a major source being used or leaking motor oil. For
example the highest UCM concentrations (2.0 — 2.6% by weight from samples collected
in close proximity to large CSO discharges, and the UCM compositions of those
sediments (determined by GC and comprehensive two-dimensional GC at Woods Hole)
are consistent with the pattern observed in much of the lower Hudson Basin.
Furthermore the patterns of UCM found in sediments is similar in many respects to the
compositions determined also by 2-D comprehensive GC for a selection of new and used
motor oils. We have also now detected synthetic motor oil ingredients polyalpha olefins
in sediments proximate to CSOs that should be most impacted by urban run-off sources.
The concentrations of all 13 sediment muddy sediment samples from the CSO impacted
areas of Bowery Bay and Flushing Bay were all over 1% UCM by weight. Latimer and
Quinn (1998) made similar arguments that urban run-off of motor oil was the primary
source of petroleum hydrocarbon input into Narragansett Bay, where they also reviewed
the literature supporting similar conclusions for other urban estuarine environments. The
NAS (2003) report on Oil in the Sea also suggests urban run-off as a major source of oil
to the world’s oceans. However, In two regions of the study area the UCM distributions
indicated that other sources of petroleum hydrocarbons were also important. The clearest
examples are many of the sediments analyzed in Newark Bay and adjoining Arthur Kill
and Kill van Kull waterways. In those sediments there was clear evidence of lighter but
weathered hydrocarbon mixtures, most likely derived from fuel oil operations and leaks
that have been reported to be most extensive in this region (Gunster et al., 1993) that

consititutes the largest petroleum port on the East Coast of the U.S. 2-D-GC



chromatograms of these sediments are consistent with important contributions of lighter
aliphatic and aromatic hydrocarbons found in No. 2 and even No. 6 fuel oils that are
commonly spilled in that area. There is also some evidence from our work on UCM
patterns in Jamaica Bay for a lighter fraction of petroleum hydrocarbons in some
sediments. In earlier work from Richard Bopp’s group, they had noted this as well and
speculated that this was a result of jet fuel spillage associated with operations at local
JFK airport. Our work on this is not definitive, and would require us to go back to these
samples and focus more on ensuring that we efficiently recover the lightest hydrocarbons

in our samples that may be lost during evaporation.

Analysis of our own and EPA’s data on 1993 and 1998 REMAP collected sediment
suggests that both PAHs and neutral nonylphenol ethoxylate metabolites may contribute
significantly to predicted narcosis based critical body residues for the sediment test
species Ampelisca abdita, but only in a couple of sediments can the combined
concentrations measured contaminants approach 10% of CBRs measured in our labs for
this species. There is much more than sufficient UCM in the preponderance of REMAP
samples that were toxic to amphipods to cause membrane disruption/narcosis based
toxicity if UCM hydrocarbons are bioaccumalated by the organism with even relatively
low BSAFs (0.01 to 0.1 g OC/g lipid) and partition into cell membranes. However, it is
quite likely that high molecular weight UCM compounds from motor oil sources are not
partitioned into membranes because of their size or because benthic organisms either are
able to avoid injecting them, they are poorly assimilated, or possible metabolized by

benthic invertebrates. We were able to show that that there was a much greater



likelihood that high UCM concentration sediments were toxic to Ampelisca, if there was
a higher proportion of the UCM that was lower molecular weight and more volatile. It
would be expected that these likely fuel oil derived hydrocarbons are more bioavailable
and more toxic to membranes given their smaller size. The experiments that we began to
directly test the bioaccumulation and toxicity of lower molecular weight fractions of
UCM extracted from sediments were not successfully completed but our hope it to try to

finish this important work.

Both laboratory bioaccumulation experiments with several highly UCM impacted
sediments (exceeding 2% oil by weight) exposed to Nereis succiniea and field
bioaccumulation experiments with a range of deposit feeding and filter feeding organisms
was conducted. While Nereis was less active in highly oiled sediments and did not grow
well, they not only survived 21 day tests for the most part, but exhibited relatively little
bioaccumulation of TPH, especially UCM hydrocarbons. In field organism collected
from urban run-off impacted sediments, an apparently higher concentration of what
appears, on one dimensional GC, to be UCM hydrocarbons are in fact not the same
hydrocarbons (as determined by 2-D GC analysis) as those measured in the sediments.
The 2-dimensional chromatograms of the hydrocarbons isolated from depurated organism
tissues supports that they are unlikely to be petroleum compounds. Our preliminary
interpretation of these results (which is consistent with work conducted earlier by
LeBlanc in our lab) is that many organism have complex mixtures of biogenic
hydrocarbons (including Ampelisca) that vary from organism to organism, and it is likely

then these compounds pose little toxicological risk to the organism. With a new and now



operational 2-D GC-time-of-flight-MS at WHOI we plan now to identify these
hydrocarbons better and compare organisms from reference and oil contaminated site. It
remains a mystery, why and how benthic deposit feeders are able to avoid either
ingesting, assimilating, or accumulating (metabolism??) many higher molecular weight
petroleum hydrocarbons, when they have been observed to accumulate (at least for
limited times) in suspension feeding mussels following oil spills or in urban estuaries. In
Chapter 3 of this report is a discussion of some of the ideas that have been proposed for
benthic organisms to adapt and sometimes thrive in the presences of high levels of oil.
Also of interest, is the observation the suspension feeding Mulinia lateralis does
accumulate a significant amount of lower molecular with hydrocarbons. Further work is
required to determine whether or not these hydrocarbons are related to the petroleum
derived mono-aromatic hydrocarbons found at high and approaching toxicologically
significant levels in mussels studied by English investigators working with Rowland

(e.g., Rowland et al., 2001).

TPH, as largely characterized by UCM of variable compositions, comprise a substantial
fraction of the organic carbon in sediments of the NY/NJ Harbor complex. For the 46 R-
EMAP samples analyzed, the median ratio of TPH to Total organic carbon was 5.6%;
thus if an average hydrocarbon is 90% carbon by weight, this corresponds to 5.0% of the
organic carbon in harbor sediments is comprised of more residual petroleum
hydrocarbons. However, in many areas the TPH fraction of organic carbon is much
higher. From the oil sheen present when collected many sediments, it is clear that TPH is

in many cases present as a non aqueous phase liquid rather than sorbed to sediment



surfaces as individual sorbates. For example the median TPH/TOC value for the 17
stations sampled in the East River, Bowery Bay and Flushing Bay was 35%. The
implications of this degree of petroleum contamination in urban harbor sediments have
not been addressed adequately in the literature. In addition to potential toxicological
implications of hydrocarbons that might exert stress either through membrane narcosis,
induction of organism mixed function oxidases, or potentially in the case of many PAHs,
act as important mutagenic contaminants, the other possible effects of having so much
hydrocarbon in sediments may be manifold. Some of the possible effects of high levels
of petroleum hydrocarbons may include: 1) changes in cohesiveness, compaction, and
erodability of surface sediment deposits; 2) their use as substrates for selecting for
microbial communities adapted to utilizing oil and resulting changes in sediment redox
chemistry (not included in this report is preliminary evidence that sediments impacted by
higher amounts of more easily degraded lower molecular weight hydrocarbons are more
reduced as possibly indicated by ratios of redox sensitive metals in the same samples);
and 3) possible changes in chemotaxis for organisms that rely upon hydrocarbon signals
either of mating or larval settlement. Clearly more work needs to be done on the
bioavailability of UCM hydrocarbons, its potential toxicity, and some of these other
physical, biological, and biogeochemical effects that high levels of oil may have on

bottom sedimentary environments.
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CHAPTER 1

INTRODUCTION AND BACKGROUND

Sediment Contamination in the New York-New Jersey Harbor Complex

The Hudson River Estuary is the largest urbanized estuary located on the eastern
coast of the United States. The New York-New Jersey Harbor Complex makes up the
lower part of the estuary and its area supports a population of over 20 million people
located in both New York and New Jersey (Wakeman and Themelis, 2001). Commercial
vessels such as oil tankers, container ships and freighters use the harbor to transport
manufactured goods and raw materials. Passenger ferry ships, recreational boats,
government vessels, tugs and cruise ships are also major users of the harbor.

Over recent years, the New York-New Jersey harbor operations have been
threatened as a result of the need to manage the dredging and disposal of dredged
materials in order to maintain shipping lanes and port facilities. Many of the materials
that need to be dredged are contaminated with combinations of chemical contaminants
and many are deemed inappropriate for either dredging or the cheapest disposal options
due to risk assessment based on sediment testing for possible toxicity. Understanding
which of the contaminants in sediment are the major causes of toxicity could result in
more cost effective management of contaminant sources and be of great benefit to the
Port. Clearly understanding and controlling sediment toxicity should also improve the
condition of the benthic habitat for ecosystems in the Harbor.

It is not clear which chemical contaminants are most responsible for observed

toxicity that is seen in some standardized tests that are used in managing disposal options



for dredged material. In this thesis, we focus on probably the single most abundant class
of sediment contaminants, petroleum hydrocarbons. The harbor is subjected to
hydrocarbon contamination from a wide variety of sources including storm water and
wastewater from- municipal wastewater treatment plants, municipalities and industrial
discharges (Gunster et al., 1993). The harbor is also a major commercial and industrial
site; it includes petroleum storage containers, chemical manufacturers and power plants,

among other industries.

Sources of sediment toxicity

The spatial distribution in the harbor complex of acute sediment toxicity in
standard amphipod tests is not random, but is rather more concentrated in areas of
Newark Bay and its surrounding waterways; Jamaica Bay, and other areas of the upper
New York Harbor (especially around the shipyards around Brooklyn), apparently more
depositional areas of the East River and very far western Long Island Sound (in areas
often referred to as the Narrows) that are characterized by high energy tidal currents and
concentrated discharge of New York City’s municipal wastewater (Long et al., 1995;
Adams et al., 1998; Adams and Benyi, 2003). Although the data for the lower saline
portion of the Hudson River is relatively limited, there is a lower frequency of sediment
toxicity there, despite the known important upstream Hudson River sources of
polychlorinated biphenyls (PCBs) and selected metals (especially cadmium). Perhaps not
surprisingly, toxicity is rarely observed in more oceanographically open or better flushed

areas of New York’s outer harbor and the Raritan Bay estuary.
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The different areas of the harbor complex are stressed by contaminant inputs from
a combination of sources, but the importance of local sources likely varies dramatically.
For example, Newark Bay receives no direct discharges from municipal sewage treatment
plants, although treated sewage enters from one of the major tributaries (the Hackensack
River) and also from estuarine transport of water from local treatment plants on the
Arthur Kill and Kill van Kull. However, Newark Bay and the surrounding Kills represent
a vibrant Port for both container and oil carrying ships and many oil terminals and
refineries are located in this area; has storm water and combined sewer overflow (CSO)
discharges that drain present and relict industrial properties, and receives tributary input
from the Elizabeth, Hackensack, and Passaic Rivers, which serve as sources to Newark
Bay of metal and organic contaminants reflective of a variety of inputs, including
substantial present or past industrial activity, highly contaminated in-place sediments, and
releases from operations at Newark Airport.

The watershed of Jamaica Bay is presently much more residential and the effluent
of three large sewage treatment plants provides enough freshwater that salinity is a
reliable marker of wastewater input (Ferguson et al., 2001; Swanson et al., 2004). Up to
15 % of the Bay's volume can sometimes be from water that has recently been through a
treatment plant or entered from CSO sources. Even more treated municipal wastewater
enters the Harbor complex in upper New York Harbor and the East River. Given the
regional variation of the many contaminant inputs sources entering the harbor complex,
and the high degree of tidal and wind-driven mixing in many areas, it may not be
surprising that it is difficult to relate sediment chemistry to measurements of toxicity.

Furthermore, despite the likely local variability in the loadings, the sediment

11



concentrations of several of the more particle reactive metals and even persistent
hydrophobic contaminants are generally co-correlated remarkably on a system-wide
analysis or when conducting within basin analysis of data, further complicating statistical
correlation approaches for elucidating the sources of toxicity (Long et al., 1995; Adams
et al., 1998).

There is clear evidence for regional variation and strong gradients in the
distribution of sediment toxicity. This variability is seemingly not matched by clear and
dramatic gradients in contaminant levels when contaminant concentrations are adjusted
for sediment type (total organic carbon, iron, aluminum or grain size). It may be true that
toxicity is related to intense local loadings of contaminants or the extent of organic
enrichment in sediments and that causal effects of specific contaminant class are hidden
by either the complexity of the system, the coarse diagnostic potential inherent in the
amphipods test conducted (biological and experimental weaknesses combined with a
toxicity scale that only varies between 20 -100% mortality in the absence of sediment
dilution tests with highly toxic sediments). Among the scenarios that would be consistent
with a control of local sources on toxicity include a situation in which the major source of
toxicity has not been measured and that stress does not correlate with that of
contaminants measured; one in which acute amphipod toxicity is due to a complex set of
interactions between chemicals (e.g., synergistic or antagonistic effects); or one that is
due a contaminant or a set of contaminants that has been measured but for which
bioavailability is not strongly correlated with sediment concentration. It is possible that
the simple approach of comparing spatial distributions of toxicity to estimates of local

loadings of specific contaminants (alone or in combination) or to loadings of stressors
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distinguished by source (e.g. quantitative fluxes of water coming from storm sewers,
CSOs, and municipal sewage treatment plants) can still yield insight or test hypotheses
concerning the causes of toxicity, but the level of data analysis to date has not been
exhaustive.

Particle reactive trace metals, such as copper, lead, zinc, and mercury are
significantly elevated in sediments of the Harbor complex, but levels have decreased
(often dramatically) following application of source controls over the past 35 years of
environmental regulation and management (illustrated in Steinberg et al. 2004 using
dated core profile information from Richard Bopp (Rensselaer Polytechnic University)).
While metal concentrations in some sediments exceed estimated ERM (Effects Range
Medium; Long et al., 1995) values (e.g., notably but not limited to Mercury; Steinberg et
al. 2004), a large number of toxic sediments have metal concentrations that are only
modestly elevated above background sediments (determined by measuring basal levels
down core or by crustal abundance ratios compared to aluminum or iron). The observed
toxicity is not consistent with metal concentrations when the risk is assessed with the
model of acid volatile sulfide (AVS) protection of metals where increased risk to some
metals is predicted when simultaneously extracted metals (SEM)/AVS approaches or
exceeds unity (DiToro et al. 1991); in fact, when the 1993 regional environmental
monitoring and assessment program (R-EMAP) data is considered there is a tendency for
the opposite to be true i.e., sediments with lower ratios of sulfide extractactable metals to

AVS are in fact often the most toxic.
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Sediment toxicity evaluation

Toxicity tests with amphipods are often used to determine whether harbor dredge
spoils should be disposed of as hazardous waste (Adams et al., 1998). Understanding
what types of contaminants control or contribute to this observed toxicity could lead to
improved management of contaminant sources and eventually to disposal options for
harbor dredged material. The marine amphipod Ampelisca abdita, a tube dwelling
benthic suspension and deposit feeder is a prominent member of the local benthic
community (Ho et al., 2000) and is also the primary species used to determine sediment
toxicity in estuarine waters.

A focus of several investigators in recent years has been to better understand and
test the role of relatively nonpolar or hydrophobic chemicals in causing toxicity in animal
tests as a result of the cumulative partitioning of such compounds into cellular
membranes to levels that impair membrane function due to alterations of membrane
permeability/viscosity or associated function of proteins. Such non-specific mechanisms
are referred to narcosis or baseline narcosis and occur at very high sediment exposure
concentrations of hydrophobic chemicals. It is well documented that the effects are
approximately additive which provides a mechanistically based assessment approach if
one knows the concentrations and biota sediment accumulation factors (BSAF) for all
important narcotic chemicals. Good examples of this modeling framework are found in
DiToro et al. (2000), and DiToro and McGrath (2000). In prior work in the McElroy and
Brownawell labs at Stony Brook, the species-specific critical body residue (CBR) was
found to be between 19 and 37 umol/g lipid for model PCBs, polycyclic aromatic

hydrocarbons (PAHs), chlorobenzenes and nonylphenol accumulated by A. abdita (Faye
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et al. 2000; Nannen, 2001; Du, 2004; McElroy et al. in prep.). Measured CBRs are
somewhat lower than the best estimate range (40-160 umol/g lipid) predicted from a
review of many vertebrates and invertebrates across a wide range of laboratory studies
(DiToro et al., 2000; DiToro and McGrath 2000), but appear reasonable given the fact
that amphipods, and crustacea in general, are thought to be more sensitive to many
contaminants including those acting through narcosis. Analysis of organic contaminant
data from the R-EMAP studies and have come to similar conclusions: the preponderance
of the predicted body residues contributing to possible narcosis based toxicity derives
from PAHs (the sum of predicted body residues from all other measured nonpolar
contaminants are approximately 5% of that attributed to PAHs, but that there are not
nearly enough PAHs in the sediments of the Harbor complex to account for observed
toxicity. Among the uncertainties in the analysis include the estimation of total PAHs
compared to the subset of most non-alkylated PAH from NOAA/NIST list analyzed by
the REMAP program and the likely variation in PAH bioavailability between different
sites. Figure 1.1 shows results of predicted body residues of PAHs calculated from 1998
REMAP data (BSAF = 0.3 g Org C/g lipid and without a conversion from measured PAH
to total PAHs in the sediments). The observed toxicity of some of the samples tends to
rise with increasing predicted body residues of PAHs in a predicted "sigmoidal" manner
that would be expected from a dose response relationship. However, the concentrations
of PAHs corresponding to this rise are much lower than measured CBR values (on the
order of negligible up to 1 - 10% of predicted CBR for some sites) determined
experimentally. The fact that several samples have high PAH levels and no mortality

might be explained by poor bioavailability of PAHs in those samples; low PAH samples
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exhibiting toxicity suggest alternative sources of toxicity at these sites. It is likely that
PAHs are an often significant but unlikely sole or primary cause of observed toxicity.

Alkylphenol ethoxylate (APEO) metabolites (derived primarily from nonylphenol
polyethoxylate transformations) in 49 of the 112 1998 collected REMAP samples were
previously analyzed (Yin, 2006) and have found that nearly a quarter of the samples are
contaminated with these compounds at levels approaching or exceeding 10 pg/g in
sediment. Comparison of the predicted nonylphenol body residues (using BSAF results
from Fay et al., 2000) suggests that the exposure to these contaminants may lead to non-
negligible contributions to cumulative narcotic stress, but that concentrations measured in
only 3 out of 50 1998 R-EMAP sites resulted in predicted body residues exceeding 1- 3
% of the CBR that was typical of many of the more contaminated samples. Two major
sources of alkylphenol ethoxylate metabolites into Harbor system are treated municipal
sewage effluents and CSO discharges. These metabolites have been shown to persist in
some highly depositional sedimentary regimes (Ferguson et al., 2003) but likely degrade
more readily in more disturbed environments.

Results from manipulative toxicity identification evaluation (TIE) experiments
conducted with Harbor complex sediments by Ho and collaborators at the EPA also did
not implicate cationic metals as likely causative agents. The same TIE studies that did
not implicate a role of metals in toxicity and complementary "reverse-TIE" studies
(McElroy et al., 2000) have suggested the possible causative role of nonpolar and
semivolatile organic contaminants in the toxicity of selected Harbor sediments. It has

also been observed that organic contaminants in general, and more specifically PAHs
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(Long et al., 1995) and PCBs (Steinberg et al., 2004) provided the best correlations with

amphipod toxicity.

Petroleum Hydrocarbons

Petroleum contamination of urban estuarine sediments is usually associated with
large oil spills and chronic inputs which include surface runoff, sewage effluents and
operational losses from refinery and shipping operations. In Newark Bay for example,
between 1982 and 1991 more than 18 million US gallons of hazardous materials and
petroleum products, specifically No. 6 Fuel oil (103 spills, 12,829,272 US gal) and
gasoline (207 spills, 48,816 US gal), was accidentally released into the bay (Gunster et
al., 1993). In the most recent edition of the National Academy of Sciences (NAS)
sponsored study "Oil in the Sea" (NRC, 2003), best estimates of inputs of total petroleum
hydrocarbons (TPHs) into the marine environment indicate that most likely the largest
source (excluding natural seeps) is from land in estuaries and that most of that is
estimated to be the result of urban run-off that includes TPH from automobile derived
motor oil, residues from incomplete automobile combustions; and atmospherically
deposited hydrocarbons. The NRC report concluded that the error in these estimates is
enormous. They also decided to use oil and grease measurements to estimate TPH
loading in order to utilize data from a larger number of rivers. The NRC report cites over
70 papers that bear on this analysis, and there are many more studies that have used
widely different and complementary approaches for identifying or quantifying oil inputs
to waters receiving storm water inputs from urban watersheds. In one report, Latimer and

Quinn (1998) synthesize several studies of TPH loadings and mass balances in
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Narragansett Bay, and concluded that approximately half of the loadings to the Bay occur
under wet weather conditions, with much of the remainder coming from sewage
treatment plants and in-place sediment sources. We hypothesize that urban runoff'is a
major source of TPH entering the Harbor complex from storm sewers/drains, CSO
discharges, as well as municipal sewage plant effluents. It is likely that whether storm
water inputs of TPH are a locally dominant source will depend upon the intensity of other
sources that include legal (e.g., inefficient two stroke marine engines) and illegal (e.g.,
discharges of bilge oil and residual fuel oil sludge) marine transportation related releases,
accidental spills from tankers and other ships, and inputs from shore facilities involved in
the storage, shipment, or refining of petroleum products. Because the relative intensity of
suspected or potential sources of TPH varies greatly in the Harbor complex, it will not be
surprising that urban runoff is the dominant source of TPH in areas that receive selected
areas that are susceptible to intense storm water and sewage (e.g., upper NY Harbor, the
East River and Jamaica Bay), whereas other inputs may dominate in regions where there
are more frequent oil spills, and more concentrated marine transportation or petroleum
industry activities (e.g., Newark Bay and the adjacent Kills).

The most abundant class of anthropogenically mobilized chemicals in urban
harbor sediments is undoubtedly the residual TPH. In the absence of a recent local oil
spill, the preponderance of the TPHs found in urban harbor sediments is characterized
analytically as an unresolved "hump" that elutes from capillary gas chromatographic
analysis and has long been referred to as the unresolved complex mixture (UCM).

The UCM is a complex mixture of petroleum derived hydrocarbons that are

widely detected in urban harbor sediments. Due to the hydrophobicity of most UCM
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constituent properties, the UCM tends to sorb to the surfaces of particulate matter and has
been detected at high concentrations (100 to greater than 1000 pg/g) in aquatic
environments that are highly impacted by industrial and port activity (Farrington and
Tripp, 1977; Hong et al., 1995; Readman et al., 2002). Thus the UCM is often the most
abundant class of chemical contaminants in urban harbor sediments and possibly the only
class of non-polar organic contaminant in high enough abundance to lead to narcotic
stress in exposed organisms. The components of the UCM include alkanes, branched
alkanes, cycloalkanes, monoaromatics, multi-ring aromatics, heteroatomic aromatics,
steranes and cyclic triterpenoids (Frysinger et al., 2003). When crude oil or refined fuels
enter the marine environment evaporation removes the most volatile compounds;
dissolution removes the more polar and water-soluble compounds; and biodegradation
generally attacks the linear alkanes, branched alkanes, and then the cycloalkanes and
aromatic compounds (Volkman, 1984; Frysinger et al., 2003). The weathering processes
produce the UCM which persists in sediments and has often been used as a marker for

petroleum contaminated sediments (Boehm et al., 1982).

The UCM was previously thought to be relatively un-reactive and non-toxic, and
therefore not an environmental hazard (Connell and Miller, 1984), though sediment
concentrations are usually present at much higher levels than other traditional organic
contaminants such as PAHs, polychlorinated biphenyls (PCBs) and phenols. Recently
research has shown that components of the UCM may be the cause of toxicity caused by
weathered oils when the toxic effects are based upon a mass of known toxic components
in oil (e.g. PAHs and phenols) (Neff et al., 2000). Studies performed have also shown

that the monoaromatic components of the UCM (Rowland et al., 2001), and synthesized
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cyclohexyltetralin compounds which are structurally similar to the aromatic UCM
components (Smith et al., 2001), produce a toxic response in Mytilus edulis in aqueous
exposures. The concentrations of the monoaromatic UCM components (100-500pg/g
tissue dry wt) that produced a toxic response (reduced scope for growth) in the Mytilus
edulis were within the range of aromatic UCM concentrations detected in mussels from
polluted environments (Rowland et al., 2001). The UCM is lipophilic and therefore can
accumulate in the fatty tissues of benthic organisms like Mytilus edulis which are
continuously exposed to it in the environment. Rowland et al (2001) measured
nonaromatic UCM concentrations of up to 3610 pg/g dry wt in mussels collected from

the east coast of the United Kingdom.

UCM composition

Different sources and types of petroleum give rise to different elution and carbon
number ranges in one dimensional GC chromatograms, therefore the UCM shape is
different (Frysinger et al., 2003). In order to identify contaminant sources,
chromatograms of all our sediment extracts were compared to chromatograms of a diesel
standard and motor oil standard (synthetic Mobil 5W-30, Valvoline 10W-30 and
synthetic Q SW-30). The n-alkane ranges were as follows for the various standards and
oils: diesel standard ranged from nC;; to NCy4 and lubricating/motor oil ranged from nCj
to NCyp. This identification method is known as “hump-fitting” and has been used for
over 30 years to distinguish different sources of the UCM, but it is limited because it
provides little information about the chemical composition of complex organic mixtures

like the UCM (Reddy et al., 2002; Frysinger et al., 2003).
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To address this gap in information the relatively new analytical method called
comprehensive two-dimensional gas chromatography (GCxGC) was applied in order to
identify the different chemical components of the UCM. The GCxGC is much more
advanced than traditional gas chromatography because it is able to separate an order of
magnitude more components than traditional gas chromatography, which is limited to
fewer than a hundred components (Reddy et al., 2002). Using this method allowed us to
resolve and identify the chemical groups of the UCM. Chromatograms produced by the
GCxGC are presented as a two dimensional retention plane which leads to better
identification of the individual components, unlike the traditional GC chromatograms
which show only one retention plane (Gaines et al., 1999). Components of the UCM in

this study were separated based upon a compound’s polarity and volatility.

Research goals of this project and organization of this report

Among the goals of this project were to provide an assessment of the likely
sources and distribution and fate of the UCM preserved in sediments of the New York-
New Jersey Harbor complex. We also wanted to assess the possible extent to which the
sediment UCM contributes to the toxicity observed in the A. abdita sediment toxicity
tests. To achieve this goal the concentrations and composition of the UCM in sediments
was related to observe A. abdita mortality determined separately in sediment samples
characterized by the Region 2 USEPA sponsored R-EMAP program conducted in 1998.
We have also measured bioaccumulation of UCM and UCM components in deposit-
feeding polychaetes in laboratory and field experiments and in a filter feeding bivalve in

petroleum contaminated Flushing Bay. The report shows mixed evidence for a
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toxicological roles of UCM and petroleum hydrocarbons in affecting benthic deposit
feeding organism, but places the issues of UCM bioaccumulation and toxicity into a
better context. The report also provides important information about the likely sources
this important class of anthropogenic contaminants in the metropolitan NY/NJ Harbor
complex, and discusses other effects that high concentrations of UCM may have on
sedimentary environments in the system.

Chapter 2 of the report describes the analysis of total petroleum hydrocarbons in a
subset of samples (n=46) of the 1998 R-EMAP sediment samples that have been
characterized by U.S. EPA for sediment chemistry and toxicity. In this work, we are
interested in relating the occurrence of UCM throughout the metropolitan NY/NJ harbor
complex, relating the concentrations and of compositions of UCM to both possible
sources and to observed amphipod toxicity to test whether the concentration or
compositions of UCM might help to understand the likelihood or conditions under which
residual oil might be toxic in such tests. Two-dimensional GC was used to characterize
the patterns in a significant number of these samples to help guide our interpretation.

Chapter 3 provides the results of some more targeted studies of petroleum
hydrocarbons in surficial sediments and selected benthic organisms collected on a cruise
conducted in August 2004, that was focused on sediment collections along the East
River, and in the areas of Bowery Bay and Flushing Bay, which surround LaGuardia
Airport in the very far western area of Long Island Sound. Several of the sites studied
were next to or very affected by large local CSO discharges and sediments from those
areas were very enriched in organic matter and no visible macrofauna (nor oxic layer of

surface sediment) was found in those samples. From this work, we have gained more
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confidence in the pattern of hydrocarbons coming from urban run-off sources (CSOs) and
have examined the accumulation of UCM compounds in some polychaete and bivalve

sediments exposed to high UCM levels.
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