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. Wersar. ' Executive Summary

EXECUTIVE SUMMARY

A study was completed for the Delaware Estuary Program (DELEP) to develop loading
estimates and identify principal sources of contaminants entering the Delaware River Estuary.
. Contaminants included in this study were those identified by the Program to be of interest
because of concerns relating to the human consumption of contaminated fish, water column
concentrations exceeding water quality criteria values, or high concentrations in estuarine
sediments. Contaminants of interest included: the metals arsenic, cadmium, chromium,
copper, lead, mercury, silver, and zinc; the chlorinated pesticides chlordane, DDT and its
degradation products DDD and DDE, and dieldrin; PCBs and PAHs; and, the volatile organlcs
1,2 dichloroethane and tetrachloroethane. :

Loading estimates were devéloped for point sources and three types of general
nonpoint sources: atmospheric deposition, urban runoff, and runoff from agricultural lands.
A model for estimating contaminant inputs to the estuary originating from groundwater
infiltration was developed; however, estimates were not made because sufficient data were
not found to characterize contaminant concentrations in groundwater.

Point source loadings were estimated using the National Coastal Pollution Discharge
Inventory (NCPDI) data base developed by the Na'tional Oceanic and Atmospheric
Administration (NOAA). Loading from the atmospheric deposition of contaminants onto the
watershed were estimated using atmospheric deposition rates from the Chesapeake Bay
Atmospheric Deposition Study (CBADS). Contaminant loadings due to urban runoff were
estimated using the models and data produced by the USEPA’s National Urban Runoff
Program (NURP). Contaminant inputs from agricultural lands were estimated using historical
information for crop types, pesticide application and degradation rates, and soil loss estimates.

Attempts were made to estimate contaminant loadings to the estuary resulting from
the escape of contaminants from hazardous waste sites. Information from the USEPA’s
Comprehensive Environmental Response, Compensation, and Liability Information System -
(CERCLIS) data base and supplemental information from Delaware, New Jersey, and
Pennsylvania state agencies were used to identify sites contaminated with the chemicals of
concern to the program. For some sites, additional information was available to identify the
environmental media contaminated; however, quantitative estimates of the amount of
contaminants reaching the estuary could not be developed due to the lack of appropriate
characterization data.

Contaminant loading estimates were used to identify the relative magnitudes of point
and nonpoint sources. Total loadings for arsenic, chromium, copper, lead and zinc were
approximately 105 kg/year; a significant portion of these loadings originated from point
sources discharging directly into the estuary. Urban runoff also contributes significantly to
metal loadings to the bay. Agricultural runoff is a significant source of arsenic to the estuary
because of the long-term use of inorganic and organic pesticides containing arsenic.
Atmospheric deposition contributes a small proportion of the total loadings of the metals
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arsenic, chromium, copper, and lead. Total loading of mercury to the estuary is 104 kg/year.
Urban runoff, point sources, and atmospheric deposition all contribute significant amounts of

mercury.

The loading of chlorinated pesticides to the estuary are estimated to be 104 kg/year.
The largest source for these chemicals is runoff from agricultural areas; however, data
suggests that significant amounts of chlorinated pesticides enter through point sources. Point
sources may include pesticides remaining at industrial sites that were previously used for the
manufacture of pesticides. Although use of many chlorinated pesticides is now severely
restricted, previous long-term use in agricultural areas, and slow degradation rates, has lead
to the accumulation of these chemicals in soils that continue to erode into the estuary.

PCB loading to the estuary is estimated to be 102 kg/year. Sources include
atmospheric deposition and point source discharges. Existing data suggest that hazardous
waste sites may be a significant source of PCBs; however, no quantitative estimates could

be made for this report.

Contaminant loading estimates were compared with estimates of the reservoir of
contaminants in the sediments within the Delaware Estuary. Comparison of these two
estimates suggest that sediments within the estuary are a likely source for a portion of the
chlorinated pesticides and PCBs that are being detected in fish coliected from the estuary.
This finding suggests that management actions that concentrate on reducing contaminant
loadings to the estuary may not be effective in immediately reducing contaminant
concentrations in fish. :
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1.0 INTRODUCTION

Chemical contaminants are perceived by environmental managers and the general
public to be a problem in many estuaries. The perception has been formed from widespread
reports of contaminated fin- and shell-fish resources, beach closures, and unacceptable
aesthetic conditions. An accurate assessment of the extent and magnitude of chemical
contamination in the nation’s estuaries is not yet available; however, the general consensus
of the scientific community and estuarine managers is that while chemical contamination due
to anthropogenic activities is widespread, concentrations resulting in direct impacts on
estuarine biological resources, or of concern to human health, are limited to selected regions
of estuaries adjacent to highly urban or mdustnal areas.

Chemical contaminants have been identified to be a concern in the Delaware River
Estuary due to the long history of industrial activity in the area, a general finding that selected
species of finfish contain chemical concentrations of concern to human health, and the occur-
rence of estuarine sediments found to be toxic to laboratory test organisms. In response to
this concern, the Delaware Estuary Program (DELEP) sponsored a series of studles to deter-
mine the extent and magnitude of chemical contamination in the estuary and based in part on
the resuits of those studies developed as toxics action plan. This toxics action plan is one of
the principal chapters of the Comprehensive Conservation Management Plan (CCMP) devel-
oped by DELEP to improve the general environmental conditions in the estuary (DELEP 1994).

The estuary program is refining the toxics management strategy to include specific
management options and suggestions for regulatory controls designed to effectively decrease
the impact of chemical contaminants on biological resources and human health. The refined
strategy will be presented in the final Comprehensive Conservation Management Plan (CCMP).
The toxics management strategy depends upon information concerning the relative contribu-
tion of point source and nonpoint source loadings of chemical contaminants to the estuary.
Further, the relative contribution of different classes of nonpoint source loadings needs to be
identified to define specific and effective goals in the toxics management strategy.

The Delaware Estuary Program retained Versar, Inc. to develop estimates for the
relative magnitude of contaminant loadings of point and nonpoint sources to the Delaware
River Estuary. Our findings are presented in this report. ]

1.1 REPORT ORGANIZATION

The report is organized in eleven sections, beginning with this introduction. The
second section presents background information on the contaminants of concern to the
DELEP, outlines the general objectives of the report, and briefly describes the Delaware
Estuary and its watershed. Section three of the report contains a description and an estimate
of contaminant loadings from point sources. Sections four through seven describe loadings
from nonpoint sources; section four describes contaminant inputs from atmospheric sources,
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section five describes loadings from urban runoff, section six contains descriptions and
estimates of contaminant loadings from agricultural runoff, and section seven presents a
discussion of contaminant inputs to the estuary from groundwater sources. Hazardous waste
sites, landfills, and industrial sites as a potential source of contaminants to the estuary are
discussed in section eight. Section nine presents an integrated picture of contaminant
loadings to the Delaware River Estuary. These loading estimates are then compared to the
reservoir of contaminants associated with the sediments within the estuary in section ten.
Concluding statements are provided in section 11.0.

1-2
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2.0 BACKGROUND

2.1 THE DELAWARE RIVER ESTUARY

The Delaware Estuary is one of the largest in the United States, rivaled only by the
‘Chesapeake Bay and Long Island Sound. Extending 215 km (134 mi) from the mouth of the
Delaware Bay at Liston Point, DE, to the head of tide at Trenton, NJ, the estuary has a total
surface area of approximately 1989 km (NOAA 1985), an average depth of 7.4 meters, and
total a volume of nearly 14.7 x 10° m

The Delaware Estuary is comprised of the Delaware Bay, a salinity transition zone, and
the tidally influenced portion of the Delaware River. Delaware Bay is the portion of the
estuary extending from the mouth of the bay to below Atrtificial Island (DRBC River km (Rkm)
80). The bay represents the drowned valley of the Delaware River formed after seaward
flooding following the last glaciation. Sea level rise continues in the coastal Delaware area
at a rate of about 6.2 cm/century (Belknap 1975). The mean depth of the bay is 9.7 m, but
over 80% of the bay is less than 9 m deep. Deeper sections are located in the western
portion of the bay, and the maximum depth is about 46 m. Unlike the Chesapeake Bay, the
Delaware Bay is well-mixed with little long-term vertical stratification (Biggs 1978; Smullen
et al. 1983). Salinities in this region range from those typical of marine water at the mouth,
to brackish oligohaline water at the head of the bay (Figure 2-1).

The tidal riverine portion of the estuary begins south of Philadelphia, PA, near Marcus
Hook, PA (Rkm 130), and runs to the rapids in Trenton, NJ (Rkm 216). Salinities in this
region of the estuary are typically those of freshwater, but intrusions of brackish water from
down river may occur during low river flow periods (Figure 2-1). During the last fifty years,
the upstream extension of saline waters in the Delaware Estuary has increased (Smullen et
al. 1983). Increased salinities may be due to a combination of rising sea level and upstream
consumption and withdrawal of freshwater. Upstream progression of saline waters caused
the city of Chester, PA, to abandon the river as a source of freshwater in 1951. Severe
droughts continue to threaten other upstream municipal water supplies, including those to the
city of Philadelphia, PA.

The transition zone is the region between the bay and tidal river portions of the
estuary. This region is characterized as having low salinity and high turbidity. Concentrations
of suspended solids are typically highest in the transition zone region.

The hydrodynamics of all three regions of the estuary are driven by the tides. The
horizontal advection on each tidal cycle is approximately 10 km. The effect of this tidal
excursion is the rapid dispersion of contaminants entering the estuary. The vertical tidal range
increases from 1.3 m at the mouth of the bay to 2.5 m at the head of tide at Trenton.
Channel modifications and the diversion of freshwater have caused the current tidal range at
Trenton to be nearly twice that of 1890 (Hires et al. 1984; DlLorenzo et al. 1992). The
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increased tidal range almost certainly has increased bank erosion rates in the upper portion
of the estuary, potentially increasing input rates for contaminants bound in marsh sediments.
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Figure 2-1.  Salinity distribution in the Delaware Estuary. Data
: from Culberson (1988) and Lebo et al. (1990).

2.2 THE DELAWARE RIVER WATERSHED

The Delaware River Estuary receives drainage and runoff from a watershed that has
a surface area of 34,836 km?2 (NOAA 1985) (Figure 2-2). By area, the watershed is 17.5
times the area of the estuary. In comparison, the watershed of the Chesapeake Bay is 14.5
times the area of the Chesapeake Bay. The approximate similarity of the watershed to estu-
ary ratio for the two estuaries will make it possible to use Chesapeake Bay data to complete
some of the nonpoint contaminant loading estimates presented in subsequent sections. -

The main sources of freshwater to the estuary are the Delaware and Schuylkill Rivers.
‘Together, these rivers drain 65% of the Delaware River Basin (Bauersfeld et al. 1989; Kolva
et al. 1989). The long-term average freshwater fiow to the estuary from the Delaware River
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Figure 2-2. Delaware River Watershed showing the major
" rivers and streams.
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measured at Trenton, NJ, is approximately 330 m3/sec; long-term average flow from the
Schuylkill measured at Philadelphia is 83 m3/sec. These two sources account for about 74%
of the total surface water flow to the estuary estimated to be 560 m3/sec (NOAA 1985). The
combined flows of the Maurice, Leipsic, Cohansy, Smyrna, Salem, and Christina Rivers con-
tribute an additional 1-2 m3/sec. Flow is highest in March and April and lowest in August and
September (Figure 2-3). The seasonal changes in freshwater flow to the estuary are driven
by precipitation patterns. These patterns are potentially important since they may affect the
seasonal input of contaminants from urban and agricultural runoff. Average flushing time for
water in the estuary is 90-100 days (average = 100, range = 60 to 120 days, Ketchum
1952; average = 90 days, Sharp 1983). .

Surface Water Flow to the Estuary
Long-Term (1963-1982) Average
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Figure 2-3. Seasonal distribution of surface-water flow to
tho estuary. Data taken from NOAA (1985).

The Delaware Estuary Watershed spans five physiographic provinces. The Appalachian
Valley and Ridge Province is in the northern part of the watershed. The Highlands and
Piedmont Provinces are downstream. Immediately surrounding the estuary are the Inner
Coastal Plain and the Outer Coastal Plain Provinces. ' .

Land use_distribution within the watershed was recently determined using Advanced
Very High Resolution Radiometer (AVHRR) imagery (Evans et al. 1993). Approximately 50%
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of the surface area of the watershed is forested (Figure 2-4), and most of the forests are
distributed in the upper portions of the watershed in Pennsyivania and New York. Agriculture
constitutes 31% of the land use within the estuary and is concentrated in the lower Delaware
portion of the watershed in the Delmarva Peninsula, in southern New Jersey, and in
Pennsylvania. The third largest land use category is urban, accounting for nearly 14% of the
watershed. The proportion of this land use category is increasing due to intense population
growth. Growth rates exceeding 20% were observed in 10 of 22 counties in the Delaware
River Basin region between 1970 to 1990 (Culliton et al. 1990). Urban areas are concen-
trated in the region between Trenton, NJ, and Wilmington, DE. Generally, these urban areas
border the tidally influenced region of the Delaware River and the Schuylkill River valliey.
Other land-use/cover categories account for less than 5% of the total area and include
‘wetlands, water, open and brush regions,.and barren areas. ‘

Land Use/Cover Distribution
Delaware Estuary Watershed

Agriculture
Urban

Wetlands
Water

Woodland

Figure 2-4. Land use/cover distribution in the Delaware
Estuary Watershed (taken from Evans et al. 1993).
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2.3 CONTAMINANT HISTORY

The Delaware Estuary supports one of the world’s largest freshwater ports
(Philadelphia Planning Commission 1982; Sharp 1986), one of the world’s greatest concentra-
tions of industry, and the second largest complex of oil-refining and petrochemical plants in
the country (Council on Environmental Quality 1975). Approximately 70% of the oil arriving
at the nation’s east coast ports (over one billion barrels) moves through the combined Ports
of Philadelphia, which includes berths in all three states in the region. This activity, combined
with muiltiple point source inputs and approximately 300 combined sewer overflows that dis-
charge directly into the estuary, has resulted in long-term impacts on the quality of water and

sediments in the estuary.

Historically, the most polluted region of the bay has been between Marcus Hook, PA,
and Philadelphia, PA, extending to Trenton, NJ. Albert (1988) completed a review of water
quality history in the region. Conditions were worst during the 1940’s when anoxia and
hypoxia extended from Wilmington to Trenton, massive fish kills were common, and waters
were mephitic and corroded the paint on ships berthed in the river. The region between
Marcus Hook, and Philadelphia, PA, became known as a "dead zone," in which grossly
depleted oxygen concentrations effectively obstructed the migration of anadromous fish
through the estuary. ’

Conditions within the estuary have improved dramatically since the 1940’s and 1950’s
due, in part, to the establishment of the Delaware River Basin Commission (DRBC) — a federal,
multistate, regulatory agency with broad responsibility for all facets of water resource
management. Water quality improved because this agency adopted higher water quality
standards at a time when federal funds became available to build or improve publicly owned
treatment facilities. Water quality, particularly dissolved oxygen concentrations, has improved
greatly (Albert 1988); however, water quality is still not adequate to support fishable/
swimmable classifications along the entire reach of the estuary (Marino et al. 1992).

Bacterial contamination is responsible for the estuary not meeting federal criteria for
fishable and for swimmable water between the Pennsylvania-Delaware state line (river km
127) and just south of Peenypack Creek (river km 174). Generally, the water quality criteria
for toxic substances are exceeded infrequently (McNair 1991). Highest contaminant concen-
tration in the water and in sediments generally occur in the highly urbanized region of the
estuary between Wilmington, DE and Trenton, NJ (McNair 1991; Costa and Sauer 1994).

2.4 CONTAMINANTS OF CONCERN

Efforts to complete loading estimates were focused on the contaminants of concern
identified by the Toxics Subcommittee of the DELEP’s Science and Technical Advisory
Committee (STAC) (Table 2-1). The specified chlorinated pesticides (DDT, dieldrin, and
chlordane) are of concern due to the occurrence of elevated concentrations of these contam-
inants in fish tissues. The New Jersey Department of Environmental Protection (NJDEP) and
the Pennsylvania Department of Environmental Resources (PADER) have issued fish consump-
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tion advisories as a result of the elevated
concentrations. Recent data {1990} col-
lected by DRBC indicates contaminant con-

Table 2-1. Contaminants of concern

centrations exceed a 10°% risk level in Chlorinated Pesticides
several fish species found in the Delaware DDT (DDT, DDD, DDE)
River Estuary. Dieldrin
Chlordane
Polychlorinated biphenyls (PCBs) are
of concern because NJDEP and PADER have Polychlorinated Biphenyls (PCBs)
issued fish consumption advisories due to
elevated concentrations in fish tissues Metals
(Belton et al. 1982; DRBC 1988; USFWS Lead
1993; Greene and Miller 1994). Fish con- Copper
sumption advisories for the Delaware Mercury
Estuary are summarized in Table 2-2. ' Arsenic
: Chromium

Another reason for chlorinated Silver

pesticides and PCBs being treated as con-
taminants of concern is their potential
effects on avian raptor populations.
Elevated concentrations of PCBs, DDT, and [t
chlordane have been measured in peregrine

falcon eggs collected from nesting sites
surrounding the estuary {Jarman et al. 1993). Evidence of eggshell thinning (a known result
of exposure to chlorinated pesticides) continues to be found (Steidl et al. 1991), and the
reproductive success of ospreys and bald eagles in the Delaware estuary region is low
compared to other regions (Clark 1991; Niles et al. 1991).

Volatile Organic Compounds
1,2, - Dichloroethane
Tetrachloroethane

The metals lead, copper, mercury, arsenic, chromium, and silver were also identified
to be contaminants of concern. Monitoring data have demonstrated that water column con-
centrations of these chemicals approach and possibly exceed chronic water quality criteria

values.

Volatile organic compounds (VOCs) also were identified as contaminants of concern.
The compounds 1,2 - dichloroethane and tetrachloroethane have been specifically identified.
Concentrations of these contaminants can exceed the water quality criteria established to
predict human health against carcinogenic effects. .

Polycyclic aromatic hydrocarbons (PAHs) were not initially identified by the DELEP
STAC Toxics Subcommittee to be of primary concern. Based upon the sediment contami-
nants characterization study sponsored by DELEP (Costa and Sauer 1994), zinc and PAHs
were added to the list of contaminants of concern in the Delaware Estuary.

2-7
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Table 2-2. Fish consumption advisories for Delaware River and Bay.(taken from
DELEP 1994).
—
Pollutants of
Issuing Agency Fish Species Areal Extent Concern Advisory
ﬁam
PADER/PADH White perch, Yardle to PA/ PCBs, Do not eat
AlF Channel catfish, DE Line Chiordane
American eel
NJDEP/NJDOH Channel catfish |1-276 bridge to | PCBs, Do not eat
Birch Creek Chlordane
NJDEP/NJDOH American eel Statewide PCBs, DDT, .| No more than 1
' Chlordane meal/week and
no consumption
for high risk
groups*®
NJDEP/NJDOH Bluefish > 24" or | Statewide PCBs, DDT, No more than 1
> 6 Ibs Chiordane meal/week and
no consumption
for high risk
groups*
DNREC/ Striped bass, DE State Line PCBs Do not eat
DEDHSS White perch, to the C&D
Channel catfish, Canal
White catfish
DNREC/ Striped bass, C&D Canal to PCBs Adults: no more
DEDHSS Channel catfish, Cape Henlopen than five 8 oz.
White catfish meals per year;
Children: no more
than three 4 oz.
. meals per year
-m*“m
* Pregnant women, nursing mothers, women of child-bearing age, young children
]

Additional information for each of the contaminants of concern is provided below. This
information includes descriptions of the historic and current use of these contaminants. Addi-
tional information is provided to help understand the fate, behavior, and biological reactivity
of contaminants in the environment.
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2.5 CONTAMINANT CHARACTERIZATION

An understanding of the fate, behavior, and biological reactivity of the contaminants
of concern is useful to complete contaminant loading estimates and evaluate model results.
Contaminants behavior can be described using the following characteristics:

® Volatility - the degree to which a contaminant can evaporate. For organics,
Henry’s constant is typically used as a measure of the partitioning between the
atmosphere and water. For metals, volatility is expressed is relative terms.

® Solubility - the degree to which a contaminant dissolves in a liquid solution.
Solubility is typically expressed in terms of a volume specific welght (e.g.,
mg/liter)

® . Adsorption - Adsorption is the affinity for a contaminant to bound onto particles.
Contaminants can bind to soil, submerged sediments, and suspended particles in
the water column. A measure of adsorption is the octanol-water partition coeffi-
cient (K,,). Typically, the value for the partition coefficient is expressed in
logarithmic form (log K, ). This coefficient also is an indirect measure of the
potential for bioaccumulation.

® Persistence - Organic chemicals can be degraded due to hydrolysis, photolysis,
biological metabolism, and other processes. Persistence can be expressed in
terms of half-life (the time it takes for half the amount to degrade) and is defined
for a specific set of environmental conditions. Half-lifes are not reported for total
metals; however, metals can transition between various forms, thus affecting bio-
logical reactivity and toxicity (e.g., methylation and demethylation reactions for
mercury and tin)

® Bioconcentration - .Certain contaminants have the ability to accumulate in
biological tissues reaching concentrations exceeding contaminant concentrations :
in the surrounding media. Bioconcentration factors are expressed as a dimension-
less number and typically a range of values is given to represent bloconcentratlon
factors for muitiple species. .

Characteristics for each of the contaminants of concern to the Delaware Estuary
Program are given below. The range of values for some characteristics largely reflect the
variety of conditions for which these characteristics were determined. Much of the material
compiled for this section of the report were taken.from Callahan et al. (1979), Weast (1978),
and USEPA (1994a).

2-9
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2.5.1 Dichlorodiphenyltrichloroethylane (DDT)

DDT was first synthesized in 1874 and was used as an insecticide starting in 1939
(McEwen and Stephenson 1979). DDT was applied to crops and to surface waters, swamps,
and marshes to control disease carrying insects, particularly mosquitoes carrying malaria. Pro-
duction of this chemical peaked in 1963. Use of DDT was restricted in 1972 because subse-
quent studies found it acts as a carcinogen, has detrimental effects to avian fauna, and its
effectiveness decreased due to the resistance developed by over 150 insect species.

DDT has a low solubility and a high tendency to sorb to soil particles, making transport
via erosion and streamflow a major pathway. It is also moderately volatile and may sorb onto
particles in the atmosphere and thus become widely dispersed. DDT and its breakdown
products DDD.and DDA are the compounds most likely to be encountered in estuarine sedi-
ments. DDT degrades to DDE by the loss of one molecule of hydrochloric acid; DDE degrades
to DDD by the loss of two more molecules of HCI. Degradation is slow, contributing to the

- great persistence of DDT and its breakdown products in the environment.

DDT and Metabolites B

- DDT DDE DDD
Volatility 2x 10° 6.8 x 108 4x10°
(Henry’s constant atm m3/mole)
Water Solubility {(mg/l) 0.04
Octanol-Water Partition 6.38 7.0 5.9
Coefficient (log K,,,)
Persistence (half-life in days) 5,694 365 5,834 .
Bioconcentration factor 1.8 x 105 :

BCFs for DDE are about 180,000 based on experimental data and 53,500 based on
calculations. DDT is particularly toxic to insects, though DDE is not as toxic. Subacute
effects include egg shell thinning in birds and reduced reproductive capabilities. DDT is a
carcinogen. DDE is a probable human carcinogen, and may be a weak mutagen in animals,
but no data appear to indicate that it is a teratogen.

2.5.2 Dieldrin

Dieldrin is a chlorinated hydrocarbon widely used from 1950 to 1974 on cotton, corn,
and citrus crops for the control of soil-dwelling insects, especially termites. Dieldrin was also
used to control locusts and tropical disease carrying insects, as a wood preservative, for
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termite control in electrical cables and buildings, and for moth proofing woolen clothes and
carpets. Use of dieldrin on food products was suspended in 1974. All uses except as a
termiticide, dipping nonfood roots and tops, and certain mothproofing were banned in 1985.
Dieldrin is also a breakdown product of the pesticide aldrin. Products containing dieldrin were
imported to the U.S. until 1985.

Dieldrin sorbs readily to soil particles that may enter the estuary and accumulate in
bottom sediments. Dieldrin is broken down by hydrolysis {with a resultant half-life of about
10.5 years), photolysis (half-life of 2 months), and biotransformation. One epoxide break-
down product is more toxic to some insects than dieldrin itself. Dieldrin has a high potential
for bioaccumulation. BCF for fish is.4,670. Sublethal effects include irreversible starvation,
liver damage, immunological suppression, decreased fertility, and postnatal mortality. Dieldrin
is a carcinogen for some mammals and mutagen in cell cultures.

L Dieldrin

e = — T — |
Volatility RS 2x10%
(Henry’s constant atm m3/mole)
Water Solubility (mg/l) 0.186
Octanol-Water Partition Coefficient 5.34
(log K,,)
Persistence (half-life in days) >3650
Bioconcentration factor 4,670

2.5.3 Chlordane

Chlordane is a chiorinated hydrocarbon first registered as a pesticide in 1948 and
previously used on corn, grapes, strawberries, and other crops for the control of ants,
cutworms, grasshoppers, and other insects prior to 1980. Technical chlordane {the common
commercial form) is composed of a mixture of about 45 chlorinated hydrocarbon compounds
(64 to 67% chlorine). Major components are cis- and trans-chlordane, chlordane isomers,
heptachlor, and cis- and trans-nonachlor (NOAA 1990). Underground termite control has been
the only permitted use since 1987.

Because of its low solubility and high tendency to sorb to soil particles, the most likely -
pathway leading from soil application to ground or surface water is through soil erosion,
though some dissolution occurs. Half-life in soils has been estimated to be from 0.5 to 10
years in different soils. Atmospheric transport (from aerial applications, wind erosion of soil,
and volatilization from water and soil) distributes chlordane globally.
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For many species, little bioaccumulation occurs and levels in tissue are close to levels
in ambient particulates. Microorganisms and animals can metabolize chlordane. Marine
mammals metabolize chlordane much more slowly than carnivorous birds and fish-eating
mammals. Biomagnification through marine food chains to marine mammals (porpoises and
dolphins) has been observed. Chlordane has been implicated in the deaths of fish-eating birds.

Chlordane

———
Volatility 5 x 105
(Henry’s constant atm m3/mole)
Water Solubility (mg/l) 0.056-1.85
Octanol-Water Partition Coefficient 5.5
{log K,\)
Persistence (half-life in days) 1,386
Bioconcentration factor 14,000

2.5.4 Polychlorinated Biphenyls (PCBs)

PCBs are organic compounds composed of biphenyl with one to ten chiorine atoms
forming 10 congener groups with 209 possible isomers. Polychlorinated biphenyls (PCBs)
were first manufactured in 1929 and rapidly became used in the electric power and elec-
“tronics industry as dielectric materials in transformers and capacitors. Between 1929 and
1989, total world production of PCBs (excluding the Soviet Union) was 3.4 billion pounds.
Use of PCBs in the United States was banned in 1976; however, world production continued
at 36 million pounds per year from 1980-1984 and 22 million pounds per year, 1984-1989. °
Approximately 30 to 70 percent of all PCBs remain in use. As much as 30 percent may reside
in landfills, storage, or in the sediments of lakes, rivers and estuaries. Global budgets of PCBs
are sufficiently imprecise that the fate of as much as 30 percent of all PCBs (approximately
4.5 x 108 kg) may be unknown (Thomas and Colburn 1992).

PCBs (Aroclor 1254)
Volatility 2.8 x 103
(Henry's constant atm m3/mole)
Water Solubility (mg/l) 0.01 - 0.05
Octanol-Water Partition Coefficient 6
{log K,\)
Persistence (half-life in days) Varies
Bioconcentration factor 10*- 108

—_——
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PCBs are generally stable, insoluble in water, but soluble in fatty tissues; therefore,
. PCBs tend to bioaccumulate in biota and are bioconcentrated by trophic transfers. PCBs
mimic hormones and are a powerful disruptor of the endocrine system that governs repro-
duction. Bacterial degradation of some PCBs does occur.

PCBs may be taken up by animals and stored in lipids, and depuration is siow. Biocon-
centration factors are high and depend on the degree of chlorination. For marine organisms,
BCFs are 85,000 for oysters; 340,000 and 51,000 for rotifer lipids and dry tissue; 21,000
for whole pinfish; and 27,800 for whole spot. BCFs for fathead minnows are 10,000.

Lethality of PCBs continues beyond acute exposure. Sublethal symptoms inciude
decreased algal growth and aquatic organisms in general, reductions in photo-synthesis,
reproductive toxicity or failure in fish and echinoderms, low survival of fish and echinoderm
embryos, liver carcinomas, anemia, and skeletal deformities.- Adverse avian effects occur in
growth, reproduction, metabolism and behavior. PCBs also have mutagenic, carcinogenic, and
teratogenic properties.

2.5.5 Lead

Although naturally occurring, native lead is rare. Due to resistance to corrosion, lead
was commonly used in piping until information concerning its toxicity at low concentrations
became available. As a component of solder, lead continues to present a potential risk to
human health even where pipes are copper. Use of tetraethyl lead as an antiknock compound
in gasoline caused great amounts of lead to be released into the environment. Due to the
phase-out of lead in gasolines beginning in the early 1970’s, the release of lead into the
atmosphere has decreased (USEPA 1991; Figure 10-2) and some decreases have been shown
in the concentration of lead in the surface sediments of estuaries (Alexander et al. 1993).
Other anthropogenic sources of lead include manufacture of storage batteries, pigments,
alloys, ammunition, spent shot, and sewage sludge.

L Lead H

Volatility low
Water Solubility (mg/l) Insoluble
Octanol-Water Partition Coefficient

(log K,,,)

Persistence (half-life in days) Not applicable
Bioconcentration factor’ 102- 1083

Lead enters estuaries from point sources, urban and highway runoff, and atmospheric
deposition. In surface waters, lead occurs in dissolved labile, dissolved bound (to colloids and -
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complexes), and particulate forms. Lead is often found in sediments due to past accumula-
tion, and thus can be a continual source through sediment release if sufficiently disturbed.

Lead bioconcentration factors (BCFs) for saltwater bivalve mollusks and algae range
from 17.5 for a 56-day exposure of hard clams to 2,570 for a 130-day exposure of blue
mussels. Freshwater fish BCFs range from 42 to 124 for brook and rainbow trout, and fresh-
water invertebrate BCFs range from 499 to 1,700. BCFs for marine algae vary from 13,000
to 82,000. Lead is toxic to all phyla of aquatic biota. Toxicity depends in part on the form
of lead present. Saltwater algae may be especially sensitive to lead toxicity. Lead is also
acutely toxic to saltwater invertebrates and fish. The range of toxicity is large - the most
sensitive genus reported by the USEPA (1984) is Fundulus which was 85 times more sensitive
than the least sensitive genus (Mya). Sublethal symptoms in fish include spinal deformities,
decreased reproduction, increased mucus production (that may lead to asphyxiation), anemia,
degeneration of the caudal fin, neural destruction, decreased swimming abilities, muscular
atrophy, paralysis, renal pathology, retardation of sexual maturity, altered blood chemistry,
and others. Lead inhibits chlorophyll formation in plants.

2.5.6 Copper

The element copper occurs naturally as various sulfide and oxide ores as well as in the
native, unbound state. Manufacture of various products for the electrical industries accounts
for most of its current use in the industrial world. Additional amounts are used in the
manufacture of brass (an alloy containing primarily copper and zinc) and bronze (an alloy
containing primarily copper and tin). The United States produces 1,560 x 108 kg Cu per year
{(1970: USDOI 1970); this is 26% of all world production.

The fate of copper in aquatic environments is dependent upon pH, Eh, the concentra-
tion of organic matter, availability of precipitating iron and manganese oxides, biological
activity, and competition with other heavy metals (Callahan et al. 1979). Its affinity to
hydrous iron and manganese oxides, clays, carbonate minerals, and organic matter means that
copper is particle reactive and is readily removed from the dissolved phase. Subsequent
sedimentation of copper laden particles causes copper to accumulate in sediments.

Copper is an essential nutrient and is accumulated by all plants and animals. Biological
complexation and bioaccumulation are major determinants of the distribution and occurrence
of copper in the environment; however, these processes are secondary to physicochemical
sorption processes. At high concentrations, copper is toxic especially in the divalent ion form.
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g EE
& Copper

Volatility Low
(Henry’s constant atm m3/mole)

Water Solubility {mg/l) | Varies with speciation

Octanol-water Partition
Coefficient (log K,,,)

Persistence (half-life in days) Not applicable
Bioconcentration factor - 1 10'-10%
2.5.7 Mercury

Mercury is naturally present in the environment and is a component of more than 25
different minerals. Natural outgassing contributes 107 to 108 kg Hg to the atmosphere
annually. Mercury'is used in the production of batteries, electric switches, mercury vapor
lamps, and other electronic devices. It is also used as a catalyst in the production of urethane
polymers and as a fungicide and preservative in water-based paints. General use as a bacteri-
cide or fungicide was greatly restricted after August 1978. Use in latex paint was further
restricted in November 1992. Other sources of lead include release to the atmosphere from
fossil fuel combustion, municipal waste incinerators, lamps, and re-emission from land
sources. Terrestrial sources include chloralkali plants, pesticides (no longer produced), and
other industrial uses.

Pathways of lead to the estuary may begin with its deposition to land following
atmospheric release. Surface water pathways include movement with sediments and ‘water,
and movement as a bioaccumulated element in fish and other organlsms Blo-transport is a
significant pathway, as the mass of mercury in fish in a water body may equal the mass of
mercury in the water itself (USEPA 1984). Mercury typically enters the estuary as inorganic
mercury from atmospheric deposition, natural sources, and point source discharges, to be
converted to methyl mercury by bacteria. In the estuary, forms commonly found include
organic (methyl) mercury in living organisms, methyl mercury in sediments, and inorganic
Hg(ll) in water and sediments.

The uptake of mercury is relatively fast and depuration (release) relatively slow.
Biological half-life in fish may be 2 to 3 years and may be due mostly to growth dilution rather
than loss of mercury. Bioaccumulation is dependent on environmental factors including tem-
perature. Bioconcentration factors in saltwater organisms range from 853 to 10,920 for algae
and 10,000 to 40,000 for oysters. BCFs for freshwater fish range from about 10, 000 to
81,700.
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Mercury
Volatility (Henry’s constant atm 6.97 x 1073
m3/mole) (HgO form)
Water Solubility (mg/l) ' 0.056
Octanol-Water Partition Coeffucnent 1.9-25
(Kow!
Persistence (half-life in days) Not applicable
Bioconcentration factor . ' 1800-5000/
{inorganic/organic forms) - 10,000-81,700

Acute and chronic toxicity symptoms depend mainly on the form of mercury. Acute
toxicity and immobilization may occur if high concentrations are encountered. Sublethal
effects include changes in behavior of invertebrates and birds, growth reduction of algae and
fish, embryo-larval mortality and teratogenesis of fish and amphlbla, enzymatic changes, and
impaired spermatogenesis of fish.

2.5.8 Arsenic

Arsenic is a rare but ubiquitous element in the earth’s crust; average crust concen-
trations are approximately 5 ppm. The largest use of arsenic in the world is for the manu-
facture of various inorganic and organic pesticides. Arsenic compounds are also used in the
manufacture of fireworks, infrared lenses, and as a decoloring agent. Compared to its use in
various compounds, the use of metallic arsenic is relatively small and limited to metallurgical
applications. Lead shot commonly contains about 1% arsenic to improve the roundness of
the molten drops during manufacture. Metal bearings commonly contain up to 3% arsenic
to improve thermal and mechanical properties. Other lead alloys used in batteries and cable
sheathing may also contain small amounts of arsenic.

The fate of arsenic in the aquatic environmental depends mainly on pH and Eh. Arsenic
is extremely mobile and cycle between the water column and sediments. This cycling is often
mediated by biological activity and transformations. Vertical profiles of arsenic concentrations
in the oceans show arsenic concentrations increasing with depth below the photic zone, sug-
gesting biological uptake removed arsenic from surface waters and was regenerated at depth.
Coprecipitation and sorption with hydrous oxides of iron may be the prevalent process for the
removal of dissolved arsenic from estuarine waters. Sediments and ultimately the oceans are
the primary sinks for arsenic in the aquatic environment.

Arsenic is considered to be extremely toxic. It can be bioaccumulated; however, con-

centrations measured in aquatic organisms are generally low. Fats generally contain more
arsenic than other tissues although fish muscle tissue can also accumulate arsenic.
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Arsenic
—_—

Volatility (Henry’s constant Low (but may be significant in
atm m3/mole) reducing environments due to
formation of arsine (AsHj,

Water Solubility (mg/l) Varies with speciation

Octanol-water Partition -
Coefficient (log K, )

Persistence (half-life in days) Not applicable
Bioconcentration factor 102-103

2.5.9 Chromium

Chromium is naturally occurring and used to harden steel, in the manufacture of stain-
less steel, and in many steel alloys. Its principal use is in the electroplating industry where
chromium plating is used to prevent corrosion. Added to glass, chromium produces an
emerald green color. It is also used as a catalyst in the chemical industry. Other typical
sources of chromium release include atmospheric sources such as coal combustion, municipal
waste incineration, cement production, and cooling towers. Surface water discharge sources
include electroplating and metal finishing industries, waste-water treatment plants, iron and
steel foundries, inorganic chemical plants, tanneries, textile manufacturing, urban and
residential runoff, and phosphate fertilizers.

H Chromium 1

Volatility low

Water Solubility (mg/l) Insoluble

Octanol-Water Partition Coefficient

(log K,)

Persistence (half-life in days) Not applicable I

Bioconcentration factor 102-10% j
_———e———

Cr(VI) tends to be the dominant species in saltwater. It is stable as chromate,
dichromate, and hydrochromate and is mobile within the aquatic environment. Cr(lll) forms
stable complexes and may be removed from the water through scavaging by colloidal iron,
flocculation with other colloids, and adsorption onto suspended sediments. Cr concentrations
tend to be highest in small grain sediments (NOAA 1991).

For saltwater species, Cr(VI) bloconcentratlon factors for a polychaete, musse!, oyster,
and bivalve species ranged from 125 to 260,000. Molluscan bioaccumulation depends on
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body weight and salinity. Rainbow trout BCFs are less than 3, and the BCF of a freshwater
algal community was 8,500. Cr(ll) BCFs for blue mussel, soft-shell clam, and oyster ranged
from 86 to 163. There is little evidence of biomagnification through marine food chains.

Acute and sublethal toxicity symptoms depend on the form of chromium - Cr(lll),
Cr(VH), or organo-chromium. Toxicity to birds and mammals is largely due to Cr(VI), but not
Cr(ll) or Cr{lil). Cr(VI) decreases marine algal growth, causes decreased feeding and
reproduction and abnormalities in larval development in polychaetes, and abnormal larval
development in echinoderms. Chromium also causes teratogenic effects in bird eggs, and
affects survival, reproduction and blood chemistry of adult ducks. In mammals, chromium
causes mutations and malignancies, affects blood and serum chemistry, and causes skin ulcer-
ation, irritative dermatitis, ulcerations in mucus membranes, kidney and liver lesions.

2.5.10 Silver

Silver is a rare element with an average crustal concentration of 0.1 ppm. Itis a
considered a precious metal with value second only to platinum and gold. ‘it is also a noble
metal because it cannot be easily changed to an oxide form through exposure to air or
oxygen. This property makes silver ideal as an electrical conductor and applications in the
electronics industry is one of the principal uses of silver. Additional uses include the
manufacture of light sensitive compounds (e.g., silver bromide) for use in photography (30%
of total use in 1980), alloys used in soldering, coatings and electroplating, medical
prosthetics, and other metallurgical applications.

Silver is found in several chemical forms in aquatic environments: aquated cations,
metal-inorganic complexes, and metal-organic complexes. Adsorption and precipitation effec-
tively transform dissolved silver species to particulate forms that subsequently settle out of
the water and become part of the sediment environment. Adsorption onto manganese dioxide
and organic matter, and precipitation with halides, are probably the dominant controls on the
mobility of silver in the aquatic environment (Callahan et al. 1979).

Silver can be bioaccumulated by aquatic organisms resulting in concentrations that can
be three orders of magnitude greater than concentrations in the surrounding water. Silver is
considered toxic to most aquatic species and is probably second only to mercury in terms of
its relative toxicity ranking among the heavy metals.
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Silver

Volatility Low
{(Henry’s constant atm m3/mole) :

Water Solubility (mg/l) Insoluble

Octanol-water Partition
Coefficient (log K,,,)

Persistence (half-life in days) Not applicable
‘Bioconcentration factor 102- 103

2.5.11 1.2, - Dichloroethane

Dichloroethane, also called methylene chloride, is extensively used as a solvent,
especially in paint-stripping formulations. The widespread use of this chemical has resulted
in the contamination of groundwater and other drinking water supplies. Due to its volatility,
significant amounts of dichloroethane have been detected in the troposphere and aerial trans-
port is thought to be a significant process contributing to the widespread distribution of this
chemical in the environment.

Dichloroethane is very soluble in water where the primary lremoval mechanism is
evaporation. Oxidation and hydrolysis are not important processes affecting removal from
aquatic systems. The bioaccumulation of this chemical is thought to be small.

H Dichloroethane (Methylene Chloride) H

Volatility : High
(Henry’s constant atm m3/mole)

Water Solubility (mg/l) 13,200 to 20,000
Octanol-water Partition . 10-20
Coefficient (K,,,)

Persistence (half-life in days) <0.04
Bioconcentration factor 102- 108

S ———————————————————— |

2.5.12 Tetrachloroethane

Tetrachloroethane exists as two isomers: 1,1,2,2-tetrachloroethane and 1,1,1,2-
tetrachloroethane. The first isomer, also called acetylene tetrachloride, is used mainly in the
~ manufacturing of chlorinated solvents, especially trichloroethylene and tetrachloroethylene.

Minor uses include as a solvent and as an insecticide, particularly against the greenhouse
white fly. The second isomer has no commercial application.
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The manufacture of large amounts of 1,1,2,2-tetrachloroethane has lead to its wide-
spread distribution in the environment. Itis commonly found contaminant of groundwater and
drinking water supplies. As for other volatile organic compounds, evaporation is the dominant
process removing this organic from the aquatic environment. Hydrolysis, oxidation, and
adsorption are minor processes affecting the concentration of tetrachloroethane in the aquatic
environment.

Tetrachloroethane can probably bioaccumulate in biological tissues but few measure-
ments have been made to provide an estimate for a bioconcentration factor (BCF). The
octanol/water partition coefficient (Ko suggests that bioaccumulation is possible, but is
probably small. Tetrachloroethane is considered to be highly toxic.

Tetrachloroethane (1,1,2,2-tetrachloroethane)

Volatility © 5x10°
(Henry’s constant atm m3/mole)

Water Solubility {(mg/l) . 2,900
Octanol-water Partition 2.4
Coefficient (log K,,,)

Persistence (half-life in days) 180
Bioconcentration factor. 102 - 103

2.6 LOADING ESTIMATES

The contaminant loading estimates presented in this report were constructed using
general models designed to give order of magnitude estimates for loadings from point sources
and nonpoint sources including atmospheric deposition, urban runoff, agricultural runoff, and
groundwater infiltration. These estimates were used to identify contaminant sources that
significantly contribute to total loading to the estuary. Management and regulatory control
focused on these sources will be most effective in reducing overall contaminant loading to the
estuary. The information on the relative contribution to total loading of each source of
chemical contamination will also be useful in helping to establish priorities for future research
efforts, should refinement of these estimates be required in the future.

The contaminant sources addressed (point sources, atmospheric deposition, urban
runoff, agricultural runoff, and groundwater infiltration) represent the major sources of
contaminants to estuaries like the Delaware.

Another potentially major source are hazardous waste sites and landfills. Attempts
were made to estimate contaminant releases from these sites and estimate Ioadlngs to the
estuary that result from these releases.
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A source of contaminants not considered in this report was the boating industry. Boat
paints typically contain inorganic and organic anti-fouling additives that accumulate in the
sediments surrounding marinas. Butyitin compounds, for example, are a concern due to their
extreme toxicity to invertebrates. Current regulations, however, limits the application of
paints containing butyltins to large boats only, reducing concerns for this class of compounds.

Boat motor exhaust can contribute lead, PAHs, and other contaminants to the estuary.
The sediments in marina areas generally have elevated concentrations of lead and PAHs due
to boating activities. Marinas also represent a potential source of copper arsenate because
of the widespread use of treated wood in the construction of docks and pilings.
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3.0 CONTAMINANT LOADINGS FROM POINT SOURCES

3.1 INTRODUCTION TO POINT SOURCES

Contaminants from point sources originate from facilities that discharge effluents
directly into the estuary and indirectly into the lakes, streams, and rivers that drain into the
estuary. Point sources include, waste-water treatment plants (WWTP), industrial facilities,
and power plants. Facilities discharging effluents into surface waters through pipes, -ditches,
canals, or similar conveyances are generally considered to be point sources. The discharge
of these effluents is regulated by the USEPA and cooperative state agencies as part of the
Clean Water Act. ;

Contaminant loadings from point sources have been reésponsible for most cases of the
extreme contamination of surface waters documented in the environmental literature {mercury
poliution in Minimata Bay; kepone in the James River: petroleum hydrocarbons in the
Cuyahoga River, OH). The extremely poor water quality conditions in the Delaware River
during the 1940’'s and 1950’s are generally attributed to organic and toxic loadings from
inadequate waste-water treatment. A concerted effort by the federally commissioned
Delaware River Basin Commission and funding through a federal construction grants program
improved the quality of effluents from point sources and brought about significant
improvements in the water quality of the Delaware River Estuary (Albert 1988).

3.2 METHODS FOR ESTIMATING POINT SOURCE LOADINGS

Estimates for contaminant loadings from point sources were made using NOAA's
National Coastal Pollutant Discharge Inventory (NCPDI) data base. The data base was devel-
oped from the USEPA's Permit Compliance System (PCS) data base and information collected
from selected facilities having permits issued as part of the National Pollution Discharge
Elimination System (NPDES). The Strategic Environmental Assessment Division of NOAA
developed this data base specifically to estimate loadings of chemical contaminants to
estuarine and coastal drainage basins or areas. As defined by NOAA (Pacheco et al. 1993),
the estuarine drainage area (EDA) is "that portion of an entire watershed that most directly
affects the estuary and is delineated by the USGS hydrologic cataloging units and the head
of tide." NOAA compiles information for 102 EDAs as part of the National Estuarine
Inventory (NEI). NOAA'’s coastal drainage areas (CDAs) correspond to "that component of
an entire watershed that is not part of the 102 EDAs in the NEI, but drains intc an estuary or
coastal water.” USGS hydrologic cataloging units and the head of tide are also used to deline-
ate the spatial extent of CDAs.

The NCPDI data base for the Delaware Estuary includes facilities located in the USGS
hydrologic cataloging units listed in Table 3-1. This includes the EDA and selected upstream
regions. All facilities located in the area defined by the Lower Delaware Cataloging Unit
(020402) appear to included in the NCPDI data base. Only a portion of the facilities in the
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Upper Delaware Cataloging Unit (020401) are included in the data base; therefore, the data
base includes facilities located in portions of the watershed above the head of tide, particularly

in Pennsylvania.

Table 3-1. Location of point source f;cilities included in ;IOAA's NCPDI data base for
the Delaware Estuary.
N:l__l-:mr of Facilities
Hydrologic
Cataloging Unit Description Major Minor -
— IR
020402 Lower Delaware : ' '
02040201 Crosswicks-Neshaminy,_ NJ-PA 26 106
02040202 Lower Delaware, NJ-PA 56 272
02040203 " Schuylkill, PA 48 390
02040205 Bra_ndywine-Christina, DE-MD-PA - 20 135
02040206 Cohansey-Maurice, NJ 15 68
02040207 Broadkill-Smyrna, DE 5 13
020401 Upper Delaware
02040101 Upper Delaware, NY-PA (o) 5
02040102 East Branch Delaware, NY 1 2
02040104 Middle Delaware, Mongaup, Brodhead, 1 17
NJ-NY-PA
02040105 Middie Delaware, Musconetcong, NJ-PA 10 163
02040106 Lehigh, PA 7 86
Other 1 16
Totals 190 1263
—_—

NOAA has compiled contaminant loading estimates for each facility in the USEPA's
PCS data base using the procedures outlined in Pacheco et al. (1993). Loading estimates
were based upon PCS data for calendar year 1991. Loading estimates for each facility were
taken directly from the monthly discharge monitoring reports (DMRs). The DMRs include
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information for those contaminants and parameters for which monitoring is required and
specifically included as part of the discharge permits issued by the USEPA and cooperating
state agencies; however, facilities are not required to measure all contaminants, even when
those contaminants are likely to be present in effluents. NOAA estimated loadings for con-
taminants not specifically included as part of the DMRs filed by each facility. Estimates were
compiled by determining a typical contaminant concentration for each type of discharge,
based upon the facility’s standard industrial code (SIC). Typical contaminant concentrations
for waste-water treatment plants were determined by the level of treatment of that facility
(primary, secondary, or tertiary). For municipal wastewater treatment plants, typical poliutant
concentrations were obtained from a 1982 report (USEPA 1982) and may not reflect current

effluent concentrations.

Estimates of contaminant loadings to the estuary from point sources were made for
the present study by summing mass loadings (kg/year) discharged from each facility in the
Delaware Estuary EDA. Separate estimates were made for those facilities that discharge efflu-
ents directly into the estuary vs. those facilities that discharge effluents into tributaries that

enter the estuary.

3.3 CONTAMINANT LOADINGS FROM POINT SOURCES

NOAA'’s NCPDI data base contains entries for 190 major and 1263 minor facilities that
are potential point sources of contaminant inputs to the Delaware River Estuary (Table 3-1).
These facilities include waste-water treatment facilities, industrial facilities, and power plants.

Total loadings to the EDA from point sources are summarized in Figure 3-1. Loadings
for metals range from a low of 0.8 x 103 kg of mercury per year to a high of 1 x 106 kg of
iron. -Arsenic and cadmium point source inputs are approximately 104 kg per year, whereas
chromium, copper, lead, and zinc inputs are approximately 105 kg per year. Total flow from
all point sources combined averages 275.8 m3/sec; this is equivalent to 49% of the lorig-term
average flow of fresh-water into the Delaware River Estuary. These point sources discharge
43.8 x 106 kg of particles (measured as total suspended solids (TSS)) into the estuary.

Estimates for total contaminant loadings to the estuary were calculated for both major
and minor facilities. Most (91%) of the total flow from point source dischargers originated
from major facilities (Figure 3-2). Over 90% of the total annual loading of arsenic, cadmium,
chromium, copper, iron, lead, and zinc, from point sources originated from the major facilities.
Major facilities were also responsible for the most (88%) of point source loadings of mercury.

Figures 3-3 through 3-8 show the locations of the major facilities discharging into the
Delaware estuarine drainage area. The geographic locations of each facility were taken
directly from the NCPDI data base. No attempts were made to validate the locational data
provided; however, NOAA completed a careful review of the locational information for each
of the major facilities included in the data base. The locations of waste-water treatment
plants (Figures 3-3 and 3-4), industrial facilities (Figures 3-56 and 3-6), and power plants
(Figures 3-7 and 3-8) are shown separately, and details are provided for the highly populated
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area of the watershed between Wilmington, DE, and Trenton, NJ. These figures also show
the size of each facility based upon the average flow in millions of gallons per day (MGD).

Point Source Contaminant Loadings

1000000 :

100000

10000 :

kglyear

1000

L L

100

As Cd Cr Cu Fe Hg Pb Zn
Contaminant

Figure 3-1. Contaminant loadings from point sources estimated
using NOAA’s NCPDI Data Base.

The contribution of waste-water treatment plants, industrial facilities, and power plants
to total contaminant loadings from point sources is contaminant dependent (Figure 3-9).
Inputs from waste-water treatment plants dominate loading estimates for many metals. Over
80% of all arsenic and iron, 78% of all cadmium, 71% of all lead and 65% of all zinc from
point sources originate from waste-water treatment plants. Approximately half of all
chromium and mercury originates from waste-water treatment plants; industrial facilities
contribute most of the remairider. Inputs from industrial facilities dominate the loading
estimate for copper; 49% of point source loadings of copper originates from industrial facili-
ties. With the exception of copper, discharges from power plants contribute less than 5% to
total metal loadings from point sources. Approximately 12% of all copper from point sources
originates from power plants. The discharges from power plants are responsible for 65% of
the total flow from point sources into the Delaware River Estuary.
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Contribution of Major Facilities
To Total Point Source Loadings

100 -

80 1
= 60-
g
- ®
0O 40-

20 -

0- .
As Cd Cr Cu Fe Hg Pb 2Zn FlowTSS
Contaminant
Figure 3-2. Contribution of major facilities to total point source

loadings. Total loadings estimated by summing
major and minor facilities.

Generally, facilities discharging directly into the Delaware Estuary contribute more
contaminants than facilities discharging into the section of the Delaware River upstream of
Trenton and to other tributaries entering the estuary (Figure 3-10). This pattern reflects the
concentration of urban land use, industrial activity, and human population with the Wilmington
to Trenton corridor. Point source inputs of zinc depart from this pattern with approximately
equal amounts from facilities directly dlscharglng into the estuary and those facilities
discharging into tributaries and upstream.

The NCPDI contains information for both annual and seasonal contaminant loadings.
Loading estimates for most metals (arsenic, cadmium, chromium, iron, mercury, lead, and
zinc) do not indicate significant seasonal loading patterns. Loading estimates for copper,
however, show seasonal differences (Figure 3-11). Loadings are highest in summer and
spring, accounting for 66% of the annual input of copper. Point source loading of copper is
lowest in the fall and winter.
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Waste Water Treatment Plant
{ Point Sources

A Gregter than 100 MGD
m 10 - 100 MGD

s 1-1 MGD
« Less than 1 MGD

Figure 3-3. Location of major waste-water treatment plants in the Delaware

watershed estuarine drainage area. Data taken from NOAA s
. NCPDI data base.
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Industrid Point Sources
A Greoter than 100 MGD

,}’E s ¥ - 100 MGD
. » 1-1 MGD
- Less than 1 NGD

Figure 3-5. Location of major industrial facilities discharging into the

Delaware watershed estuarine drainage area. Data taken from
NOAA’s NCPDI data base. :
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 |Power Plant Point Sources
A Grecter thon 00 MGD
® 0 - 100 MGD

«s 1=-° MGD
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Figure 3-7. Location of power plants discharging into the Delaware

watershed estuarine drainage area. Data taken from NOAA'’s
NCPDI data base.
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Contribution to Total
Point Source Loadings

100 rrh

As Cd Cr Cu Fe Hg Pb Zn FlowTSS
- Contaminant

Figure 3-9. Contribution of waste-water treatment plants (WWTP), power plants, and
industrial facilities to contaminant loadings from point sources

3.4 DISCUSSION OF POINT SOURCE CONTAMINANT LOADINGS

The estimates for contaminant loadings to the Delaware Estuary from point sources
are entirely based upon NOAA’s NCPDI data base. Two limitations exist in using this data
base. The first limitation is that the NCPDI data base may not reflect contaminant loadings
to the estuary proper. The calculated loading rates for particle reactive contaminants may be
overestimates of the true loading rates because physico-chemical processes affecting chemical
fate and behavior may prevent contaminants discharged into tributaries from reaching the
estuary. The NCPDI data base includes facilities located above the head of tide, particularly
in Pennsylvania. For contaminants that are not strongly reactive with suspended particles or
sediments, and contaminants that have dissolved forms, the NCPDI data base may yield under-
estimates for contaminant loadings. The uncertainties introduced by these factors cannot be
estimated; however, it is likely that the estimates provided here are close to or slightly
overestimates of the amount of contaminants entering the estuary from point sources.
Loadings from point source facilities in the upstream portion of the watershed are likely to be

’
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small in comparison to loadings from the lower upstream because point source loadings are
strongly driven by population density and most (ca 80%) of the population in the Delaware
watershed is located in the lower portion of the watershed. Additionally, most of the
contaminants of concern are particle reactive. Contaminants released from upstream regions
are likely to be bound to sediments in close proximity to discharges; however, these sediment
bound contaminants may be washed into the estuary during extreme floods.

Contribution of Direct Inputs to Estuary

100- To Total Point Source Inputs to EDA

80+

Percent
(0)]
o

As Cd Cr Cu Fe Hg Pb Zn  FlowTSS
Contaminant . _

Figure 3-10. Contribution of facilities discharging directly into the
estuary to total loadings from all point sources within
the EDA.

The second limitation of the NCPD! data base is that reliable estimates could be made
for only a small number of contaminants and parameters. These include flow, biochemical
oxygen demand (BOD), total suspended solids, total nitrogen, total phosphorus, oil and
grease, fecal coliform bacteria, and the metals arsenic, cadmium, chromium, copper, iron,
lead, mercury, and zinc. The estimates for metals, flow and total suspended solids were
included in this report. This list reflects the parameters and contaminants most frequently
included in discharge permits. Although the USEPA’s PCS data base includes the capability
to monitor more than 1,600 parameters and contaminants, most facilities are not required to :
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monitor these parameters. The background files compiled by NOAA during the compilation
of the NCPDI data base include information for 647 of the more than 1 ,600 parameters
included in the PCS data base; however, information for most of these parameters was so
rarely found that loading estimates could not be reliably developed.

Copper Input from Point Sources
50 -

5

W
o

N
o

Percent of Arinual Input

-
o

0-

Fall Winter Spring Summer
Season

Figure 3-11. Seasonal input of copper from point sources.

The NCPDI data base contained data used to calculate a Ioadmg estimate for total
chlorinated pesticides. This estimate is 2.2 x 103 kg/year. The estimate is for all chlorinated
pesticides and is not limited to the chlorinated pesticides focused upon in this report
(chlordane, DDT, DDD, DDE, dieldrin). Approximately 98% of this loading originates from
major facilities, and 63 % originates from industrial facilities. This number should be used with
caution since it is based upon concentrations reported from a small number of facilities.

The loading estimates derived from NOAA’s NCPDI data base were compared to point
source toxic loading estimates completed by DRBC (Fikslin personal communication). These
estimates were made from direct measurements of contaminant concentrations in 83 point
sources discharging into the tidal Delaware River. The DRBC study was not limited to these
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f

contaminants reported in the facility monthly discharge monitoring reports; therefore, loading
estimates were available for additional contaminants using the DRBC study.

The NCPDI and DRBC loading estimates are in fairly good agreement (Table 3-2). For
arsenic, copper, lead, mercury, and zinc, the NCPDI estimates were higher than the DRBC
estimates. The most probable explanation for this is that the NCPDI data base included all
point source facilities (190 major and 1,263 minor facilities) in the estuarine drainage area of
the watershed. The DRBC study focused on 83 facilities that discharged directly into the
estuary. This explanation may account for most differences between the two studies; how-
ever, the order of magnitude difference in arsenic loadings, and the greater loading estimate
from the DRBC study for chromium, suggests that a more detailed comparison may be

warranted.

Table 3-2. Comparison of NOAA-NCPDI and DRBC estimates of contaminant
loadings from point-sources (108 kg/year) ‘

: Contaminant : NOAA-NCPDI Estimate DRBC Estimate
Metals
Arsenic 49.2 5.1
Chromium 135 187
Copper 126 89.8
Lead 89 26.8
Mercury 0.9 0.21
Silver N.E. 14.9
Zinc 225 169
Chlorinated Pesticides
DDD N.E. 3.1
Volatile Organics
1,2 Dichloroethane N.E. 18.2
Tetrachloroethane N.E. 12.4 AL

No discharges of PCBs were reported in the NCPDI data base for point source facilities.
Further, using standard analytical techniques (minimum detection limit: 65 ng/l), no PCBs
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were detected for those wastewater discharges included in DRBC's survey of facilities
discharging to the tidal river portion of the estuary. Discharges of significant amounts of
PCBs through point sources are unlikely because persistent and toxic chemicals such as PCBs
are closely regulated by the USEPA and cooperative states. Additionally, since federal
statutes severely restrict the use of PCBs, the discharge of these chemicals due to current use
in industrial facilities is likely to be negligible.

Despite existing regulation and control, PCB concentrations have been found in
effluents from some municipal treatment facilities. PCB concentrations in effluents from four
municipal treatment facilities in the New York City area were recently measured for a study
funded by the USEPA’s Office of Water (Battelle 1993). Average PCB effluent concentrations
were 39:ng/l (10° g/l). This concentration value, and flow from all wastewater treatment
facilities in the NCPDI data base (1.5 x 1012 liters/yr), were used to calculate a PCB loading
‘estimate for the Delaware. The estimate of the amount of PCBs entering the Delaware
Estuary from point sources using the'New York City data is 58.6 kg/year. This estimate is
likely to be an upper limit for the Delaware because the Hudson River-New York Harbor region
is affected by elevated levels of PCBs and DRBCs study detected no discharges of PCBs.

3.5 SUMMARY OF POINT SOURCE LOADINGS

A summary of loading estimates for contaminants from point sources is presented in
Table 3-3. Major findings are summarized below.

® Most of the contaminant loadings from point sources originate from the 190 major
facilities; the 1263 minor facilities generally contribute less than 10% of the total.

® Waste-water treatment plants and industrial facilities contribute the most to total
contaminant loadings from point sources; power plants are important only in
terms of flow.

~ ® Point source loadings for the metals of concern are approximately 10° to 108
kg/year.

® The point s-ource loading estimate for chlorinated pesticides is approximately 103
kg/year. :
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|| Table 3-3. Summary of contammant Ioadmgs from pount sources (103 kg/year).

IL__ Contammant ; Comments Loading Estimate
= ———— — ———
Metals ;
Arsenic Used NCPDI data base 49
Chromium Used NCPDI data base 135
Copper Used NCPDI data base 126
Lead Used NCPDI data base 89
Mercury Used NCPDI data base 1
Silver Estimate from DRBC study 15
Zinc Used NCPDI database 225
Polynuclear Aromatic Hydrocarbons (PAHSs)
PAHs Insufficient data to N.E.
complete estimate
Chlorinated Pesticides
Chlordane Insufficient data to N.E.
complete estimate
DDT (Total) Estimate for DDD only 3
from DRBC study
Dieldrin Insufficient data to N.E.
complete estimate
Total Estimate made for total 2
chlorinated pesticides only
PCBs
PCB (Total) Estimated from NCPDI 0.06
flow data and
concentration data from
Battelle (1993)
Volatile Organics '
1,2 Dichloroethane Estimate from DRBC study 18
Tetrachloroethane Estimate from DRBC study 12
N.E. = No estimate _
—_———e—e—e—e e
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4.0 CONTAMINANT LOADINGS FROM ATMOSPHERIC SOURCES

4.1 INTRODUCTION AND DEFINITIONS

The atmosphere is a source of contaminants originating from mobile sources such as
cars, trucks, and other transportation; stationary sources such as industrial facilities and
incinerators; aerial spraying; wind erosion of particles; and degassing from diffuse land
sources. Contaminant concentrations in air reflect local sources and far-field sources that are,
in some cases, thousands of miles away.

Atmospheric transport and deposition is considered an important pathway for the trans-
fer of PCB congeners from land to natural waters (Holsen et al. 1991). Data from studies of
the PCBs entering Lakes Superior, Huron,. and Michigan show that between 55 and 90% of
all PCB inputs originate in the atmosphere (Strachan et al. 1989). Although PCBs have very
low vapor pressures, they can be emitted to the atmosphere by scrubbing of air during PCB
manufacture, vapor exhaust from steam jet ejectors, evaporation from PCB spills or spills of
PCB-contaminated oil, evaporation from plant waste-water, and high-temperature incineration
(Versar 1976). '

Metals such as chromium, copper, nickel, and mercury are emitted to the air primarily
as products of fossil-fuel combustion, especially high-temperature processes such as smelting.
Metals may also be emitted through plating and other surface coating processes and through
motor vehicle exhaust. Metals are transported and deposited at various rates and distances
depending on their chemical state and physical characteristics.

Volatile organic compounds (VOCs), including priority pollutants such as 1,2-
dichloroethane and tetrachloroethane, are emitted in great quantities from various manu-.
facturing and cleaning operations. Many of the dry cleaning operations that regularly use
volatile organic compounds are small and not included in the USEPA’s Toxic Release Inventory
(TRI) — a program designed to track and quantify contaminant emissions to the air, surface
waters, and ground (USGAO 1992).

Polycyclic aromatic hydrocarbons (PAHs) in the atmosphere originate from fossil fuels,
waste incineration, coal gasification and liquification processes, petroleum cracking, and the
production of coke, carbon black, coal tar pitch, and asphalt {(Hangebrauck et al. 1967).
Mobile sources (primarily automobiles) are a major source of atmospheric PAHs in the United
States, accounting for as much as 36% of the total emissions of PAHs into the atmosphere
(Boesten and Leistra 1983). PAHs in the atmosphere are adsorbed onto airborne particles .
such as soot and fly ash and are subsequently transported by wind. Transport distances are
a function of wind speed, atmospheric height, and particle diameter (McVeety and Hites
1988). Generally, PAH concentrations decrease dramatically with an increase in distance
from urban sources (Windsor and Hites 1979). .
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4.2 METHODS FOR ESTIMATING ATMOSPHERIC LOADINGS

Two principal approaches are used to estimate atmospheric deposition. The first is to
measure wet and dry deposition at various sites in the region of interest and then calculate
an average deposition rate. This method assumes that the sampling sites are representative
of the region of interest and that the time period for sampling is representative of the annual
deposition rate that is being estimated. Additional problems are presented because the
measured deposition rates are small (typically ng/mzlday) and easily contaminated by field and
laboratory operations. :

The second approach used to estimate atmospheric deposition is to model the transfer
of contaminants from the air using measured contaminant-concentrations in air and model
coefficients for contaminant transfer upon impaction.

Although estimates have been made for the atmospheric deposition of nutrients
(Skudlark and Church 1993), no estimates for the atmospheric deposition of contaminants
were found for use in this study. Additionally, a suite of sites at which measurements were
available for both dry and wet atmospheric deposition could not be identified. Consequently,
atmospheric loadings were estimated using the average deposition ‘fluxes calculated as part
of the Chesapeake Bay Atmospheric Deposition Study (CBADS) {Baker et al. 1992).

The justification for applying deposition rates from the Chesapeake study to the
present Delaware study is that the two estuaries border each other and lie in the same general
area of the country. Also, land use within the watersheds is approximately similar. Land use
will affect both the production of atmospheric contaminants (input from land to air) and the
transport to the estuary of contaminants deposited in the watershed. Urban areas, for
example, constitute 14% of the land area in the Delaware watershed (Evans et al. 1993) and
11% of the land area in the Chesapeake watershed (USEPA 1994b).

The CBADS deposition rates (Table 4-1) are based on weekly aerosol and precipitation
samples collected at two stations in the Chesapeake Bay watershed over a one year period
{(June 1990 through July 1991). Deposition fluxes were available for the trace metals arsenic,
cadmium, chromium, copper, iron, nickel, lead, and zinc. Loading estimates were also avail-
able for PCBs. Loading estimates for PAHs were computed from the CBADS data by summing
the average deposition fluxes for each of 14 individual PAHs sampled. Atmospheric deposi-
tion rates for mercury were not provided by the CBADS study; these were estimated using
the average deposition fluxes taken from Galloway et al. (1982). The mercury deposition flux
(1.5 x 10° pgfmzfyr} was derived from general urban bulk deposition rates reported in the
literature and based upon a study of deposition of airborne mercury near point sources
(Lockeretz 1974). ! ' ;

The deposition rates derived above were used to calculate 1) direct deposition of
contaminants to the estuary and 2) contaminant loadings to the estuary resulting from deposi-
tion of contaminants to the Delaware River Estuary Watershed. To calculate direct deposition

- to the estuary, the average deposition fluxes for each contaminant (ug/mzlyr) were multiplied
by the total area of the estuary (1,989 km2: from NOAA 1985). Contaminant deposition to
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the watershed was calculated in a similar manner. The average deposition fluxes for each
contaminant were multiplied by the total area of the watershed {34,836 km2: from NOAA
1987). A transfer coefficient of 0.1 was used to estimate the amount of contaminant
deposition that was transported from the watershed to the estuary. This transfer coefficient
has been used by others to estimate nonpoint source nutrient loadings (Skudlark and Church

1993).

Table 4-1. M-:-nospheric deposition rates for contaminants (ug/m?2/yr). Taken?T
RasHiTh the Chesapeake Bay Atmospheric Deposition Study (Baker et al. 1992).
' Wet'® Dry"” _ Total'®
Arsenic 49 : 100 £ 50 150
Cadmium 48 21 = 10 69
Chromium 88 200 + 96 290
Copper 260 400 + 190 660
Iron " 10,400 65,000 + 31,000 75,000
Nickel 257 540 + 250 800
Lead 556 690 + 320 1,250
Zinc : 1,335 2,000 + 960 3,300
PCBs 2.7 25 + 1.2 5
PAHs 82 : 249 331

Notes: @ Waet deposition average fluxes, volume weighted from a) biweekly
collections at the western shore site (organics), and b) weekly collections
averaged again at both eastern and western shore sites (trace elements).

(b Dry deposition average fluxes, averaged for a) daily (Tuesday) sampling at
only the western shore site (organics), and b) weekly integrated collections
averaged at both the eastern and western shore sites (trace elements).
The error represents the largest uncertainty which is the assumed dry
deposition velocities (see text for details).

©) Simple sum of wet and dry fluxes.
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4.3 ATMOSPHERIC LOADING ESTIMATES

Estimates for contaminant loadings resulting from atmospheric deposition are provided
in Table 4-2. Estimates for the direct deposition of contaminants onto the surface of the
estuary range from 10 to 104 kg/yr depending on the specific contaminant of concern (Figure
4-1). The atmospheric loading estimate for PCBs is 10 kg/yr. Direct deposition of metals and
PAHSs to the estuary range from 102 to 104 kg/yr. Iron and zinc had the highest deposition
rates.

Table 4-2. Estimates for contaminant loadings from atmospheric deposition. Estimates
provided for direct deposition to estuary, indirect input resulting from
deposition on the watershed, and total input from atmospheric deposition.

i Deposition Direct to - From .
Contaminant Rate Estuary Watershed - Total
pg/m2/yr kglyr kglyr
- [

Arsenic 150 298 493 791

Cadmium 69 137 227 364

Chromium 290 577 953 1,529

Copper 660 1,313 2,168 3,481

Mercury 1,500 2,983 4,927 7,910

Nickel 800 1,591 2,628 4,219

Lead 1,250 2,486 4,106 6,592

Zinc 3,300 6,564 10,839 17,403

PCB 5 - 10 16 26

PAH 331 658 1,087 1,745

- — — === =

Atmospheric inputs of contaminants resulting from deposition in the entire watershed
and transfer to the estuary are generally a factor of two higher than the estimates for direct
deposition onto the surface of the estuary (Figure 4-2).

Except for mercury, contaminant loadings from atmospheric sources are generally two
to three orders of magnitude less than contaminant loadings from point sources. Loading
rates for mercury from atmospheric sources and point sources are approximately equal.
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Direct Atmospheric Loading to Estuary
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Figure 4-1. Estimated direct inputs to estuary of contaminant loadings from
- atmospheric deposition.

4.4 DISCUSSION OF ATMOSPHERIC LOADING ESTIMATES

The use of the deposition rates from the Chesapeake Bay study to estimate contami-
nant loading rates for the Delaware Estuary introduces an unknown error. To evaluate this
potential error, the Chesapeake and Delaware watersheds were compared to identify differ-
ences that may influence the atmospheric deposition rates of toxics. Population density is
different in the two watersheds. NOAA (1987) contains population density estimates for the
estuarine drainage areas (EDA) of each watershed. The population density of the Delaware
EDA is 1,082 individuals/mi2, compared to a density of 404 individuals/mi2 for the
Chesapeake EDA. This difference may cause the use of the CBADS deposition rates to under-
estimate atmospheric inputs of contaminants to the Delaware Estuary since atmospheric
inputs from mobile sources are likely to be strongly related to population density. Where
industrial activities are similar, atmospheric inputs from stationary sources are also likely to
be related to population.
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Atmospheric Loading to Estuary from Watershed
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1000

kg/year
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Figure 4-2. Atmospheric loading of contaminants to estuary from

the entire Delaware Estuary watershed.

The long-range transport of contaminants from western sources is another factor
potentially influencing deposition rates in the Delaware and Chesapeake watersheds. These
far-field sources may have greater influence on the Chesapeake Bay watershed than on the
Delaware watershed due to the topography separating the two watersheds in the Appalachian
and Highland geographic provinces. If this is true, using deposition rates from the Chesapeake
Bay may overestimate atmospheric deposition to the Delaware Estuary.

The atmospheric deposition estimates provided here indicate that except for mercury,
contaminant inputs from point sources are significantly greater than contaminant inputs from
atmospheric sources. Although the method used to estimate atmospheric loadings is simplis-
tic, using a loading model of greater complexity or having deposition data from the Delaware
Estuary watershed would not likely result in different loading rates that would change this
overall conclusion.

Potential sources of the mercury entering the estuary thro'ugh atmospheric deposition

are many. Versar, Inc. (1994) inventoried air emissions in Maryland for the Power Plant
Research Program of the Maryland Department of Natural Resources. Municipal waste
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incineration accounted for 54% of all mercury emissions. The second largest source of
. emissions was latex paint, accounting for 25% of the total emission of mercury. Coal-fired
power plants contributed only 13% of the total emission of mercury in Maryland.

No information that estimates loading to the estuary from atmospheric deposition for
chlorinated pesticides and volatile organic compounds was found. Input of the chlorinated
pesticides chlordane, DDT, and dieldrin is likely to be small since these pesticides are no
longer used; however, construction projects that disturb soils having high concentrations of
these chemicals may cause significant releases to the atmosphere. It should be noted that
while atmospheric input of previously used agrochemicals is likely to be small, the atmospheric
input of other agrochemicals still in widespread use may be significant. For example, the
atmospheric input of alachlor to the Chesapeake Bay is 2.5 x 103 kg/year (USEPA 1994b).

The input of volatile organic compounds to the Delaware Estuary from atmospheric
sources is likely to be significant; however, no deposition rates were found with which to

make estimates of loading rates.

4.5 SUMMARY OF ATMOSPHERIC LOADINGS

A summary of loading estimates for contaminants originating from atmospheric deposi-
tion is presented in Table 4-3. Major findings are also summarized below.

® Contaminant inputs to the estuary resulting from atmospheric deposition to the
watershed are approximately twice inputs resulting from direct deposition to the

estuary.

® The loading estimate for the metals of concern is approximately 102 to 104
kg/year.

® . Loading estimate for PAHs is equivaient to those for metals.

® The loading estimates for PCBs from atmospheric deposition is approximately 10
kg/year.
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— %

Table 4-3. Summary of contamlnant loadings from atmospheric sources to the
Delaware Estuary (103 kg/year). Includes direct deposition to estuary and
indirect lnputs resulting from deposmon in the watershed.

Contamlnant Comments Loading Estimate
Metals

Arsenic Estimate using CBAD 0.8
deposition rates

Chromium Estimate using CBAD 1.5
deposition rates j

Copper Estimate using CBAD 3.5
deposition rates ; :

Lead - | Estimate using CBAD - 6.6

i deposition rates

Mercury Estimate from average 7.9
deposition rates -

Silver Insufficient data to N.E.
complete estimate

Zinc Estimate using CBAD ' 17

deposition rates
Polycyclic Aromatic Hydrocarbons (PAH)

PAH Estimate using CBAD 1.7
deposition rates

Chlorinated Pesticides

Chlordane Insufficient data to N.E.
complete estimate
DDT (Total) Insufficient data to N.E.
complete estimate
Dieldrin Insufficient data to N.E.
; complete estimate
PCBs
PCB (Total) Estimate using CBAD 0.03

deposition rates

Volatile Organics

1.2 Dichloroethane Insufficient data to N.E.
complete estimate
Tetrachloroethane Insufficient data to N.E.
: complete estimate
e
N.E. = No estimate
m —
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5.0 CONTAMINANT LOADINGS FROM URBAN RUNOFF

5.1 INTRODUCTION TO URBAN RUNOFF

Nonpoint source pollution from terrestrial runoff is influenced heavily by land use and
population density. Runoff rates are usually much higher in urban areas due to impervious
surfaces such as pavement and roofs (USEPA 1985). Sources of potentially toxic substances
in urban runoff include products from incomplete combustion of fossil fuels, metal alioy
corrosion, automobiles, pesticide use, manufacturing, and atmospheric deposition (USEPA
1994). The runoff quality and quantity are a function of several parameters, including land
use activity, percent imperviousness, rainfall, automobile traffic density, and atmospheric
sources (USEPA 1994). '

Urban runoff may be collected in separate sewers or combined sewers. The latter col-
lect both runoff and sanitary waste-water (USEPA 1985). During a large runoff event, storm
flow may exceed sanitary flows by one or more orders of magnitude. Combined sewer over-
flows are discharged directly to receiving waters to avoid flooding; these overflows discharge
high levels of pollutants since they contain the combination of runoff, raw sanitary sewage,
and scoured waste-water solids previously deposited in sewers (USEPA 1985). This section
includes loading estimates from urban areas without including the effects of combined sewer
overflows.

Estimates for contaminant loadings to the Delaware Estuary resulting from urban runoff
were derived from data collected by the USEPA’s National Urban Runoff Program (NURP)
(USEPA 1983). This program was designed to assess urban runoff water quality problems
on a national scale. The following study parameters were included in the NURP study:
" particulates, oxygen-consuming constituents, nutrients, and the heavy metals copper, lead,
and zinc. Only the data for the heavy metals are relevant to this study.

Twenty-eight sites representing urban areas throughout the country were sampled as
part of NURP; none of these sites were located in the Delaware River watershed. The closest
sites were Baltimore, MD, and Washingtqn, DC, to the south, Long Island and Rochester, NY,
to the north, and Detroit, MI, to the west.

6.2 METHODS FOR ESTIMATING LOADINGS FROM URBAN RUNOFF

Using the poliutant data collected for the NURP, Tasker and Driver (1988) developed
the USGS Regression Models that may be used to estimate mean annual loadings in urban
areas. These regression models accounted for 20 to 65 percent of the total variation in
observed loads measured at the 28 NURP sites. Since no site-specific data were available for
the Delaware River area, these regression models were used to estimate metal loadings to the
estuary. The following site-specific variables were needed to apply the models: drainage
area, land uses, imperviousness of the drainage basin to infiltration, mean annual rainfall, and
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mean minimum January temperature. Tasker and Driver (1988) developed associated
methods to calculate 90% confidence values for the loading estimates completed for the
Delaware Estuary.

The input data required for the regression models were assembled for each county in
‘the Delaware watershed. Land use data for the 13 counties bordering the estuary were
derived from NOAA (1887) resulting in seven urban land use categories (Table 5-1). The total
urban drainage area (DA) is the sum of the urban land use types within each county. The
impervious fraction of each land use type was estimated by comparing the land use descrip-
tion provided by NOAA with the average percent impervious values described for different
land uses from USEPA (1985). The average impervious fraction {IA) for the urban area in
‘each county was estimated by welghtlng the fractions for each land use type by the drainage
area of that type.

Table 5-1. Urban land u:; in the 13 countiesEg;dering the Delaware Estuary.
Urban Land Use (E:utegory ImELvious Fraction Land Area (km?)

Urban and built-up residential 0.52 | 1455
Commercial services 0.85 310
Industrial 0.72 113
Transportation and Communication 1 134
Industrial and commercial complex 0.65 25
Mixed urban and built-up 0.65. 20
Other urban built-up 0.1 115 .
Total urban land use ) '- 2173

Mean annual rainfall (MAR) and mean minimum January temperature (MJT) were calcu-
lated for three stations in or near the Delaware Estuary (Dover, DE, Philadelphia, PA, and
Hightstown, NJ) from meteorological data available for 1950 through 1990. The meteorolog-
ical data from Dover, DE, were applied for Kent, Cumberland, Sussex, and Cape May counties.
The values from Philadelphia were applied to New Castle, Burlington, Camden, Gloucester,
Salem, Bucks, Delaware, and Philadelphia counties. Data from the nghtstown, NJ, weather
station were used in calculations completed for Mercer county.

The USGS Regression Models developed by Tasker and Driver (1988) used the
generalized-least-squares (GLS) method to estimate parameters of the regression model rather
than the ordinary-least-squares (OLS) method since the variance of the response variables was
not equal and the response variables are not independent. The authors also applied a bias
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correction factor (BCF) to the equation to make the prediction equations approximately
unbiased since a linear model was fitted to the logarithms of the loads. The equation for the
general model to estimate contaminant loadings from urban runoff is presented below. The
equation is in the general form:

W =10 [a + b*SQRT(DA} + c*lA + déMAR + e*MJT + f*X2] BCF

where W = mean load associated with a runoff event (Ibs/event)
DA = drainage area (mi?)
1A = imperviousness (fraction)
MAR = mean annual rainfall (inches)
MJT = mean minimum January temperature ( °F)
BCF = bias correction factor
X2 = land use indicator

' Equation parameters a through f are regression coefficients that are specific to the
contaminant of interest. Coefficient values for specific contaminants are given in Table 5-2.
The variable X2 is a land use indicator that is 1 if commercial land use exceeds 75 percent
of the total contributing drainage area and zero otherwise. This indicator was not significant
for the metals estimated using this model. ;

Table 5-2. Values for coefficients in the USGS Regression Models used to
estimate loadings from urban runoff. Bl
Copper | Lead Zinc o
a -1.4824 -1.9679 : -1.6302
b 1.8281 1.9037 2.0392
c o 0.0070 0.0070
d 0 0.0128 o)
e -0.0141 0 0
f 0] 0 0
| BCF 1.403 1.365 1.322

The regression was originally scaled for areas between 0.01 and 0.85 square mlles
(0.03 to 2.2 km?); therefore, it was necessary to complete the regression calculations for
areas within that range. The average of the areas used to develop the original regression
models was 0.17 square miles (0 44 km?); a scale factor of 380 was applied to the urban
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areas of each county before using the above equation. The result was then scaled up to
obtain a result for the actual area in each county. The mean loading per event was then
converted to an average annual load by multiplying by the average number of storms per year.
Tasker and Driver (1988) reported 42 storms per year for Washington, DC, and 39 for
Baltimore, MD. The Washington, DC, value of 42 was used for the calculations urban
loadings for the Delaware Estuary.

The average imperviousness fraction for the urban land use numbers was an estimated
number and may not accurately reflect the actual imperviousness of the urban area in the
Delaware Estuary watershed. A sensitivity analysis was completed by changing the value of
IA by 30% higher or lower and rerunning the regression models. This analysis revealed that
loading results are relatively insensitive to IA, since changing its value by 30% higher or lower
resulted in less than a 0.5% difference in total loading estimates to the estuary for those
constituents for which IA was a sngmflcant predictor (Pb and Zn).

Tasker and Driver (1988) also presented a method for calculating the 90% confidence
intervals for the loading estimates based on their regression analyses. The confidence interval
ranges are likely to be larger than reported here for two main reasons. First, the original
regression analyses were based on monitoring conducted at small sites within urban areas
(less than 1 square mile) for which land uses were probably much better known than for the
county-wide estimates presented here. Second, the data are based on measurements made
in the late 1970’s and early 1980’s. Factors that may affect metals released to the urban
- environment and available for runoff may have changed since that time (for instance, lead may
have decreased due to the phase-out of leaded gasoline since that time). :

To estimate loadings for other pollutants of concern to the Delaware Estuary Program,
The Simple Method (Schueler, 1987 as cited in USEPA 1992) was used. This method was
developed to provide estimates of pollutant loadings with limited available data. This method
has been used to estimate pollutant loadings from urban runoff to the Chesapeake Bay
(USEPA 1994). The following is the basic equation for the Simple Method:

Li=P*Pj*Rv"C*"A*"0.1030

where Li = contaminant loading (kg/year)
P = average annual rainfall {(inches)
Pj = unitless correction factor to account for storms that produce no runoff
Rv = runoff coefficient (dimensionless)
(Rv = 0.05 + 0.009 * PI; Pl = percent imperviousness)
C = flow-weighted mean pollutant concentration (mg/liter)
A = area of development (acres)

For the Delaware Estuary, average annual rainfall (P) is about 40 to 42 inches (102 to
107 cm). Pjis 0.9 for the Washington, DC, area. This value was used for the Chesapeake
Bay watershed toxics study (USEPA 1994) and was used in the present study. Pl for the
urban portions of the Delaware Estuary is approximately 58% and the area of development
is 537,600 acres (2176 km?2).
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The NURP study (USEPA 1983) provided the only available stormwater data in which
_ priority pollutants were sampled at 20 of the 28 sites in the program. A total of 121 urban
runoff samples were analyzed. Metals were the most prevalent priority pollutants detected
in these urban runoff samples. Copper, lead, and zinc were found in at least 91% of the
samples. Organic contaminants were detected less frequently and at lower concentrations
than inorganic contaminants. Sixty-three of 106 organic were detected. The most commonly
found organic contaminant was the plasticizer bis (2-ethlyhexyl) phthalate (detected in 22%
of all samples), followed by the pesticide alpha-hexachlorocyclohexane (alpha-BHC), found in
20% of all samples. PCBs were found only in one sample at one site. Of the 123 priority
pollutants, 43 were not detected in any of the 121 urban runoff samples. Contaminant con-
centrations from the NURP study are presented along with loading estimates using these con-
centrations in Table 5-3. Where a range of concentrations was provided, the geometric mean
of the minimum and maximum values was used. :

Using an alternative to the Simple Method above, loadings to the Delaware Estuary
were computed as follows:

LA = CC * ARV * 3600(10*SD) * NOS * ULA

where LA = contaminant loading estimate (kg/year)
CC = contaminant concentration (zg/liter)
ARV = average runoff volume per storm (liters/sec/km?)
SD = average storm duration (hours)
NOS = average number of storms per year
ULA = area of urban land use (km?2)

The average runoff volume per storm for the Northeast region of the country was
between 5 and 7 cfs per square mile (64.6 to 71.5 liters/sec/km?); the average number of
storms per year for Washington, DC, is 42; and the average storm duration is 6 hours (USEPA
1983). An average runoff volume per storm event of 6 cfs per square mile (65.6 liters/
sec/km?) was assumed, as was an average runoff duration of ten times the storm duration.
Loading estimates calculated using this alternate method are presented in Table 5-3.

5.3 URBAN RUNOFF LOADING ESTIMATES

The mean annual loading estimates for contaminant inputs to the Delaware Estuary
from the urban runoff regression models are presented in Table 5-4. The upper and lower
90% confidence intervals generated using the approach developed by Tasker and' Driver
(1988) are also presented. Estimates for copper and zinc are approximately one order of
magnitude less than the loading estimates developed for point source contaminant inputs.
The urban runoff loading estimate for lead is equivalent to the estimate for lead from point
sources given the large confidence interval.
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Table 5-4. Total loadings (kg/yr) of three metals to the Delaware Estuary
from urban areas of counties adjacent to the estuary. Estimated
using USGS regression models.

. 90% Confidence Interval |
Moetal Loading Lower Upper
Copper i 23963 3688 79130
Lead 30954 5354 96003
Zinc 22009 4396 ' 63057
e

"The loading estimates for copper and lead generated using the NURP concentration
data were within the confidence limits of the estimates using the USGS Regression Models
(Table 5-3). The loading estimates for zinc using the NURP concentration data were approxi-
mately seven times higher than the estimate based on the regression models. -

The loading estimates for other metals, pesticides, and other organic contaminants are
presented in Table 5-3. Metal loadings were generally an order of magnitude greater than any

other contaminant except for pentachlorophenol (PCP), and bis (2-ethythexyl) phthalate. PAH
input from urban areas was of the same order of magnitude as the loading from metals

(10% kg/yr).
5.4 URBAN RUNOFF LOADING SUMMARY

A summary of estimates of contaminant loadings from urban runoff is presented in
Table 5-5. Major findings are summarized below. ; :

® The NURP regression model and simple method gave similar estimates for loadings
of copper and lead from urban runoff. Estimates are approximately 3 x 10%
kg/year. : ' '

®  Urban runoff loading estimates for the metals of concern to DELEP are generally
103 to 10* kglyear except of zinc for which the estimate was 105 kg/year. '

® The loading estimate for PAHs is approximately 10% kg/year.
® loading estimates for chiorinated pesticides are approximately 102 kg/year.
® The input of PCBs from urban runoff is considered insignificant.

® The input of volatile organics from urban runoff is estimated to be 103 kg/year.
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Table 5-5. Summary of contaminant loadings from urban runoff (103 kg/yr).

Contaminant Comments Loading
Estimate
Metals '
Arsenic " Estimated using Simple Method 10
and NURP concentration data.
Chromium Estimated using Simple Method 18
y and NURP concentration data.
Copper Estimated using USGS regression 24
method . 3
Lead : Estimated using USGS regression 31
method
Mercury Estimated using Simple Method 1
and NURP concentration data.
Silver Insufficent data available to N.E.
_ complete estimate
Zinc Estimated using simple method 186

. and NURP concentration data
Polycyclic Aromatic Hydrocarbons (PAHs)

PAH Estimated using simple method 33
and NURP concentration data

Chlorinated Pesticides

Chlordane Estimated using Simple Method 0.1
and NURP concentration data.

DDT (Total) Estimated using Simple Method 0.1
and NURP concentration data.

Dieldrin Insufficent data available to N.E.

complete estimate

PCBs

PCB (Total) Estimated using Simple Method o
and NURP concentration data.

Volatile Organics

1.2 Dichloroethane Estimated using Simple Method 5
i and NURP concentration data.
Tetrachloroethane Estimated using Simple Method 3
and NURP concentration data.
N.E. = No estimate '
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6.0 CONTAMINANf LOADINGS FROM AGRICULTURAL RUNOFF

6.1 INTRODUCTION AND DEFINITIONS

Agriculture accounts for 31% of the land use in the Delaware River watershed (Evans
et al. 1993) and 39% of the land use in the 13 counties immediately adjacent to the estuary.
Estimates of nonpoint contaminant inputs from agricultural lands focused on chlorinated
pesticide loadings. Even though some of these chemicals are no longer used in agricultural
practices (DDT and chlordane, for example), loadings continue due to years of use and slow

- degradation rates. For example, during the 1960’s, fruit and vegetable farms were treated
with 3 Ib (1.4 kg) or more per acre per year of DDT and related insecticides. Rates 2 to 20
times this are mentioned in literature describing practices in the late 1940’s and 1950’s. DDT
decays slowly in the soil (estimates are a 15-year half-life, or a decay fraction of only 0.05
per year). Hence, over a 20- to 30-year application period, significant amounts of these
chemicals can accumulate and persist in the soil and appreciable amounts of contaminants can
be released into the estuary and the tributaries that feed the estuary decades later.

The region surrounding the Delaware Estuary, especially the lower estuary, contains
significant land used for agriculture devoted to fruits and vegetables. These areas were
focused upon as potential nonpoint sources of contaminant loadings to the estuary. Loadings
originating from lands planted with other crops would be expected to have impacts an order
of magnitude or more smaller due to lower application rates or smaller acreage.

Several mechanisms can transport contaminants from areas of historical treatment to
the estuary sediments. Water and wind erosion of soil particles to which the pesticides have
bound is probably the predominant mechanism. Soil erosion rates of 10 tons per acre per year
have been measured in areas of the Delaware watershed and, although high, are not regarded
as unusual (USDA 1992; R. Baldwin, pers. comm.). The base erosion rates will be exacer-
bated by disturbance, for example, plowing. Fruit orchards are likely to be fairly stable unless
disturbed. Construction in old vegetable farms or orchards that were heavily treated with
chlorinated pesticides is a particularly suspect category for increasing loadings since higher
erosion rates are often experienced during construction. While most sediment runoff from
construction sites is controlled today, wind transport of contaminated dust to the estuary and
runoff from sites directly into streams, are still active loading mechanisms. Construction
sites, for example, may experience erosion rates of 40-100 tons/acre (R. Baldwin, pers.
comm.). ’

6.2 METHODS FOR CONTAMINANT INPUTS FROM AGRICULTURAL RUNOFF

Estimating the loadings of contaminants from agricultural sources is necessarily
inferential. The source areas are large and diffuse, and direct measurements would be
prohibitive. In addition, historical applications of persistent agrochemicals are not well
documented.
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Some information on application rates was obtained by national statistical surveys of
pesticide usage in 1964 and 1971 (USDA 1968; USDA 1974). This information, coupled with
a crude fate model, can give order-of-magnitude estimates of current loadings due to the
reservoir of these chemicals in the soil. A second approach is to estimate loadings more
directly based on soil residue measurements and soil erosion rates. There are limited data to
support this approach; consequently, the latter approach was used as a partial validation of
the first.

The fates of contaminants diffusely applied over large land areas can be complex.
There can be drift over wide areas during aerial application, uptake by plants and animals,
adsorption to soil particles, vaporization and redeposition, leaching to groundwater, and
transport to remote areas and aquatic environments by erosion. A simplified compartment
model (Figure 6-1) was used to obtain an order-of-magnitude estimate of the agricultural reser-
voir of pesticide residues and their release rates. This simplified model is optimized for
materials, such as persistent chlorinated hydrocarbon pesticides that reach the soil fairly
quickly, are adsorbed to soil particles, do not go into solution readily, and are transported to
other environments with soil. Other fate and transport mechanisms are assumed to be small.

This model is applied by determining application, degradation, and release rates for the
contaminant of concern. Estimates of the historical application rates are made in Sections
6.2.1 through 6.2.3 below. The loading model section (6.2.4) describes several different
realistic assumptions made for these parameters and demonstrates how the model is used.
The size of the agricultural soil reservoir and the rate of release for the Delaware Estuary are
estimated by running the model iteratively for the period of interest. These estimates are
presented in Section 6.3.

In the second method, measured concentrations of soil contaminants were used. The
concentrations were multiplied by a soil erosion rate and the amount of cropland to determine
the contaminant release to the environment.

6.2.1 Estimation of Chemical Application Rates

The first step in. estimating nonpoint loadings from agricultural lands is to ascertain
how much may have been applied. In agricultural areas, chlorinated pesticides such as DDT
were typically applied by spraying, often over broad areas from the air. This application
method creates the potential for significant deposition on soil, to which the pesticide
components could bind to form a long-term reservoir. Some pesticides were applied directly
to or mixed mto the soil.

Early use of pesticides is not well documented. A brief historical background is given
in INSECTS - The Yearbook of Agriculture, (Bowen and Hall 1952). Some chlorinated insecti-
cides such as p-dichlorobenzene have been used since the early part of this century. DDT,
one of the contaminants of concern in the Delaware River Estuary, was first described in
1874. DDT's insecticidal value was discovered about 1939, and it was introduced into the
U.S. in 1942, U.S. production of DDT for use by the armed forces began in 1943, and DDT
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became available as a civilian insecticide at the end of the war. Production and use increased
rapidly: 37 million pounds of DDT were manufactured in 1953 and 124 million pounds in
1959. By 1964, U.S. farmers were using 100 million pounds of chlorinated hydrocarbons as
insecticides alone, including 33 million pounds of DDT. After it was documented that DDT
and related compounds caused eggshell thinning in avian fauna, thus threatening their
reproduction and survival, use of DDT in the United States was banned in 1972.

Application Rate

Degradation Rate .

Release Rate

Degradation

Rate

Degradation
e et
Rate

Figure 6-1. Simple model of pesticides in the environment.

Manufacture and use of DDT during the 30 years from 1942 to 1972 is the cnly
known source of this material and its derivatives in the environment. Early work on residues
in soils (Boswell 1952) mentions application rates as high as 3000 pounds per acre
(1 pound/acre is equivalent to 112 kg/km?2). It is not clear whether this was purely for testing
purposes; however, the comment is made that "normal use" for peach orchards was about
25 pounds/acre (p.288), with as much as 50 to 60 pounds/acre/year or more being used in
other orchards (p. 294). Field crops were considered to receive "relatively small amounts"
of 1 to 5 pounds per acre of DDT per year. Field crops with particular insect problems, such
as corn, peas, beets, and cotton, may have received amounts up to 10 pounds per acre
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{(p. 293). An amount of 2 to 5 pounds per acre per crop was recommended for truck crops,
noting that some parts of the country where two or three such crops are grown annually
could incur loadings of 6 to 15 pounds per acre per year, or more from generous farmers.

Quantitative estimates for the pesticide application rates typical of the late 1950’s
were not located, but national statistical surveys were conducted in 1964 and 1971 (USDA
1968; USDA 1974). These surveys allow crude estimates of application rates using national
averages proportionally adjusted to regional practices. These estimates were limited to
chlorinated hydrocarbons applied as insecticides.

In 1964, nearly 100 million pounds of chlorinated hydrocarbons were applied as insec-
ticides in the 48 contiguous states. About 90% of that amount was applied to crops, roughly
distributed as 1/3 DDT, 1/3 Toxaphene, and 1/3 other substances. DDT usage had been more
than halved by 1971, while Toxaphene usage remained roughly constant and others declined
moderately. These general trends are modified by region-specific mixtures of crops, pests,
and agricultural practices. '

Average U.S. application rates can be estimated from the surveys on quantities of
insecticides used on specific crops and the acres of those crops treated with insecticides.
Tables 6-1 and 6-2 provide an average (U.S.) application rate (pounds per acre) for each crop
and insecticide for 1964 and 1971, respectively.

In the mid-1960’s the average rates ranged from 0.5 to 5 pounds per acre. It should
be noted that fruits and vegetables, which are important crops in the Delaware watershed,
were treated at rates of 2 to 5 pounds per acre of DDT, and that DDT was applied to more
acreage than any of the other chemicals in each of these categories. The application rates
were generally in the same range in 1971, however, the amount of acreage treated dropped
significantly. DDT in particular had become one of the least used insecticides in terms of
acres treated.

. In summary, the early agricultural use of persistent chlorinated hydrocarbon jnsecti-
cides, such as DDT, appears to have been at high rates that could lead to significant accumu-
lations in a short time. Later usage is likely to have been at similar rates for vegetables while
fruit orchard application rates appear to have dropped by an order of magnitude (though still
remaining at the high end of the range). Shorter-lived and hopefully more benign chemicals
replaced DDT in the late 1960°'s and early 1970’s. These trends and application rates are
used below to estimate the (nonpoint) residual reservoir of persistent chlorinated hydrocarbons
in the Delaware Watershed.

6.2.2 Regional Characteristics of Application Rates
The regional data are not sufficient to calculate more specific application rates or

acreages, but they are useful to guide the use of the national average rates listed above. The
published surveys provide statistics on pesticide usage in the Northeast (which includes the
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states encompassing the Delaware Watershed) for 1964 and 1971 (USDA 1968; USDA
1974).

The majority, by weight, of the pesticides used in the northeast were applied to fruits
and vegetables (90% in 1964 and 88% in 1971). Application rates for DDT and related
chemicals tend to be highest for these crop categories. The average DDT application rates
for all crops in the Northeast were 2.71 Ib/acre (304 kg/km?) in 1964 and 16 Ib/acre (1792
kg/km?2) in 1971, consistent with use primarily on fruits and vegetables. As in the nation as
a whole, the acreage treated with DDT had dropped markedly by 1971. In distinct contrast
with the rest of the country, however, Toxaphene was little used in either year.

Another important inference is that chlorinated hydrocarbons formed a much smaller
part of the total insecticide pool in the Northeast than in the nation. In both years,
approximately 22% by weight of the insecticides used in the Northeast were chlorinated
hydrocarbons, vs. approximately 60% in both years for the whole country. In particular, only
about 25% of the pesticides applied to fruits and vegetables in the Northeast could have been

chiorinated hydrocarbons.

The chlorinated pesticides that are the focus of this study are generally no longer used
due to their long-term persistence in the environment and concerns about their effects on
ecological health. New generation pesticides are much less persistent (typically less than 100
days) and have a smaller potential to impact biological resources in estuarine environments
(Pait et al. 1992). Statistics were available describing the use of these new generation
pesticides in the Delaware River Estuary Watershed (Table 6-3). These application rates are
presented as background material for this chapter. No attempts have been made to estimate
the fraction of the amounts applied that potentially enter the estuary.

6.2.3 Agricultural Practices

To estimate loadings in the Delaware watershed, the crop area to which chemicals
were applied must be known. This information may be determined on a county basis using

the Census of Agriculture reports compiled by USDA.

Tables 6-4 and 6-5 include the Census of Agriculture acreages for vegetables and
orchards for the period 1945-1987. This summary does not include information for two
potentially important crop types, Irish potatoes and berries; therefore, estimates based upon
Tables 6-4 and 6-5 will be conservative. County-level data was not available prior to 1964,
therefore a complete picture of local crop type trends could not be constructed.

The data for 1969 are the most complete in the period of interest. These data were
used as first-order estimates of the agricultural land exposed to pesticide treatment in the area
immediately adjacent to the estuary. This is most likely a conservative estimate, since the
general state trends show a continuing overali reduction in the amount of land in these crops,

6-7



wersar..

Contaminant Loadings from Agricultural Runoff

Table 6-3. Application rates (10° kg/yr) of selected pesticides in the Delaware River
estuary watershed (from Pait et al. 1992)
Pesticide Name, (Pesticide Class)®* Common or kg of Active Iingredient
Trade Names Applied Per Year
— e

Acifluorfen (H) -- Blazer, Tackle 4.3
Alachlor (H) -- Alanex, Lasso 145.5
Atrazine (H) -- Aatrex 99.2
Benbsulide (H) -- Betasan, Prefan 14.5
Butylate 13.1
Cyanazine (H) -- Bladex 35.7
2,4-D (H) —- Agrotect, Chioroxone 13.7
Pluometuron (H) -- Cotoran, Meturon 0
Linuron (H) -- Lorox 36.5
Metolachlor (H) -- Codal, Dual 74.3
Molinate (H) -- Ordram 0
Propanil (H) -- Propanex, Riselect 0
Simazine (H) -- Cekusan, Princep 11.9
Thiobencarb (H) -- Benthiocarb, Bolera (¢}
Trifluralin (H) - Treflan, Triflurex 6.9
Vernolate (H) - Surpass, Vernam 1.7
Carbaryl (l) - Carbamine, Sevin 19.6
Carbofuran () -- Furadan, Yaltax 35.2
Chlorpyrifos (I) -- Dursban, Lorsban 8.0
Diazinon (l) -- Diazide, Spectracide 3.6
Disulfoton (I) -- Di-Syston, Solvirex 3.8
Endosulfan (l) -- Cyciodan, Thiodan 13.1
Ethoprop (l) - Mocap 1.1
Fenvalerate (l) -- Pydrin 2.0
Malathion (I) - Cythion, For-mal 3.7
Methamidophos (l) -- Monitor 3.2
Methyl Parathion (l) -- Fosferno 10.7
Parathion (1) -- Phoskil 13.7
Permethrin (l) -~ Ambush, Pounce 4.2
Phorate (l) -~ Rampart, Thimet 4.5
Profenofos (I} — Curacon, Polycron (0]
Terbufos (l) -- Contraven, Counter 11.7
Chlorothalonil (F) - Bravo, Daconil 31.3
Metiram (F) — Carbatene, Polyram 6.2
PCNB (F) — Terraclor (o]

— e T T e B s a SIS
* Pesticide class codes: H = herbicide, | = insecticide, F = fungicide ﬂ
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starting as early as 1945. In addition, these estimates do not account for crop rotation which
would have moderated local soil residues, but would not have changed the net loading to the
watershed. -

6.2.4 Loading Model

The previous sections provide enough data to develop a crude chlorinated hydrocarbon
pesticide loading model. It was assumed that initial application rates were high in 1947
(50 Ib/acre for orchards and 5 Ib/acre for vegetables) and decreased linearly to zero in 1972.
This follows the general DDT pattern and results in average rates, over time, of 25 Ib/acre and
-2.5 Ib/acre. These average numbers are consistent with the (Northeast) regional application
rates (combined for all crops) reported for the mid- to late-1960’s. The higher initial rates are
consistent with reports from the 1950’s and, at worst, can be taken as accounting for the
fact that much more acreage may have been treated then than we will account for using 1969
land use statistics. This is a conservative model in the sense that it will tend to allow more
time for /n situ decay of the accumulated residue than if applications peaked later (e.g.,
around 1960).

Formally, the application rate (R) (Ib/acre/year) may be expressed as a function of the
year as follows:

-2(Y-47) + 50
-0.2(Y-47) + 5

ORCHARDS: R
VEGETABLES: R

where Y is the last two digits of the year of interest. As an example, the application rate for
orchards in 1964 was :[-2 (64-47) + 50] = 16 Ib/acre. Since the acreage of orchards (1969
total) in the 13 counties bordering the Delaware Estuary was 20,993 acres, the total amount
of chlorinated hydrocarbons applied is estimated to have been 336,000 Ib (152 x 103 kg).
The corresponding application rate for vegetables was 1.6 Ib/acre. Agricultural lands planted
with vegetables (1969) were 136,574 acres; thus, the total amount of chlorinated
hydrocarbons applied to vegetables was approximately 216,000 Ib (98 x 103 kg).

The total, 554,000 Ibs, is about 1/3 of the total chlorinated hydrocarbon insecticides
applied in the Northeast in that year (1964). Although the distribution of crop types through-
out the Northeast or the state:specific pesticide applications quantities are not known, this
total is certainly a plausible order-of-magnitude number for the portion used in the Delaware
Estuary watershed. '

In the simulation, annual application rates (R) are applied to a hypothetical acre of land
each year between 1947 and 1972, and then set to zero from 1972 to 1994. It is assumed
that the entire amount is added to the accumulated amount already in the soil, and that a
fixed percentage (5%) of this accumulated reservoir degrades in place each year. Based on
the soil erosion rates reported for the Delaware River watershed (10 tons/acre/year), another
5% of the accumulated reservoir is removed (by erosion or to groundwater) each year and
thereby released to the environment in a way that could migrate to the estuary sediments (see
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Figure 6-1). No explicit modeling of the migration, or further degradation of this released
material is done in this simple model. Thus, the model will depict the soil reservoir and
current releases well (given that the assumptions are correct), but may overestimate the
amount actually accumulated in the estuary sediments.

~ In an alternate, "baseline" simulation, it was assumed that chlorinated hydrocarbon
pesticides were applied at a constant but small rate throughout the period: 1 Ib/acre/year
(112 kg/km?/yr) for vegetables and 5 Ib/acre/year (560 kg/km?/yr) for orchards. These rates
are below those reported or recommended, and, therefore, can be expected to give a lower
bound estimate if the degradation and release rates are realistic.

6.3 LOADING ESTIMATES FOR CHLORINATED PESTICIDES

The loadings model provides estimates for the amounts of chlorinated pesticides
currently associated with soils and the release rate of chlorinated pesticides (Table 6-6). For
comparison, Table 6-7 gives loadings based on a FY 1969 study of pesticide residues in soils

~(Wiersma et al. 1972). This study surveyed cropland soils, but did not delineate the data by
crop type. Therefore, the average concentration was multiplied by the total 1969 cropland
in the counties bordering the estuary. A soil erosion rate of 10 tons/acre/year is assumed.
This rate is consistent with reported rates in detailed assessments of nonpoint source pollution
elsewhere in the Delaware watershed (Tulpehocken Creek Watershed: USDA 1992).

o= S — e e
Table 6-6. Soil reservoir and release rate of chlorinated pesticides. Model estimates
provided for 1994,
Crop Class 1;94 Soil Resorv;r (kg) 19-94 Release Rate (k;;-y=rl)=
Historical Trend Simulation T
Orchards . 126 x 108 - 6.3x10°%
Vegetables 82 x 108 4.1 x10°
Total 208 x 103 10.4 x 103
Baseline Simulation
Orchards d 38 x 103 1.9x 103
Vegetables | 51 x 103 25x 103
Total 90 x 103 4.4 x 103
—

The number of samples from each state represented in Table 6-7 is small; further, it
is unknown if the fruit and vegetable areas in the Delaware EDA were specifically sampled.
If such areas were sampled, estimates are likely to be closer to the high end of the reported
ranges detected than to the means. Nonetheless, the chlorinated hydrocarbon pesticide total
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(3286 Ib or 1490 kg) is the same order of magnitude as the baseline simulation. A similar
number (3152 Ib or 1430 kg) results if it is assumed that soils in fruit and vegetable areas
have a concentration of 1 ppm and then the amount released from the standard 1969 acreage
for these areas is calculated. Given the statistical uncertainties in applying these data to
estimate loadings, and the persistence of these materials in the environment, the estimates
provided with the second method are partial validation of the order of magnitude of the

estimates provided by the loading model.

——— —: =
Table 6-7. Pesticide residues in soils (1969) and loadings estimates for the Delaware
Estuarine Drainage Area (EDA). :
—_——— — == =
Delaware New Jersey | Pennsylvania | * Totals

Cropland Area Acres ;1-22,984 260_,850 84,709 768,543
(EDA Counties)
Number of 3 5 29 37
samples
Chemical
Arsenic range (ppm) 0.95-5.88 | 4.55-17.21 2.96 - 64.94

mean (ppm) 4.0 12.0 11.0

loading (Ib) 33838 62604 18635 115077
DDE range (ppm) - 0.18 - 0.66 0.01 - 1.60

mean (ppm) - 0.17 0.07

loading (Ib) 886 118 1004
DDT range (ppm) - 0.05 - 1.45 0.01 - 3.66

mean (ppm) - 0.30 0.15

loading (Ib) 1565 254 1819
Dieldrin range (ppm) - 0.05 - 0.21 0.01 -0.14

mean (ppm) - 0.05 0.02

loading (Ib) 260 33 293
Chlordane range (ppm) E - 0.02 - 0.92

mean (ppm) - - 0.07

loading (Ib) 118 118
Lindane range (ppm) - 0.03 -

. mean (ppm) - 0.01 -
loading (Ib) 52 52
———————

Note: Dashes represent no reported data or a level less than 0.01 ppm. II

The loading model should be regarded as a best-guess estimate, recalling that it was
based on average statistics for the Northeast region. However, it cannot be determined
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whether agriculture in the counties of concern was different from the average; i.e., there is
a chance that all of the DDT applied was used here, as well as a chance that none of it was.
The ratio of acres treated with chlorinated hydrocarbon insecticides to the total acres planted
in a given crop is unknown. Another factor to consider is the possibility that DDT and its
relatives were used first in the Northeast at the high rates mentioned in the reports from the
1950’s. This would have resulted in soil residues that affected plant health or generated
resistant pests by the mid-1960’s. -Therefore, farmers would have already turned to mixes
of other. chemicals to control pests, but the potential toxics reservoir could be quite large.

6.4 LOADING ESTIMATES FOR OTHER AGRICULTURAL CONTAMINANTS

In addition to the chlorinated pesticides, a number of other agrochemicals contain
contaminants of concern that may enter the Delaware Estuary in the runoff from agricultural
areas. The contaminants of concern in these agrochemicals are mainly metals. Information
" about them is incomplete, and estimating an integrated historical accumulation difficuit.

Inorganic fungicides include copper sulfates, other copper and zinc salts, and mercury
compounds. Table 6-8 provides estimates for the amounts of these compounds used in the
northeast United States during 1964 and 1971. In that region of the country, these fungi-
cides were used primarily on fruit and potatoes.

Table 6-8. Estimates of the amount of inorganic fungicides used in the Northeast

United States in 1964 and 1971 (10° kg/yr). “
: 1964 T j|
Copper sulfates 50 £ 32 |
Other copper compounds . 31 30
Zinc salts 52 NR
Mercury compounds NR ' 0
NR = Not reported

Herbicides containing contaminants of concern include sodium, calcium, and zinc
arsenites and a variety of organic arsenicals. Combined, there were 1239 x 10° Ib (562 x
10° kg) used in the United States in 1964. In the Northeast, these herbicides were used on
fruit and vegetables. Further details concerning individual arsenites were not available and the
arsenicals were not used in this region of the country in 1964 or 1971.

6-14



‘Vc.‘snlf,,e_ Contaminant Loadings from Agricultural Runoff

Insecticides containing contaminants of concerninclude lead, calcium, magnesium, and
manganese arsenates. In 1964, there were 7156 x 103 Ib (3246 x 102 kg) of these chemi-
cals used in the United States. Further details concerning the use of individual arsenates were
not available.

In addition to the fungicides, herbicides, and insecticides mentioned above, arsenic acid
was used as a defoliant and desiccant and zinc phosphides were used as rodenticides.

The only element for which a reliable loading estimate may be made is arsenic. That
estimate is based upon- the soil survey data reported above. It is probable that copper and
zinc were also used significantly. At the present time, however, it is not possible to estimate
with any confidence the amounts of these materials available in the environment, how they
compare to naturally present amounts, or to what extent they may contribute to nonpoint
source loadings to the estuary.

6.5 DISCUSSION OF AGRICULTURAL RUNOFF LOADINGS

The agricultural statistics imply that if there is a toxics problem from persistent
chlorinated hydrocarbons in the agricultural areas of the Delaware watershed, it will probably
‘be found in areas where fruits and vegetables are grown. Several million pounds of persistent
chlorinated pesticides were probably applied to these regions between 1947 and 1972. The
baseline simulation suggests 6 x 106 Ib (2.7 x 106 kg); the historical trend simulation gives
over 22 x 10° Ib (2.7 x 108 kg). As a result of the slow decay and release of this material
to the environment, 2 to 3 % of the original material is still likely to be found in agricultural
soils. This remaining amount (200 to 500 x 103 Ib) (91 to 227 x 103 kg) would be sufficient
to provide aggregate releases of thousands of pounds to the environment each year. '

This assessment reinforces a conclusion of a 1975 report on DDT prepared for
Congress by EPA (USEPA 1975): "Continued long-term contamination of aquatic sites from
agricultural soils can be anticipated since localized flash flooding of fresh plowed fields can
never be controlled and such events can lead to significant losses of particulate matter.”

The estimates provided here do not include related disturbed areas that may have
received considerable inputs of pesticides, including wetlands (mosquito control), suburban
lawns and gardens, and forests. Wiersma et al. ( 1972a) found particularly high residues in
lawn areas in urban regions. Forest pest control efforts relied heavily on DDT during the
1950’s and 1960’s (USEPA 1975).

Other contaminants of interest to the Delaware Estuary Program (PCBs, metals, and
volatile organic compounds) are generally not used in agricultural areas in quantities that result
in soil concentrations high enough to represent significant amounts in agricultural runoff. The
exception is arsenic, which has been widely used as a component of inorganic insecticides.
Arsenic (Table 6-7) has been detected in high concentrations throughout the Delaware water-
shed. Soil erosion in agricultural areas could supply the Delaware Estuary with approximately
115,000 Ib (52.2 x 103 kg) of arsenic per year.
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6.6 SUMMARY OF LOADINGS FROM AGRICULTURAL RUNOFF

- A summary of loading estimates for contaminants originating from agricultural runoff
is presented in Table 6-9. Major findings are also summarized below:

® The potential soil reservoir of chlorinated pesticides in the 13 counties adjacent
to the Delaware River Estuary is 104 to 10% kg.

® The release rate of chlorinated pesticides from agricultural lands is approximately
104 kg/year.

® The release rate of arsenic from agricultural lands is approximately 104 kg/year.

—
Table 6-9. Summary of contaminant loadings from agricultural runoff (102 kg/year).
e ——— - EE—
Contaminant Comments Loading
Estimate
===
Metals .
Arsenic Estimated using soil residue data. 52.2
Chromium Insufficient data to complete estimate. N.E.
Copper Insufficient data to complete estimate. N.E.
Potentially significant.
Lead Insufficient data to complete estimate. N.E.
Potentially significant.
Mercury Insufficient data to complete estimate. N.E.
Silver Insufficient data to complete estimate. N.E.

Chlorinated Pesticides

Chlordane : N.E.
DDT (Total) Baseline simulation model used to complete 4.4
estimate.
Dieldrin Estimated using soil residue data. 0.1
Total chlorinated 4.4
pesticides
PCBs
PCB (Total) Insufficient data to complete estimate. N.E.
Volatile Organics ! i
1,2 Dichloroethane Iinsufficient data to complete estimate. N.E.
Tetrachioroethane Insufficient data to complete estimate. N.E.
N.E. = No estimate : ]
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7.0 CONTAMINANT LOADINGS FROM GROUNDWATER

7.1 INTRODUCTION AND DEFINITIONS

Urban and agricultural runoff as sources of nonpoint contaminant inputs to the
Delaware River Estuary are driven mainly by precipitation events. Yetonly 5% of precipitation
results in terrestrial runoff (NJDEP 1987). Of the approximately 100 cm of precipitation that
falls annually in the Delaware River watershed, approximately 50% is returned to the atmos-
phere via evaporation and transpiration. The remaining 45% contributes to the recharge of
groundwater (Figure 7-1).

No estimates of the total amount of
groundwater .entering the estuary could be Precipitation Evaporatiory
found; however, estimates are available for = 100 cmjyr \ /

Ve . . (100%)
the contribution of groundwater to tribu-
taries of the estuary. These estimates
indicate that groundwater is an important Land
source of water to the estuary; 67 to 89%
of the base flow (flow between storm
events) of streams in the southern, coastal W / \ ;m‘""
plains portion of the estuary is due to = 45 cmjyr =5 cmjyr
discharge from groundwater sources  (45%) (5%)
(Havens et al. 1980). This groundwater
discharge tends to moderate the flows in the
tributaries of the coastal plains, with the
aquifer acting as a sponge during periods of Figure 7-1. Precipitation budget for Delaware
high precipitation and contributing to base Estuary Watershed.
flow during low precipitation periods (See
Figure 7-2). Groundwater discharge is also a significant part of the base flow of streams in
the northern reaches of the watershed; however, groundwater discharges become more vari-
able as the sands, gravels, silts, and clays of the coastal plain region are replaced by the
mudstone, sandstone, and igneous rocks of the Piedmont region, and the sedimentary strata
of the Appalachian Valley and Ridge region.

In addition to being an important source of water to the estuary, groundwater is a
valuable resource to the population living in the Delaware Estuary region. Roughly half of the
New Jersey population derives its drinking water from groundwater sources drawing approxi-
mately 600 million gallons per day (NJDEP 1988). Water withdrawal from groundwater
sources can potentially change the hydrologic conditions surrounding the estuary. For
example, the water demands of the Camden, NJ, area have withdrawn so much water that
the flow of water from the Potomac-Raritan-Magothy aquifer to the estuary has reversed.
Prior to water withdrawals, the flow from this aquifer to the Delaware Estuary and its
tributaries was approximately 50 MGD. Since the estuary is now a source of water to the
‘aquifer, this aquifer is not a source of contaminants for the estuary.
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Figure 7-2. Conceptual model of groundwater hydrology.

Chemical contamination of groundwater originates from septic systems, landfills,
underground storage tanks, and agricultural application of pesticides and fertilizers. In a
recent study of drinking water throughout the country, the USEPA found that over 10 percent
of the community water system wells and over 4 percent of rural domestic wells contained
at least one pesticide or pesticide degradation product (USEPA 1990). In a separate study
conducted in New Jersey, 7 out of 66 wells (11%) were found contaminated with the agro-
chemicals DDD (a degradation product of DDT), dieldrin, lindane, atrazine, and simazine. A
subsequent study in 1988 showed that pesticide residues were found in 22 of 120 wells
(18%) sampled in the coastal plains region of New Jersey. Alachlor, atrazine, aldicarb
metabolites, carbofuran, chloroform, and dieldrin were the most frequently detected pesticides
ranging in concentration from 0.01 to 13 ug/liter (Louis and Vowinkel 1988).

7.2 ESTIMATING GROUNDWATER CONTAMINANT LOADINGS

Attempts were made to apply a simple model to estimate contaminant loadings due
to groundwater infiltration. The model used is stated as:

loading (kg/yr) = groundwater flow (liters/yr) x concentration (ug/liter) / 10°

No estimate of groundwater infiltration into the Delaware was found. This is not
especially surprising since the focus of most groundwater studies is on identifying the location
and size of aquifers, and estimating the flow an aquifer can potentially provide for drinking
water consumption. or irrigation. Studies concerning water exchange between the estuary and
surrounding aquifers are usually focused on transport from the estuary to the aquifer (Phillips
1987) because exchange in this direction can contaminant public drinking supplies through
the introduction of salts.
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A crude estimate of groundwater flow was constructed by assuming that groundwater
flow was in steady state equilibrium with groundwater recharge. Groundwater recharge can
be calculated knowing the average precipitation rate (100 cm/yr), the proportion of precipi-
tation that contributes to groundwater recharge (45%), and the area of the watershed
(34,836 km?2). Using this information, a groundwater flow was estimated to be 15.7 x
109 m3/yr. Most of this flow is through shallow aquifers that contribute directly to the
tributaries that drain into the estuary (see Figure 7-2) since total freshwater flow is
approximately 17 x 10° 3/yr (560 m3/sec). These numbers agree well with previous
statements that the contribution of groundwater to the base flow of streams is Iarge the
estimates provided here suggest as much as 90%.

Contaminant concentrations in groundwater were available from the USGS water
resources data yearbooks. These concentrations are based upon direct measurements of con-
taminant concentrations in well water and presented in the water yearbooks by county. The
groundwater measurements most frequently focus on morganlc salts and metals; data for
organics and pesticides are available less frequently.

Using the USGS monitoring data to estimate groundwater contaminant inputs to the
estuary presents two problems. First, it is not known how representative these data are of
- contaminant concentrations in the groundwater that enters the estuary. Monitoring wells are
not randomly located and generally avoid areas known to-be contaminated by releases from
hazardous waste sites. The chemical concentration of groundwater is likely to be highly
variable, even within the same aquifer and is reflective of local chemical sources and
comparatively slow mixing rates.

The second problem is that the detection limits used in the USGS groundwater
monitoring studies are typically high. For the contaminants of interest to DELEP, con-
centrations for most monitoring sites are reported as less than the detection limit. Chemical
concentration data reported as less than a detection limit require some interpretation and
judgement because actual concentrations can be between zero and the detection limit. If
values reported as less than the detection limit are interpreted to be zero, then the average
contaminant concentration in groundwater will be underestimated. If values reported as less
than the detection limit are interpreted to be equal to the detection limit, or assumed to be
equal to half the detection limit as has been done for some other contaminant studies, then
the average contaminant concentration in groundwater could be overestimated. Small
changes in the average concentration will significantly affect loading estimates since
groundwater flow is very large (15.7 x 109 3/yr)

7.3 CONCLUSIONS

Estimates of groundwater flow into the estuary and groundwater contaminant con-
centrations were uncertain and could not be independently verified; therefore, estimates for
contaminant loadings from groundwater infiltration were not calculated for this report. The
omission of groundwater contaminant loading estimates from this report does not imply that
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this is an insignificant source of contaminants. On the contrary, groundwater is likely to be
a significant source of contaminants to the estuary because:

® A large proportlon (67-89%) of the base flow of streams is attrlbuted to
- groundwater sources (Havens et al. 1980)

® Agrochemicals have been detected in a wells surrounding the estuary and in the
New Jersey coastal plains region (Louis and Vowinkel 1988)

Contaminants from shallow aquifers contribute most to the concentrations measured

in the rivers and streams in the watershed. These shallow aquifers generally have turnover

‘times of 30 to 100 or more years. These long turnover times, and slow transport within the

aquifer (meters/day), suggest that as contaminants in the overlying soils are transported

deeper into the ground, concentrations within the aquifer will increase. If this occurs, the
importance of groundwater as a source of contaminants to the estuary may increase.
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8.0 OTHER SOURCES OF CONTAMINANTS

Loading estimates for contaminants entering the estuary from point sources and three
general types of nonpoint sources (atmospheric deposition, urban runoff, and runoff from
agricultural lands) were presented in previous sections of this report. Except for the point
source loading estimates, these estimates were made from general models that do not link
contaminant loadings to specific sites; however, commercial, industrial, and military sites, as
well as landfills, represent sites potentially contributing contaminants to the estuary through
what are considered nonpoint sources. For example, sites containing contaminated soils can

-contribute to contaminant loadings through terrestrial runoff and groundwater. Contaminants
at these sites that are exposed to the air to evaporate and subsequently increase contaminant
loadings to the estuary by increasing atmospheric deposition of contaminants. The spread of
contaminants from any one site typically represents a very localized problem; however, in
some cases contaminants from a particular site may be transported widely and affect contam-
inant concentrations over large geographic areas. The contamination of New Bedford Harbor
and Buzzards bay due to PCB laden runoff from a site in New Bedford, MA (Weaver 1984) is
one example of contamination from a single site affecting a large area.

The USEPA’s Comprehensive Environmental Response, Compensation, and Liability
Information System (CERCLIS) was used a source of information for specific hazardous waste
sites. CERCLIS is used to store and track information about hazardous waste sites included
in the USEPA'’s Superfund Program. Most of the information included in the CERCLIS data
base is focused on tracking the status of individual sites with respect to cleanup and
remediation actions and legal proceedings; however, the data base also contains chemical
characterization data.

CERCLIS sites receive a preliminary site inspection to evaluate the extent and severity
of contamination and potential risks to ecological resources and human health. Based upon
preliminary inspections, more detailed studies may be initiated to further evaluate risks to the
environmental and human health. A hazard ranking system (HRS) is used to identify sites
posing the most serious risks. The HRS uses numeric scores for a number of factors relating
to the probability that contaminants will be released from a site, the relative toxicity of the
contaminants present, and presence of sensitive ecological resources, and the potential to
adversely affect human populations surrounding the site. Sites with the highest rankings are
included in the USEPA’s National Priority List (NPL) of hazardous waste sites.

Portions of the CERCLIS data base were obtained from staff within EPA Regions Il and
Ill. This was supplemented with information was obtained from the 1991 USEPA publications
for the national priority list sites for Delaware, New jersey, and Pennsylvania (USEPA
1991a,b,c). Additional information for both NPL and non-NPL sites was obtained from
USEPA, DNREC, NJDEPE, and PADER project managers for specific sites. The information
was used to identify hazardous waste sites within the Delaware Estuary watershed. Informa-
tion about the sites within the watershed was used to identify those sites at which contam-
inants of interest to DELEP were known to exist. For those sites known to be contaminated
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with PCBs and chlorinated pesticides, additional effort was made to locate additional infor-
mation concerning the amount of contaminants present, media contaminated, the volume of
contaminated media, and average contaminant concentrations. Information to characterize
contaminants were not available for most sites in the CERCLIS data base. in general, more
information was available for the NPL sites than for non-NPL sites reflecting the additional
studies the sites posing the most risks have received. The site specific chemical characteriza-
tion data were useful to identify sites that potentially contribute to contaminants to the
estuary. For the vast number of sites, little information exists to quantify the transport of
contaminants away from a site, and still less information exists to quantify the transport of
contaminants into the estuary.

8.1 CERCLIS DATA BASE OVERVIEW

There are 1,550 CERCLIS sites in the Delaware Estuary watershed (Figure 8-1). The
highest concentration of these sites is in the highly industrialized, urban corridor between
Wilmington, DE and Trenton, NJ (Figure 8-2). The location and concentration of the CERCLIS
sites reflects population density and historical distribution of industrial and manufacturing-

sites.

It is likely that those sites closest to the estuaries and its major tributaries have the
highest potential to contribute significantly to contaminant loadings to the estuary. Of the
1,550 CERCLIS sites, 61% (938) are in the 13 counties immediately adjacent to the estuary.
Three of those counties (New Castle, DE, Bucks, PA, and Philadelphia, PA) each have more
than 100 CERCLIS hazardous waste sites.

CERCLIS sites that have been designated as NPL sites also have the potential to con-
tribute significantly to contaminant loadings to the estuary due to the severity of chemical
contamination. Of the 1,650 CERCLIS sites in the watershed, 127 are NPL sites (Figure 8-3).
Recommendations have been made to add an additional three sites to the NPL list and the
decision on one site is pending. Twelve sites included in the CERCLIS data base are former
NPL sites and were deleted from the list because of remediation activities. As is for CERCLIS
sites in general, NPL sites are concentrated in the highly urbanized corridor between
Wilmington, DE and Trenton, NJ (Figure 8-4). Of the 127 NPL sites, 52% (66 sites) are
located in the 13 counties immediately adjacent to the estuary.

8.2 CERCLIS SITES CONTAMINATED WITH PCBS AND CHLORINATED PESTICIDES

CERCLIS sites contaminated by PCBs and chlorinated pesticides were given special
attention in this report. Of the 127 sites designated as NPL sites, 24 were identified to be
contaminated with PCBs or chiorinated pesticides with many sites being contaminated with
both. These sites are identified in Table 8-1 along with 23 non-NPL sites known to be
contaminated with PCBs or chlorinated pesticides. This table provides also includes
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Figure 8-1.  Location of USEPA CERCLIS sites within the Delaware River Watershed
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Figure 8-3. Location of USEPA CERCLIS sites on the National Priority List (NPL) within the
Delaware River Watershed
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information for the location of the site, NPL status, and environmental media that are site is
not affected by the’contaminants present. The locations of sites contaminated with PCBs are
shown in Figures 8-5 and 8-6. The locations of sites contaminated with chlorinated pesticides
are shown in Figures 8-7 and 8-8.

8.2.1 Site Descriptions

Information describing the sites contaminated with PCBs and chlorinated pesticides is
summarized below. Site descriptions are not limited to NPL or CERCLIS sites. Information
was obtained from the 1991 USEPA publications for national priority list sites for Delaware,
" New Jersey, and Pennsylvania (USEPA 1991a; USEPA 1991b; USEPA 1991c¢), and from
project managers of the.specific sites from various agencies, including USEPA, DNREC,
NJDEPE, and PADER, during telephone interviews. Information was not obtained for several
sites due to difficulties with tracking data and contacting project managers. Site descriptions
are presented alphabetically by state and then by site name using the registered CERCLIS data
base site name.

Delaware Sand & Gravel Site (EPAID: DED0O00605972). The site is located in New Castle
County, Delaware. Between 1968 and 1976, the site was used to landfill household and
construction wastes and at least 7,000 drums containing industrial liquids and sludges. The
site was added to the USEPA NPL list in 1983; its current NPL indicator is F. Surveys of the
site indicate that PCBs are concentrated in the Drum Disposal and Ridge areas. It is estimated
that about 10% of the several thousand drums within the Drum area currently contain PCBs.
PCB contamination in the Ridge area is found only in the uppermost 5 feet of soil. USEPA
officials estimate that approximately 500 cubic yards of soil within the Ridge area is
contaminated with PCBs at extremely low levels. The most recent sampling data indicate that
metals (Cd, Cr, Hg, Fe, and Zn) and VOCs are the contaminants of concern in local ground-
water. Sampling of fish tissue and bone from local fish found no detectable levels of PCBs,
but did find lead at high levels in the bones. USEPA remedial actions are ongoing at the Drum
area, where a slurry wall has been constructed, surface water is being pumped and treated,
and drum removal is taking place. USEPA officials have indicated that this site is not a
significant contributor of PCBs and chlorinated pesticides to the Delaware Estuary, but metals
such as lead remain contaminants of concern.

Harvey & Knott Drum Site (EPAID: DED980713093). The site is located in New Castle
County, Delaware. This site was used as an open dump and burning area between 1963 and
1969 on a portion of its 20 acres. The site was added to the USEPA NPL list in 1982; its
current NPL indicator is F. Initial sampling at the site indicated that soils and sediment
samples were contaminated with PCBs, VOCs, and metals. Soils flushing was initially
prescribed, but was not found to be warranted after subsequent site sampling. Remediation
for the site was completed in 1993, part of which included capping and re-vegetating the site.
PCBs are no longer showing up in soils samples at the site or directly off the site,
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Figure 8-5. Location of USEPA CERCLIS sites contaminated with PCBs
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Figure 8-7. Location of USEPA CERCLIS sites contaminated with chlorinated pesticides
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although lead and VOCs are still contaminants of concern in the groundwater and surface
water at the site. USEPA officials have indicated that this site is not a significant contributor
of PCBs and chlorinated pesticides to the Delaware Estuary, but metals such as lead and
VOCs remain contaminants of concern.

New Castle Spill Site (EPAID: DED058980442). The site is located in New Castle County,
Delaware. The Witco Chemical Company used this 6-acre site from 1954 until recently to
process materials used in the production of plastic foam and spent solvents. The site was
added to the USEPA NPL list in 1983; its current NPL indicator is F. Préliminary sampling at
the site indicated that various VOCs (particularly TCE) contaminate the groundwater. Soils
on the site are contaminated with VOCs, PCBs, creosote, and other materials. We have no
additional information at this time. -

Wildcat Landfill Site (EPAID: DED980704951). The site is located in Kent County, Delaware,
adjacent to the St. Jones River in Dover. Approximately 44 acres of the 84-acre site was
used from 1962 to 1973 as a municipal and industrial waste landfill. The site was added to
the USEPA NPL list in 1983; its current NPL indicator is F. USEPA remediation at the site has
been completed. We have no additional information at this time.

Bridgeport Rental & Oil Services Site (EPAID: NJD053292652). The site is located in
Gloucester County, New Jersey, approximately 2 miles south of the Delaware River, near
Bridgeport. On the site is a former tank farm consisting of about 100 tanks, process vessels,
drums, and a 13-acre waste oil and wastewater lagoon. Wastes still exist in the lagoon and
in some of the storage tanks. The site was added to the USEPA NPL list in 1983; its current
NPL indicator is F. Initial sampling indicated that the lagoon contains approximately 2.5
million gallons of oil that is contaminated with PCBs, 60,000 cubic yards of PCB-contaminated
sediments and sludge, and 70 million gallons of contaminated wastewater. Cedar Swamp,
a freshwater tidal wetland is directly to the east of the site, and leads to Little Timber Creek, .
a tributary to the Delaware River. Sampling from 1991 by USEPA indicated that PBCs and
VOCs have contaminated site groundwater, and that sediments and sludges from the lagoon
contain PCBs and metals (Pb, Cd, Cr, and Ba). PCB-laden oil residues have also been found
in the surface water of the lagoon. Numerous attempts to contact USEPA project managers
for updated site information were unsuccessful. It is unclear whether this site remains a major
contributor of PCBs to the Delaware Estuary.

Cosden Chemical Coatings Site (EPAID: NJDO00565531). The site is located in Burlington
County, New Jersey. The Cosden Chemical Coatings Corporation used the 6.5-acre site for
an industrial coatings production facility from the early 1940s to 1989. Drums of materials
have accumulated on the site. The site was added to the USEPA NPL list in 1983; its current
NPL indicator is F. In the initial sampling of the site in 1988, EPA found the soil and
groundwater to be contaminated with VOCs, and the soil with metals (Cr, Pb, Zn, and Cu),
and PCBs. In their current pre-design investigation (to be completed December 1994), USEPA
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‘is conducting sampling to determine the movement of contaminants in site groundwater. In
. the investigation, they are particularly interested in which direction(s) the groundwater is
moving. According to a USEPA official, the initial part of the investigation has indicated that
groundwater may flow in two directions at the site, with a much stronger flow to the south-
east, away from the Delaware River. The USEPA official said that the initial part of this
investigation has shown that VOCs and metals are the contaminants of concern in site
groundwater. The official also indicated that PCBs are present in some site soils, but none
have been detected in the groundwater. Furthermore, there is no surface water source near
the site. After release of the pre-design investigation, remedial activities at the site will likely
include buildings and underground storage tank removal, and pumping and treating ground-
water. The USEPA official concluded that due to the lack of PCBs in site groundwater (the
groundwater also appears to move away from the Delaware River) and the absence of site
surface water, it is not likely that the site is a signifi‘cant contributor of PCBs to the Delaware

Estuary.

Ellis Property Site (EPAID: NJD980529085). The site is located in Burlington County, New
Jersey, in Evesham Township. The 36-acre site was formerly used as a drum recycling opera-
tion. The site was added to the USEPA NPL list in 1983; its current NPL indicator is F. Initial
sampling data indicate that a small area of soil was contaminated with PCBs. According to
a USEPA official, approximately 60 cubic yards of contaminated soils currently exist at the
site. No PCBs were detected in groundwater and surface water samples from the site. The
VOCs (TCEs) and metals (Cr and Pb) are the contaminants of concern at the site, and have
been detected in groundwater and surface water samples. The site is several miles from the
Delaware River. The USEPA official emphasized that due to the small original amount of
contamination at the site, the apparent success of the remedial action, and the distance of
the site from the Delaware River, the Ellis Property Site is not a significant contributor of PCBs
to the Delaware Estuary. - -

Franklin Burn Site (EPAID: NJD986570992). The site is located in Gloucester County, New
Jersey, in Franklin Township. The site consists of seven separate parcels of land (which were
formerly considered seven separate subsites). The Franklin Burn sites were part of an
operation over a number of years in which fires were set to burn away plastic coatings from
insulated wire and possibly other electrical components for the recovery and re-sale of copper.
The site was added to the USEPA CERCLIS list in 1989; its current NPL indicator is N. Infor-
mation about the site was obtained from a USEPA fact sheet, dated June 1994. Initial
sampling by NJDEPE and USEPA indicated that ash piles contained high levels of metals (Sb,
Ar, Ba, Cd, Cr, Cu, Pb, Se, and Ze), dioxins, furans, and VOCs. USEPA removal/remedial
actions removed the contaminated ash and soils from the seven sites. Groundwater sampling
from September 1992 in 29 wells throughout the seven subsites possessed no PCBs, VOCs,
or pesticides above federal or state maximum contaminant levels. Metals (Sb, Be, Cr, and
Pb), however, were detected at above maximum contaminant levels in 4 of the 29 samples.
A USEPA official indicated that metals are the contaminants of concern at the Franklin Burn
.site, not PCBs, dioxins, or pesticides. The USEPA official concluded that due to the small
original quantities of PCBs, dioxins, and pesticides at the site, the apparent success of the
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ongoing remedial actions (only minimal quantities of these contaminants have been found in
post-remedial groundwater and soils), the site is not a significant contributor of PCBs and

pesticides to the Delaware Estuary.

Goose Farm Site (EPAID: NJD980530109). The site is located in Ocean County, New Jersey.
the 1.5 acre farm was used as a hazardous waste disposal area from the mid-1940s to the
mid-1970s. Initial sampling at the site found groundwater contaminated with VOCs and
arsenic, and soils contaminated with VOCs, PCBs, phenols, arsenic, and zinc. The site was
added to the USEPA NPL list in 1983; its current NPL indicator is F. In a remedial action in
1988, most of the liquid and soil hazardous wastes were removed from the site, and a
groundwater treatment system was installed. In 1989, the PRP excavated PCB-contaminated
soils and re-graded the area. Due to the very small amount of existing PCB contamination
(soils), and the distance of the site from the Delaware Estuary, it is not likely that the Goose
Farm site is a significant contributor of PCBs to the estuary. We have no additional infor-

mation at this time.

Monsanto Chemical Company Site (EPAID: NJD0O01700707). The site is located in Gloucester
County, New Jersey, near Bridgeport, adjacent to the Delaware River. The 461-acre site has
been used since 1961 to manufacture plasticizers, flame retardants, and related chemicals,
it is still in operation. The site was added to the USEPA CERCLIS list in 1983; its current NPL
indicator is N. The USEPA RCRA/HSWA was recently issued, permitting a remedial investiga-
tion to begin soon. Initial sampling at the site found that both groundwater and soils were
contaminated with PCBs and VOCs (benzylichlorides). According to a USEPA officials, an area
of the site called PDA#1, approximately 150 feet from the Delaware River, is the only
important source of PCBs (other smaller areas exist, but are much more minor in scope). As
part of several pre-remedial actions, a slurry wall was installed in 1983, and a groundwater
pumping and treatment system (specifically designed for removai of PCBs) was installed in -
1986. Initial investigations of the groundwater showed no PCB contamination, but additional
monitoring will have to be performed under the HSWA permit. The USEPA official stressed
that there is no conclusive proof to date that PCBs have gotten into the Delaware River from
the Monsanto site, and therefore it is unclear whether the Monsanto site is currently a
significant source of PCB contamination to the Delaware Estuary. A large part of the area of
the site was historically constructed from dredged materials from the Delaware River (by the
Corps of Engineers). Delaware River sediment sampling in the vicinity of the site is
contaminated with PCBs, but their source is not documented. At least some of this contami-
nation may be the result of the considerable past Corps of Engineers dredge disposal activities
in the area. Several remedial actions are to be taken under HSWA, including the final capping
of PDA#1, and long-term groundwater monitoring. y - :

Pijak Farm Site (EPAID: NJD980532808). The 87-acre site is located in Ocean County, New
Jersey, near New Egypt. The site was used as an industrial dump from 1963 to 1970, where
.drums of chemicals were disposed of in a natural ditch and were covered with soil. The site
was added ‘to the USEPA NPL list in 1983; its current NPL indicator is F. Initial investigations
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indicated that groundwater was contaminated with VOCs (benzene and phthalates), and sedi-
ments and surface waters of the adjacent Crosswicks Creek were contaminated with VOCs
and DDT. On-site soils were contaminated with VOCs and PCBs. To date, all contaminated
surface materials and soils have been removed from the site. All USEPA cleanup goals have
been met, and the site continues to be monitored to assure the effectiveness of the remedia-
tion. Due to the apparent success of the remedial actions at the site, and its distance from
the Delaware Estuary, it is not likely that the Pijak Farm Site is currently a significant
contributor of PCBs or pesticides to the estuary. We have no additional information at this

time. i

Pulverizing Services Site (EPAID: NJD980582142). The site is located in Burlington County,
New Jersey. The site was used for a number of years for mixing and packaging various pesti-
cides. While in operation, off-specification batches of pesticides were routinely disposed of
on the site in unlined ditches (no drums). The site was added to the USEPA CERCLIS list in
1987; its current NPL indicator is N. The site is drained by a ditch on the north side of the
site, which flows into an unnamed creek, and another ditch to the southwest of the site that
drains to Pensauken Creek. According to a USEPA official, the site is located on the top of
a ridge that is relatively high topographically for the area. Preliminary investigations have
indicated that the groundwater under the site may flow in two directions. Initial soils
sampling of the site by USEPA in late 1989 found high levels of DDT, DDE, DDD, and BHC
(all chlorinated pesticides). Sediment from the two ditches exhibited levels of DDD at
21 ug/Kg, as well as elevated levels of Malathion and phenols, and low levels of VOCs.
Groundwater from six monitoring wells on the site were found to contain Sevin (levels as high
as 14,500 ug/L), Malathion, BHC, DDT, Dieldrin, Endrin, numerous VOCs, and metals (Cr, Pb,
and Cd). Stormwater, from USEPA preliminary sampling (prior to the 1989 sampling) of the
two ditches on site exhibited DDT at 3 pg/L, BHC at 20 ug/L, and Lindane at 20 uzg/L. Some
soils removal has taken place as part of the initial USEPA remedial investigations. The USEPA
official indicated that as part of ongoing Phase Il remedial investigations, soils, groundwater,
sediment, and surface water samples will be taken by the end of December 1994, Results
of the USEPA Phase |l sampling will not be released until late spring of 1995. These sampling
results will be used to determine more precisely which areas of the site will undergo soils
removal and other actions. Owing to the elevated levels of chlorinated pesticides in the soils,
sediment, groundwater, and possibly surface water, and its proximity to the Delaware River,
there is potential for the Pulverizing Services site to be a contributor of these contaminants
to the Delaware Estuary.

Roebling Steel Site (EPAID: NJD073732257). The site is located in Burlington County, New
Jersey, immediately adjacent to the Delayvare River in Florence. The 206-acre site was used
for 75 years as a manufacturing plant for steel and wire products. Most recently, portions
of the site were used for polymer reclamation operations, storage of insulated products, and
refurbishment of refrigerated trailers and shipping containers. The site was added to the
USEPA NPL list in 1983; its current NPL indicator is F. Initial sampling at the site found that
PCBs are present in site soils (the sources from leaking transformers and previous dust control
practices). Soils at the site and adjacent to the site are also contaminated with various
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metals, notably lead. Groundwater under the site is contaminated with metals (Cr, Pb, Cd,
Ni, Zn, and Cu). A USEPA official indicated that metals are the contaminants of concern at
the site, not PCBs. Sediment and surface water data from 1991 for Crafts Creek and the
Delaware River near the site indicates that, of 55 total samples, 3 sediment samples
possessed PCBs (all three in considerable quantities), and 5 sediment samples possessed DDE
‘and DDT (all in small quantities). None of the 1991 surface water samples contained PCBs
or chlorinated pesticides. Groundwater data from 1991 also indicate that no PCBs or chior-
inated pesticides were detected in any of the many samples analyzed. Considering that the
amounts of PCBs and chlorinated pesticides detected in the sediment samples throughout the
total area of the site were small, and that none of either were detected in groundwater
samples, it is unlikely that the Roebling Steel site is currently a major contributor of PCBs or
chlorinated pesticides to the Delaware Estuary.

Spence Farm (EPAID: NJD980532816). The 20-acre site is located in Ocean County, New
Jersey, near New Egypt. From the 1950s to the 1970s, the site was used as a hazardous
waste dump where chemical wastes were stored in drums or dumped on the ground. The site
was added to the USEPA NPL list in 1983; its current NPL indicator is F. Initial investigations
indicated that groundwater and sediments of Crosswicks Creek are contaminated with VOCs
and metals (Zn, Cr, and Hg). Soils were contaminated with VOCs and PCBs. Groundwater
at the site flows toward tributaries to Crosswicks Creek, allowing for groundwater contami-
nation to migrate to surface water. In 1990, the PRP completed soil and material removal,
although additional site soils may still be contaminated with PCBs. Site groundwater has now
been determined by USEPA to be clean. Due to the apparent success of the remedial actions
at the site, and its distance from the Delaware Estuary, it is not likely that the Spence Farm
Site is currently a significant contributor of PCBs to the estuary. We have no additional

information at this time. '

Vineland State School Site (EPAID: NJD980529887). The site is located in Cumberland
County, New Jersey, in Vineland. Parts of the 195-acre site was used for disposing
incinerator and hazardous wastes generated at the school. The site was added to the USEPA
NPL list in 1983; its current NPL indicator is F. Initial state sampling reports indicated that
groundwater contained low levels of DDT and dieldrin, VOCs, and metals {Pb and Hg), and
that soils in some areas contained PCBs, metals, polycyclic aromatic hydrocarbons and
pesticides. The state concluded in these investigations that the very low levels of contam-
ination in the soil and groundwater do not pose a threat to human health or the environment.
According to a USEPA official, a remedial action in 1989 removed all PCB and pesticide-
contaminated soils from the site. Pesticides and PCBs are no longer contaminants of concern
at the site. There is ongoing groundwater monitoring of the main landfill area for VOCs only
(not for PCBs or pesticides). The USEPA official also indicated that some of the original
reports of pesticide and other contamination of the site were exaggerated. No further
remedial actions are currently planned for the site. It is not likely that the Vineland State
School remains a significant contributor of PCBs or pesticides to the Delaware River estuary.
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Yersare. Other Sources of Contaminants

Walton Farm Site (EPAID: NJD981877731). The site is located in Burlington County, New
Jersey, in Delran Township, immediately adjacent to Rancocas Creek (a main tributary to the
Delaware River). Approximately one acre of the 37-acre Walton site was used for a number
of years as a pesticide dump by the Potentially Responsible Party (PRP). The site was added
to the USEPA CERCLIS list in 1991; its current NPL indicator is N. Initial site investigations
indicated that DDT, DDD, and DDE were the contaminants of concern at the site. Several
metals (particularly As), additional pesticides, and semi-VOC compounds also contaminated
the site. As part of the remediation prescribed for the site, approximately 10,000 cubic yards
of materials were removed and the area has been back-filled and re-vegetated. In June 1992,
the disposal area was confirmed to be below the removal action level specified in the
Administration Order on Consent originally signed by USEPA and the PRP in 1991. Although
Rancocas Creek sediment is still contaminated with DDT, the PRPs considered the cleanup
cost impractical to obtain. The site is not listed on NPL, and sediment cleanup falls outside
the scope of the removal program. This part of the cleanup was therefore referred by USEPA
to NJDEPE for action. No further action has taken place at the site. Although virtually no
contaminants remain on the Walton Farm site, it is unclear whether sediments from Rancocas
Creek adjacent to the Walton Farm Site continue to contaminate the Delaware River and the
Delaware Estuary. The most current sediment sampling data (1992) suggest that some high
concentrations exist in Rancocas Creek adjacent to the site.

- ABM Eddystone (Wade) Site (EPAID: PAD980693766). ‘The site is located in Delaware
County, Pennsyivania, directly adjacent to the Delaware River in Chester. This site was used
as a rubber recycling facility from about 1950 to the early 1970s, and was than converted
to an illegal industrial waste storage and disposal facility. It was added to the USEPA NPL list
in 1983, and was deleted from the list in 1989; its current NPL indicator is N. Initial sampling
at the site found that groundwater and soils were contaminated with metals (As, Cr, Hg, and
Pb), PCBs, plastic resins, and VOCs. Several emergency cleanups and remedial actions have
included removal of drums and scraping of soil to the water table. PADER is providing
groundwater sampling for the site (30 years of monitoring required by USEPA). Current
sampling data indicate that most of the site contaminants have been reduced by two to three
levels of magnitude, although some VOCs and semi-VOCs are still contaminants of concern.
USEPA officials indicated that it is their opinion that this site is currently not a significant
contributor to the Delaware Estuary in terms of PCBs and chlorinated pesticides, due to effec-
tive USEPA remedial actions. Some residual contaminants still exist in the soil, but they are
at extremely low levels.

Alderfer Landfill Site (EPAID: PAD981939051). The site is located in Montgomery County,
Pennsylvania. No additional information available.

American Street Tannery Site (EPAID: PAD981939267). The site is located in Philadelphia
County, Pennsylvania, about 1 mile from the Delaware River, in the City of Philadelphia. The
site was used for a leather tanning operation for many years. It was added to the USEPA
CERCLIS listin 1987; its current NPL indicator is N. Contamination was discovered at the site
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following an emergency cleanup after the burning of a site building. Initial sampling at the site
after the burning found that VOCs and PCBs were present in the soils. As part of USEPA
- remedial actions the building site was cleaned up and the surrounding soils were removed.
According to a USEPA official, no records of groundwater or surface water contamination
exist for the site (although he indicated that some contamination could have gotten into
surface waters through the city sewers at this urban site), and that the site is not a significant
contributor of either PCBs or chlorinated pesticides to the Delaware Estuary.

Apache Waste Oil Site (EPAID: PAD980550958). The site is located in Montgomery County,
Pennsylvania. No additional information available.

Belfield Avenue Site (EPAID: PAD982364036). The site is located in Philadelphia County,
Pennsylvania, in the City of Philadelphia. The small, urban site was used for a number of .
years for storage of drums of hazardous materials. It was added to the USEPA CERCLIS list
in 1987; its current NPL indicator is N. Following a fire at the site several years ago, initial
sampling at the site found the surrounding soils to be contaminated with small quantities of
PCBs and dioxin. As part of an emergency action, USEPA placed the drums in an imperme-
able on-site concrete vauit. In a remedial action that took place in November 1994, the small
quantity of drums existing within the vault were removed, and building debris and site soils
were removed. According to a USEPA official, there is no existing documentation of either
groundwater or surface water for the area of the site, but that the site is not a significant
contributor of either PCBs or chlorinated pesticides to the Delaware Estuary. No further
remedial or other actions are currently planned for the site.

Bensalem Drum Dump Site (EPAID: PAD981736507). The site is Iocated in Bucks County,
Pennsylvama No additional information available.

Berks Landfill Site (EPAID: PAD000651810). The site is located in- Berks County,
Pennsylvania. The site, which consists of an eastern 43-acre and a western 17-acre landfill,
opened in the 1950s, and is currently still in operation. It was added to the USEPA NPL list
in 1989; its current NPL indicator is F. Initial sampling at the site-indicated that groundwater
in the vicinity of the landfill is contaminated with various VOCs and manganese; lead and
PCBs were also identified in on-site soils. According to a USEPA official, however, results of
the most recent sampling indicate that no PCBs are present in groundwater and surface water
at the site. Only one of numerous soils samples was found to contain PCBs (no chlorinated
pesticides were detected in any of the sampling), which were detected at less than 1 PPM.
The USEPA official also indicated that VOCs are the primary contaminants of concern for the
site, and that the site is not a significant contributor of either PCBs or chlorinated pesticides
to the Delaware Estuary. No further remedial or other actions are currently planned for the
site.
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Croydon TCE Spill Site (EPAID: PAD981035009). The site is located in Bucks County,
Pennsylvania, between Croydon and Bristol. The site is a four-square-mile residential area that
also includes a small industrial complex and numerous small businesses. The site was added
to the USEPA NPL list in 1986; its current NPL indicator is F. In 1985, USEPA identified a
plume of VOC-contaminated groundwater (TCE) that appeared to be associated with the site.
In addition, TCE and other VOCs were detected in eight residential wells. Low concentrations
of PCBs were also found in off-site soils (none were found on the site). VOCs were also
detected in Hog Run Creek, a tributary of the Delaware River. Remedial cleanup activities
were completed in 1993. Due to the lack of documentation of any history of PCB contamina-
tion at the Croyden Spill site, it was likely never a significant contributor of PCBs to the
Delaware Estuary. We have no additional information at this time.

Douglassville Disposal (EPAID: PAD002384865). The 50-acre site is located in Berks County,
Pennsylvania; about 4 miles north of Pottstown. A waste oil and recycling facility operated
on the site from 1941 to 1972, where waste oil sludge was placed in on-site lagoons. The
site was added to the USEPA NPL list in 1983; its current NPL indicator is F. Initial investi-
gations by USEPA found that various metals (Pb, Cr, etc.), VOCs, polycyclic aromatic hydro-
carbons, and PCBs have been found in on-site groundwater, surface water (Schuylkill River),
and soils. Studies have detected PCBs in fish from the Schuylkill River near the site. in 1982,
drums and contaminated surface soils were removed by a PRP. Sludge materials from the
former site lagoons was removed, and they were filled in and re-vegetated. Recent USEPA
investigations have shown that groundwater contaminants in the groundwater do not exceed
background levels and do not require cleanup actions. Owing to its distant location from the
Delaware Estuary, and the apparent success of the remedial actions the Douglassville Disposal
Site is not likely a significant contributor of PCBs to the estuary. We have no additional
information at this time.

East Tenth Street Site (EPAID: PAD987323458). The site is located in Delaware County,
Pennsylvania. No additional information available.

4

Eastern Diversified Metals Site (EPAID: PAD980830533). The site is located in Schuylkill
County, Pennsylvania. The 25-acre site was used from 1966 to 1977 as a disposal area for
waste wire insulation material from a copper wire recycling operation. During this time, the
company disposed of approximately 150 million pounds of "fluff" (waste insulation material).
The site was added to the USEPA NPL list in 1989; its current NPL indicator is F. Initial
investigations detected various VOCs and manganese in the groundwater, and metals (Cu, Pb,
Mn, Zn), PCBs, and VOCs in on-site leachate and sediments. According to USEPA, dioxin, .
PCBs, and lead are the principal contaminants in the main fluff pile. In 1974, the PRP installed
a wastewater treatment plant, diversion ditches, and an interceptor trench that diverts shal-
low groundwater to the treatment plant. Although the extent of PCB and dioxin contamina-
tion at the site is extensive, it is unlikely that the site is a major contributor of these
_contaminants to the Delaware Estuary, due to its considerable distance from the estuary (the
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site is drained by a tributary to the Little Schuyikill River). We have no additional information
at this time.

Front Street Tanker Site (EPAID: PAD982366296). The site is located in Chester County,
Pennsylvania, in the City of Chester. It was added to the USEPA CERCLIS list in 1988; its
current NPL indicator is N. Although the current CERCLIS data base indicates that poly-
brominated biphenyls were found at the site during initial sampling, a USEPA official indicated
that this record was incorrect; only several fluorinated contaminants were ever found at the
site, at very low levels. The PADER took the lead in the removal of a small amount of con-
taminated soils at the site. The USEPA official also indicated that, due to the small size of the
site and the low post-remedial level of contamination, no other remedial actions are currently
planned. The USEPA official concluded that the site is not a significant contributor of either
PCBs or chlorinated pesticides to the Delaware Estuary.

Henderson Road Site (EPAID: PAD009862939). The site is located in Montgomery County,
Pennsylvania, in Upper Merion Township. O’Hara Sanitation has used the site since 1975 for
waste storage, waste recycling, vehicle maintenance and parking, and office facilities. A deep
injection well also lies beneath the maintenance garage. Other areas of concern include a
pond and a landfill about 200 feet to the east of the well, as well as about 21,000 cubic yards
of trash and cinder fill on adjacent properties. The site was added to the USEPA NPL list in
1984; its current NPL indicator is F. Initial investigations indicated that groundwater is
contaminated with VOCs, various heavy metals, and cyanide. Additional data from the
PADER indicate that some areas of site soils are contaminated with PCBs. The USEPA
determined that immediate actions were not required at the Henderson Road site. Initial
groundwater cleanup actions have commenced while the final remedy for groundwater con-
tamination is being designed. We have no additional information at this time.

Houston Junkyard Site (EPAID: PAD981939184). The site is located in Bucks County,
Pennsylvania. No additional information available.

Malvern TCE Spill Site (EPAID: PAD014353445). The 2-acre site is located in Chester
County, Pennsylvania, in Malvern. The site is a federally regulated hazardous waste facility.
The site was added to the USEPA NPL list in 1983; its current NPL indicator is F. From 1952
to 1976, the site operated as a solvent reclamation facility, where drums of waste were
dumped into pits. Initial investigations found that groundwater under the site was contam-
inated with VOCs (specifically TCE), and that site soils were contaminated with PCBs. Ina -
remedial action, all buried drums and some of the contaminated soil have been removed from
the site. After adding the site to the NPL, USEPA performed a preliminary evaluation and
determined that due to early remedial actions to remove contaminated drums and soils, no
further immediate actions were necessary. Owing to the small amount of original PCB con-
‘tamination, the apparent success of the remedial actions, and the distance of the site from
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the Delaware River, it is likely that this site was never a significant contributor of PCBs to the
Delaware Estuary. We have no additional information at this time.

Metal Bank of America Site (EPAID: PAD046557096). The site is located in Philadelphia
County, Pennsylvania, in the City of Philadelphia. The site is immediately adjacent to the
Delaware River. According to the 1994 NOAA aquatic ecological risk assessment report for
the site written in support of USEPA Region 3, the site was used for a transfer salvage
operation from 1968 to 1973, where PCB-contaminated oil was stored in an underground
storage tank. The site was added to the USEPA CERCLIS list in 1983; its current NPL
indicator is F. The USEPA and NOAA estimated that between 44,000 and 175,000 liters of
PCB-contaminated oil infiltrated the ground beneath the site due to rupture of the tank. About
16,000 liters of the contaminated oil have been recovered to date (primarily from pumping of
oil-contaminated groundwater - no more will be recovered). USEPA has indicated that while
the method is not entirely effective, it has helped to reduce the levels of contamination while
permanent treatment alternatives are being studied. Numerous remedial actions have taken
place at the site. PCBs remain the primary contaminant of concern at the site, because of
their presence at elevated concentrations in groundwater, non-aqueous phase layer {NAPL or
leachate), and sediment. The other contaminants found in site sediments include PAHs,
phalates, cadmium, and DDT. The NOAA report concludes that only PCBs were considered
a contaminant of concern for surface water, and only .for a 15-meter-wide band of the
Delaware River next to the site (due to the considerable dilution factor of the river). High
concentrations of PCBs have been measured in the site leachate (NAPL), but no leachate has
been found since 1991; it is not clear whether the leachate still occurs. Sediments also
exhibit high concentrations of PCBs, but only in a relatively small area of the river immediately
adjacent to the site (samples were conducted upriver and downriver of the site). Additionally,
the NOAA report states that the mobility of PCBs in sediment is generally quite low, and that
without disturbance of the sediment, PCBs (even under low rates of sedimentation) do not
reach the overlying water via diffusion. Therefore, inputs of PCBs to the Delaware River from
the site appear to be primarily from groundwater. These concentrations of PCBs become
_highly diluted in the river and are transported to the Delaware Estuary. From the data, it
appears that the Metal Bank site has been a significant contributor of PCBs to the Delaware
Estuary for many years, and continues to be at least a moderate contributor through its
groundwater.

Miquon Landfill Site (EPAID: PAD981939390). The site is located in Montgomery County,
Pennsylvania. ‘No additional information available.

Moyers Landfill Site (EPAID: PAD980508766). The site is located in Montgomery County,
Pennsylvania, in Collegeville. The 44-acre landfill accepted an unknown quantity of municipal,
sewage, and industrial wastes from 1940 to 1981. The site was added to the USEPA NPL
listin 1983; its current NPL indicator is F. Initial sampling indicated that on-site and off-site
groundwater, surface runoff, and soils are contaminated with heavy metals VOCs. In addi-
tion, PCBs were thought to have been disposed of at the site (no formal documentation).
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PCBs have been detected in trout in the surrounding streams. Cleanup activities began at the
site in 1989. In December 1994, the site was capped, and final cleanup was concluded. A
USEPA official indicated that the most recent PADER investigations {1992) sampled contami-
nants in leachate from trenches dug at the site. No PCBs, chlorinated pesticides, or VOCs
were detected in any of the leachate samples. Low concentrations of metals were detected
in the samples. Additionally, the USEPA official also indicated that no PCBs or chlorinated
pesticides were detected in any of the most recent groundwater samples (1993). Metals
remain the contaminant of concern at the site. Small quantities of PCBs were detected in
soils samples at the site. Post-remedial groundwater and leachate sampling will take place
once a month at the site as part of ongoing remediation. Owing to the uncertainty of the
original extent of PCB contamination, which appears to have been minimal, the apparent lack
of PCBs in site leachate and groundwater, combined with the distance of the site from the
Delaware River, it is likely that this site was never a significant contributor of PCBs to the
Delaware Estuary. ;

O’Brien Machinery Site (EPAID: PAD987379187). The site is located in Chester County,
Pennsylvania. No additional information available. ' :

Old Barrett Building Site (EPAID: PAD987277175). The site is located in Philadelphia County,
Pennsylvania, in the City of Philadelphia. It was initially used for a number of years as a
roofing tar operation. The site was also intermittently used for an operation that removed
copper from electric transformers. It was added to the USEPA CERCLIS list in 1989; its
current NPL indicator is N. A USEPA official indicated that a very small quantity of PBC-
contaminated oils were dumped directly on the ground, and that the extent of contamination
at the site was found to be small. The responsible party hired a private contractor to remove
the contaminated soils, a building, and a concrete building pad. The USEPA official also
indicated that he knows of no existing groundwater or surface water sampling data for the
site. Owing to the small original amount of contamination at the site and the apparent
success of the remedial action, the USEPA official concluded that the site is not a significant
contributor of PCBs to the Delaware Estuary.

ORFA Manufacturing Company Site (EPAID: PAD987400561). The site is located in
Philadelphia County, Pennsylvania, in the City of Philadelphia. It was used as the site of an
explosives manufacturing facility for a number of years. The site was added to the USEPA
CERCLIS list in 1988; its current NPL indicator is N. Although the current CERCLIS data base
indicates that polychlorinated biphenyls were found at the site during initial sampling, a
USEPA official indicated that this record was incorrect; only a small quantity of materials
related to the manufacture of explosives were found at the site, including various VOCs,
several metals (Pb and Se), and cyanide. The PADER took the lead in remediation of the site,
which included removal of contaminated soils. No additional remediation is planned for the
site. The USEPA official concluded that the site was never a contributor of PCBs to the
Delaware Estuary.
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Paoli Rail Yard Site (EPAID: PAD980692594). The site is located in Chester County,
Pennsylvania, in Paoli. The 28-acre site has been operated by the Southeastern Pennsylvania
Transportation Authority for over 30 years as an electric train repair facility and commuter rail
station. The routine maintenance and repair of railroad, cars involved electrical equipment
containing PCBs. The site was added to the USEPA NPL list in 1990; its current NPL indicator
is F. Initial sampling efforts indicated that levels of PCBs were very high in on-site soils, and
that Valley Creek (a tributary to the Schuylkill River that flows near the site) sediments were
also contaminated. The most recent sampling event at the site took place about 5 years ago.
The sampling data indicated that the levels of PCBs were still very high at the site, but that
Valley Creek sediment samples contained only moderate amounts (about 10 ppm maximum).
No PCBs have been detected in local groundwater. Some remediation, in the form of soils
‘removal, has taken place at the site, but remediation is has not been completed. . A USEPA
official responsible for the.project stated that although there is contamination of Valley Creek
sediments, it was his opinion that almost none of the PCBs migrate to the Delaware River
Estuary. This is due to the fact that Valley Creek is only a tributary to the Schuyikill River,
not the Delaware River, and that the estuary is a long distance from the site. Additional soils
and sediment sampling will be conducted at the site in 1995.

Penrose Drum Site (EPAID: PAD987279890). The site is located in Philadelphia County,
Pennsylvania. No additional information available.

Publicker/Cuyahoga Wrecking Plant Site (EPAID: PAD981939200). The site is located in
Philadelphia County, Pennsylvania, directly adjacent to the Delaware River. The 37-acre site
possessed an alcohol distillation process plant from 1912 to 1985. Beginning in the late
1970s, the company used some of its empty tanks to store fuel oils for other companies. The
site was added to the USEPA NPL list in 1989; its current NPL indicator is F. A USEPA
official confirmed that as of 1988, all transformers were removed from the site, and
stabilization of the site was completed in 1989. According to the USEPA official, VOCs and
metals are the contaminants of concern at the site. The USEPA official indicated that
groundwater sampling by USEPA found no PCBs in any site groundwater. Other groundwater
monitoring results indicate that site groundwater is contaminated with VOCs and metals. A
small quantity of PCBs currently remain in the soil and sediment at the site; the soils are also
contaminated with VOCs and metals. It is not clear whether the Publicker site was formerly
a primary source of PCB contamination to the Delaware Estuary, but it probably is not
currently. Site groundwater was apparently never contaminated with PCBs, and only small
quantities remain in site soils and sediment.

Tacony Warehouse Site (EPAID: PA0210000931). The site is located in Philadelphia County,
Pennsylvania. No additional information available.

Texas Eastern Pipeline Site (EPAID: PAD981735913). The site is located in Chester County,
Pennsyivania. No additional information available.
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Tinicum National Envirohmental Center (EPAID: PA6143515447). The site is located in
Delaware County, Pennsylvania. No additional information available.

Vulcanized Rubber Site (EPAID: PAD980253355). The site is located in Bucks Courity,
Pennsylvania. No additional information available.

8.2.2 Summary of PCB and chlorinated pesticide inputs from CERCLIS sites

Based upon the information in the CERCLIS data base and comments received from the
‘project managers responsible for specific hazardous waste sites, the following conclusions
may be made: :

The apparent relative original scope of PCB and chlorinated pesticide contami-
nation at many of the CERCLIS sites was small. For several sites there was
never conclusive data found to indicate that PCBs or chlorinated pesticides ever
existed at the sites.

Remediation has been completed at many of the sites for which information
was obtained. Project managers for these remediated sites indicated that the
current scope of PCBs or chlorinated pesticide contamination at most of these
sites is minimal and that qualitative evaluations suggested that the input of
contaminants into the estuary was minimal. It should be noted that "suc-
cessful” remediation reflects site-specific criteria that may not ensure that
water quality criteria are met, or that contaminants no longer enter the estuary.

Existing PCB and chlorinated pesticide contamination at most of the sites
affected soils, not surface water or groundwater.

Some studies (such as Fisher et al. 1983) have indicated that once PCBs are
locked into river sediment adjacent to a site, they essentially are not re-
transported into the surface water above that sediment (unless the sediment
is disturbed, as in dredging). In addition, the higher-chlorinated biphenyls may
remain in the sediments closer to the source (Phillips 1986). Sediment sam-
pling upriver and downriver (Delaware River) from the Metal Bank of America
site (EPAID: PAD046557096) suggested that PCB concentrations in sediment
decline sharply with distance from the source (NOAA 1994).

From this review and telephone interviews with project managers, we conclude
that the most problem sites within the watershed with regard to PCBs and
pesticides include:

- . ABM Eddystone site (EPAID: PAD980693766), due to close proximity
to the Delaware River in Chester, PA and its prior use as an illegal waste
storage and disposal facility. :
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Bridgeport Rental & Oil Services Site (EPAID: NJD053292652), due to
the apparent extent of the existing PCB contamination and its relatively
close proximity to the Delaware River.

Metal Bank of America Site (EPAID: PADO46557096), owing to the
presence of PCBs at elevated concentrations in groundwater, non-
aqueous phase layer (NAPL or leachate), and sediment. The chlorinated
pesticide DDT was also found in low concentrations in site sediments.

Monsanto Chemical Company Site (EPAID: NJD0OO1 700707), where at
least a small quantities of PCBs are found in Delaware River sediment
adjacent to the site, and a former disposal site (soon to undergo final
remediation) exists approximately 150 feet from the river.

Paoli Rail Yard Site (EPAID: PAD980692594), which still possess rela-
tively high levels of soils and off site' sediment PCB contamination. It is
unclear, however, if Valley Creek is too far up the watershed to contrib-
ute significant quantities of PCBs to the Delaware Estuary.

Pulverizing Services Site (EPAID: NJD9805821 42), due to high levels of
chlorinated pesticide contamination of soils, groundwater, surface
water, and sediment. The site is also adjacent to Pensauken Creek, a
tributary to the Delaware River.

Roebling Steel Site (EPAID: NJD073732257), where three sediment
samples (out of 55 total) from Crafts Creek and the Delaware River
exhibited relatively high levels of PCBs, is probably only a minor
contributor of PCBs to the estuary.

Walton Farm Site (EPAID: NJD981877731), due to the existing high
levels of chlorinated pesticide contamination in Rancocas Creek
sediments. There are no current plans to remediate the sediment
contamination. The original source of the pesticides at the site (the
dump), however, has been removed.

8.3 SITES CONTAMINATED WITH OTHER CONTAMINANTS OF INTEREST

The USEPA’s CERCLIS data base was also used to identify sites where other contami-
nants of interest to DELEP were found. The location of these sites are shown in the series
of figures that follow. The location of CERCLIS sites with evidence of arsenic contamination
are shown in Figures 8-9 and 8-10. Copper contaminated sites are located in Figures 8-11
and 8-12. Chromium contaminated sites are located in Figures 8-13 and 8-14. Lead contami-
nated sites are located in Figure 8-15 and 8-16. The location of sites with evidence of
mercury contamination are located in Figures 8-17 and 8-18. Sites with evidence of poly-
nuclear aromatic hydrocarbon contamination are shown in Figures 8-19 and 8-20. Sites with
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evidence of contamination due to volatile organic compounds (VOCs) are shown in Figures
8-21 and 8-22. These sites. are included in the list of all CERCLIS sites provided in an
appendix to this report. .

8-29



Yersae. Other Sources of Contaminants

Figure 8-9.  Location of USEPA CERCLIS sites contaminated with arsenic
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(o8 Conta'ninatedl Sites
= NPL Sites
O Other Sites

Coveroges: dwehdbasrpisvgl ; Dote: 2/21/94 ; Versar, Inc.

'Figure 8-11.. Location of USEPA‘CERCLIS sitgs contaminated with copper
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Figure 8-13. Location of USEPA CERCLIS sites contaminated with chromium
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PB Contaminated Sites
o NPL Sites
0 Other Sites

Figure 8-15. Location of USEPA CERCLIS sites contaminated with lead
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HG Contaminated Sites

s NPL Sites
0 Other Sites

Figure 8-17. Location of USEPA CERCLIS sites contaminated with mercury
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Coverages: dwehdbosrplmpl ; Dote: 2/21/04 ; Vers, b

Figure 8-19. Location of USEPA CERCLIS sites contaminated with polycyclic aromatic
hydrocarbons
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VOC Contaminated Sites
s NPL Sites
u Other Sites

Coverages: dweixbosrplregl ; Date: R/21/604 ; Verear. .

Figure 8-21. Location of USEPA CERCLIS §ites contaminated with volatile organic
: compounds
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9.0 INTEGRATED ASSESSMENT OF CONTAMINANT LOADINGS

An estimate of the total amount of specific contaminants entering the Delaware River
estuary was calculated from the sum of loading estimates for point sources, atmospheric
deposition, urban runoff, and runoff from agricultural sources. The available data were not
adequate to develop an estimate of contaminants entering the estuary through groundwater
infiltration. Additionally, there was not sufficient information to estimate contaminant inputs
from specific industrial, manufacturing, or hazardous waste sites within the watershed, except
for inputs from point sources discharging directly into the estuary and its tributaries.
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9.1 ARSENIC

Approximately 112 x 1083 kg of arsenic enters the Delaware Estuary annually. The
largest sources of arsenic (Figure 9-1) are point sources (44 %) and runoff from agricultural
lands (47%). Extensive use of inorganic and organic arsenic compounds in the 1950’s and
1960’s increased soil concentrations of arsenic and contributes to current loadings from
agricultural areas. Urban runoff contributes less than 10% to the total arsenic input.
Atmospheric deposition is an insignificant source of arsenic to the estuary.

Arsenic

Loadings to the Delaware Estuary
1000000 -

100000 —

10000 —=

kg / year

- 1000

100

PS AD UR AR TOT
Source

Figure 9-1. Arse'nic loadings to the Delaware Estuary. Legend: PS = Point Sources,
AD = Atmospheric Deposition, UR = Urban Runoff, and AR = Agricultural
Runoff.
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9.2 CHROMIUM

The Delaware Estuary receives approximately 154 x 103 kg of chromium annually.
Most of the chromium (88%) originates from point sources (Figure 9-2). Urban runoff
accounts for most of the remaining chromium entering the estuary. Atmospheric deposition
is an insignificant source to chromium to the estuary. No estimate could be made for the
amount of chromium entering the estuary as a result of runoff from agricultural lands.

Chrdmium

Loadings to the Delaware Estuary
1000000 = '

100000

kg / year

10000

- o
PS AD UR AR TOT
Source

1000

Figure 9-2. Chromium loadings to the Delaware Estuary. Legend: PS = Point Sources,
AD = Atmospheric Deposition, UR = Urban Runoff, and AR = Agricultural
Runoff. \
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9.3 COPPER

Approximately 153 x 103 kg of copper enters the estuary annually. The principal
source of the copper is point sources, representing 82% of total copper loading (Figure 9-3).
Urban runoff accounts for most of the remaining copper entering the estuary (16%) and
copper from atmospheric deposition accounts for 2% of total copper loading. No estimate
could be made for the amount of chromium entering the estuary as a result of runoff from
agricultural lands.

Copper

'Loadings to the Delaware Estuary
1000000 — -

100000 —

kg / year

10000 —

NE

PS AD UR AR TOT
Source

1000

Figure 9-3. Copper loadings to the Delaware Estuary. Legend: PS = Point Sources,
AD = Atmospheric Deposition, UR = Urban Runoff, and AR = Agricultural
Runoff. : :
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9.4 LEAD

The estuary receives approximately ‘126 x 103 kg of lead annually. The majority (70%)
of the lead enters the estuary through point sources (Figure 9-4). Lead in urban runoff
accounts for 24% of the total lead loading to the estuary. This is consistent with the view
that old plumbing, old paint, and deposits remaining from the widespread use of leaded
gasolines contribute most to environmental lead concentrations. Atmospheric deposition
accounts for 5% of the total lead loading estimate. No estimate could be made for the
amount of lead entering the estuary as a result of runoff from agricultural lands.

Lead

Loadings to the Delaware Estuary
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kg / year

10000 —
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I I

PS AD UR AR TOT
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1000 —

Figure 9-4.  Lead loadings to the Delaware Estuary. Legend: PS = Point Sources,
AD = Atmospheric Deposition, UR = Urban Runoff, and AR = Agricultural
Runoff. : g
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9.5 MERCURY

The annual input of mercury to the Delaware Estuary is approximately 9.9 x 103 kg.
This is two orders of magnitude less that the loading rates for other. metals. The route
through which most (80%) of the mercury enters is atmospheric deposition. Urban runoff
accounts for 11% and poeint sources account for 9% of the total mercury loading estimate.
Loading rates for mercury from agricultural runoff could not be estimated using the data
available.

Mercury

Loadings to the Delaware Estuary

10000

. I l
100 I ' NE
PS AD UR AR

Source

kg / year

TOT

Figure 9-6.  Mercury loadings to the Delaware Estuary. Legend: PS = Point Sources,
AD = Atmospheric Deposition, UR = Urban Runoff, and AR = Agricultural
Runoff. '
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9.6 SILVER

Quantitative estimates of the amount of silver eritering the estuary could be developed
for point sources only. Approximately 15 x 103 kg of silver enters the estuary through this
route (Figure 9-6).

' Silver

Loadings to the Delaware Estuary

100000

kg / year

10000_! NE NE NE !

PS AD UR AR TOT
Source

Figure 9-6.  Silver loadings to the Delaware Estuary. Legend: PS = Point Sources,
AD = Atmospheric Deposition, UR- = Urban Runoff, and AR = Agricultural
Runoff. j -
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9.7 ZINC

Approximately 429 x 103 kg of zinc enters the estuary annually. This is the largest
amount of any of the metals of concern to the Delaware Estuary Program. The largest
sources of zinc are represented by point sources (63%) and urban runoff (43%) (Figure 9-7).
Atmospheric deposition is a source for approximately 4% of the total amount of zinc entering
the estuary. No estimate could be made for the amount of zinc entering the estuary in the
runoff from agricultural lands.

Zinc

Loadings to the Delaware Estuary

1000000
S
> 100000
2
10000 ! NE
PS AD UR AR TOT

Source

Figure 9-7.  Zinc loadings to the Delaware Estuary. Legend: PS = Point Sources,
AD = Atmospheric Deposition, UR = Urban Runoff, and AR = Agricultural
Runoff.
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9.8 POLYCYCLIC AROMATIC HYDROCARBONS (PAH)

Loading estimates for polycyclic aromatic hydrocarbons could be made for atmospheric
deposltlon and urban runoff only. No estimates could be made for PAH inputs from point
sources or agricultural runoff based on the data available for this report. Approximately 35
x 108 kg of PAHs enter the estuary via atmospheric deposition and urban runoff (Figure 9-8).
Urban runoff accounts for 95% of the total.

PAHs

Loadings to the Delaware Estuary
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10000

s _M | NE

PS AD UR AR TOT
- Source

kg / year

Figure 9-8. PAH loadings to the Delaware Estuary. Legend: PS = Point Sources,
AD = Atmospheric Deposition, UR = Urban Runoff, and AR = Agricultural
Runoff.
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9.9 CHLORINATED PESTICIDES

The Delaware Estuary receives approximately 7.9 x 103 kg of chiorinated pesticides
annually. The largest sources of these pesticides is runoff from agricultural areas (Figure 9-9).
Chlorinated pesticides were previously added to these areas in large amounts. The slow
degradation rates of these pesticides has caused them to persist in the environment and
continue to enter the estuary, despite severe restrictions on their current use. The second
largest source of chiorinated pesticides to the estuary appears to be point sources. This
finding may be a result of the urbanization of areas previously used for agriculture. No
estimates could be made of the input of chlorinated pesticides to the estuary as a result of

atmospheric deposition or urban runoff.

Chlorinated Pesticides

Loadings to the Delaware Estuary

10000

1000

kg / year

100 NE

PS AD UR AR TOT
Source

Figure 9-9.  Chlorinated Pesticide ioadings to the Delaware Estuary. Legend: PS = Point
Sources, AD = Atmospheric Deposition, UR = Urban Runoff, and AR =

Agricultural Runoff.
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9.10 POLYCHLORINATED BIPHENYLS (PCB)

Loading estimates were possible for point sources, atmospheric deposition, and urban
runoff (Figure 9-10). Existing data were not adequate to complete estimates for the amount
of PCBs entering the estuary from agricultural runoff. Estimates indicate that the estuary
receives at least 0.089 x 103 kg of PCBs annually (89 kg/yr). PCBs from point sources
account for 66% of the total PCB estimate with the remaining entering as a result of
atmospheric deposition. Existing models indicated that only insignificant amounts of PCBs
enter the estuary as a result of urban runoff. .

PCBs

Loadings to the Delaware Estuary

100

kg / year

10 - , NE

PS AD ' UR AR TOT
Source

Figure 9-10. PCB loadings to the Delaware Estuary. Legend: PS = Point Sources, AD =
Atmospheric Deposition, UR = Urban Runoff, and AR = Agricultural Runoff.
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9.11 1,2 DICHLOROETHANE

Based upon estimates for point sources and urban runoff, approximately 23 x 103 kg
of 1,2-dichloroethane enter the estuary annually (Figure 9-11). Point sources account for
78% of the total dichloroethane loading estimate. No estimate could be made of the amount
of dichloroethane entering the estuary as a result of atmospheric deposition and agricultural
runoff. Although not estimated, it is likely that atmospheric deposition is a significant route
by which this volatile organic compound enters the estuary because it is highly volatile and
soluble in water.

1,2-Dichloroethane

Loadings to the Delaware Estuary

100000

10000 —

kg / year

1000 -1 NE NE

PS AD 'UR AR TOT
Source

Figure 9-11. 1,2-Dichloroethane loadings to the Delaware Estuary. Legend: PS = Point
Sources, AD = Atmospheric Deposition, UR = Urban Runoff, and AR =
Agricuitural Runoff.
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9.12 TETRACHLOROETHANE

Loading estimates for the volatile organic compound tetrachloroethane could be
completed for point source inputs and inputs from urban runoff. Approximately 15 x 103 kg
enters the estuary annually with 80% entering through point source discharges (Figure 9-12),
No estimate could be made of the amount of tetrachloroethane entering the estuary as a result
of atmospheric deposition and agricultural runoff. Direct atmospheric deposition to the
estuary is likely to be a significant by which this compound enters the estuary because of its
high volatlllty and solubility in water.

Tetrachloroethane

Loadings to the Delaware Estuary
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10000 —

kg / year |

1000

PS TOT
Souroe

Figure 9-12. Tetrachloroethane loadings to the Delaware Estuary. Legend: PS = Point
Sources, AD = Atmospheric Deposition, UR = Urban Runoff, and AR =
Agricultural Runoff.
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10.0 VERIFICATION OF LOADINGS WITH SEDIMENT RESERVOIR

10.1 INTRODUCTION

The contaminants of concern to the Delaware Estuary Program are generally reactive
and become adsorbed to the surfaces of particles. Sediment-water partitioning coefficients
for the contaminants of concern to the Delaware Estuary Program are generally high, indi-
cating that the sediments of the estuary will trap these contaminants. Because the sediments
within the estuary are a sink for most of these contaminants, the amount of contaminants in
the sediments should exceed the total annual contaminant loading rate from point and non-
point sources, uniess there is a net transport of sediment out of the estuary, or chemical
degradation of organic contaminants.

The amount of contaminants sequestered in the sediment of the DelaWare River
Estuary was estimated. This estimate was compared with the loading estimates presented
in previous chapters as a first-order verification of the estimated loading rates.

Sediment contaminant reservoirs were estimated using data from the USEPA’s
Environmental Monitoring and Assessment Program (EMAP) (Weisberg et al. 1993), NOAA’s
National Status and Trends Program (NS&T) NOAA (1991), the USEPA’s STORET and ODES
data bases, and the recent study of sediment contaminants completed by Arthur D. Little, Inc.
(ADL) for the Delaware Estuary Program (Costa and Sauer 1993). The EMAP, NS&T, and
ADL studies used similar collection and analytical methods to measure contaminant concen-
trations; these data were considered to be of high quality. Methods used to collect the data
in the ODES and STORET data bases were more variable. Figure 10-1 shows the locations
of sampling stations for these programs.

10.2 METHODS

Sediment concentration data were used to estimate contaminant reservoirs using the
methods outlined in this section. Contaminant reservoirs were estimated for seven segments
of the estuary. The segments are described in Table 10-1 and shown in Figure 10-1. The
sediment sample sites within each segment were identified, and the estuarine area within each
segment was calculated.

Using data from the sampling stations within each segment, an average sediment con-
centration was calculated for each segment. Stations within each segment were equally
weighted for the calculation. Sediment concentrations (#g or ng contaminant/g dry weight
sediment) were then converted to areal estimates of contaminant storage. To complete this -
calculation, the average water content (by volume) of sediments was assumed to be 50%,
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Sediment Stations

—_— 0 EMAP
/\ NOAA NS&T
= STORET/ODES
5 A ADL - DELEP Study
6 _
L/
B Vst 0 B, 48
T e 1’
o R = 'ﬂ) |
[}
7 o [pegrrl %A o=
=] A Q /\
Figure 10-1. . Location of sampling stations for which sediment contaﬁlinant

concentration data were available.
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and the average density of dry sediments was assumed to be as 2.5 g/cm3. The following
equation was used:

where

CS
SC
DN
AR

'CS = SC x DN x AR x 10

10

contaminant storage estimate (kg/segment)
mean sediment concentration per segment (ug/g)
dry weight density of sediments (2.5 g/cm3)
area of segment (kg)

factor to convert to proper units.

contaminant reservoirs

Table 10-1. Descriptions of estuarine segments used to estimate sediment

Segment

Upstream Terminus

Downstream Terminus

Number of

Sampling
Stations

1

Just south of upstream end of
Trenton Channel and north of
Moon Channel (Rmi=132;
Rkm=212)

At seaward end of Beverly
Channel and upstream end of
Enterprise Range (Rmi=114.5;
Rkm = 184)

4

Area
(km?)

14.15

At seaward end of Beverly
Channel and upstream end of
Enterprise Range (Rmi=114.5;
Rkm = 184)

At confluence of Newton
Creek with the Delaware River
(Rmi=97; Rkm=156)

25.51

At confluence of Newton Creek
with the Delaware River
(Rmi=97; Rkm=1586)

At confluence of Chester
Creek and Old Canal with the
Delaware River (Rmi=83;
Rkm=133)

31.63

At confluence of Chester Creek
and Oid Canal with the Delaware
River (Rmi=83; Rkm=133)

Between Gambles Gut to the
north and Red Lion Creek to
the South (Rmi=63;

Rkm =101)

67.890

Between Gambles Gut to the
north and Red Lion Creek to the
South (Rmi=63; Rkm=101)

Boundary between Blackbird
Creek, DE and Hope Creek, NJ
(Rmi=49; Rkm =79)

95.44

Boundary between Blackbird
Creek, DE and Hope Creek, NJ
{(Rmi=49; Rkm =79)

Boundary between Leipsic
River, DE (Rmi=34; Rkm =55)
and Fortescue Creek, NJ
(Rmi=28; Rkm =45)

12

261.85

Boundary between Leipsic River,
DE (Rmi=34; Rkm=55) and
Fortescue Creek, NJ (Rmi=28;
Rkm =45) ‘

Mouth of the Delaware
Estuary (Rmi=0; Rkm =0)

10-3
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Sediment contaminant concentrations reflectrecent deposition of particulates from the
overlying water column, nearbed transport of particles, and mixing of surface sediments with
deeper sediment through bioturbation. The measured sediment concentrations corresponded
to homogenized samples representing the top 2 cm of sediments. In anoxic areas devoid of
bioturbation, 2 cm may represent 2 to 10 years of contaminant deposition, depending upon
deposition rates. Bioturbation can extend to 10 cm or more, thus causing surface sediments
to reflect decades of contaminant inputs.

To reflect sediment inputs during the past 40 years, the estimate for contaminant
storage in the top 2 cm was multiplied by 10. This calculation assumes that the average
sedimentation rate during the past 40 years was approximately 0.5 cm/year and that the con-
centrations in the top 2 cm are similar to concentrations in the top 20 cm. The assumed
sedimentation rate may reflect average conditions but is not meant to reflect specific regions
of the estuary. Similarly, the assumption that bulk sediment contaminant concentrations are
similar in the top 20 cm may be a good approximation for some contaminants; however, this
assumption is not correct for'contaminants that have declined in use significantly due to
regulatory controls. For example, the gradual removal of tetraethyl lead from gasolines has
significantly decreased atmospheric emissions of lead in the United States (USEPA 1991;
Figure 10-2), and the restrictions on the use of PCBs have decreased PCB emissions. Despite
whatever inaccuracies may be included in the above assumptions, the appropriate factor to
extrapolate from contaminant concentrations in the top 2 cm to the amount of contaminants
deposited during the past 40 years probably is no more than a factor of two different than 10.

10.3 SEDIMENT CONTAMINANT CONCENTRATIONS

Tables 10-2 and 10-3 present mean sediment contaminant concentrations for each
segment of the estuary. Concentrations of most contaminants (i.e., Figure 10-3 for PCBs) are
highest in the upper three segments of the estuary in the highly industrialized region between
Wilmington, DE, and Trenton, NJ. This region receives the largest contaminant input from
point sources. Contaminant loading from urban runoff is also highest in this region. Nonpoint
contaminant inputs from landfills and industrial sites probably are highest in this region of the
estuary because of the high concentration of hazardous waste sites listed in the USEPA’s
Superfund data base (CERCLIS - Comprehensive Environmental Response, Compensation, and
Liability Information System) and the number of those sites that are part of the National
Priority List (NPL; See Section 8). Estimates of contaminant inputs from the Superfund and
NPL sites were not completed separately since a large amount of site-specific data would be
needed to complete those estimates and these data are not readily available for most sites.

The pattern of highest sediment concentrations occurring in the upper portion of the
estuary is strongest for the pesticides DDT, chlordane, dieldrin, and PCBs. Most metals show
the same pattern. The highest mean concentration of DDT occurs in Segment 1 (Figure 10-4)
suggesting a significant upstream source of DDT. This is partially supported by the finding
of highest concentrations of the DDT degradation compounds DDD and DDE downstream in
-Segment 2.of the estuary.
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U.S. Air Emissions of Lead

Thousand Metric Tons

5

°7o 74 78 82 86 90

Year

Figure 10-2. U.S. emissions of lead to air (USEPA 1991).

| Table 10-2. Average contaminant concentrations in sediments of the Delaware River
Estuary: Metals (ug/g dry weight sediment).

As Cu Pb Hg Ag

=il o s — S
Segment 1 3.90 2.75 | 45.1 42.9 47.87 0.09 0.20 435.7
Segment 2 o 0.43 | 36.3 42.5 24.47 0.16 o 367.0
Segment 3 1.78 0.07 | 42.7 25.0 28.64 0.18 0.01 193.9
Segment 4 2.15 0.15 | 48.1 23.1 25.35 0.20 0.01 174.1
Segment 5 ‘ 0.3 68.5 20.5 33.21 0.21 o 170.7
Segment 6 4.84 0.18 | 445 9.87 | 16.38 0.07 0.07 97.2
‘Segment 7 6.34 0.34 | 33.6 6.40 | 16.72 0.06 0.06 64.5

—_—t ]
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Average PCB Concentrations in Sediments
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Figure 10-3. Mean concentration of PCBs in Delaware Estuary sediments.

Arsenic concentrations in sediments showed a spatial pattern different than that shown
for most other contaminants. The highest concentration of arsenic was found in the lower
bay segment. A potential cause of this is former industrial activity on the Maurice River.
Between 1949 and the late 1980’s, the Vineland Chemical Company manufactured organic
herbicides containing arsenic at a site adjacent to the Maurice River, just north of Millville, NJ.
As a result of plant operations and the storage of by-product arsenic salts, the subsurface
soils, groundwater, and the Maurice River system downstream of the site were contaminated
with arsenic (Ficklin et al. 1993). Downstream transport was significant in that Union Lake,
a reservoir approximately seven miles from the site, is contaminated with arsenic. It is con-
ceivable that large amounts of arsenic was transported further downstream and out into the
estuary. Arsenic as As(lll) and As(V) is mobile and sensitive to redox conditions within the
sediments. Core data suggest that arsenic is diffusing out of Union Lake sediments into the
overlying water (Ficklin et al. 1993).
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Average DDT Concentrations in Sediments
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Figure 10-4. Mean concentrations of DDT, DDD, and DDE in Delaware
Estuary sediments.

10.4 SEDIMENT CONTAMINANT RESERVOIRS

Estimates of the reservoir of contaminants in the sediments of the Delaware River
Estuary are shown in Figures 10-5 and 10-7. Although highest sediment concentrations of
most chemicals were found in the upper-portion of the estuary, the largest contaminant
reservoirs were found in the estuarine segments of the lower bay. This is due to the
significantly larger areas of the lower bay segments compared to the area of the segments in
the upper estuary. Segment 7 contained more than 50% of the entire sediment reservoir of
metals in the estuary and at least 40% of the reservoir.of chlorinated pesticides and PCBs.

For most contaminants, the reservoirs of contaminants in the sediments of the
Delaware Estuary were larger than the estimated total contaminant loadings to the estuary
(Table 10-4). Reservoir and loading estimates for mercury and PCBs were approximately
equal. These findings generally support the loading estimates developed in previous chapters;
however, loading estimates for chlorinated pesticides were approximately 36 times greater
than the sediment reservoir estimate, suggesting that either estimate may need to be revised.
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Figure 10-5. Mean concentration of arsenic in Delaware Estuary sediments.
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Contaminant Reservoir in Estuarine Sediments
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Figure 10-7. Contaminant reservoirs in estuarine sediments - chlorinated pesticides and PCBs.

- —
Table 10-4. Comparison of contaminant reservoirs in estuarine sediments with
contaminant loading estimates (108 kg).
= e -smment Reservoir .Loading Estim;e=
Metals
Arsenic ' 272 112
Chromium 1853 154
Copper + 453 183
Lead 904 126
Mercury 3.8 9.9
Chlorinated Pesticides
Total 0.18 7.9
PCBs ‘
Total 0.7 0.09
e EEEE———
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The comparison of contaminant loading and reservoir estimates raises a question about
why the sediment contaminant reservoirs are not larger. Prior to completing these estimates,
contaminant reservoirs were expected to be several orders of magnitude larger than annual
loading rates because the sediment reservoirs reflect decades of contaminant accumulation.
Contaminant reservoirs in this study, however, were not more than an order of magnitude
larger than estimated annual loadings. This suggests that the contaminant loading estimates
or the sediment contaminant reservoir estimates are in error, or that significant amounts of
contaminants are being removed from the estuary.

_ The contaminant loading estimates probably do not fully explain the discrepancy.
Sources of potential error in contaminant loading estimates were described in previous
chapters. In general, these errors may have affected the contaminant loading estimates by
factors of 2 to 5 but probably did not change loading estimates by an order of magnitude.

The approach for estimating loading assumed that all contaminants in urban and
agricultural runoff enter the estuary. All urban runoff probably enters the estuary because
most of the urbanized areas in the watershed are adjacent to the estuary, and most urban
runoff enters through combined sewer overflows and direct discharges. The fraction of the
contaminants in the runoff from agricultural lands that enters the estuary is unknown. Some
of these contaminants may be trapped in the sediments of the streams entering the estuary.
These contaminants may reach the estuary only during infrequent episodes of high flow
brought on by large storms. Some contaminants from runoff may never reach the estuary
because of dams and other obstacles. Chemical degradation rates probably are greater in
streams, further affecting the fraction of contaminants in terrestrial runoff that enters the

estuary.

The estimates of the reservoir of contaminants in sediments are also probably not a
large factor in explaining the discrepancy. These estimates are based on 71 stations in the
estuary, and the location of many of the stations were determined by a probablistic sampling
design developed specifically to complete the type of areally weighted estimates made here.
The sediment contaminant reservoir estimates for the three segments in the tidal river portion
of the estuary are less reliable because the number of sampling stations is fewest in those
segments (see Table 10-1); however, increasing the number of stations in these segments
probably would not increase the estimates substantially because the contaminant inventory
is driven by the large areas of the lower segments. For the same reason, increased sampling
focused on finding contaminant "hot-spots" would not significantly increase the estimates of
contaminant reservoirs.

Contaminants may be removed from the estuary through two mechanisms. Contami-
nants may be transported downstream on particles in the water column or along the sediment
surface (saltation). Contaminants associated with suspended particles may be transported
down bay and removed to offshore regions because surface flows are generally seaward (Pape
and Garvine 1982). Near-bottom transport of sediments probably does not remove contami-
nants from the estuary because near-bottom currents are generally directed onshore and into
the mouth of the bay. Subtidal circulation in the bay, however, is strongly driven by winds
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(Martin 1978). The effect of large, infrequent storms on the net transport of sediments and
associated contaminants cannot be assessed using the information available.

The other mechanism for removing contaminants from the estuary is the physical
removal of sediments by dredging. The U.S. Army Corps of Engineers supervises the removal
of approximately 5 million cubic yards of sediment from the estuary annually to maintain a
channel from Trenton to the sea. An additional 1 million cubic yards of sediment is removed
per year from the mouth of the Christina River at the Wilmington Marine Terminal. Dredging
activities in the Schuylkill River account for another 0.4 million cubic yards of sediment. In
all, 6.4 million cubic yards of sediment (4.9 x 106 m3) is removed annually and taken to
onshore, dike-enclosed disposal sites.

The amount of contaminants removed by dredging operations can be estimated. For
this estimate, the wet weight density of sediments was assumed to be 1.5 g/cm3, and the
water content of the sediments was assumed to be 50%.. Based on these assumptions, the -
" 4.9 x 10% m3 of sediment is equivalent to approximately 3.67 x 1012 g of dry sediment. The
amount of contaminants in the dredged sediments was estimated using the areally weighted,
mean concentration of contaminants in the surface sediments of estuarine segments 1, 2, and
3 (see Figure 10-1). These estimates are presented in Table 10-5.

Table 10-5. _Estimates for contaminants removed by dredging operations ﬂ

ContamimmtlIlI Amount Removed (103 kg/year) "
T;c:ls o ‘

Arsenic 5.7

Cadmium ; 2.7

Chromium 150

Copper : 128

Lead 114

Mercury 0.55

Silver 0.15

Zinc 1115
Chlorinated Pesticides

DDT 0.01

DDD 0.05

DDE 0.06

Dieldrin 0.006
PCBs -

Total . SNELR 0.39
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The amount of arsenic, cadmium, and total DDT removed by dredging is generally less
. than 1% of the estimated loadings and reservoirs of those contaminants. For other contam-
inants, especially chromium, copper, lead, and PCBs, the amount removed by dredging is a
large proportion of the estimated loadings and estuarine sediment reservoirs. Based upon
these estimates, dredging alone.cannot explain why sediment reservoirs of contaminants are
not orders of magnitude higher than estimated loadings.
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11.0 CONCLUSIONS

Contaminant inputs to the Delaware River Estuary have decreased in recent decades
due to improvements in the control and treatment of point sources (Albert 1988), reductions
in the emissions of atmospheric contaminants (USEPA 1991d), and strict regulation on the
manufacture and use of persistent toxic chemicals, such as chlorinated pesticides and PCB.
Despite reductions, the estuary continues to receive significant amounts of potentiaily toxic
contaminants. Based upon the present study, and limited to the contaminants of concern to
the Delaware Estuary Program, the estuary receives 10° kg of contaminants annually. This
is most likely a minimum estimate. Contaminants entering the estuary through groundwater
infiltration and originating from hazardous waste sites contribute additional amounts that are
not included in the loading estimates included in this report.

The contaminant loading estimates in this report are based upon simple modeling
approaches and provide first-order estimates of contaminant loading rates. More detailed
information about the watershed and activities within the watershed would be needed before
more complex models could be applied. The usefulness of the first-order estimates is to
provide environmental resource managers with an indication of the relative importance of
various sources of contaminants. Armed with this information, managers are better prepared
to make decisions concerning which contaminant sources should be studied in greater detail.
Additionally, this information can be used to develop more effective management options for
the control of contaminant inputs by focusing action and further study on the largest or most
uncertain sources. For example, based upon the results presented, proposed regulatory
controls and management options should focus on point sources to meet the goal of reducing
the input of metals to the estuary.

The Toxics Task Force of the Delaware Estuary Program’s Science and Technical -
Advisory Committee sponsored this study based on concerns about chlorinated pesticide and
PCB concentrations in fish that were sufficiently elevated to prompt fish consumption
advisories to be issued by the states bordering the estuary. At the time this study was
initiated, the principal sources for the chiorinated pesticides and PCB were unknown and point
source discharges were not thought to be major contributors to the estuary.

This study was able to identify significant sources for chlorinated pesticides
(agricultural runoff and point source inputs) and PCB (point source discharges and atmospheric
deposition). The study also identified hazardous waste sites containing these contaminants
and from which significant amounts of contaminants were escaping, potentially entering the
estuary (Chapter 8). Based upon this study, it is not known if these are the source of the .
chlorinated pesticides and PCB that are currently being accumulated by the fish in the
Delaware Estuary. Direct measures of contaminant concentrations in surface sediments
(Costa and Sauer 1994; Weisberg et al. 1993), and estimates of the amount of contaminants
stored in the sediments (Chapter 10) suggest that the sediments within the estuary may be

.a significant source of the contaminants currently being measured in fish tissues. Additional
research is recommended to define the relative contribution of new contaminants (those that
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continue to enter the estuary) vs. old contaminants (those that are stored in the sediments).
This type of research, coupled with knowing more about the mechanisms affecting the uptake
of contaminants by fish, would help with the development of effective management options
focusing on the control of chemical contamination of fishery resources.
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APPENDIX

INVENTORY OF HAZARDOUS WASTE SITES

Introduction

This appendix is an inventory of hazardous waste sites that are potential sources of
contaminants to the Delaware Estuary. The inventory was compiled primarily from the
USEPA'’s CERCLIS data base; state agencies responsible for the management of hazardous
waste sites and landfills in the Delaware Estuary watershed provided additional
information. .

The first table of the appendix is a list of the hazardous waste sites in the USEPA's
National Priority List (NPL). Sites are ordered by state and by county within state. The
table provides the USEPA identification number, the site name, state, county, a code
identifying the site’s status on the NPL, a code identifying the type of hazardous waste
site, and a list of the contaminants present at the site. The NPL codes identify:

F - Present sites on the final NPL

R - Sites recommended to be added as NPL sites

D- Sites deleted from the NPL sites due to remediation actions or
recommendations from additional site ¢haracterization studies

P- Sites pending administrative action

S - Pre-proposal sites.

N - Sites not identified és an NPL
The codes identifying the type of hazardous waste sites are:

N - Military related

L- Landfill
l- Industrial waste treatment
B - Chemical Plant

A -  Abandoned
M - Manufacturing Plant

O- Other

H - Housing area or farm
P- Pure lagoons

G- Groundwater

F- Federal facility

W- Wells

The second table in the appendix provides similar information for all non-NPL sites.
This table includes hazardous waste sites tracked by the states but not included in the
CERCLIS data base.



vel‘l‘.a Appendix

The chemical contaminants identified at specific sites include the metals arsenic,
cadmium, chromium, copper, lead, mercury, and silver, chlorinated pesticides as a class,
dieldrin, PCBs, and volatile organic compounds (VOCs). This list includes the
contaminants of concern to the Delaware Estuary Program. PAHs were also included in
the hazardous waste site characterization information presented in the two tables.
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Appendix Table 1

National Priority List Sites
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Appendix Table 2

Non-National Priority List Sites
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