
IMUS 20 Gannett f "eming
-:'= -——- • **-*gl ENVIRONMENTAL FNGIN&RS, INC

FINAL
REPORT

FOCUSED REMEDIAL INVESTIGATION

ARMY CREEK LANDFILL SITE
NEW CASTLE COUNTY, DELAWARE

EPA WORK ASSIGNMENT
NUMBER 37-10-3L34

CONTRACT NUMBER 68-W8-0037

NUS PROJECT NUMBER 1017

JANUARY 1990

AR30I260



FINAL REPORT

FOCUSED REMEDIAL INVESTIGATION STUDY

ARMY CREEK LANDFILL SITE
NEW CASTLE COUNTY, DELAWARE

EPA WORK ASSIGNMENT NUMBER 37-10-3L34
UNDER

CONTRACT NUMBER 6B-W8-0037

JANUARY 1990

Prepared By; APProved

AJUAJM//Y(iry/V"' -_______ —,-_________...,.
"David L. Sheridan, P,E. Robett E, SCeclk, Jr
Project Manager ARCS III Program Manager
Gannett Fleming, Inc. NUS Corporacloji| pgg



TABLE OF CONTENTS
-*

Section Pa&e

EXECUTIVE SUMMARY.,.,...,,,,......,.,,,..,,....,.,,....,.,.,,,......, ES-1

1.0 INTRODUCTION...,........,,,.,,,,.,.,,,..,...,,......,...,,.,..., 1-1

1,1 PURPOSE OF REPORT,..,.......,........,..,,..,.....,.... 1-1
1,2' SCOPE AND OBJECTIVES..........,,..,,.,.....,,........., 1-1
1.3 SITE BACKGROUND,,..,,,...,.....,....,,,,,,.,,....,..... 1-2
1.3.1 Sice Location and Description,.,,,..,,.....,,...,....., 1-2
1.3.2 Site History.,.,.,.............,.,...,.,,,..,...,...... 1-4
1,3.3 Previous Investigations,...,,.,......,......,,,,,...... 1-5
1,4 REPORT ORGANIZATION...........,,....,.,,.,...,..,,,.... 1-6

2,0 FIELD INVESTIGATION..,,....,,.,.,,...,...,,,..........,.,,....,. 2-1

2.1 SAMPLING OF GROUNDWATER RECOVERY WELL DISCHARGES,...... 2-1
2.2 HYDROGEOLOGIC INVESTIGATION............................ 2-3

3.0 NATURAL AND PHYSICAL CHARACTERISTICS OF THE SITE..,.,......,..,. 3-1

3.1 SURFACE FEATURES.,....,.,.,.......,,.,.........,,,,.... 3-1
3.2 CLIMATOLOGY...,,.,.,.....,..,..,.....,.............,,,. 3-1
3,3 GEOLOGY................................................ 3-3

» 3.3,1 Regional Geology.,...,..,...,,.,.....,,..,,,,.......... 3-3
3,3.2 General Sice Geology,..,,.,..........,..,,,,.,,.,...... 3-4
3,4 HYDROCEOLOGY.,,,...,..,...,.,.,.....,..,.,..,........,, 3-7
3,4,1 Aquifer Characteristics..,.........,,,,.,,,.,.,..,,.,,, 3-7
3.4,2 Groundwater Flow.,....,,.,,,,.,...,...........,,,.,.... 3-6
3,4,3 Water Balance Inventory.,,,,,....,,,,,,..,.,..,,,,,.... 3-9
3,4.4 Conclusions,,,,..,,,,..,.,..,.,,.,..,,.,,,..,.,,,....,. 3-11
3,5 DEMOGRAPHY AND LAND USE................................ 3-U
3.6 BIOTA,.....,,.....,,,,,,,,,,...,.,....,..,,,,,,....,,,, 3-13
3,6,1 Vegetation.,,,,....,,.,...,.........,.,....,,.,,,,..... 3-13
3,6.1,1 Direct Observations,,,,,,.,.,.,,,,....,....,,..,.,.,.., 3-13
3,6,1,2 Regional, Threatened, and Endangered Species,,,,,...,,, 3-17
3,6,2 Wildlife.,.,,,...,.,,,,,.,,,.,,...,.,,,,.,..,,....,.... 3-18
3.6.2,1 Amphibians and Reptiles.,,,,..,,,,,.,.,..,,,...,,,...., 3-18
3,6.2.2 Fish.....,.,.,.,.,,,.... ....,...,,...,..,,.....,....,, 3-20
3,6,2.3 Birds,,..,,,,,,.,.,,.,,.,.,...,......,,..,.,..,,.,...,. 3-22
3,6.2.4 Mammals.,,.,,,.....,,.,.....,.,...,...........,,.,..... 3-25
3.6.3 Aquatic Microbiota ,,.,,.,,,,...,,,.,.........,......,, 3-28

4,0 NATURE AND EXTENT OF CONTAMINATION.,...,,.,..,,...,.,.,,,,,,.,,, 4-1

4,1 GROUNDWATER RECOVERY WELL DISCHARGES,.,,.,.,.,,,.,.,.,, 4-1
4,2 SURFACE WATER AND SEDIMENTS...,.,..,...,...,,.,,.,..... 4-6
4.2.1 Surface Water,,.,.,,,.,,.,.,,,,.,.,....,,.,,,.,,,.,,.., 4-7
4.22 Sediments,,,,,,...,,,,,,,,.,,.,.,.,,,,........,..,,..., 4-7

AR30I262



TABLE OF CONTENTS (oont'd.)

Seeclop Page

5.0 ENVIRONMENTAL FATE AND TRANSPORT,,,,,....,....,...............,, 5-1

5,1 CONTAMINANT TRANSPORT WITHIN A MEDIUM ................. 5-1
5.2 TRANSFORMATION OF CONTAMINANTS ..,...,,...,..,,.,...,,, 5-2
5.3 INTERMEDIA TRANSPORT OF CONTAMINANTS ,.......,...,...,. 5-5
5,3,1 Transfer between Water and Atmosphere ,,..,..,,,,,,.,,, 5-5
5,3.4 Transfer between Water and Sediment/Soil .,.,,...,.,.., 5-8
5.3,3 Transfer between Wacer/Sedlmenc and Biota .,,.,......,. 5-12
5.4 SUMMARY .,,..,..,,,..,....,,...,..,,..,.....,,.,,...,., 5-13

6.0 RISK ASSESSMENT..........,..,.,.......,..,.........,..,,.,..,... 6-1

6.1 HAZARD ASSESSMENT ,,,,......,,......,.....,,.,..,,..,.. 6-1
6.1.1 Hazard Identification .....,..,,..,..........,.,.,...,. 6-2
6,1,2 lexicological Evaluation .....,...,,...,,...,.,..,.,,,. 6-3
6,2 DOSE-RESPONSE EVALUATION ..,...,,.,....,......,..,.,,.. 6-4
6,2.1 Toxicity Values ,.,,,,.........,...,,,.,.,.,..,,.,...,, 6-4
6,2.2 Water Quality Criteria ...,..,..,,.,.,...,,..,...,.,,.. 6-6
6,3 EXPOSURE ASSESSMENT ................................... 6-10
6,3.1 Receptor Identification ..,,....,.,,..,,....,........,. 6-12
6.3.2 Exposure Routes ,,,,,.,..,,..,,.,...,,..,..,....,,.,,.. 6-12

. 6,3.3 Exposure Estimates ,..,..,,,.,,,,,..,..,.,.,.,,.,,.,.,, 6-13
6,4 RISK CHARACTERIZATION .,,,,,,......,.,,....,.,.....,,., 6-18
6,4.1 Uncertainty in Risk Assessment ,.,..,.,,,,,,..,.,..,.., 6-18
6.4,2 Carcinogenic Risks ,....,..,.,..,,.,,,,..,.,.,..,..,,.. 6-19
6.4,3 Koncarcinogenic Effects ,...,.,.,..,,..,..,,..,,...,,,, 6-20
6.4.4 Summary of Risk Characterization ,,,...,,,.,,,,,.,,,,,, 6-20
6,5 ENVIRONMENTAL ASSESSMENT ...,...,,,,,,.....,.,...,..... 6-20
6,5.1 Water Quality ....,,..,....,..,..,.,,.,,,..,..,,,,.,.,, 6-20
6.5,2 Bioassays and Chronic Toxicity Studies ,..,,.,,,,,,,.,, 6-23
6,5,3 Chemicals of Concern and Environmental Receptors,,,.,,, 6-25

7,0 SUMMARY AND CONCLUSIONS ..,,,..,.,..,,.,,.,.,..,...,,..,,,..,,,. 7-1

7,1 SUMMARY ..,,,....,.,,.,..,...,,.,.......,,.,...,..,,,., 7-1
7.1,1 Nature and Extent of Contamination ,.....,...,..,...,., 7-1
7.1.2 Environmental Fata and Transport ,,.,.,,,..,,,.,,,,,.., 7-1
7.1.3 Risk Assessment ,,...,,,.,.,.,,.,,.,.....,...,.,..,,,., 7-2
7,2 CONCLUSIONS ,,.,,..,..,..,.,,.,.,,,......,.,.,,...,..., 7-2

u AR30I263



TABLE OF CONTENTS (cont'd.)

Section^ Page

REFERENCES........................................................... R-l

APPENDICES

A COMMUNITY RELATION CONCERNS AND MAILING LIST

B SAMPLE LOG SHEETS

C ANALYTICAL RESULTS FOR GROUNDWATER RECOVERY WELL DISCHARGES

D PREVIOUS SEDIMENT AND SURFACE WATER DATA

E TOXICOLOGIC PROFILES

F PUBLIC HEALTH RISK CALCULATIONS

G ENVIRONMENTAL SURVEY DATA

H PRIME FARMLAND AND HISTORIC AND ARCHAEOLOGICAL RESOURCES AROUND THE
ARMY CREEK LANDFILL SITE

I LIST OF CONTRIBUTORS

111



LIST OF TABLES

Table gflge

3-1 Vegetation of Array Creek ,...,........,.,.,,.,......,.... 3-14
3-2 Reptiles and Amphibians of Army Creek ..,,.,....,....,,,. 3-19
3-3 Fish of Army Creek .,,..,...,,.,,,.,..,.,..,.,..,..,,,.,. 3-21
3-4 Birds of Army Creek ..................................... 3-23
3-5 Mammals of Army Creek ......,....,.,....,..,.,..,......,. 3-26
3-6 Aquatic Invertebrates of Army Creek ,....,,,.,,.,,,.,..,. 3-29
4-1 Summary of Analytical Results for Recovery Well

Discharge—General Chemical Characteristics...,,,...,,... 4-2
4-2 Summary of Analytical Results for Recovery Well

Discharge--Total Inorganic Contaminants ,.,,.,......,..,. 4-3
4-3 Summary of Analytical Results for Recovery Well

Discharge--Dissolved Inorganic Contaminants ,,,,,..,,,.,. 4-4
4-4 Summary of Analytical Results for Recovery Well Discharge-••

Organic Contaminants .,,,.,,,,.,,,.,..,,,..,.,...,..,..,, 4-5
4-5 Summary of Analytical Results for Previous Surface Vater

Sampling--Organic Contaminants .,,,.,,,,,,...,....,,,..,. 4-8
4-6 Summary of Analytical Results for Previous Surface Water

Sampling--Inorganic Contaminants ,,,...,.....,.....,.,.., 4-9
4-7 Summary of Analytical Results for Previous Sediment

Sampling--Organic Contaminants ,.,,...,,....,,,.,,.,,,,., 4-10
4-8 Summary of Analytical Results for Previous Sediment

Sampling--Inorganic Contaminants ,.,.,,,,,......,...,,,,, 4-11
4-9 Ranges and Averages of Metals in Uncontamlnated Soil ,,., 4-12
4-10 Comparison of Surface Water and Sediment Concentrations in

Army Pond and Army Creek..,.......,.,.....,....,...,..,., 4-14
5-1 Relative Importance of Naturally-Occurring Processes for

Selected Contaminants at the Army Creek Landfill Site ,., 5-3
5-2 Chemical and Physical Properties Affecting Contaminant

Migration ,....,..,,,...,.,.,,,,......................... 5-6
5-3 Comparison of Observed and Calculated Surface Water

Concentrations of Inorganic Contaminants,.,,,,,.,,,,,,,., 5-11
6-1 Regulatory Requirements and Dose-Response Parameters

for Indicator Chemicals ,,,,,.,,,,,,.,,,.,,.,...,..,..,., 6-7
6-2 Water Quality Criteria for Indicator Chemicals .,,,.,.,., 6-11
6-3 Summary of Total Potential Carcinogenic Risks ........... 6-21
6-4 Summary of Total Potential Hazard Indices ,., , , , . , , , , , , , , 6-22
6-5 Environmental Chemicals of Concern,,.,.,..,.,,.,......,., 6-26

iv AR30I265



LIST OF FIGURES

Figure £S2£

1-1 Army Creek Landfill Site Location ......................... 1-3
2-1 Army Creek Active Recovery Wells .......................... 2-2
3-1 Army Creek Landfill Site .................................. 3-2
3-2 Hypothetical Pre- and Post-Pumping Groundwater Flow

Regime in the Vicinity of Army Creek ...................... 3-6

AR30I266



mx
8H
<m
U)

1
1

AR30I26?



EXECUTIVE SUMMARY

SITE HISTORY

The Army Creek Landfill, formerly known as the Llangollen Landfill, is located
approximately 7 miles southwest of the Cicy of Wilmlngton, Delaware, The
landfill is bordered to the north and west by Conrail tracks and on the south
and east by Army Creek, The highways adjacent to the landfill are U.S. Routes
13 and 301 to the west and Delaware Route 9 to the east,

The Array Creek Landfill consists of a 60-acre site that was operated by New
Castle County from 1960 through 1968 for the disposal of municipal and
industrial wastes, The site is located adjacent to Delaware Sand and Gravel
(DS&G), an industrial waste disposal site closed by the Delaware Department of
Natural Resources and Environmental Control (DNREC) in 1976, Approximately
1,9 million cubic yards of refuse were landfilled at Army Creek.

After groundwater contamination was discovered in 1972, New Castle County
installed a series of groundwater recovery wells downgradient of the landfill
to prevent the contaminant plume from reaching wells belonging to t'he Artesian
Water Company, According to the U.S. Environmental Protection Agency (EPA),
it appears that pumping of the recovery wells has created a groundwater divide
between the Array Creek Landfill and the Artesian Water Company's Llangollen
Wellfield, The recovery wells appear to be effectively capturing the plume of
organic and inorganic contaminants from both Army Creek and DS&C landfills
that have been detected in the recovery wells and monitoring wells,

Remedial action of the landfill was previously addressed in a feasibility
study report prepared for New Castle County (Weston, 1986) which was used by
EPA to designate Operable Unit 1 (OU1) and to prepare a Record of Decision
(ROD) in September 1986, The OU1 ROD will be implemented in two phases.
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Phase 1 consists of:

Installation of a RCRA-type cap to Minimize tho infiltration of
rainwater. Capping of the landfill will include site clearing,
regrading of the existing cover surface, adding soil backfill to
achieve grades, installing the cap with gas vents, nnd constructing
drainage ditches to direct runoff away from tho landfill.

Continued operation of the downgradient recovery well network,

Evaluation of the capping system and the downgradlenc recovery well
network for five years after the cap is Installed, This will be
done to assess effectiveness of the system during operation. This
evaluation will include, but not be limited to, monitoring water
levels, pumping rates, and water quality,

Phase 2 consists of:

After the five-year evaluation period, a determination will be made
as to whether to install upgradient controls on the northwestern
boundary of the landfill to intercept lateral groundwater inflow.

Continued monitoring of the water levels, pumping rates and water
quality as in Phase 1.

Operation and maintenance including at a minimum, regular
inspections and, as necessary, repairs to the RCRA-type cap, The
groundwater recovery system will also be monitored to ensure that it
is capturing the contaminated plume,

The ROD further states that:

Selection of a treatment alternative for the groundwater recovery
well discharges has not been made at this time and will be the
subject of a second operable unit decision document in the future,

ES.2 AR30I269



• Also being deferred at this time is a decision on appropriate
remedial measures for sediments in Army Pond, This decision will be
made at the same time as groundwater treatment is considered and
after further analysis is accomplished regarding the actual impacts
on Army Pond,

Phase 1 of the OU1 is currently being implemented,

OBJECTIVES

The overall objectives of the focused Array Creek Remedial Investigation/
Feasibility Study (RI/FS) are to (1) identify risks from exposure to existing
pond and creek sediments, creek surface water, and contaminated groundwater
discharged to the creek, (2) to evaluate remedial action alternatives for
creating contaminated groundwater and sediments, and (3) to assess the risks
to human health and the environment for each alternative.

Specific objectives of the RI were developed to meet tho project goals and to
address the data limitations from previous investigations, These objectives,
as provided in the Final Work Plan, Include the following:

" To resample the discharges of nine groundwater recovery wells and
analyze water for inorganic compounds, volatile and semivolatile
organic compounds, including phthalate esters,

• To determine the risks to humans including both carcinogenic and
noncarcinogenic health effects from exposure to the organic and
inorganic contaminants present in stream sediments, surface water,
and groundwater recovered at the site.

• To determine risk levels presented to the environment due to organic
and inorganic contaminants in the sediments, surface water, and
groundwater being discharged to the stream.
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FIELD INVESTIGATION

Two field investigation tasks were conducted in the Focused RI: (1) the
sampling of the discharges from tho groundwacar recovery wells and (2)
hydrogeologic investigation which consisted of the measurement of the water
flow into and out of Army Crei-k and Army Pond. The results from the field
Investigations are used to supplement the existing data for the assessment of
the present and future risks to human health and the environment as well as to
evaluate potential remedial alternatives,

As a result of the field hydrogeologic Investigation and the subsequent water
balance analysis, several conclusions can be made about surface water/
groundwater interactions in the vicinity of the Army Creek Landfill, Much of
the surface water in Army Creek and Army Pond is being lost to the groundwater
system, Contaminants in the surface water, therefore, may be transported into
the subsurface and into the groundwater system, Contaminated groundwater
discharged from the recovery wells into Army Creek may be returned to the
groundwater system only to be pumped again, The contaminants in the surface
water, however, may be attenuated to some degree in the sediments as the water
infiltrates into the subsurface,

NATURE AND EXTENT OF CONTAMINATION

The groundwater discharges pumped from nine active recovery wells were
sampled, Iron exceeded the EPA and State of Delaware ambient water quality
criteria (AWQC) for freshwater life. The most contaminated wells were Wells
12, 28, and 29.

Evaluating the analytical results reported by Charters (EPA, 1988c), we found
surface water in Array Creek and Array Pond to have elevated concentrations of
the following contaminants that exceeded the water quality criteria for
freshwater aquatic organisms set by EPA and/or State of Delaware: cadmium,
chromium, iron, mercury, and zinc,
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ENVIRONMENTAL FATE AND TRANSPORT

The most important contaminants at the Army Creek Site include metals,
volatile organics, and semivolatile organics. These contaminants are found in
the recovered groundwater, in surface . .;ter, and in sediments. The diverse
nature of the contaminants as well as the different media in which they reside
dictate that the environmental fate and transport will be very complex. The
important processes Include: volatilization, photolysis, adsorption,
desorption, dissolution, sedimentation, bloaccumulation, bioconcentration,
chemical speciation, and biological degradation,

The hydrogeological study performed during this RI demonstrated that the
surface water onslte is moving into the groundwater at a very high flow rate,
This water movement facilitates the recycling of the water soluble
contaminants through the three media of groundwater, surface water, and
sediment, The ultimate sinks that can be postulated for the indicator
contaminants are:

' For the volatile and less adsorbable organics: long-term recycling
between surface water and groundwater, downstream transport,
volatilization into the air, and degradation.

' For the semivolatile and more adsorbable organics: concentration in
biota and sediments (with ultimate deposition into the sediments),
downstream transport while adsorbed to sediments, and degradation,

' For iron: transport downstream by surface water, recycling between
surface water and groundwater, and oxidation to the ferric form and
precipitation in the sediments of Army Creek or Army Pond,

' For the other inorganics: bioaccumulation, sedimentation, recycling
between surface water and groundwater, and transport downstream by
surface water,
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RISK ASSESSMENT

Identified potential human exposure routes included: inadvertent ingescion of
groundwator recovery well discharges, surface water, sediment, and fish
consumption; inhalation of volatile and semivolatile organic compounds from
groundwater recovery well discharges and surface water; and dermal absorption
of contaminants from Inadvertent exposure to surface water, sediment, and
recovery well discharges.

Potential public health risks were calculated for various scenarios of human
exposure to the contaminants, The potential human carcinogenic risks were
calculated to be minimal (10'9 level from inadvertent ingestlon of groundwater
recovery well discharges, surface water, or sediment; 10'? level from
inhalation of contaminants from groundwater recovery well discharges or
surface water; and 10"̂  to 10"? level from dermal absorption of contaminants
from groundwater recovery well discharges, surface water, or sediment), The
potential noncarcinogenic risks were also calculated to be minimal for all of
the exposure routes.

A more qualitative assessment was performed for the environmental Impact of
the contamination onslte, Detrimental effects on the biota could possibly
result from contact with the contaminated groundwater recovery well
discharges, or surface water, Contamination appeared to impact the aquatic
environment more than the terrestrial environment, However, the upstream
water from the site was also noted to be highly nutrient enriched which also
adversely impacted the aquatic environment.

CONCLUSIONS

Under the anticipated exposure scenarios and current conditions, the focused
study area and media do not present significant carcinogenic or
noncarcinogenic risks to the general public, Iron in recovered groundwater
and cadmium, chromium, mercury, and zinc in the surface water have been
identified as contaminants of concern to the aquatic environment, Mitigation
of iron contamination must be achieved by treatment of recovered groundwater
prior to discharge to surface waters, Contamination by che ocher mecals will
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be mitigated by completion of Che landfill cap described by the OU1 ROD.
Metals in the Army Pond sediments have been determined to not represent a
threat to the aquatic environment,
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1,0 INTRODUCTION

1.1 PURPOSE OF REPORT

This report presents the results of the Focused RI conducted for the EPA at
the Army Creek Landfill Site, located in New Castle County, Delaware,
Preparation of this RI was accomplished in response to Work Assignment Number
37-10-3L34 under EPA Contract Number 68-W8-0037 pursuant to the Final Focused
RI/FS Work Plan (WP) dated July 1989. This section summarizes tho scope and
objectives of the RI/FS, Included is a description of the site history and
relevant background information,

1,2 SCOPE AND OBJECTIVES

The overall objectives of the Army Creek Focused RI/FS are (1) to Identify
risks from exposure to existing pond and creek sediments, creek surface water,
and contaminated groundwater discharged to the creek, (2) to evaluate remedial
action alternatives for treating contaminated groundwater recovery well
discharges and sediments, and (3) to assess the risks to human health and the
environment for each alternative.

Specific objectives of the RI were developed to meet the project goals and to
address the data limitations from previous investigations. These objectives,
as provided in the Final WP, include the following:

° To resample nine groundwater recovery walls and analyze water for
inorganic compounds and volatile and semi-volatile organic compounds,
Including phthalate esters,

° To determine the risks to humans including both carcinogenic and
noncarcinogenic health effects from exposure to tho organic and
Inorganic contaminants present in stream sediments, surface water,
and groundwater recovered and discharged on site.

• To determine risk levels present In the environment due to organic
and inorganic contaminants in the sediments, surface water, and
groundwater being discharged to the stream.

AR301276
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Various studies and data collection activities were conducted to meet these
objectives, Due to the available data and the focused nature of this RI/FS,
however, only a limited amount of field sampling and measurements were taken
in the RI. Most of the studies, therefore, rely heavily on existing data and
literature search. This RI report presents the findings and conclusion!! of
these studies.

1,3 SITE BACKGROUND

This section provides the site location and description, site history, and
summary of previous Investigations associated with the Army Creek Site, The
primary source of this information is the Technical Direction Memorandum
(TDM) prepared by NUS Corporation/Gannett Fleming Environmental Engineers,
Inc. (NUS/GF), for EPA in 1989,

f

1,3,1 Site Location and Description

The Array Creek Landfill, formerly known as the Llangollen Landfill, is located
approximately seven miles southwest of the City of Wilmlngton, Delaware
(Figure 1-1). The landfill is bordered to the north and west by Conrail
tracks, and on the south and east by Army Creek, The highways adjacent to che
landfill are U.S. Routes 13 and 301 to the west, and Delaware Route 9 to the
oast, Map coordinates for the site are approximately 39 degrees, 39 minutes
north latitude, and 75 degrees, 37 minutes west longitude, The site was
placed on the Superfund National Priorities List (NPL) due primarily to
contamination of local groundwater which is withdrawn by the Artesian Water
Company from water supply wells near Llangollen Estates, a residential
development located southwest of the site (Figure 1-1), The former Amoco
Chemical Plant, closed in 1980 due to fire, is located 1/4 mile east of the
site, Delaware Sand and Gravel Site (DS&G), another landfill on the Superfund
NPL, is located adjacent to Army Creek Landfill and separated from it only by
Army Creek, a tributary of the Delaware River,
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1,3,2 Site History

The Array Creek Landfill consists of a 60-acre site that was operated by New
Castle County from 1960 through 1968 for disposal of municipal and industrial
waste. The site is located adjacent to DS&G, an industrial waste disposal
site closed by tho Delaware Department of Natural Resources and Environmental
Control (DNREC) in 1976, Approximately 1,9 million cubic yards of refuse were
landfllled at Army Creek,

After groundwater contamination was discovered in 1972, New Castle County
installed a series of groundwater recovery wells downgradlent of the landfill
to prevent the contaminant plume from reaching wells belonging to the Artesian
Water Company, Approximately 5,000 residential customers are serviced in that
area by Artesian. According to EPA, it appears that pumping of the recovery
wells has created a groundwater divide between the Army Creek Landfill and the
Artesian Water Company's Llangollen Wellfield, The recovery wells appear to
be effectively capturing, and thereby preventing further migration of the
plume of organic and inorganic contaminants from both Army Creek and DS&G
landfills that have been detected in the recovery wells and monitoring wells.

Army Creek was proposed for Inclusion on the NPL in October of 1981, and was
included on this Use in September of 1983 (original NPL), In 1984, EPA
entered into a Consent Agreement and Order with New Castle County to perform a
FS which was completed in July 1986.

The Array Creek ROD was issued on September 30, 1986, The ROD required
installation of a RCRA-type landfill cap and continued operation of the
recovery well system at a currently estimated cost of $25 million total. The
September 30, 1986 ROD deferred the decision on groundwater treatment until
after the National Pollutant Discharge Elimination System (NPDES) permit was
issued, and until the DS&G RI/FS w.is completed, The Army Creek FS addressed
groundwater treatment focusing on iron and solids removal. The DS&Q FS
addressed isolated (near drum disposal area) groundwater contamination within
the DS&G site and not the total site area, Neither study addressed all of the
specific inorganic and organic contaminants found in groundwater recovery well
discharges leaving the sites, A second ROD is needed to select a groundwater
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treatment remedy for the discharge of recovery well water to Army Creek, and
to determine the appropriate remedial measure to clean up contaminated
sediments in Army Pond, if necessary.

The background status of the community relations as well as a mailing list of
interested parties, agencies, and media are included in Appendix A,

1,3,3 Previous Investigations

According to the field investigation data developed in August 1988 under EPA
Work Assignment No, 0-123, Field Investigation, Army Creek Site, the
groundwater recovery well discharges, surface water, and soils contain various
concentrations of metals and organic compounds. Surface water and sediment in
Army Creek contain elevated levels of iron, zinc, and chromium, and the water
quality standards for these metals are exceeded, In order to comply with a
Consent Order with the State of Delaware, signed in 1987, New Castle County is
designing a groundwater recovery well water discharge treatment plant for iron
removal (to meet the current NPDES permit level of 5 ppm iron in effluent)
that is expected to be completed in July 1990.

The groundwater recovery well discharges have been sampled and analyzed in the
past and have shown varying degrees of contamination with time. The validity
and usefulness of these data were addressed in the NUS/GF TDM (1989), A
representation of those data that are useful in the assessment of trend and
environmental fate was presented in the WP. However, due to the concern of
validity of the past data and the need of having timely data for the RI/FS,
the groundwater recovery well discharges have been resampled in this study.

Wetlands were surveyed in 1988 by the U.S. Fish and Wildlife Service and the
Delaware DNREC Wetlands Branch. Three on-site wetland types were identified.
An additional environmental survey was conducted in conjunction with EPA
sampling activities in 1967 and 1988, Section 3,6 discusses the available
environmental and wetland survey data.
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1.4 REPORT ORGANIZATION

The organization and content of the balance of this report: are described
below,

Section 2.0, FIELD INVESTIGATION

This section describes the RI field activities, including the
hydrogeologic investigation and the groundwater recovery well
discharge sampling activities,

Section 3.0, NATURAL AND PHYSICAL CHARACTERISTICS OF THE SITE

This section describes the surface features, climate, soils,
geology, hydrogeology, demography and land use, and biota chat arc
associated with the site, It is based upon both data obtained from
the RI and information contained in previous reports,

Section 4.0, NATURE AND EXTENT OF CONTAMINATION

This section presencs the results of the RI environmental sampling
and analysis program. Included are dntn on Che nature and extent of
contaminants detected in the groundwater recovery well discharges
during the RI, The nacure and extent of contamination of the
surface water and sediment were assessed through a literature
search, The results of this assessment were also presented in this
section.

Section 5.0, ENVIRONMENTAL FATE AND TRANSPORT

This seccion describes che potential migration routes for site-
associated contaminants, including gromdwacer, surface water,
sediment, and air, Potential contaminant migration routes, and the
physical and chemical properties of che contaminants as chey relace
Co environmental face and transport are also included in this
section.

AR30I28I
1-6



Section 6,0, RISK ASSESSMENT

This section presents an assessment of the public health and
environmental risks associated with chemical contamination under che
no-acclon scenario, Applicable or Relevant and Approprlace
Requirements (ARARs) are identified; actual and potential
carcinogenic and noncarcinogenic risks are estimated; and an
assessment of the hazards posed to environmental recepcors is
presented.

Section 7,0, SUMMARY AND CONCLUSIONS

This section provides a summary of the findings under Sections 2.0
through 6.0, Including the nature and extent of contamination,
contaminant fate and transport, risk assessment, and risk-based
recommended remedial action objectives,
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2.0 FIELD INVESTIGATION

Two field invoscigacion casks wore conducted in the Focused RI: (1) the
sampling of the groundwater discharges from the recovery wells and (2)
hydrogeologic investigation which consisted of Che measurement of the water
flow into and out of Army Creek and Army Pond. The results from the field
investigations are used to supplement Che exiscing data for the assessment of
the present and future risks to human health and the environment as well as to
evaluate potential remedial alternatives. The objectives presented in che
Final WP (NUS/GF, 1989) were used Co develop che Scope of Work for this
project.

The field investigation activities, as developed in the Final WP and Project
Operations Plan (POP) (NUS/GF, 1989), are briefly summarized in the following
sections, Deviation from che WP and POP are noced, The sampling of
groundwacer recovery well discharges is presented in Section 2,1 and the
hydrogeologic investigation is presented in Section 2,2,

2,1 SAMPLING OF GROUNDWATER RECOVERY WELL DISCHARGES

The sampling of groundwater recovery well discharges was carried out on July 6
and 7, 1989, The recovery wells sampled are referred Co by the well numbers
assigned to chom by R,F, WesCon. AlCogecher a total of nine recovery well
discharges were sampled. The nine recovery wells were numbered 1, 10, 11, 12,
13, 27, 28, 29, and 31 (Figure 2-1). This was a deviation from the 10
recovery wells specified in the Final WP and POP, which was caused by the
shutdown of Well 14, making the sampling of Well 14 impossible, R.F. WesCon,
che consulting firm recained by che Potentially Responsible Parties (PRPs),
collected a set of split samples throughout the groundwater recovery well
discharge sampling activities, This sampling event also included one set of
duplicates, rinsate blanks, field blanks, and trip blanks, The details of the
quality control samples were listed in Tables 3-1 and 4-1 in the Final POP.
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The groundwater recovery well discharge samples collectad from the nine
recovery wells were analyzed for the following:

" TCL organics
' TAL inorganics (filtered and unflltered samples)

Alkalinity and Acidity
' Total suspended solids (TSS) and total dissolved solids (TDS)
' Common onions: sulfate, chloride, niCraCe, and nitrite

Sulftde
" Ammonia and total Kjeldahl nitrogen
' Phosphate
° Total organic carbon

The following field measurements were taken on all groundwater recovery well
discharge samples during the sampling event:

' P"
" Specific conducCancc
" Dissolved oxygen
' Temperature

The results of these analyses are presented in Appendix C, The results that
are important for the risk assessment are presented and discussed in
Sections 4,0 and 6,0, The results that are important for Che evaluation of
the potential water treatment alternatives will be presented and discussed in
the FS report,

2,2 HYDROGEOLOGIC INVESTIGATION

The hydrogeologic investigation was conducted on August 7 and 8, 1989. The
objective of this limited fiel i activity was to establish a water balance
Inventory around the Array Creek/Army Pond area. The water balance inventory
would then be used to assess the significance of the communication between che
surface wacer and che groundwacer recovery well discharges around che study
area.
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To gauge the surface water inflow into the Army Creek Landfill area, a
temporary weir was installed in Army Creek upstream of the landfill, A second
weir was installed in a small tributary upstream of the landfill, To gauge
the surface water outflow from Army Pond, a temporary weir was constructed at
the location of the former weir dam on Army Pond. The volume of groundwater
recovery well discharges pumped into che Army Creek/Army Pond system was
measured at the end of pipe ac each of Che recovery wells, A bucket and
stopwatch were used to accomplish this activity, The results of Che water
balance inventory are presented and discussed in Section 3,4.3,
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3.0 NATURAL AND PHYSICAL CHARACTERISTICS OF THE SITE

3.1 SURFACE FEATURES

The Army Creek Landfill, formerly known as the Llangollen Landfill, is located
approximately 7 miles souchwesc of Che Cicy of Wilmingcon, Delaware
(Figure 3-1), The site is bordered to the north and west by the Conrail (Penn
Central) tracks, and on the south and east by Array Creek,

This site is located in the coastal plain province and overlies the Potomac
and Columbia Formations. The topography is gently rolling and dissected by
numerous streams, The site varies in elevation from less than 10 feet above
mean sea level along Array Creek to a point elevacion of 51 feec, The highest
elevations wichin one mile of che site are a point elevation of 69 feet on
State Route 273 east of Route 40, and mapping of the 60-foot contour in
Llangollen Estates to the south, and to the west across Route 40.

3,2 CLIMATOLOGY

The nearest National Oceanic and Atmospheric Administration (NOAA)
climatologlcal station is located at the Greater Wllmington-New Castle County
Airport, about one mile due north of the site, This station has been in
continuous operation since 1947 at che various terminal buildings on the
airport,

The climate is a mild continental/marine with warm humid summers, and
generally mild winters. The proximity of the Delaware and Chesapeake Bays
act to moderate the conditions, For ease of reference, the normals, means,
and extremes of cemperacure, relative humidicy, precipication, wind speed, and
wind direction have been summarized below,

' Temperature (*F):
Daily Max.; 63.5
Daily Min.: 44.5
Max.: 102 (1966)
Min.: -14 (1985) AR30I290
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• Relative Humidity (»), Local cirae:
Hour 01: 78
Hour 07: 78
Hour 13: 55
Hour 19; 66

° Precipicacion (inches);
Rain:

Annual Normal: 41,38
Monchly Maximum; 12.09
Monthly Minimum; 0,16
24-hour Maximum: 6,83 (1989)

Snow, Ice Pellets;

Monchly Maximum: 27,5 (1979)
24-hour Maximum: 16,5 (1979)

Wind:
Mean Speed: 9,2 mph
Prevailing Direccion: South
Peak Gust; 71 mph Norchwesc (1984)

3,3 QEOLOGY

3,3.1 Regional Geology

The Army Creek Landfill is locaced within che Acloncic Coastal Plain
physiographic province, approximately 5 miles southeast of the Fall Line, The
Fall Line marks the beginning of bedrock exposures, and is thus the geomorphic
boundary between che Piedmonc and Aclancic Coastal Plain provinces.

The Aclancic Coastal Plain consists of a wedge of seaward chickening and
dipping, stratified, unconsolldaced and semlconsolidated sediments chat were
deposiced in both marine and nonmarine environments, This sediment wedge
varies in thickness from nearly zero at the Fall Line up to several chousand
feec near che coastline; its age ranges from early Cretaceous to Holocene
(recenc),
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Southeast of the Fall Line outcrop che sediments of che Lower Cretaceous
Pocomac FormaClon consist of fluvial-delcaic concinencal and marginal marine
deposits, The PoComac FormaClon forms che basal llthoscracigraphic unit of
Che coascal plain sedimenCs, and rescs unconforraably upon Che basemenc rock
surface. The basemenc complex is composed of Precambrian and Paleozoic
igneous and mecamorphlc cryscalline rocks. The upper surface of che basemenc
complex is highly weachered, forming a cover of saprolice, The Pocomac
Formacion is separated by major regional unconformities from che overlying
later Cretaceous and various Tertiary deposits, Due co the proximity of Che
Army Creek Landfill to che Fall Line, however, a complece scracigraphic
section is not present, Not only are units scratigraphlcally higher than che
Potomac Formation absent in che Army Creek area, buc also the Potoroac
Formation is of greatly reduced thickness, extending to depths of 400 to 650
feet,

The Potomac Formation is overlain by che sediments of che Columbia Formation,
This sand-rich and gravel-rich unit was presumably deposited during che
Pleistocene by braided glacial outwash streams flowing from the north and
northeast. The base of Che Columbia Formacion, ofCen tndioaced by a
pebbly/cobbly layer or an iron-induraced zone, marks an eroslonal surface
developed on Che underlying Pocomac deposics,

3.3,2 General Site Geology

Quaternary Formations

Based on daca gachered during previous field invescigaclons, che Army Creek
Landfill is underlain by Che Plelscocene Columbia Formacion, which is
characcerized. by raoderacely co poorly sorted, light-can, brown-orange, and
brown coarse co fine sand with variable amouncs of fine Co coarse gravel and
craces of silt. Planar cross stratification is common, although not usually
observable from borehole samples, The base of che Columbia Formacion is
usually marked by a thin layer of iron-cemented pebbles and cobbles, This
basal conglomerate was probably removed by excavation in ac lease cwo places
wichin che landfill,
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The chickness of che Columbia Formacion in Che vicinicy of uhe Army Creek
Landfill ranges from 25 to 60 feet. The base of the Columbia Formation ranges
froir approximately -20 to t20 feet In elevation, The surface topography of
the formation also varies.

Wlchin Che Army Creek valley are up co 30 feet of recent alluvial deposlcs,
which consisc of interbedded silts, clays, and peats. Because chese deposlcs
are restricted to the Army Creek valley, they probably owe their origin Co che
gradual filling of an older channel cue inco the underlying Columbia Formacion
during a lower sea level stand, Typically, less than 10 feet of Columbia
sediments underlie che Army Creek alluvial deposics,

Potoroac Formation

The Potomac Formation consiscs of unconsolidaced clays, silcs, and sands
emplaced as channel deposics by southerly-flowing meandering screams. Three
sand-rich zones, separaced by chick, dense clays are generally recognized
within che Potomac Formation: che Upper Pocomac, Che Middle Pocomac, and che
Lower Pocomac, The sand unit-; are elongated and tabular or lensacic in shape
and are composed of moderately well sorced, medium Co fine, whiCe Co light
gray quarcz sands with only trace amounts o£ clay and silt, The InCervening
clay unics are generally dense gray clays or variegaCed red and whice clays
and concain frequenc llgnice fragments.

Underlying Che Columbia Formacion ac che Army Creek Landfill is Che uppermosc
clay unic of Che Pocomac Formacion. Throughout much of che eascern porcion of
che landfill, che clay layer is etcher chin, sandy, or completely absenc,
while souch of che landfill che layer ranges from 10 to over 80 feet thick
(Figure 3-2).

The Upper Pocomac sand-rich zone chac underlies che uppermosc Potomac clay
unlc, or che Columbia Formacion where che clay unic is absenc, is composed of
whice, lighc gray, can, or lighc brown medium Co very fine sand with traces of
fine gravel and occasional light gray silcy clay seams, A relnclvely chick
silcy clay or clayey silc unic subdivides che Upper Pocomac inco cwo sandy
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zones in some locations. This dividing clay ranges in thickness from about 6
Co 32 feet.

The Upper Potomac is generally underlain by a chick, dense, medium gray silcy
clay, alchough variegaced red and whlce clays are presenc in some areas, This
clay layer is conCinuous and relatively impermeable. Underlying this clay
unic are che Middle and Lower Pocomac sand-rich zones and intervening cluy
unics,

3.4 HYDROGEOLOGY

3.4.1 Aquifer Characteristics

The four aquifers recognized in the cwo Coastal Plain formations that occur in
the vicinity of the Army Creek Landfill are che Columbia Aquifer and che
Upper, Middle, and Lower Pocomac aquifers. The sacuraced sand and gravel of
che Columbia Formation form the regional unconflned water Cable aquifer.
Wacer cable elevacions generally mimic local topography, and che base flow of
surfleial screams is derived from chls aquifer. The hydraulic conduccivicy of
the Columbia Aquifer is expected to range from 15 to 150 fc/day. Specific
yield of che unconfined aquifer is expecCed Co range from 0,10 Co 0.25.

The three major sand-rich zones of che Pocomac Formacion form Chree artesian
aquifers termed the Upper, Middle, and Lower Potomac Hydrologlc Zones, The
three hydrologic zones subcrop beneath the Columbia Formation Co che wesc and
norch of che Army Creek Landfill, Water cable condicions exlsc in che Pocomac
aquifers in che subcrop zones, which are areas of direct recharge to che
confined groundwaCer syacera, The Upper Pocomac Hydrologic Zone (UPHZ)
concains a disconcinuous, incerbedded silcy clay layer In some locacions,
forming an upper Upper Potomac Aquifer and a lower Upper Potomac Aquifer, The
hydraulic conductivity of the UPHZ Is estimated to range from 25 to 100
fc/day, Scoraclvicy in che UPHZ ranges from 0.00005 to 0,004, as expecCed for
arceslan condicions. R.F. WesCon (1986) reporced much higher scoracivicy
values of 0,01 Co 0.03, indicaclng water cable condiciona In areas where che
uppermosc confining layer Is sandy or missing,
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The vercical hydraulic conductivity of che uppermosc Pocomac confining layer,
becween Che Columbia Aquifer and che UPHZ, averages from 0,05 Co 0,005 fc/day,
In the eastern portion of the Army Creek Landfill, this confining layer is
relatively chin, sandy, or absenc, producing a zone where che Columbia Aquifer
and che UPHZ are in direct hydrologic concact, The zone where che uppermosc
Pocomac confining clay layer Is absenc is referred to as the "zero area," A
porcion of che Army Creek channel is located within che zero area,

3.4.2 Croundttatar Flow

Prior co groundwacer withdrawal from che UPHZ, natural groundwater flow was
from the subcrop zones toward che Delaware River, where upward leakage
probably occurred, Groundwacer withdrawals for public water supply have
caused numerous interfering cones of depression In che pocenciometric surfaceŝ
of the confined aquifers, Croundwater flow has been greatly accelerated
Coward che pumping wells from Che subcrop zones and head declines have
probably induced downward leakage from Che Delaware River. The UPHZ has shown
dramatic head declines over Che past 30 years due to preferential use and
probably receives recharge directly from its subcrop zone and indirectly as
vertical leakage from both Che overlying Columbia Aquifer and che underlying
Middle and Lower Potomac Hydrology Zones.

The water table wichiu che surficial Columbia Aquifer ac che Array Creek
Landfill Sice reflecced che land surface topography prior to che heavy pumpage
of che UPHZ, Groundwacer wichln die aquifer flowed Co che souch and
soucheast, and discharged inco Army Creek (Wescon, 1986; Dunn Ceosclence
Corporacion (DGC, 1987). Ac chac clme, the arceslan head levels In Che UPHZ
probably were higher than the water cable surface In Che zero area.
Therefore, che zero area was an area of groundwacer discharge for the Upper
Potomac Aquifer, Army Creek was receiving wacer from boch che Columbia and
Upper Pocomac Aquifers (DGC, 1987), Currencly, groundwacer flow In che
Columbia Aquifer In che western porcion of the Army Creek Landfill refleccs
che land surface copography, flowing Co che soucheasc and discharging Inco
Army Creek, In che eascern porcion of che landfill, however, Che Columbia
Aquifer is nearly dewacered as a resulc of che hydrologic conneccion becween
che Columbia Aquifer and die underlying UPHZ at die zero area,
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The large groundwacer withdrawals from che UPHZ in recenc years have produced
a decline in arcosian head levels and consequencly reversed che original
hydraulic gradient of tho water table in Che vicinicy of che zero area. Wacer
cable elevations in tho Columbia Aquifer near the zero area have dropped as
water is pulled downward into the Upper Pocomac Aquifer. Aiding chis
dewacerlng is che geomecry of che Columbia Aquifer: Che base of che aquifer
slopes cowards che zero area as a result of the paleochannel chat exiscs
beneach che curronc Army Creek channel (DGC, 1987), Because che boccom of che
Army Creek channel is higher than che local water cable, wacer will drain from
the stream into the ground, Thus Army Creek is now discharging wacer chrough
die channel bed in che vicinicy of che zero area, with stream flow largely
suscained by cho recovery well pumpage chac is discharged direccly co Army
Creek, Loss of scream waters co groundwacer is hindered co some degree,
however, by the fine-grained alluvial deposits that occur beneach Che Army

f
Creek channel,

3.4,3 Water Balance Inventory

To determine che nee amount of wacer lose from Army Creek Inco the
groundwater, a water balance inventory was performed, This wacer balance
inventory was performed during a cwo-day raonlcoring efforc, The amounc of
surface wacer lose Co groundwacer may be determined according Co Che following
formula:

Nee loss - (surface wacer Inflow + iraporced wacer + surface runoff)
• (surface wacer oucflow + evaporaclon)

Each cerm of che equation is discussed below:

Surface Water Inflow • To gauge che surface wacer Inflow inco che Army
Creek Landfill area, a cemporary weir was Installed on Army Creek
upscream of che landfill, A second weir was inscalled on a small
cribucary upscream of die landfill. Discharge over die Army Creek weir
was 11,51 gallons per mlnuce (gpm) or 0,026 cubic feec per second (cfs),
Discharge over che cribucary weir was 3,83 gpm or 0,0085 cfs. Tocal
surface wacer Inflow, therefore, was 15,34 gpm or 0,0345 cfs,
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Imported Wacar • The groundwacer discharges pumped Inco Army Creek from
Cho recovery wells is considered "imporced" wacer, The discharge of each
recovery well was measured aC che oucfall and cocaled 800 gpm or
1.784 cfs.

Surface Runoff - DGC (1987) escimaCed runoff based on a technique
described in EPA Manual SW-186, to bo 10 to 15 percent of annual rainfall
in Che vicinicy of Army Creek, Rainfall daca from che GreaCer Wllmlngcon
Airporc, locaced approximacoly one mile norch of che Army Creek Landfill,
IndicaCe that normal annual rainfall is 41.38 inches. Runoff, therefore,
is estimated at 4.1 to 6,2 Inches annually, Over the 0,5 square mile
drainage area between che upstream weirs and the former weir dam on Army
Pond, approximately 8,22 x 109 to 1.24 x ID*0 cubic inches run off
annually, These values equate to 0,15 cfs and 0,23 cfs, respectively,

f

Surface Water Outflow - To gauge the surface water oucflow from Army
Pond, a cemporary weir was conscrucced ac che locacion of che former weir
dam on Army Pond, Alchough some wacer was flowing around che weir,
discharge over the Army Pond weir measured 49,1 gpm or 0,109 cfs,

Evaporation, • Evaporation direccly from che surface of Army Creek and
Pond Is estimated to be 30 Inches annually, or 0,033 cfs (Strahler,
1970),

By inputting these values inco che equaclon, che nee amounc of surface wacer
lose co groundwacer can be calculated;

Net loss - (0,0345 cfs + 1.784 cfs + 0,15 cfs) - (0.109 cfs + 0.033 cfs), or
Net loss - (0,0345 cfs + 1.784 cfs + 0.23 cfs) • (0,109 cfs + 0,033 cfs)

From this calculation, net loss of surface water, from Army Creek and Army Pond
to groundwacer ranges from 1,83 cfs Co 1.91 cfs. This amouncs Co
opproxiraacely 93 percenc of che cocal Inflow, Even If the amounc of surface
wacer oucflow Is doubled Co 0,218 cfs co accounc for the wacer lost around the
weir, 88 percenc of che surface wacer flow is lost co che groundwocor,



Conclusions

As a resulc of che wacor balance invenCory analysis, several conclusions can
be made abouc surface water/groundwater interaccions in cho vicinicy of die
Army Creek Landfill. Firac, much of che surface wacer in Army Creek and Army
Pond is being lose Co che groundwacer syscem, Concaminancs in Che surface
waCer, cherofore, may be cransporced inco che subsurface and Inco die
groundwacer sysCem. Concaminaced groundwacer discharged from the recovery
wells Into Army Creek may bo returned to che groundwacer syscem only to be
pumped again, The concamlnancs in che surface wacer, however, may be
attenuated Co some degree in che sedlmencs as che wacer infiltrates into che
subsurface,

Anocher possibilicy is chac contaminants in che sediments may be transported
downward into the groundwacer with che infiltrating surface water, If che
contaminated sedlmencs were dredged, chis potential would be eliminated,
Because che presenc Army Creek channel is underlain by up co 30 feec of older
fine-grained sediments, dredging of che recenc shallow sedimencs would noc
open a direcc pachway inco more permeable subsurface deposics,

3,5 DEMOGRAPHY AND LAND USE

Wichin a one-mile radius chore are cwo concencracions of residential
populacion--Llangollen Escaces co che south and souchwesc, and a large
subdivision becween RouCos 40 and 273 Co che norchwesc, A porcion of
Llangollen Escaces borders che sice on che souch side of Army Creek
(Figure 3-1),

Llangollen Escaces consists of a combination of single and multlfamily
dwellings that is projected to grow significantly in populacion. The
subdivision across Route 40, known as Pleasantville, appears Co be nearly
builc ouc closesc co che sice, while excensive developmonc is occurring beyond
one mile from che sice cowards Chrisciana.

The area becwoen Llangollen Escates and die Conrail line contains the DS&G NPL
sice, a nonoperacing chemical plant, and some scattered residenclal
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development (45 structures In 1987). To the norch of che Conrail line, che
propercies are primarily commercial or slacod as induscrial park. The scrip
along Rouce 40 is mixed commercial/residential strip davelopmenc. The next
nearesc residencial concencracions are approximacely 1,5 miles away, The Cicy
of New CasCle's corporace llmics are approximacely 1-1/4 miles from the site,
but mosc conconcraced becween 2 and 2-1/2 miles.

Population escimaces have been based on che Now Cascle County DeparcmenC of
Planning Traffic Zone projoccions, Wichin che zones, populacion has been
escimated by structure counts from available mapping and field reconnaissance.

No prime farmland occurs on or downstream from die Army Creek Sice, However,
according Co Delaware's Land Evaluation and Sice Assessmenc (LESA) system,
many of che soils surrounding Army Creek upstream from che sice are considered
prime (see Appendix H), These include Macapeake silc loams and Woods town
loams. These soils occur boch norch and south of che sice within one mile.

No known historic or archaeological resources currently listed on che National
Register of Historic Places or in che Delaware Cultural Resources Survey are
found on che Army Creek Landfill Sice, However, Cho wesCern end of che Army
Creek Sice is considered co bo a potential prehistoric sice area (see
Appendix H), Within a one-mile radius of che Army Creek Sice, there are ac
lease 28 hiscoric or archaeological sices that are listed In che Delaware
Cultural Resources Survey, These sices consisc primarily of houses, estates,
churches, and one bridge. The town of New Cascle, Delaware, located
approximacely 1,5 miles from che landfill, is a Nacional Historic Landmark
lisced on Che Nacional Rogiscry of Propercies.

Future land use ac che Army Creek Sice may include a disconcinuaclon of che
pumping of groundwacer recovery wells, If chis were co occur 1C Is doubcful
if che onslce weclands would remain in chelr currenc form, A possible resulc
could be che shrinking of Army Creek inco ics nacural banks wich che
surrounding pond returning co an assoclaced flood plain,
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3.6 BIOTA

Biological monlCoring began at Army Creek in 1973 (R.F, Woscon, 1986), From
1973 co 1982, WesCon conducced 11 biological surveys of che Army Creek area,
These surveys basically provide quallcacive daca on che presence/absence of
planes, Cerrescrial and aquacic vercebraces, and aquacic macro- and micro-
invercebracos, Becween 1983 and 1985, cho Delaware DNREC Division of Wacer
Resources conducced two studies, A fish survey of Army Creek coupled wlch an
analysis of fish clssue for some organic and inorganic compounds was conducced
in May 1983, In June 1985, cho Delaware DNREC performed a qualicacive survey
of aquacic raacrolnvercebraces above and below che Army Creek Pond as well as a
wacer colleccion for a Cartodaphnln bloassay, The F.PA performed a
blomonicoring survey coupled wlch both a Ceriodnphnln and a fathead minnow
bloassay in March 1986. In May 1988, they also commissioned the U.S. Fish and
Wildlife Service co do a weclands survey, which dealc primarily wich weclands
vegetation. A wecland scudy and mitigation plan was prepared by NUS/CF as
pare of che remedial design of che OU1 landfill cap,

Duo co differences in survey cechniques, levels of quancicacion, sampling
locacions, and cime of year when surveys were performed, ic is very dlfficulc
co decermine any changes in che bioca of Army Creek over Cime. However, a
good descripcion of che general bioCa of Army Creek can be obcained from die
combination of these data,

3,6,1 Vegetation

3,6.1,1 Direcc Observations

The vegecaclon areas of che Army Creek Landfill Sice consist primarily of
disturbed upland vegecaclon of mixed wooded, shrub, and grass-dominated areas
and a complex of primarily three wecland cypes, R.F. WesCon (1986), In their
biomonicoring surveys from 1973 Co 1982, Idencifled 37 species of woody plants
and 37 species of herbaceous pi .its on che Army Creek Sice (See Table 3-1),
The mojorlcy of chase species were upland species, chough most were locaced
along che bank of die pond, The landfill did appear Co support a number of
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TABLE 3-1

(. .,, VEGETATION OF ARMY CREEK

ARMY CREEK LANDFILL SITE

VEGETATION

Whice pine
Mockernuc hickory
Pignut hickory
Black willow
Beech
Whice oak
Black oak
Red oak
ChesCnuc oak
Willow oak
Tulip poplar
Sycamore
Fire cherry
Black locust
Staghorn sumac
Red maple
Silver maple
Flowering dogwood
Sweet gum
Spice bush
Arrow-wood
Japanese honeysuckle
Green briar
Wild rose
Sassafras
Dwarf huckleberry
Virginia creeper
Acacia
Smooth alder
Grape
Eastern red cedar
Quaking aspen
Crab apple
Butternut hickory
Pitch pine
Redbud
Large-toothed poplar
Seaside alder
Black willow
Elderberry
Red osier dogwood
Pin oak
Cattail
Reed
Rabbitfoot grass
Bunch grass
Mud plantain

Plnus scrobus
Carya Comentosa
Carya glabra
Sellx ntgra
Fagua qrandtfollfl
Ouereus alba
Quercus veluctna
Ouercus rubra
Queycus pripua
Ouercus phellos
Liriodendron Culiptfera,
PlaCanus occidencalls
Prunus pennsvlvanieq
Rubtnla pseudoacacla
Rhus tvphlna
Acer rubruq
Acer saccharlnum
Cornus florlda,
Jjtqu'idamhar stvrnciflua
Lindera benzoin
Viburnum dentacum
Lonjcera japonlea
SJ,m.),l,ax ap,
Rosa mulclflora,
jassafras nlhtdum
Gavlussacla dumosa
Parthenoclssus quinquefolia
Ca§sJ,a sp,
Alnus serrulaca
Vttua ap.
Juniperua vtrglnica
Populus cremulotdes
Pyrus ap.
Carya condlforms
Pinus rtgida
Cercis canadensis
Populus grandldencaca
Alnus roaytcima
Saljx nigra
Sambucus eanadensls
Cornus stollnlfera
Quereus palustris
Typha Uclfol^a
Phragmltes nuscralts
Po^ypofon mopspellensls
Unidenclfied
HeCernnthern retnformts
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TABLE 3-1 (conc'd.)
VEGETATION OF ARMY CREEK
ARMY CREEK LANDFILL SITE
PAGE TWO

VEGETATION

Braided plantain
Timothy
Bulrush
Yardrush
Sedge
Orchard grass
Rye grass
Yarrow
Pokeweed
Smartweed
Queen Anne's lace
Redtop
Shepherd's purse
Bluegrass
Butter-and-eggs
Spatterdock
Pickerel weed
Sensitive fern
Jewelweed
Boneset
Skunk cabbage
Royal fern
Burreed
Water smarcueed
Arrowhead
Broomsedge
Panic grass
Ragweed
Goldenrod
Aster
Tickseed sunflower
Partridge-pea
Clover
Crabgrass
Nodding foxtail
Purple lovegrass
Needlegrass
Arrow arum
Yellow sweet clover
Rabbit-foot clover
Daisy fleabane

Pla'neajfo asistaca,
Phleura pratense
Scirpus atrovtrena
Juncus Cenuis
Carex aclpaca
Daetylls glomerata
Loluum parenne
Achillea raillefoliura
Phvtolaea amertcana,
Polvgonum SP.
Daucus carota
Argrostia stolon.lf.ara,
Capsalla Buraa-pastoria
Poa sp.
Linaria vulgarls
Nuphar luteum
Pontedaria eordata
Onoclea aenalbilta
Impatiens capensla
Eupatorium parfoliacum
Svraplocarpua foetidus
Qsmunda regalia
Sparganium app.
Polvgonum punecatuq
Sairiti:ar,ia ap.
Andropopon vlrgtnicus
Panlcum sp.
Ambrosia arcemisllfolia
Solldago sp.
As Car sp,
Bldens polvlepis
Cassia fasciculate
Lespedc?;a sp.
Digicaria aanguinalla
Sacarla fahorl
Era^rosCis apeccabills
ArtsCida sp,
Paltandra virginicq
Melilotus offioinalls
Trifollum arvensa
Erigeron. anpus
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early succosslonal species (e.g., fire cherry, black locust, eastern red
cedar) and also some species coleranc of low water conditions (e.g., pitch
pine and eastern red cedar).

Wecland types and boundaries were determined by Rudls and Anderson in a 1988
wecland ovaluacion (U.S. Doparcmonc of che Incerior, Fish and Wildlife
Service, 1988). The onsice weclands consisced of three cypes. On che eastern
end of che sice, a paluscrine emergent wecland fringed a dlscurbed area, This
area was dominacod by pickerel weed (Pontadnria eordntn), sensicive fern
(Onoelea .iansthtlta\. jewelweed (Impqctena enpan.its), waCer smorCweed

(Polvgonum punccntmi)) and various grasses. The approximate size of this area
was 98 hectares, Scattered shrub species were also located along Che margin,

The second wecland cype was che open wacer urea which was a shallow muck
boccom pond of approximately 25 hectares. Some emergenc vegetation consisting
of pickerel weed (Pontadartq cordotn), spatterdock fNuphnr luteunj), cattails
(Typha Inetfolln) and other species occurred around Che margin of this pond,

The final onslca watland type, a forested or shrub-dominated wecland, ran
from the western end of the pond co che wescern margin of che sice, This
wecland cype also encircled che pond, Dominanc species In this wecland cype
included pin oak (Ouereus palu.iEr.ts), red maple (Acer ruhriug), and black
willow (Saltx ntgra),

Immediacely adjacenc co che Army Creek Landfill Sice co che ease was an
addlclonal wecland complex, Army Creek flowed chrough chis wecland co che
Delaware River, This wecland was an escuarlne emergonc wecland approximacely
870 hecCares in size, The dominanc plane species Included phragmlces
(Phrngimieas australta) and jewelweed (Impattcns enpensts),

Casual observations of die upland vegecacton ac che Array Creek Sice were made
by che samplers of this focused RI/FS during the July 5 and 6, 1989 sampling
evenc, The upland areas appeared Co be dominacod by early successtonal
species which had colonized since che disconclnuacion of landfill operations,
Species included mulciflower rose (£osn mulct flora). blccersweec (Calnscrtig
SB,), Red osslar dogwood (Cornus sEoltntfara). buckchorn (Rhamnus frnnpuln),

AR30I30S
3-16



wild grapes fVtcts ap.1, immacuro oaks fOuercua ap.l, black cherry (Primus
Pennsylvania). and goldenrods (SoUdago. an).

3.6.1.2 Regional, Threatened, and Endangered Species

The overall regional vegecacion of che Army Creek Landfill SlCe has been
classified as Oak-Pine foresc (Braun, 1950), Alchough liccle of chis region
and none of che Army Creek Landfill Sice is undisCurbed, 1C is likely chac
succession would rosulc in upland forescs dominated by various oaks and
several pine species (Plnus cneda and Ptnus paluscrls).

Over 630 plants arc lisCed on Che State of Delaware list of plants of special
concern, Of these, six arc considered apparently or demonstrably secure in
Delaware, In addition, 30 plant species have been listed or are being
considered for liscing on che Federal U.S. Fish and Wildlife Service's Use of
endangered and threatened planes, It is of some importance given the extent
of wetlands on and adjacent co Che Army Creek Landfill Site that ac lease 4 of
Che 30 federally lisCed species can be considered wecland species, chough none
of chose planes have been recorded in cho Army Creek area (Trew, personal
communicacion, 1989),

Two plane species of special concern in Delaware are locaCed near che Army
Creek Sice. The bur-marigold, Bldejia htdcncoldea. is locaced near cho mouch
of Army Creek along che Delaware River (Trew, personal communicacion, 1989),
Ics habiCac requirements limit it to fresh to brackish tidal shores of the
Hudson and Delaware Rivers (Fernald, 1950), This species was considered for
Inclusion on the federal Use of chreaCened or endangered planes buc proved Co
be more abundanc or widespread chan was previously believed, However,
bur-marigold is very rare in Delaware. The shrub, Myrtcn cnrtfera. or
wax-myrcle is also locaced near che mouch of Army Crook, This species is
mainly souchern in ics discrlbucion, found In chlckecs, woods, and swamps from
Florida and Texas co souchern New Jersey (Fernald, 1950), This species Is noc
chreacened or endangered federally buc Is only apparently secure In Delaware,
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3,6,2 Wildlife

Wildlife as uaod here refers Co amphibians, repciles, fish, birds, and
mammals,

3.6,2.1 Amphibians and Repciles

DtrcicE Observations

The summer and early fall censuses (1973, 1974, 1977, and 1978) performed by
WesCon (1986) yielded die greacesc diverslcy of repcilos and amphibians
(Table 3-2), As would be expecced, censuses conducced in Che lace fall and
wincer (1975, 1980, and 1982) did noc dececc amphibians and repciles ac all,
The species observed were repciles: che eascern painced curcle, eascern mud
turtle, snapping curcle, and norchern water snake, The four amphibians
observed were Fowlers coad, American coad, bullfrog, and norchern leopard
frog,

U,S. DeparcmenC of Incerior (1988), in che course of che weclands survey,
observed red-bellied, snapping and painced curcles, and frogs. EPA (1988c)
also mencloned observing frogs and curcles ac Army Creek in che pond area.

Regional, Threatened, and Endangered Species

Twency-slx species of amphibians and 38 species of repciles are reportedly
found in Delaware (Delaware Nacional Hericage Program (DNHP), Appendix C),
While no amphibians are lisced as federally endangered, nine species are rare
co endangered in cho scace, Six species of repciles are currencly on or ore
being considered for federal endangered or chreacened scatus, while 16 species
are rare to endangered in che scace, None of che amphibians or repciles which
are known Co occur on che Army Creek Landfill Sice are considered scace or
federally endangered or Chreacened,
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TABLE 3-2

REPTILES AND AMPHIBIANS OF ARMY CREEK

ARMY CREEK LANDFILL SITE

REPTILES

Eascern painced curcle

Eascern mud Curcle

Spotted curcle

Snapping turtle

Northern water snake

Chrysemva DicCq

KtnosCarnon subrubrum,

Clemmvs guttata

Chelydra serpanttna,

flerodia stpedoq

AMPHIBIANS

American coad

Fowlers coad

Bullfrog

Norchern leopard frog

Bufo amaricanus

jjufo woodhousat fowleri

Rana cateshelana

Rana piptana
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Camn Spacing

The bullfrog and che common snapping curcle are considered ;:o be game species
in Delaware (Stace of Delaware, DNREC, 1989a), According Co Conanc (1958),
any permonenc body of freshwater is suicable habicac for che snapping curcle,
This species is omnivorous, feeding on various aquacic Invercebraces, fishes,
repciles, birds, mammals, carrion, and vegecacion, Bullfrogs live in
pormanenc bodies of wacor and feed primarily on invercebraces or small
vercebraces including fish, snake, mouse, duckling or baby curcles
(Collins, 1959),

3,6,2.2 Fish

Dlrncc Observations
^

A cotal of 19 species of fish have been idencified in Army Creek from eicher
che reaches upscream of che pond, che pond icself, or downscream of Che pond
(Table 3-3), All fish found were species coleranc of warm waCer condicions,
Of che species found, nine species were deCecCed in the 1973 Co 1982
btomonicorlng scudles by WesCon while che fish survey done in June 1983 by che
Delaware DNREC detected nine species (State of Delaware DNREC, 1983), No
surveys of che fish populacion have bean performed since 1983 in Army Creek,

Regional. Threatened, and Endangered Speetea

Eighty-nine species of fish are reporced In Delaware (Appendix C), Only che
shorcnose scurgeon Is federally endangered buc 28 species are rare Co
endangered in che Stace,

Four species of fish found In Army Creek are llsced as being rare in Che SCate
of Delaware. These are smallmouch bass, scriped bass, whice crappios and
yellow bullheads (Appendix C). In addiclon, che federally endangered species,
che shorcnose scurgeon, is found in coascal wacers of che Atlantic and in che
Lower Delaware River, Ic spawns In rivers over rubble In che spring (Cooper,
1983),
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TABLE 3-3
FISH OF ARMY CREEK

ARMY CREEK LANDFILL SITE

FISH
Whice perch
Carp
Klllifish
Bluegill sunfish
Pumpklnseed sunfish
BluespoC sunfish
Sfflallnouth bass
Largeraoueh bass
Striped bass
Gizzard shad
White sucker
White crappie
Black crappie
Brown bullhead
Yellow bullhead
American eel
Redfin Pickerel
Golden Shiner
Common Shiner

Horone arcericana
Cyprtnus carplo
Fundulus hacerocllcua

Lapomts mncrochtrus
Lepomta gibboaus

Enneacanchus glortosua
HlcropEerus doloroiaul
Micronterus salmoidea
Morone saxacills
Dororsoma cepedtanum
CaCostomus commersonl
Pomoxis annularls
Pomoxis nl^romaeulacua

letylurua nebulosta
Ictalurus nacalls
Anqullla rosEraEa
Esoa americanus
NoCeraigonus orvaoleucaa

Notropts cornucus
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Game Spaetes

Came fish in Delaware include largemouch bass, smallmouch bass, black crappie,
whice crappie, rock bass, whice bass, walleye, norchern pike, chain pickerel,
muskellunge and hybrids, salmon, crouc, sunfish of che genus I.epomts. and
scriped bass hybrids. In addicion, chere is no ban on oacching ocher species
of fish, Seven species of fish found In Army Creek can be considered Co be
game fish chough cercainly ocher species such as carp and bullhead are known
Co be caught and consumed by humans on occasion.

All che game fish found in Army Creek are in the sunfish or Cencrarchidae
family, Mosc are coleranc of curbid condicions, wlch che excepcion of
smallmouch bass, and feed on fish, inseccs, or crustaceans (Colllns, 1959).
Two ocher fish which are known co be caken from Army Creek, carp and brown
bullheads, are botcoip feeders and tend to be omnivorous (Colllns, 1959),

3,6,2.3 Birds

Direct Observation

Slxcy-flve species of birds were observed on or near che Army Creek Sice
becween 1973 and 1988 (Wescon, 1986; U.S. Deparcmenc of Incerior, 1988; EPA,
1988c; and samplers in Chis RI/FS) (See Table 3-4), Using Che classiflcacion
system in Marcln ec al, (1951), che list of 65 species can be sCrucCured Co
include: four upland garaebirds (cwo doves, ring-nock pheaamC, bobwhite); 11
species of marsh and shore birds (four herons, one sandpiper, three egrets,
glossy Ibis, killdeer, least biccern); five species of wacerblrds (three
ducks, one goose, one gull); five species of birds of prey (cwo hawks,
kescrel, osprey, vulcure); and 40 species of songbirds (blackbirds, warblers,
sparrows, etc.).

Regional. Threatened. and Endangered Species

Two hundred and slxcy-slx species of birds are found in Delaware elcher as
mlgrancs or restdencs (Appendix C). Five species are elcher federally
endangered or chreacened, These are piping plover, brown pelican, golden
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TABLE 3-4
BIRDS OF ARMY CREEK

ARMY CREEK LANDFILL SITE

BIRDS

Mallard
Black duck
American kestrel
Osprey
Canada goose
Bobwhite
Ring-necked pheasanc
Snowy egrec
Caccle egrec
Great blue heron
Green heron
Little blue heron
Great egret
Black-crowned night heron
Glossy Ibis
Killdeer
Spotted sandpiper
Mourning dove
Rock dove
Chlnney swift
Belted kingfisher
Yellow-shafted flicker
Downey woodpecker
Eastern kingbird
Bank swallow
Rough-winged swallow „ .-..-..,-.
Night hawk CioraaiTea minor i
Chimney swift Ciaecura palagta I
Blue jay CyanoetcEa crlstaca
Common crow Corvua braehyrhynehos
Mockingbird llmus polyglbEEos
Catbird lumecalla,' earoltnensia
Long-billed marsh wren CiaEoEhorua palusEria
Brown thrasher
Robin
Starling
Yellow warbler
Yellowchroat
Brown-headed cowbird
Red-winged blackbird
Comnon grackle Quiacalua nuiacula
Cardinal Richinonaana oardlnalls
Indigo bunting Paiaertn"

iella pusll
.ospiza melod

American goldfinch Sp nus triacl-
Chlpping sparrow Sp zella passertna
Field sparrow si'r " -'"
Song sparrow ___,za
House sparrow Passer domesctcua
Turkey vulture atharEea aurq
Red-tailed hawk *"'- ' --Tr^-
Cacolina chickadee
Carolina wren
Bay-breasced warbler

iuteo jamaicBnala
'arua carollnansts
'hryochorua ludovTctanus
lendrolea eaacanea_.v ....... lea _____

EasCern meadowlark Sturnalla maena
Junco Junco hyemalta
White-chroaced sparrow Zonocriohla albteollts
Wood duck Aix aponsa
U«.«U U«..t. ft *"Marsh hawk Cireua evaneua
Lease bictarn Ixobrychus ex
Tree swallow Iridoprocne b
Solitary vireo Vireo'solicar'

11it,
Pine warbler Dendrotea pinua
Ovenbird Saiurua aurocaptUus
Purple finch Carpodaeua purpureus
Herring gull____________.Larua qrBanc__u_ .nor, Q , p
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eagle, bald eagle, and peregrine falcon. State endangered lists are currencly
being compiled for birds and are noc yec available; however, osprey is
considered a Scace endangered species (Trew, personal communicacion, 1989).
Habitat preferences and feeding requiremenCs of these species are as follows
(Pecorson, 1980; Marcin at al,, 1951):

' Osprey and bald eagles are found near rivers, lakes, and along the
coasts, Their preferred food Is fish,

' Golden eagles are found in woods, mountains, or the badlands, Their
food is mainly small mammals and birds,

1 Peregrine falcons dwell in cliffs buc also on high buildings, Their
preferred food is medium-sized birds,

' Piping plovers prefer sandy beaches and mudflats, both on che coasc
and inland. Their diec includes crustaceans, marine worms, and
inseccs,

1 Brown pelicans live on che coascs In sale bays, beaches, and oceans,
Their dlec consisCs mainly of fish.

Game Species

Thircy-slx species of birds are game species in Delaware, Nine species have
been observed on die sice, Their habicac requiremenCs and food preferences
are as follows (Marcin eC al., 1951):

' Black ducks and mallards live in almosc any wncer and feed on
aquacic vegetation, seeds, grains, and grasses,

' Wood ducks prefer freshwater marshes and swamps, They feed on
aquacic planes, seeds, and nucs,

' Canada geese nesc in marshes and feed on aquacic planes, seeds,
grains, and grasses,

AR30I3I3
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• Bobwhlces live in brush and feed on seeds, inseccs, and vegetacion,

' Ring-necked phoosancs live along brushy ndgos and feed on InsecCi:,
seeds, and berries,

' Mourning doves live In open woodlands, farmlands, suburbs, and
roadsides, and feed on seeds and vegetation,

• Rock doves (pigeons) live in cliffs but also in cicies or any places
of human conscruccion. They food on seeds, nuCs, and handoucs.

' Common crows live in fields, woods, and along che coascs. They are
omnivorous in cheir feeding habits.

»
3,6.2.4 Mammals

Direct Observation,

Eighc species of mammals were observed on che sice including gray squirrel,
cocconCail rabble, white-tall deer, woodchuck, raccoon, muskrat, meadow vole,
and starnose mole (Woston, 1986; U.S. Department of Interior 1988), Raccoon
cracks were also observed by EPA (1988c) and samplers for che currenc RI/FS
(See Table 3-5).

Regional. ThreaCenad. and Endangered Species

Forcy species of mammals occur in Delaware, However, 13 species are marine
mammals and are unlikely co be found on chis sice. The only nonmarine
federally endangered species is die Delmarva fox squirrel. These squirrels
prefer upland hardwood forescs or any kind of dense forescs including old
growch loblolly pine scands (Chapman and Feldhamer, 1982). 1C Is unlikely
Delmarva fox squirrels would occur on or near che Army Creek Sice due Co Cheir
primarily early successional vegetacion.

Scace endangered Uses are currencly being complied for{|î iQiî .i| JinuHare noc
yec available,
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TABLE 3-5

MAMMALS OF ARMY CREEK

ARMY CREEK LANDFILL SITE

MAMMALS

Meadow vole

Muskrac

Eascern cottontail rabble

Woodshuck

Racoon

Starnose mole

Eastern gray squirrel

White-tailed deer

Microtus oennsvlvanicus

Ondatra zlbeChtca

Svlvilaqus floridanus

Marmoca monnx.

Procyon loEor

Condvlura crlscaca

Scirua caroltnensis

Odocoileus virgintanus
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Game Species

Eleven species of mammals are game species in Che State of Delaware, Six of
che eighc mammals observed on che sice are game species. Their hablcac
requirements and food preferences are as follows:

' Eascern'cocconcail rabble can be found In heavy brush, scrips of
foresC with open areas nearby, edges of swamps, and weed patches
(Burt and Grosaenhoider, 1964), 1C feeds on cender herbaceous
planes in summer buc in wincer ic frequencly resorcs co cwigs and
bark of young Creos (Marcin et al., 1951).

• White-Called deer typically dwell In forests but often frequent
glades or woodland openings while feeding, They also forage along.
forest margins and in orchards and farmland (Burt and Crossenheider,
1964), The white-tailed deer is considered a browser and eats
twigs, shrubs, fungi, acorns and grass and herbs in season
(Martin ec al., 1951).

' Large-cooched muskrac prefer marshes, ponds, lakes, and low-gradienc
screams, They feed on aquacic vegecacion, fish, freshwater mussels,
inseccs, crayfish, and snails (Marcin ec al,, 1951),

' Raccoon live in open woodlands buc are a common visicor Co farms.
They feed moscly along screams and lakes and are omnivorous eacing
frules, nucs, grains, Inseccs, frogs, crayfish, and bird eggs (Burc
and Crossenheider, 1964),

• Norchern gray squirrel is primarily arboreal in chac 1C prefers
dense forescs of mature mast-producing hardwoods. They are partial
Co acorns, hickory nuts, and beechnucs, buc will also consume
inseccs, bird eggs, and nesclings (Marcin ec al., 1951). They also
eac seeds, fungi, fruics, and ofcen che cambium layer beneach che
bark of crees (Burc and Grossenhelder, 1964),
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• Woodchuck live in dons in fields, fence rows, and woodlands bordered
by clearings. They feed on succulenc planes (Marcin ec al,, 1951).

3.6.3 Aquaete Mleroblota

Aquacic microbloca Includes phycoplankcon, zooplankcon, other noncruscacean
Invercebraces, and aquacic Insects,

Dlrecc ObaervaCtons

WesCon (1986) presenCed die resulcs of cheir 1972 co 1983 aquaeic surveys, In
addition, the State of Delaware (1985) conducted a macroinvertebrate survey in
Army Creek In 1985 and EPA (1986) conducted a macroinvertebrace survey in
1986,

Three phyla of phycoplankcon were dacecced: Cyanophyca (bluegreen algae),
CrysophyCa (Diacomc), and Chlorophyca (green algae), The zooplankcon Included
copepods (cwo orders), cladocora (chroe genera), rotifers (three genera), and
dilates, Benthic fauna had representatives from che Annelida (oligochaeces
and leeches), mullusca (snails and clams), neraacodes, oscracods, amphlpods,
Isopods, and decapods (crayfish), Thirceen families of aquacic inseccs were
Idencified from Army Creek eicher upscream from Army Pond, in che pond, or
downs cream from che pond (See Table 3-6),
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TABLE 3-6
AQUATIC INVERTEBRATES OF ARMY CREEK

ARMY CREEK LANDFILL SITE

AQUATIC INVERTEBRATES

PHYLA
Cillaces
Rocifers
NerauCodes
Molluscs

Annelida

Arthropoda

COMMON NAME CLASS /ORDER

Clams Sphaerldae
Snails Planorbldae

Physldae
Lynneldae

Oligochaetes Tubifldae
Leeches Hirudinae

Crustacea
Anphipoda
Isopoda
Ostracoda
Decapoda

Crayfish Palaemonidae
Shrimp Ascacidae

Cladocera
Daphnia
yacrocfiuixIlvocrvDCua
Chydoridae

Copepoda
Cyclopoida
HarpacCicoida

Insecca
Mayflies Ephemeropcera
Damselfly Odonaca-zygop,

IsehnuraArmCoenagrlonidae
Dragonfly Odonaca-anisop,
Wacer Strlder Gerridae
Water boatman Corixldae
Diving beetle Gyrlnldae
Whirlygig beetle Dytiscidae
CaddisEly TricopCera

Hvdropsvcha
Midge Chironomidae
Midge Ceracopogonidae
Black fly Slmullldae
Mosquito Culicldae
Deer fly Tabanidae
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4,0 NATURE AND EXTENT OF CONTAMINATION

4.1 GROUNDHATER RECOVERY WELL DISCHARGES

Tho sampling of groundwater recovery well discharges, as described In
SeoCion2,l, Included sample colleccion from nine recovery wells. The
complece validaced dacabase for che groundwacer recovery well discharge
samples is presenced in Appendix C. This seccion discusses Che analycical
resulcs for che recovery well discharges. These resulcs are presenced in
Tables 4-2 chrough 4-4. In calculacing che flow weighcod average
concentrations of the compounds found in Che recovery well discharges,
nondeCected values were assigned a value of one-half Che Inscrumenc DeCecCion
Limit (IDL) for Inorganics, and one-half che IDL or Contract Required
Quanctcaclon Limic (CRQL), when an IDL could not be determined for organics.

r

A series of recovery wells are located hydraulically downgradlenc (souch and
ease) of che Army Creek Sice, According co che EPA, che recovery well pumping
has created a groundwaccr divide hacween che landfill sice and che Arceslan
Wacer Company's Llangollen Wellfield, Sampling of these wells was undertaken i
Co decermine cheir level of conCamlnaclon. No upgradienc sampling was
performed, Table 4-1 presents a summary of general geochemical
characCeriscics for che groundwacer recovery well discharge samples, Wells
12, 28, and 29 have Che hlghesc goochemlcol concenCrocions,

Total Inorganics

A summary of CoCal inorganics dececced in che groundwacer recovery well
discharges Is prosenced In Tablo 't-2, The inorganics presenc are largely
heavy metals such as iron, manganese, cobalt, and barium, as well as salcwacer
conscicuenCs chac Include calcium, magnesium, pocasslura, and sodium. The
highesc concencrations were detected In Wells 12, 28, and 29 which are located
to the southeast of the landfill. These wells are located quite close Co and
direccly downgradlenc of Army Pond.
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TABLE 4-1

SUMMARY OF ANALYTICAL RESULTS FOR RECOVERY VIELL DISCHARGE
GENERAL CHEMICAL CHARACTERISTICS

ARMY CREEK LANDFILL
NEU CASTLE, DELAWARE

Characteristic

Acidity

Alkalinity

Armenia

Chloride

Filterable Residue

Non-filterable Residue

Total KJeldahl Nitrogen

Nitrate

Nitrite

Total Phosphorus

Totil Acid Hydrol. Phosphorus

Total Organic Phosphorus

Total Reactive Phosphorus

Sulfate

Sulflde

Total Orginlc Carbon

No, of Positive
Detections/
No, of Samples

0/9

9/9

7/9

9/9

9/9

7/9

9/9

9/9

0/9

0/d

0/9

0/9

2/9

9/9

0/9

8/9

* Range of
Concentrations

(mg/L)

NO

2f25Q

0.13-6.90

16-64

72-320

6-31

0.31-15.78

0.08-2.69

ND

NO

NO

NO

10-30

8-17

ND

1-13

Average
Concentration
WD

NO

NO

4.61

29.6

128.3

14.8
5.25

1.05

ND

NO

ND

ND

20

10.2

ND

4.1

Recovery Hells
with 3 highest
concentrations

ND

29/28/12

27/29/28

29/28/12

29/28/12

29/28/12

29/28/12

10/11/27

ND

ND

ND

ND

29/12

29/11/27

ND

29/28/12

Imminent
Detection

Limit
(ml 0

10

4

0.03

5

10

4

0,03

O.OS

0.05

10

10

10

10

5

1

1

Notes:

NO Not Detected

' (1) Uhere duplicate swples were token, the higher concentration MI used.

(2) Concentrations In lab analyses labelled as estimated "J," Mere assuned to
equal listed concentrations, fl R 1 fl I ? 9 I



TABLE 4-2

SUMMARY OF ANALYTICAL RESULTS FOR RECOVERY WELL DISCHARGE
TOTAL INORGANIC CONTAMINANTS

ARMY CREEK LANDFILL
NEW CASTLE, DELAWARE

Chemical

Alimlnun

Arsenic

Barlun

Calclun

Cobalt

Iron

Megneslun

Manganese

Potasslun

Selcnlun

Sodlim

No. of Positive
Detections/

No. of Sanples

1/9

1/9

9/9

9/9

3/9

9/9

9/9

9/9

9/9

2/9

9/9

* Range of
Concentrations

(ug/L)

132.0

2.7

74.5-377.0

B,760-18,BOO

22.7-34.9

488-34,300

3,630-13,600

249-2,710

1,940-17,000

1.4-1.5

9,690-00,600

" Flow weighted
Average Cone,

(ug/L)

29.6

1.0

184

11,470

11.8

12,400

6,670

945

6,770

0.8

26,840

Recovery Wells
Kith 3 highest
concentrations

29

28

29/28/27

29/12/28

29/28/27

29/28/12

29/28/12

29/28/31

29/28/27

1/10

29/18/12

Instrument
Detection
Limit
(ug/l)

12.0

1.8

1.2

17.1

2.7

8,6

24.3

1.5

407.8

1.4

21,8

* (1) Where duplicate, samples wire taken, the highest value us used.

(2) Concentrations In lab analysis labelled as estimated "4," wre assumd to equal listed
concentrations.

'* Values of 1/2 of the Instrument Detection Limits were used for the values of the nondetected
results In calculation of averages.
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TABLE 4-3

SUMMARY OF ANALYTICAL RESULTS FOR RECOVERY WELL DISCHARGE
DISSOLVED INORGANIC CONTAMINANTS

ARMY CREEK LANDFILL
NEW CASTLE, DELAWARE

Chemical

Barlun

Calclun

Cobalt

Iron

Magnesium

Manganese*

Nickel

Potassium

Sodlun

Zinc

No. of Positive
Detections/

No. of Samples

9/9

9/9

3/9

9/9

9/9

9/9

1/9

9/9

9/9

3/9

• Range of
Concentrations

(ug/L)

75.6-367

8,750-18,600

23.7-34.8

493-32,900

3,620-13,400

247-2,660

23.1

1,930-16,500

9,690-79,300

5.1-82.4

" Flo* Mlghted
Average Cone.

(ug/L)

182

11,430

11.3

11,690

6,720

935

12.0

6,650

26,581

11.2

Recovery Wells
ulth 3 highest
concentrations

29/28/27

29/28/12

29/28/27

29/28/12

29/28/12

29/28/31

10

29/28/12

29/28/12

13/12/28

Instrument
Detection

Limit
(ug/l)

1.2

17.1

2.7

8.6

24.3

1.5

20,6

407.8

21.3

4,0

' (1) Where duplicate samples were taken, the highest value MM used.

(2) Concentrations In lab analyses labelled as estimated, "V Mere assuned to equal listed
concentrations,

" Values of 1/2 of the Instrument Detection Limits Here used for the values of the [undetected results In
calculation of averages.
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TABLE 4-4

SUMMARY OF ANALYTICAL RESULTS FOH RECOVERY WELL DISCHARGE
ORGANIC CONTAMINANT!!

ARMY CREEK LANDFILL
NEW CASTLE, DELAWARE

Chemical

Benient

ais(2-chloroethyl)ether

Bls(2-ethylhexyl)phthalate

Chlorobemen*

Chloroform

1,4-Oichlorobenjene

1,2-Dlchloroethant

Ethylbcntene

Tetnchloroethene

Tolutne

Trlchloroethene

Total Xylenes

No. of Positive
Detections/

No. of Samples

4/9

7/9

1/9

3/9

1/9

1/9

2/9

2/9

1/9

1/9

1/9

2/9

* Range of
Concentrations

(ug/L)

14-18

5-21

3

3-18

6

6

22-50

4

2

19

2

7-10

"Flow-weighted
Average Cone,

(ug/L)

8.0

12.0

1.8

4.0

2.8

3.6

8.4

2.6

1.1

4.2

1.1

4.4

Recovery Well
with highest
Concentration

?8

28

29

28

28

29

27

13 ( 29

11

13

28

29

Instrument
Detection
Limit
(ug/U

5

5

3

3

5

6

5

4

2

5

2

5

' (1) Where duplicate samples were taken, the higher concentration was used,

(2) Concentrations In lab analyses labelled aa estimated, »J," were assumed to equal the listed concentration.

" Values of 1/2 of the Instrument Detection Limits were used for the values of the nondetected results In
calculation of avenues.
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Dissolved Inorganics

The chemicals dececced in che dissolved Inorganic analysis were nearly che
same as chose found In Che cocal Inorganic analysis. As wich Che total
inorganic analysis, mosc of che dececced chemicals were heavy inoeals as well
as saltwater conscicuencs, and che highest concentrations were found in Wells
12, 28, and 29, Table 4-3 presents a summary of che dissolved inorganics
detected In the recovery wells,

A comparison of che groundwacer recovery well discharge resulcs for cocal and
dissolved Inorganics reveals chac aluminum and selenium were found only in Che
cocal inorganic analysis and nickel and zinc in che dissolved inorganic
analysis. Considering Che remainder of rhe chemicals, which were dececced In
boch analyses, Ic can be seen chat the dissolved concentrations represent more
than 70 percent of the tocal inorganic loading, This high dissolved
percencage indicaces chat these contaminants are largely present in solution,
with very small amounts of suspended parciculaces,

Table 4-4 presencs a summary of che organlcs decected in che recovery wells.
The organics were presenc In fewer locations, and In much lower concencracions
chan Che inorganics. Nine of che 12 organic concominancs were found in cwo
wells or less, Only bis(2-chloroechyl)echer, benzene, and chlorobenzene were
presenc in chree or more wells. Once again, Wells 29 and 28 had che highest
concencracions,

'i,2 SURFACE WATER AND SEDIMENTS

The dacabase for surface wacer and sedlmenc samples is included in Appendix D,
The scope of chls RI did noc Include addlclonol sampling In chese media.
NUS/GF was inscrucced co use che sample daca obcained on Augusc 1-2, 1988,
Alchough chese daca appeared Co be of accepcable qualicy judging by quallcy
concrol faccors included wich che daca (macrix spike, surrogace spike, ecc.),
no menclon of daca validacion prococols was made in che final reporc on Army
Creek (EPA, 1988c).
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4,2,1 Surface Hater

Army Pond, orienced parallel co che souchern site boundary, is ellipsoid in
shape and approximacely 2,000 feoc long by 175 foec wide by 1 fooc deep,
SCorm wacer runoff from che sico as well as flows from che recovery wells are
collecced in Chls pond, In addition, Army Creek empties InCo che pond,
Upscream of che pond. Army Creek Is a low-volume seasonal scream largely
dependenc on scorm runoff. Downscroam of che pond. Army Creek, enlarged by
che flow from che recovery wells, which averages 1,4 MGD, has more consCanc
flows, Samples were taken in Army Pond, and in Army Creek both upscream and
downstream of che pond. Summaries of che organic and inorganic analycical
resulcs for che surface wacer samples are presenced in Tables 4-5 and 4-6,
The chemicals found in che surface water include che pollutants
1,2-dichloroechane, bis(2-chloroechyl)eeher, phenol, cadmium, chromium,
thallium, and nickel, as well as elevaced levels of minerals commonly found in
surface wacers (such as Iron and zinc), Thallium and nickel were presenc in
only one of eight samples, Ic Is unclear based on the data available whether
chese may have been che result of method blank concaminaCion, or if they were
actually crue posicive resulcs.

4.2,2

The sedimenc sampling resulcs are summarized in Tables 4-7 and 4-8, Five of
che seven inorganic chemicals found in che surface water were also found in
che sedimenc, Addicional Inorganics found In che sedtmenc included arsenic,
copper, and lead, Tweney organic chemicals were found In che sodlmenc while
only Chree were found in Che surface wacer. The only organic chemical found
In boch surface wacer and sedimenc was phenol. Many of che chemicals found
exclusively in che sedtmenc samples have very high organic carbon parcicion
coefficiencs, which indicates a propensicy for soil and sedimenc adsorpcion,

Brown and Associaces (1983) presencs informacion on che average concencracions
of nacurally occurring metals In soils of che Unlced Scates, Concentration
ranges and averages are presented In Table 4-9 for arsenic, c'|!rfi|IUlW>| WlfBfi
lead, mercury, nickel, and zinc, No Informacion was available*ftrtlus reporc
on Iron concencracions in soil.
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TABLE 4-5

SUMMARY OF ANALYTICAL RESULTS FOR PREVIOUS SURFACE WATER SAMPLING
ORGANIC CONTAMINANTS

ARMY CREEK LANDFILL
NEW CASTLE, DELAWARE

Chemical

Bls(2-Chloroethyl)ether

1,2-DlchlorMthant

Phenol

No. of Positive
Detections/

Ko. of Samples

3/8

2/8

8/8

* Range of
Concentrations

(ug/L)

3.6-7.5

2-5

92-213

'* Average
Concentration

(ug/L>

3.4

1.6

157

Instrument
Detection
Limit
<ug/D

3.6

2

50

' Concentrations In lab analyse* labelled as estimated, "J," were assumed to equal listed
concentrations.

«* Values of 1/2 of the Instrument Detection Limits were used for the values of tho nondatected
results In calculation of averages.

Source: EPA, 1988c.
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TABLE 4-6

SUMMARY OF ANALYTICAL RESULTS FOR PREVIOUS SURFACE WATER SAMPLING
INORGANIC CONTAMINANTS

ARMY CREEK LANDFILL
NEW CASTLE, DELAWARE

Chemical

Cadnlw

Chrtwlua

Iron

Mercury

Nickel

Thai llu«

Zinc

No. of Positive
Detections/

No, of Samples

5/8

7/8

7/8

2/8

1/8

1/8

8/8

* Range of
Concentrations

(ug/L)

34-38

57-150

980-2,860

0.2

150

610

25-640

** Average
Concentration

(ug/L)

25

84

1,549

0.13

62

295

167

nstrunent
Detection
Limit
(ug/1)

10.0

50.0

500

0.2

100

500

10

• Concentrations In lab jralyjM labelled as estimated, "J," Here assumed to
equal listed concentrations,

•" Values of 1/2 of the Instrument Detection Limits were used for the values of the
nondettcted results In calculation of averagea,

Source: EPA, 1988c.
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TABLE 4-7

SUMMARY OF ANALYTICAL RESULTS FOR PREVIOUS SEDIMENT SAMPLING
ORGANIC CONTAMINANTS

ARMY CREEK LANDFILL
NEW CASTLE, DELAWARE

Chenlcal

Acentphthene

Acetone

Anthracen*

Bemo(a)Anthracene

Btmo(a)Pyrene

Bcnio(b)Fluoranthent

6emo(g,h,l)Perylene)

Benio(k)fluoranthent

2-Butoncne

Chrysene

DI-n-Butylphthalate

Fluoranthene

Fluorene

lndeno(1,2,3-cd)Pyrens

4-Hethylphenol

Phenenthrent

Phenol

Pyrena

Toluene

Total Xylenea

No. of Positive
Detections/

Ko. of samples

1/8

a/a
2/8

3/8

4/8

4/8

3/8

2/8

5/8

4/8

7/8

4/8

1/8

3/8

1/8

3/8

2/8

4/8

2/8

1/8

• Range of
Concentrations

(mg/kg)

0.165

0.025-0.719

0.180-0,339

0.258-1.25

0.239-1.07

0.203-1.33

0.165-0.715

0.446-0.786

0.004-0.029

0.274-1,58

0.236-1.08

0.331-1.62

0.161

0.182-0.808

0.139

0.402-1.71

1.20-1,80

0.302-3.20

0.009-Q.033

21

"" Average
Concentration

(mg/kg)

0.092

0.254

0.132

0.344

0.316

0.382

0.202

0.278

0.009

0.453

0.489

0.556

0.090

0.229

0.079

0.478

0.693

0.714

0.007

0.005

Instrument
Detection

Limit
(mg/kg)

0.165

0,010

0.180

0.258

0.239

0,203

0.165

0.330

0.004

0.274

0.330

0.330

0.161

0.182

0,139

0.330

0.848

0.302

.005

.005

• concentration. In I* analyses labelled as estimated, >'J," MIQ ffft <f 3 2 9
equal listed concentrations.

» Values of 1/2 of th, liMnmnt Detection Limit. *r« used for the value, of th, nond.tected
results In calculation of iverages.

Source: EPA, WSBc



TABLE 4-8

SUGARY OF ANALYTICAL RESULTS m PREVIOUS SEOIKNT
INORGANIC CONTAMINANTS

ARMY CREEK LANDFILL
HEW CASTLE, DELAWARE

Chemical
No, of Positive
Detections/

No. of Seuplea

• Range of
concentrations

(mg/kg)

•* Average
Concentration

(mg/kg)

Instrument
Detection

Limit
(mg/kg)

* Concentrations In lab analyses labelled as estimated, "J," uere assumed to
equal listed concentrations;.

*' Values of 1/2 of the Instruwnt Detection Limits were used for the values of the
nondetected results In calculation of averages.

Sourr.*: EPA, 19S8c.
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TABLE 4-9

RANGES AND AVERAGES OF
METALS IN UNCONTAMINATED SOIL

ARMY CREEK LANDFILL
NEW CASTLE, DELAWARE

Chemical

Arsenic

Chromium

Copper

Iron

Lead

Mercury

Nickel

Zinc

Range of
Concentrations

(mg/kg)

1-50

1-1000

2-100

....

10-200

0.01-0.3

5-500

10-300

Average
Concentrations

(mg/kg)

....

100

30

....

10

0.03

100

50

Cements

Usually 10 ppn or less

No Information given

Source: Brown and Associates, 1983.

•••- No Information given In Broun and Associates (1983).
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SedlmonCs are formed direccly from upgradienc soils, Through oroslonal
processes soil particles are deposited In scream beds where they form
sndlmencs, Since sedlmencs are largely derived from soil, metal levels in
unconcaminaCed sedliaencs should be comparable Co Chose found in soils, As can
be seen from a comparison of Tables 4-8 and 4-9, both che average and che
range of concencracions of mecals (wlch che exception of iron) found in Army
Creek and Army Pond sedimencs were well wlchin che ranges of normal mecal
concencracions In soil.

Table 4-10 presencs a comparison of sedimenc and surface wacer chemical
concencracions In Army Pond versus chose in Army Creek, downstream of Che
pond, The sampling daca used in Tables 4-5 through 4-8 were separaced
according co sample location. These daca were used Co calculate che average
concencracions for each locaclon, The concencracions were generally of che
same order of magnitude, wich slightly lower values in che downstream
locations.
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TABLE 4-10

COMPARISON OF SURFACE WATER AND SEDIMENT CONCENTRATIONS IN ARNY POND AND ARMY CREEK

ARMY CREEK LANDFILL
NEW CASTLE, DELAWARE

Chenical

« Awrage
Surface Water
Concentration In

Army Pond
(ra/D

• surface Water
Concentration In Army
Creek Downstream of

Army Pond
(mg/L)

Average
Sedimenc

Concentration
In Amy Pond

(mg/kg)

• Sediment
Concentration In Army
Creek Downstream of

»riw Pond
(mg/kg)

HD Not Detected

• Based on one sample

.. ,„.., „ „.,———- - - - " -
calculation of averages.
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5.0 ENVIRONMENTAL FATE AND TRANSPORT

ConCamlnanC face and transport at Che Army Creek Sice are discussed in Chis
section, Concaminanc cransporc wlchin each medium is presenced in Section
5,1. A brief discussion of potential contaminant transformation processes is
found in Section 5,2, Cross-media or intermedia transfer and chemical and
physical propercies affeccing concamlnanc migraclon are discussed in Seccion
5.3,

5,1 CONTAMINANT TRANSPORT WITHIN A MEDIUM

This seccion describes che pathways through which onsice contaminants are
transported wlchin a given medium and che population potentially exposed,
Transport within groundwater, surface water, and sediment are discussed,

Groundwater

The recovery wells were installed Co Incercepc groundwacer flowing from Che
sice co che wellflelds downgradienc, They are quite successful in fulfilling
Chis objeccive. Failure of che recovery well necwork is unlikely since che
Councy has and will concinue Co maintain them, No cransporc pathways within
che groundwacer are expecCed which would cause potential exposure of che
downgradlenc populacions.

SurfncB Uator

Effluenc from Army Pond is carried downstream In Army Creek. The flow race
from Army Pond Is approximacely 50 gpm (SecClon 3.4.3), The creek flows Co
Che ease for approximacely one mile chrough undeveloped woods and marshland,
offering ample opporcunlcy for access by humans and wildlife before empCying
Inco che Delaware River, The Scace of Delaware (1989) has designaced Army
Creek Co have cho following uses: (1) secondary concacc recreaclon, (2)
supporting fish, aquatic life, and wildlife, and (3) agriculcure wacer supply,
Because of che designaced uses, exposure of swimmers and boaters Is very
unlikely, In addlclon, no crops Incended for human consumpclon are currently
being Irrigaced wich Army Creek wacer, The pocencial cransporc pachways for
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concamlnants In che surface wacer are cherofore HmlCed Co che accidencal
human concacc and che dlrecc exposure of fish, aquacic life, and wildlife Co
surface wacer.

Sediment

The poCencial cransporc pachways for concaminancs wtchin che sedtmenc Include:

° Erosion: Normal flows will cause erosion of scream sedlmencs and
cransporc from che sice.

• Scouring: During periods of heavy rains, exiscing sedlmencs and
adjacent soil will be washed downstream.

5.2 TRANSFORMATION OF CONTAMINANTS

TransformaCion is any change thac occurs In che physical scruccure of a
chemical concaminanc. TransformaCion processes usually resulc in a reducclon
of concaminanc conconcraclon. However, cransformatlon products may be more or
less toxic to humans or environmencal flora and fauna than che parenc
compound, Concaminancs may be subjecc co more chan one cransformacion process
as they are transported or transferred across media, Concaminancs may also
inceracc wich parciculace matcer and ocher concaminancs during cransformacion,
The relacive imporcance of selecced cransformacion processes of concaminancs
ac che sice Is llsced in Table 5-1, and concaminanc specific transformaclon
processes are discussed In Appendix E, The raclonales of indlcacor chemical
seleccion are discussed in Seccion 6,2.1.

TransformaCion processes of concaminancs are complex and Include oxidation,
photolysis, hydrolysis, chemical speciacion, and blodegradaclon, Oxidacion is
che reaccion chac occurs becween a concaminanc and an oxidizing agent. In an
oxidizing reaction tho oxidizing agent Is reduced (gains electrons from che
concaminanc), Iron, for example, can be oxidized from Fe2+ co Fe3+ in che
presence of cupric Ions (Cu2+), Oxidacion can occur in air, surface water,
groundwater, and soil. Ozone (03) and the hydroxyl radical (Oil') ace as
oxidizing agencs In che atmosphere while chlorine Is an oxidizing agenc in
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TABLE 5-1

RELATIVE IMPORTANCE OF NATURALLY-OCCURRING PROCESSES FOR SELECTED CONTAMINANTS

AIIMY CRHEIC LANDFILL
NEW CASTU, DELAWARE

Compound Adsorption Volatilization Photolysis Hydrolysis Bloc one entratlon
Potential

Blodegradablllty

ORGANICS

Benzene

Benio(e)pyrene *

Bli(2-chlcroethyl)ethar

1,2-Dlchloroethane

t

t

•

+

•

t

+

+

+

•

•

•

•

•

+

•

D

B

INORGANICS

Ancnlc

CaeJnlm

Chromlun

Iron

Lead

Mercury

Nickel

Zinc

t

t

+

+

+

t

+

+

•

•

•

•

-

•

•

•

•

•

-

•

•

t

+

+

t

+

+

t

B

B

3

B

9

B

B

a

' Based on general Information for polycycllc aromatic hydrocarbons,

* Could be an Important fata process
• Not likely to pa an Important fate process
D Significant degradation (less than seven days)
A Significant degradation (In seven to twenty-one days)
B Slow or no degradation
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drinking wacer, Oxidacion reaccions are dependent upon tho concencraclon of
che concaminanc, cho concencracion of che oxidizing agenc, and che race of
reaccion between them.

Phocolysis is che breakdown of a chemical due Co photochemical reaccion which
utilizes energy in che form of sunllghc, The cwo cypes of phocolysis which
can occur are: (1) direcc and (2) indirecc, Direcc phocolysis occurs when a
concaminanc absorbs energy in the form of sunlight and undergoes a
transformation reaccion (e.g., oxidaclon, dlssociacion, or rearrangemenc of
scruccure), Indirecc phocolysis ucillzes incermedlace subscances Co absorb
lighc energy, which is chen used Co fuel a cransformacion process, Phocolysis
may be an Important transformation process for contaminants in air, surface
water, and in Che soil surface. The race of photolysis, however, is dependent
on che inCenslcy and specCral qualicy of che solar energy, che lighc energy
absorption capabilities of che contaminant, and che Cendency of a concaminanc
co undergo a photochemical reaction, Benzene and the other polycyclic
ar&matlc hydrocarbons (PAHs) would most likely be influenced by photolysis ac
che Army Creek Site.

Hydrolysis is ehe decomposicion of a molecule chat occurs when a molecular
bond Is broken by che addiclon of wacer. Hydrolysis is a signiflcanc
envlronraencal cransformacion process for many organic compounds, Concaminancs
In air, surface wacer, and groundwacer con undergo hydrolycic reaccions, The
race of hydrolysis is dependenc on pH, Some concaminancs require a low pH
while ochers require a high pH in order Co undergo hydrolysis, As lisced in
Table 5-1, hydrolysis would probably noc be a major cransformacion process for
che concaminancs found ac che sice,

Chemical speciaclon Is an important transformation process for metallic
compounds and Involves che formacion of complexes wich Inorganic or organic
subscances. Speciacion processes can occur in all environmencal media. The
excenc Co which concaminancs bind co media conscituencs will alcer che
solubllicy, volaclllcy, and bioavailoblllcy of chac concaminanc. Speciaclon
of mecals found ac che site will affect the Intermedia mobility of those
metals, For example, lead io soluble in groundwater in £he Jorm o£ lead Ion
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(Pb2+), buc afcer combinocion with carbonaCe (C03'2) in soil, lead will form
lead carbonaCe (PbC03), a loss soluble compound,

Biodegradacion is che cransformacion of a concaminanc by a microorganism,
plane, or animal, Hose biodegradacion occurs chrough che enzymactc accion of
microorganisms. The race of degradacion depends on che mecabollc races and
characteristics, and chu populacion densities of che biocic agents,
Biodegradacion can occur in the presence (aerobic) or absence (anaerobic) of
oxygen, and some concaminancs can be degraded in both Cypes of environments,
Table 5-1 lists che biodegradablllcy pocenclal of many chemicals found ac Che
sice. Many of che organic compounds could be cransformed by biodegradatton Co
more or less toxic compounds,

5.3 INTERMEDIA TRANSPORT OF CONTAMINANTS *

Various processes occur in the environment which cause cransfer of a chemical
from one medium to another, These processes include volatilization,
dissolution In water, adsorption/sedimentation, and bioaccumulacion. A
summary of che relactve imporcance of these processes for cho relevanc i
tndicacor chemicals is conCained in Table 5-1, Table 5-2 lists propercies
chat affect a chemical's tendency to undergo chese cransformacion processes,
Intermedia cransporc depends on such things as pH, temperature, relative
humidicy, half-life in Che particular medium, the nature of the compound
containing Che chemical of InceresC, and che propercies lisCed in Table 5-2.
A discussion of che various processes follow

5,3,1 Transfer between Water and Atmosphere

Volacllization is a process by which a chemical compound Is transformed from a
liquid state into a gaseous scace, Usually Chis resulcs in che chemical
being cransferred from wacer or soil co che acmosphere, The race ac which
chis cransfer process occurs Is dependenc upon che chemical propercies of che
compound of InCeresC, and'che physical characceriscics (i.g,, surface araa and
curbulence) of che wacer body. The chemical property u£ primary concern is
che relationship becween che concencracion of che thsmical in che aqueous
phase co chac in cho gaseous phase when che cwo are In equilibrium wich each
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ocher (Henry's Law), Flow race, wacor surface area, and curbulence in cho
wacer body each affect the volacllizaclon race causing Chis race Co Increase
as each paramecer increases. For compounds wich a relacively high Henry's
Conscanc, che volacilizacion race approaches an upper limtc. For compounds
with a low Henry's Constant, cho volacilizacion race approaches zero.

The volaclltzaclon half-life Is che Cime required for half of che remaining
aqueous contaminant concentration Co be volatilized, Half-lives can vary by
an order of magnitude depending upon wacer veloclcy, wind velocicy, and Che
excenc Co which che compounds ore exposed Co Che acmosphere.

Anocher propercy indicacive of che tendency Co volacilize is che vapor
pressure, Vapor pressure is a relative measure of a chemical's tendency to
volatilize from its pure state, The Indicator chemicals wich high vapor
pressures and Henry's Constants, such as benzene and 1,2-dichloroechane will
cend Co have high volatilization rates,

Airborne droplecs creaced by air currencs and chemicals volocilized from che
surface water can be carried by wind currencs Co locacions beyond che site
boundary, The effects of chese airborne emissions can be evaluated using che
windrose in Figure 3-1, The figure indicaces chac che prevailing winds blow
from che norch-norchwesc, Over 50 percenc of che cime, which includes 6,5
percenc of che cime Chat conditions are calm and the 15,1 percent of the time
that wind speeds are between 0-3 mph, the winds would not be expected Co carry
significant amounts of pollucancs coward residencial areas wlchin one mile of
Che sice.

5,3,2 Transfer between tfatnr and Sediment/Soil

Dissolution In Hater

The solubllicy of a chemical In wacer and ocher liquids, as well as Che raclos
of liquid solubillcles Co ocher physical processes, are Imporcanc dccerralnancs
of che chemical concencractons in che surface wacer and groundwacer ac che
Army Creek Sice. The water solublllcies contained in Table 5-2 are the

AR30I31»25-8



maximum concencraclon of a chemical chac will dissolve in wacer ac a nouCral
pH and a temperature range of 20 to 30' C.

Partition'between the Hodtn

Partition of Cho contaminants becween wacer and sedimenc/soll can involve che
adsorpcion and desorpclon onto and from the surface of sediment/soil, che
adsorpcion/desorpcion onto parclculaCes in che water column, sedimentation
which is Cho sinking and ultimate deposition of Che parciculacos, and
resuspension of adsorbed concaminancs inCo che water column.

One useful parameter for estimating parclcioning between wacer and
sedimenC/soil is che occanol wacer partition coefficient, Ic is obcainable
from Che Log (Kow), where Kow is a measure of a chemical's equilibrium
dlscribution of a chemical bntween octanol and wacer. The Kow for a compound
is defined as follows;

CQCC

Where: Coct- - che concencraclon of a chemical in occanol, and
Cw - che concencracion of a chemical in wacer.

Kow data are widely available, and in combination with Che organic carbon
concent of soil, can be used to estimate the organic carbon partition
coefficient (Koc) for an individual organic compound, A simple definition of
Koc Is:

COG

Where: Coc - concencracion of che chemical In Che soil per unic weighc of
organic carbon, and

Cw - concencration of the chemical In wacer.

Calculaced Kocs are relaclvely Independent of soil characCorlsClcs (e.g., pH
and soil cype), This coefficient Is of parclcular Imporcance In decermlnlng
che chemical cransfer chac will occur during che groundwacer recharge of
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approximately 1,90 cfs (Seccion 3.4.3) from Arm: Pond. Organic chemicals wich
high Koc values and low wacer solubility such as benzo(a)pyrene and metals
such as iron, lead, and cadmium will cend Co concencrace in che soil and
sedimenc. Those wich low Koc values and high wacer solubilicy such as
benzene, bis(2-chloroechyl)echor, and 1,2-dichloroechano will cend Co migrace
wich water,

Adsorption potential is also reflected by che K00 value of a compound, The
higher che Koc value, che more scrongly a chemical will bond co soil or
sedimenc, so chac less of che chemical will be available Co migrace in che
groundwacer or surface water, Concaminancs ac Che Army Creek Sice which have
low KOC values, such as benzene, bis(2-chloroechyl)echer, and
1,2-dichloroechane could be expecCed Co cravel wlch che groundwacer or surface
wacer. The concaminancs wich low Koc values may be available Co follow che
groundwacer cycle previously described In Chapcer 3,

For Che inorganic chemicals, the discribucion coefficient Kj, is usually used
Co describe che parcicion of chemicals becweon soil or sedimenc and wacer, A
simple definition of Kd is:

where Cs - concencraclon of che chemical in che soil or sodimenc and Cw Is che
concencraclon of che chemical in wacor.

Baes and Sharpe (1983) conducced a liceracure analysis of che reporced K<i
values, The range of chese Kj values for che Army Creek Sice concaminancs,
llsced in Table 5-3, illusCrace chac Che range of K(j values is very broad for
mosc mecals, The expected concencracions of metals in surface wacer can be
calculated using chese Kd values and che metal concencracions in sedimencs
(Table 4-8), Resulcs of chese calculations are presented in Table 5-3, As
can be seen, the observed surface water concencracions for all mecals, excepc
chromium and possibly zinc, are much lower chan chose calculated from Kj
values and sedimenc concencracions. Apparently, che simple Kj calculation is
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TABLE 5-3

WARISOH OF OBSERVED A» CALCULATED SWFACE WATER CCCENTRAtlNS
OF INORGANIC CONTAMINANTS

ARMY CREEK LANDFILL
NEW CASTLE, DELAWARE

Chenlcal

Arsenic

Chromium •

Copper

Iron

Lead

Mercury

Nickel

Zinc

Observed Sediment
Concentrations

(mg/kg)

1.1 • 6

ND

8,3 • a
1,830 • 68,600

6 • 97.8

0.0459 • 0.119

9.9 • 26.4

16.4 • 273

Sediment/Hater
Distribution

Coefficient Used
Kd (mg/g)

5

14

73,000

500

3,800

NA

NA

4,000

Calculated Equilibrium
Surface Uater
Concentration

(ug/D

220 • 1,200

NC

0.11 • 0.6

3,660 • 137,600

1.6 • 25.7

NC

NC

4.1 • 68

Observed Surface
Uater Concentration

(ug/l)

NO

57 • 150

NO

980 • 2,860

NO

0.2

150

25 • 640

Notes;

NA • Not Available
NC • Not Calculable
NO » Not Detected

* Chranlw (III) is aasuned to be the predominant species In the sediment



noc a good model for mecal parcicionlng in che Army Creek aedimenCs; mecals in
chese sedimencs appear co be more tightly bound than average and less likely
Co parclcion inco che surface wacer,

As discussed In Seccion 4.2,2, wlch the exception of iron, no sedimenc metal
levels exceed che levels of mecals found in unconcaminaced soil (Brown and
Associates, 1983). Based on chis informacion, it appears Chac with che
excepcion of iron, mecal levels in che Army Creek sedimencs are probably not
elovaced above normal background mecal levels.

5.3,3 Transfer between Water/Sadtment and Bloca

Many compounds are able Co bloaccumulace in living organisms. Organisms can
concentrate chemicals in their tissues at levels greater than a chemical's
concentration in water or food. Many chemicals will partition inco che
adipose or fatty tissue of an organism. A measure of a chemical's ability to
partition Into faccy tissue can be made using KQW where occanol is considered
a surrogate for fac, Chemicals wlch large Kow values cend Co accumulace in
soil, sedimenc, and bioca, Conversely, chemicals wich low Kow values have '
higher wacer solubilities and will most likely partition into the water or
air, Most of Che organic concaminancs at che Army Creek Sice have relatively
low Kow values (see Table 5-2), excepc for che polycycllc aromacio
hydrocarbons.

Anocher measure of a chemical's abilicy co accumulate in organisms is Che
bloconcencraCion faccor (BCF). Tho BCF can be defined as follows:

equilibrium concencracton oE an organic
B2F _ _____In an organism or tissue______

the concentration of an organic in water,
soil, or food,

The BCF, however, is not usually applied co humans because che amounc of a
chemical in various food Icems of che human dice can vary greacly,
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The race of accumulation of concaminancs In organisms will depend on Che
Incake race of che concaminanc, che metabolic race of che organism, and che
abilicy of che concaminanc Co dissolve in fat, Concaminancs which are mosc
likely co have high BCFs are chose chac are soluble in fac and are capable of
binding Co tissue, Table 5-2 lists tho BCF values as calculated for
concaminanc partitioning into fish. The values Indicate chac some of che
concaminancs found ac Che Army Creek Sice may accumulace in fish. The BCF
values, however, do noc indicace in whac cype of ctssue (muscle, bone, or fac)
che concaminanc will accumulace,

5.4

The mosc ImporcanC concaminancs ac che Army Creek Sice include mecals,
volatile organics, and semivolatile organics. These concaminancs are found in
recovered groundwacer discharges, in surface waCer, and in sedimencs. The
diverse nacure of che concaminancs, as well as che differenc media in which
chey reside, dictate chat che environmental face and cransporc will be very
complex. The Important processes Include: volacilizacion, adsorption,
desorpcion, dissolution, sedimencacion, resuspension, bioaccumulacion,
bloconcencraclon, chemical speclacion, and biological degradation.

The hydrogeological scudy performed during chis RI demonscraced chac che
surface wacer onslce is moving inco che groundwacer ac a very high flow race.
This wacer movement facilitates the recycling of Che contaminants Through the
three media of groundwacer, surface water, and sedimenc, The ultimate sinks
for each category of contaminants can be hypothesized Co Include che
following:

' For che volatile and less adsorbable organics, i.e., benzene,
1,2-dichloroeChane, and bls(2-chloroechyl)echer, ulcimace sinks
include: long-cerm recycling becween surface wacer and groundwacer,
downstream cransporc, volacilizacion inco che air, and degradaclon.



For che samlvoloclle and more adsorbablo organics, i.e.,
benzo(a)pyrene, ulcimace sinks include: concencraclon In Cho btoca
and sedimencs, wich ultimate deposition into che sedlmencs,
downscream cransporc while adsorbed co sedimencs, und degradacion.

For iron: Che iron (mosCly in ferrous form) pumped out of the
groundwacer, could be carried downscream by surface wacer, recycled
becween surface wacer and groundwacer, and/or oxidized co che ferric
form and precipicaced in che sedlmencs of Army Creek or Army Pond,

For che other inorganics, the sinks include: bloaccumulacion,
sedimencacion, recycling becween surface wacer and groundwacer, and
Cransporc downscream by surface wacer.
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6,0 RISK ASSESSMENT

This sacclon presencs che public healch and environmental risk assessmenc for
che Army Creek Landfill Sice, The objeccives of chis assessmenc are Co define
che pocencial and accual risks Co human healch and che environmenc resulting
from che presence of hazardous maCerials on che sice, and Co provide che basis
for risk-based cleanup cricerla Co be used in che FS,

To assess public healch and envlronmencal risks, Chree major aspeccs of
chemical concaminacion and environmenCal face and cransport muse be
considered: (1) contaminants wlch coxlc characcerisclcs must be found In
envlronmencal media and be released by elcher natural processes or human
accion, (2) pathways by which accual or pocencial exposure occurs muse be
presenc, and (3) human or environmoncal recepcors muse be presenc Co complece
che exposure route. Risk is a funccion of boch Coxiclcy and exposure; wichouc"
one of che faccors listed above, there is no risk,

This risk assessment estimates the potential for human health and
environmental risks at Che sice by combining informacion on che coxlcicy of
che compounds dececced in Che environmenCal media wlch a site-specific
estimate of exposure probability, The risk assessmenc is presenced in five
seccions: (1) Hazard Assessmenc (Soccion 6,1), (2) Dose-Response Evaluation
(Seccion 6.2), (3) Exposure Assessmenc (Seccion 6.3), (4) Risk
Characcerizacion (Seccion 6,4), and (5) EnvironmenCal Assessmenc (Seccion
6,5).

6.1 HAZARD ASSESSMENT

The Hazard Assessmenc consiscs of cwo parcs--che hazard idenclficacion and che
coxicological evaluation, The hazard identification (Section 6,1,1) is
primarily concerned with che selection of chemical contaminants that are
represencacive of che type and magnitude of potential human healch or
environmenCal effaces. Concaminanc concencracion, contaminant release and
environmental transport mechanisms, exposure routes, and coxlcicy are
considered Co develop a list of contaminants that adequaCely define Che
sice-associaced risks. Seccion 6,1,2 presencs a brief discussion of che basic
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Coxlcologlcal term? used in chis docume.it. Appendix E provides detailed
coxicicy profiles and qualitative discussions of human and animal acute,
chronic, or nonchroshold, carcinogenic effaces of che Indlcacor chemicals,

6,1,1 Hazard Identification,

The nature and extent of concaminacion was prosenCed In Sections 4,1 and 4,2.
Those seccions and Appendix C (Recovered Groundwacer Analytical Resulcs)
should be reviewed as necessary, Alchough many chemicals were deCecCed during
che sampling of che recovery well discharges, only a few of che chemicals pose
a risk Co human healch or the environment,

This section is concerned wich selecting a Use of chemicals (indicator
chemicals) thac adequacely characcerlze che carcinogenic and noncarcinogenic
risks co pocencial human reoepcors. The racionale for Inclusion or deletion*
of specific site concaminancs follows,

Indicator Chamical Selection

Chemicals represencaclve of Cho cype and magniCude of pocencial carcinogenic
and noncarcinogenic effeccs were selecced as indicacor chemicals, Crlceria
for seleccion included (1) an EPA carcinogenic welghc-of-evldence
classlficacion of A, Bl, or B2, (2) exceedance of criceria llsced in Seccion
6.3., and (3) posiclve dececcion more Chan once onslCe in any media. The lasc
cricerion was used co screen ouc single decoctions chac might not represent
che actual site conditions and chemicals chat were only Identified off sice.

The chemicals chosen as indicacor chemicals Include che following organics:
benzene, benzo(a)anchraceno, benzo(a)pyrene, benzo(b)fluoranchene, bls(2-
chloroethyl)ether, bis(2-echylhexyl)phchalace, chrysene, 1,2-dichloroechane,
cecrachloroechene, and crlchloroechene, The Inorganics chosen as indicator
chemicals include che following: arsenic, cadmium, chromium (III), iron,
lead, mercury, nickel, and zinc,
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6,1,2 Toxleologieal Evaluation.

The purpose of chis seccion is co idencify Che potential health and
envlronmencal hazards associated wlch exposure co che Indicacor chemicals
Identified in Seccion 6,1,1, A coxlcolaglcal evaluation characterizes che
Inherent coxlcicy of a compound, Ic conslscs of a review of scientific data
Co determine the nature and extent of the human health and environmental
hazards assoclaCed wlch exposure co che various chemicals. The end produce is
a coxicicy profile for each indicacor chemical, each of which Is presenced in
Appendix E. Those coxicicy profiles provide che quallcaclve
welght-of-evidence that sice concaminancs pose accual or potential hazards Co
human healch and the environment.

Toxic effects considered in these profiles Include noncarcinogenic and
carcinogenic health effects as well as environmental effects, Toxlcologicaf
endpoints, routes of exposure, and doses in human and/or animal scudies are
discussed. Carcinogenic healch effeccs are associaced wlch exposure Co a
carcinogen. Rouce of exposure and doses in human and/or animal scudies are
provided, Also considered is Che EPA's welght-of-evidence for a compound's
carcinogenicity (i.e., Croup A, known human carcinogens; Group B, probable
human carcinogens; Group C, possible human carcinogens; Group D, noc
classifiable as Co its carcinogenicity) (EPA, 1986b), Environmental effects
Include acute and chronic toxic effects observed in aquatic biota and
cerreserial wildlife,

Available Coxicological informacion indlcaces chac some of che indicacor
chemicals have boch noncarcinogenic and carcinogenic healch effecCs in humans
or In experlmencal animals, Alehough che Indicacor chemicals may cause
adverse healch and environmenCal impaccs, dose-response relacionshlps and che
pocencial for exposure muse be evaluaced before che risks Co recepcors can be
determined, Dose-response relacionshlps correlate che magnitude of the dose
with the probability of toxic effects, as discussed in che following section,
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6.2 DOSE-RESPONSE EVALUATION

An Important component of che risk assessmenc process is the relationship
between the amount of compound co which an individual or populacion is
exposed (dose) and che potential for adverse healch effecCs resulting from
exposure Co Chac dose (response). Dose-response relationships provide a means
by which pocencial public healch ImpacCs may be evaluated, The published
Informacion on doses and responses is used In conjuncCion wlch Informacion on
che nacure and magnitude of human exposure Co develop an estimate of healch
risks,

This seccion conslscs of che Identification of ARARs that are used to evaluate
public health and environmental Impacts, Toxicity values such as reference
doses (RfDs) and carcinogenic pocency faccors (CPFs) are discussed in Seccion
6.2,1. Federal and scace wacer quality criteria are discussed in Seccion
6,2.2. Only federal and state ARARs applicable co surface wacer are discussed
In chis report, Drinking wacer ARARs such as Safe Drinking WaCor Act Maximum
Concaminanc Levels (MCLs), Maximum Concaminanc Level Goals (MCLGa) and EPA
Healch Advisories are noc discussed because (1) che recovery wells are pumped
as a remediacion accion required under che first Army Creek Landfill ROD to
protect downgradlent drinking water resources, (2) che water pumped ouc of che
recovery wells is discharged Co surface wacer, and (3) che surface wacer chac
che recovered groundwaier discharges inco Is noc used as a drinking wacer
source,

6,2.1 Toxlcltv Values

Two coxicicy values chat have been developed hy che EPA for use In Che risk
assessmenc process are RfDs and CPFs, This seccion provides a brief
descripclon of chese paramecers,

Reference Dose--The RfD is developed by EPA for chronic or subchronlc human
exposure co hazardous chemicals and Is based solely on Che noncarcinogenic
effaces of chemical subscances. The RfD Is usually expressed as a dose (mg)
per unic body weighc (kg) per unit time (day), It Is generally derived by
dividing a no-observed-adverse-effecc-level (NOAEL) or a lowesc
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observed-adverse-effecc-level (LOAEL) by an appropriate "uncercaincy faccor"
and a "modifying faccor", NOAELs and LOAELs are determined from laboratory or
epldemiological Coxicicy scudies,

The uncercaincy faocor is based on che avallablllcy of coxicicy daca, and Is
used co accounc for uncertainties of extrapolating from animals to humans. A
faccor of 10 is used when a RfD is excrapolaced from valid experimencal
resulcs of chronic human exposure Co a chemical--a faccor which accouncs for
individual variacions in sensicivicy. A faccor of 100 Is used when ic is
necessary Co extrapolate from long-term studies on experimencal animals or
when resulcs from human exposure are noc available or are Inadequate. A
faccor of 1,000 is used when excrapolacing from subchronic exposures of
experimental animals whan no human daca are available, Finally, a factor of
10,000 is used when Ic Is necessary Co derive a RfD from a LOAEL Instead of a
NOAEL, Professional judgment can also be used to Incorporate an additional
modifying factor of up to 10, depending on cither uncertainties in the database
not covered by an uncertainty factor, such as completeness or number of
species cesced, The default valuo for this modifying factor is one,

The RfD incorporates the uncertainty of che evidence for chronic human healch
effeccs, Even If applicable human daca exisc, che RfD, as diminished by che
uncercaincy faccor, scill maincalns a margin of safety so that chronic huniun
healch effeccs are noc underestimated, Thus, che RfD Is an acceptable
guideline for evaluation of noncarcinogenic risk, alchough che associaced
uncercalncles preclude ics use for precise risk quancitatlon.

Carcinogenic Potency Factor--CPFs are applicable for estimating che lifetime
probability (assumed 70-year llfespan) of human receptors contracting cancer
as a result of exposure co known or suspocced carcinogens chrough ingesclon or
Inhalaclon, This faccor is generally reporced by EPA in unlcs of kg-day/mg
and Is derived chrough an assumed low-dosage linear relacionship and an
excrapolaclon from high Co low dose-responses determined from animal scudies,
The' value used In reporcing che slope factor is che upper 95 perconc
confidence llmlc.
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6,2,2 Water Quality Criteria

Federal AWQC and Delaware Proposed Wacer Qualicy Scandards are discussed in
chis seccion for che indicacor chemicals chac pose a risk co human hoalch or
che environment.

Federal Ambient Water Quality Criteria--AHOC are nonenforcaable regulacory
guidelines and are of primary ucilicy In assessing acuce and chronic coxic
effaces In aquacic organisms, They may also be used for idenclfying human
health risks, AWQC consider acuce and chronic effects in both freshwater and
saltwater aquatic life, and adverse carcinogenic and noncarcinogenic healch
effeccs in humans from ingescion of both water (2 liters/day) and aquacic
organisms (6,5 grams/day), as well as from Ingescion of wacer alone
(3 llcers/day), The AWQC for proceoclon of human healch for carcinogenic
subscances are based on che EPA's specified Incremental cancer risk range of
one additional case of cancer in an exposed populacion of 100,000 Co
10,000,000 persons (i.e., che 10^ co 10? range) and are generally based on
older coxicologlc data.

Delaware State Regulations••DNREC has established regulacions for che
preservacion of surface wacer qualicy (Scace of Delaware, 1989). Numerical
wacer qualicy criceria for che proceccion of aquacic life and for che
proceccion of human healch have been developed for many coxlc chemicals.
Thircy-four numerical crlcerlo have been developed for aquacic life and 100
numerical criceria have been developed for human healch. These regulations
cover many of che same chemicals for which che EPA has developed AWQC, and
Chey are ac lease as scrict as the federal regulations, In addition, like the
AWQC, the Delaware criteria are expressed in terms of acute and chronic
exposure for freshwacer and marine aquacic life. The criceria developed for
proceccion of human healch include Ingescion of freshwater fish and wacer or
fish only, and che ingestlon of massive fish/shellfish.

Toxlclcy Values (RFDs and CPFs), AHQC, and Delaware wacer qualicy criteria for
human healch, and EPA weighc-of-evidence for carcinogen classiflcaclon are
presenced In Table 6-1, This cable presencs values for Indicacor chemicals
chac are known or suspecced human carcinogens and for chemicals having only
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noncarcinogenic effeccs, All available Coxicicy infonnaeion Is Included in
chis Cable. Mosc of che daca are from che Incograced Risk Informacion Service
(IRIS), EPA's computerized Coxlcological dacabase or che Healch Effeccs
Summary Tables (HEAST). However, if a paramecer is noc available in IRIS or
HEAST, previously published values from ocher EPA sources are used if
possible, For example, che RfDs for lead have been revoked, However, in
order Co be conservative, che original values are used, If che dose of a
chemical exceeds chese scandards or guidelines, che pocencial exists for a
recepcor co experience adverse healch effeccs, ExpecCed doses of Che
Indicacor chemical;; are In Seccion 6,'i and Appendix F.

Federal AWQC and Delaware wacer qualicy criceria for che proceccion of
freshwater aquacic life are presenced in Table 6-2. Dose-response
relationships for environmenCal effeccs are limited co comparison wlch che
AWQC for Che proceccion of aquacic life, These criceria specify che"
concencraclon of a compound in surface wacer which, If noc exceeded, should
procecc mosc aquacic life, These criceria are derived from both plane and
animal daca and were developed co procecc che cypes of organisms necessary Co
supporc a hoalchy aquacic communlcy. However, chey may noc procecc all
aquacic life under all condicions.

6,3 EXPOSURE ASSESSMENT

The purpose of chis seccion is Co evaluace che pocencial for human and
environmental exposure Co che hazardous compounds associaced wich che Army
Creek Landfill Sice, This seccion characcerlzes poCenclally exposed
populaCions, idencifias accual or pocencial rouces of exposure, and escimaces
Che degree or magnitude of exposure,

To decermine whether there is an accual exposure or a pocencial for exposure
ac chis sice, che mosc likely pachways of concaminanc release and cransporc,
and che human and envlronmencal acclvlcy paccerns in che area muse be
considered, A compleCe exposure pachway has chree componencs: (1) a source
of chemicals ChaC can be released co che environmenc, (2) a rouce of
concaminanc cransporc chrough an envlronmencal medium, and (3) an exposure or

AR30I359
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TABLE 6-2

WATER QUALITY CRITERIA FOR INDICATOR CHEMICALS
(•••••«. (FOR PROTECTION OF FRESHWATER AQUATIC LIFE)

ARm CREEK LANDFILL
NEW CASTLE, DELAWARE

Chemical

EPA Anblem Water Duality Criteria
Freshwater (t, 2)

<ug/l)
Acute Toxicity
(1-Hour Average)

Chronic Toxicity
(4-Day Average)

State of Delaware Water Duality Criteria
for Protection of Aquatic Life

Frestwater (3)
(ug/l)

Acute Chronic

ORGANIC!

Benzene
1,2-Dlchloroetlwne

5,300

118,000
NA

20,000

INORGANICS

Artenlc (III)
Cadilua
CtiroBiun (III)
Chrouli* (VI)
Iron
Lead

Harcury

Nlckal

Zinc

360

3.9 (1)

1,737 (a)

16

NA

82 (a)

2.4

1,411 (a)

117 (a)

190

1.1 (a)
207 (a)

11

1,000

3.2 (a)

0.012

156 M

106 <«)

360

3.9 (a)

1,737 (a)

16

NA

82 (a)

2.4

1,418 (a)

117 (a)

190

1.1 (a)

207 (a)

11

1,000

3.2 (a)

0.012

158 (a)

106 (a)

Notea;

(a) Calculated beaad on the aaiwptlon of 100 TO/I of hardneia

NA Not applicable

Sour CM:

(1) EPA, Integrated Rink Information SyatM (IRIS)
(2) EPA, 1986a
(3) Stata of Daliware, July 20, 1989
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concacc poinc for human or envlronmencal rocupcors, These compononcs are
addressed In Che following subseccions, The magnitude of exposure Is
estimated in Che final subsecClon.

The nacure and exCenc of concamlnacion were described in Seccion 4,0 of chis
reporc. Sources of concaminaclon are summarized as follows:

' Recovery well wacer discharge
' Creek and pond surface wacor
' Creek and pond sedimencs
9 Air in che area of che creek and pond

6.3,1 Receptor Iden.clflcation.

Pocencially exposed human and environmenCal recepcors are as follows;

1 Persons crespassing on che sice
' Persons residing or working downwind (Co Che norch) of che sice
9 Aquacic bloca In Che creek and pond
8 Terrescrlal flora and fauna living on che sice or seasonally using

Che sice

Since che recovery wells were inscalled and operaCed, che Arceslan WaCer
Company producclon wells used for public wacer supply in che area have noc
been found co be adversely affecCed by sice-relaced concaminacion.

6,3,2 Exposure Rouces

There are five environmenCal rouces chrough which idenctfled recepcors may be
dlreccly or indireccly exposed co slce-ralaced concaminancs--groundwacer
collecced by Che recovery wells, surface wacer, sedlmencs, air, and fish.

Exposure Co recovered groundwacer could occur Chrough InadvercenC Ingescion
of, or dermal concacc wlch, discharges from che operaclng recovery wells,
Exposure co surface wacer could occur chrough accidental ingescion or dermal
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concacc while playing in che wacer. Exposure co sice sodlmencs could occur
Chrough accldencal Ingescion or dermal exposure of sedlmencs chac could
accumulace on che hands or clochlng of people visictng che sice. Air exposure
could occur chrough volacilizacion of organic compounds In che recovered
groundwacer discharges or che surface wacer. Finally, exposure chrough fish
could occur as recreaclonal anglers consume fish caughc In Army Creek or Army
Pond.

6,3.3 Exposure Estimates

The third step In Che exposure assessment is Co escimace che doses of
concaminancs incurred by a recepcor. This seccion provides rouce-specific
estimates of concaminancs Co which a recepcor may be exposed, Escimaced doses
of concaminancs are presenced in che calculations provided in Appendix F.

A dose is defined as che amounc of a compound (in mg) absorbed (per day) by a
recepcor (p"r kg of body weighc), Doses can be calculaced for a llfeclme
exposure (for carcinogenic affeccs) or fc.- etcher chronic or one-cime acuce
exposure (for noncarcinogenic effeccs). A dose is generally estimated as
follows:

Dose >. Contaminant Concentration x Contacc RnCa x Absorbed Frnccloq
Body Weighc

Exposure duration (or exposure fraction) Is an Important faccor in calculating
doses, A clme-welghclng faccor for llfeclme exposures Is used for esclmaclng
doses of carcinogens, whereas for noncarclnogens, an annual clme-welghclng
faccor Is more appropriace,

Exposure Co Croundwnter Recovery Well Discharges and Surface UaCer

The pocencial exposure scenario developed for che groundwacer recovery well
discharges In Seccion 6,3.2 Includes exposure Co slce-relaced concamlnaclon
chrough recovered groundwacer ingescion, Ingescion exposures are escimaced
using che following equacion (EPA, Occobor 1986):
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Dose - G-X IR x AF x TO
BW x If

Where: Dose - Dally Incake per unic body weighc (mg/kg • day)
C - Concaminanc concencraclon in wacer (mg/1)
IR - Ingescion race (I/day)
AF - Absorpcion fraccion (unlcless)
ED - Exposure duraclon (years) (omiCCed for noncarcinogens)
BW - Body weighc (kg)
LF - Ltfeclme (years) (omiccod for noncarcinogens)

The average concaminanc concencracion was used as a means of assessing Che
mosc possible accidental exposure, The ingescion race was sec ac 0.1
HCers/day for a 70-kg adulc recepcor and ac 0,1 licer/day for a 30-kg child,
The exposure frequencies were six exposures in 30 years for adults and one
exposure per year for six years for a child. The absorpcion fraccion was
specified as 100 percenc (1.0) for all groundwater concaminancs,

Carcinogenic risk was based on an exposure duraclon of 30 years, This value
is che maximum cime an adulc would be expecCed co live in che area (EPA,
1989c), Carcinogenic risk for a child was based on an exposure duracion of 6
years, A lifecime was considered Co be 70 yr.ars.

Inhalation exposures arc escimaced as follows:

Cair x IR x AF x EF x ED
Dose - .

BW x LF

Where: Dose - Dally concaminanc incake par unic body weighc (mg/kg - day)
cair " A*r concencracion of concaminanc of concern (mg/m^)

IR - Inhalaclon race (m3/day)
AF - Absorpcion fracclon (unicless)
EF - Exposure frequency (days/year) (omlcced for

noncarcinogens)
ED - Exposure duracion (years)
BW - Body wulghc (kg)
LF - Llfeclme (years) (omlcced for noncarcinogens)
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The inhalaclon race was sec ac 1 m3/day for boch a 70-kg adulc and a 30-kg
child (EPA, 1989c), The absorpcion fraccion was specified as 100 percenc
(1.0) for all air concaminancs. Tho exposure frequency was escimaced ac six
exposures In 30 years for adulcs and one exposure per year for six years for
children. Carcinogenic risk was based on an exposure duracion of 30 years for
an adulc and 6 years for a child, A lifetime was considered Co be 70 years,
Air concencracions were calculated by multiplying Che weighted average
groundwacer recovery well discharge concencracion by Henry's ConsCancs for
each concaminanc (see example calculation In Appendix F). Air concencracions
from surface wacer were calculaced as for groundwaCer recovery well discharge
excepc Chac maximum surface wacer concencracions were used,

Exposure Co ConCnmlnnCcd Sedtmenc

Exposure estimates for che accidental ingescion of contaminated sedlmencs can*
be escimaced as follows:

Dose - C x IR 'X AF x EF x ED
BW x LF

Where: Dose - Daily incake of concaminanc per unic body weighc (mg/kg-day)
C - Concaminanc concencracion in sedimenc (mg/kg)
IR - Ingescion race (mg/day)
AF - Absorpcion fraccion (unicless)
EF • Exposure frequency (days/year)
ED • Exposure duracion (yenrs) (omicced for noncarcinogens)
BW - Body weighc (kg)
LF • Ltfeclme (years) (omicced for noncarcinogens)

Ingescion races of 10 and 50 mg/day for a 70-kg adulc and a 30-kg child were
used Co represenc che amounc of soil pocencially Ingesced by a recepcor, The
exposure frequency was escimaced ac six exposures in 30 years for adulcs and
one exposure per year for six years for children, Carcinogenic risk was based
on an exposure duraclon of 30 years for an adulc and 6 years for a child, A
lifecime was considered Co be 70 years, The esclmaces presenc a worse-case
scenario because maximum contaminant concencracions are used in che
calculations. Soil Ingescion races are overescimaces because mosc sedimenc
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would be washed off of hands and feec. Tho pocencial, however, does exisc
during periods of low wacer condicions for recepcors co be exposed Co
uncovered sedlmencs.

Dnrmnt ConCncc wtch ConCnmlnnCed Surface UnCer and Sediments

Exposure estimates for dermal contact wlch surface wacer are escimaced wich
che following equacion:

Dose - C x K x SA x EF x ED
BW x LF

Where: Dose - Dermal exposure dose (mg/kg-day)
C - Concaminanc concencracion (mg/1)
K - Dermal absorpcion coefflcienc (0,001 l/cm2/hr)

(DuCklewicz and Tyras, 1968, 1967)
SA • Surface area (cm?')
EF - Exposure frequency (unicless)
ED - Exposure duracion (years) (omicced for noncarcinogens)
BW - Body weighc (kg)
LF - LifeCime (years) (omlcced for noncarcinogens)

Surface areas of 8,750 cm^ and 19,400 cm2 were used for 100 percenc body
exposure for a child and an adulc, respecclvely. The exposure frequency was
escimaced at six exposures in 30 years for adulcs and one exposure per year
for six years for children, Carcinogenic risk was based on an exposure
duracion of 30 years for an adulc and 6 years for a child. A lifecime was
considered Co be 70 years.

Dermal sedimenc exposure escimacos are based on scenarios presenced above and
are calculated by che following equacion:

Dose - C x A x BF x EF x ED
BW x LF

AR30I365
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Where: Dose - Dermal absorpcion dose (mg/kg/day)
C • Concaminanc concencraclon (g/kg)
A - ToCal soil adhered (2 mg/cm2)
BF - Bloavailabilicy faocor (100%)
EF - Exposure frequency (unicless)
ED - Exposure duracion (years) (omicced for noncarcinogens)
BW - Body weighc (kg)
LF - Llfeclme (years) (omlcced for noncarcinogens)

Calculacions were made for a 30-kg child and a 70-kg adulc suspecced of
crespassing onsice, ToCal exposed surface areas were escimaced at 2,625 cm2
and 5,820 cm? for a child and an adulc, respectively, Therefore, based on an
adhesion estimate of 2 mg per exposed surface area, che Cocal escimaced amounc
of soil adhered would be 5,250 mg for a child and 11,640 mg for an adulc. This
value can be considered as a maximum estimate (worse-case) because surface
wacer would wash off mosc of che adhered sedimenc. The exposure frequency was
escimaced ac six exposures in 30 years for adulcs and one exposure per year
for six years for children, Carcinogenic risk was based on an exposure
duraclon of 30 years for an adulc and 6 years for a child, A lifecime was
considered co be 70 years.

Dermal exposure calculacions are concerned only wlch organic concaminancs
because mecals are noc expected Co be absorbed chrough che skin.

Ingescion of ConCnnitnaCed Fish

Exposure estimates for Ingescion of concaminaced fish depend on che following
equacion:

Dose - CLl x CRl x EF
BW

Where: Dose - Food Ingescion dose (mg/kg/day)
CH - Concencraclon of concaminanc In foodscuff (mg/g)
CRl - Consumpclon race of food group (g/day)
EF - Exposure faccor (unicless)
BW - Body weighc (kg)
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Exposure was based on a 70-kg adulc consumpcion race of 5.2 g/day (Scace of
Delaware, 1989), This is cho average consumpcion race of froshwa^r fish for
recreaclonal anglers in Delaware, In a reporc by Che Scace of Delaware
(June 17, 1983), chromium (5,2 ug/g) and lead (5.0 ug/g) were found in
bullhead cacfish samples,

6,4 RISK CHARACTERIZATION

The objecclve of Chis seccion Is Co esclmaCe Che pocencial incidence of
adverse healch or envlronmencal effeccs under che exposure scenarios defined
in Seccion 6.3, EPA Guidelines (1986b) for Che use of dose-additive models
are used Co combine che risks for individual chemicals co escimace cumulative
risks for Che mixCures found on che sice, assuming Chac che toxicologic
endpoints (effeccs) are che same. This seccion characterizes che pocencial
carcinogenic, noncarcinogenic, and environmenCal risks associaced wich che
Army Creek Landfill Sice.

6.4.1 Uncertainty in Risk Assessment

Carcinogenic and noncarcinogenic healch risks are escimaced using a number of
assumptions. Therefore, che values presenced In chis seccion concaln an
Inherenc amounc of uncercaincy, The cercaincy wich which healch risks can be
characcerized depends upon che body of informacion regarding che coxlcicy of
chemicals and che accuracy of che exposure esclmaces,

Dose-response relacionshlps are purposely developed co be conservaclve, and Co
cend coward overscaclng pocencial compound coxlcicy, In order Co provide
margins of safecy Chac will be proceccive of human healch and che environment
Exposure esclmaces are based on conservaclve scenarios, This conservacism
resulcs in prediccions of adverse Impaccs chac account for che many
uncertainties in che risk assessmenc process, such as variations of
suscepclblllcy Co chemical compounds among human recepcors,

AR30I367
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6,4.2 Carcinogenic Risks

Carcinogenic risks con be escimaced by combining informacion in che
dose-response assessmenc (CFFs) wich an estimate of che individual intakes
(doses) of a concaminanc by a recepcor,

Risk can be esctmoced as follows (EPA, 1986b):

Risk - (q*)(Dose)

Where: q* - Carcinogenic pocency faccor (slope of che dose-response curve
in kg-day/mg)

Dose - Amounc of a contaminant absorbed by a receptor in mg/kg-day

r
The resulting risk is a unitless expression of an individual's likelihood of
developing cancer as a result of exposure to che carcinogenic indicacor
chemicals, When che above equacion resulcs In a risk greater than 0.1, the
following equation is used:

Risk - 1 • exp(q*)(Dose)

This equacion calculates Incremental risk in addition Co che risks incurred by
everyday accivities. The risk can also be applied Co a given populacion co
determine che number -f excess cases of cancer chac could be expected to
result from exposure, For example, a risk value of 1 x 10'6 which indicaCe
one addicional case of cancer in 1,000,000 exposed persons,

The cocal risk for exposure co multiple compounds Is presenced as che
summation of the risks for che individual concaminancs, Risks can be
calculated In chis manner given che following assumptions;

" There are no a .agonisclc/synerglsclc effeccs becween concaminancs
* Exposure Co all chemicals produces che same resulc
° The exposed populacions are che same (EPA, 1986b)
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Detailed risk calculacions are presenced in Appendix F for each exposure
scenario developed In Seccion 6,3, Inpuc parameters and assumpclons are
defined for each scenario, Table 6-3 presencs cocal incremencal lifecime
cancer risks for each exposure scenario, Since none of Che carcinogenic risks
exceeds che Superfund accion level of 10'6 co 10"4, chore is no cause of
concern for carcinogenic risk ac che Army Creek Sice.

6.4,3 Nonearctnogenlc Effects

The potential for health effects resulting from exposure to noncarcinogenic
compounds is escimaced by comparing a time-weighted daily dose Co an
acceptable level such as a chronic RfD, If che ratio exceeds 1,0, chcre is a
pocencial healch risk assoclaced wlch exposure co Chac particular chemical
(EPA, 1986b), The ratios can be summed for exposures to multiplê
contaminants, The sum, known as a Hazard Index, is not a mathematical
prediction of che severicy of coxic effeccs, buc racher a numerical indicacor
of che cransiclon from accepcable Co unaccepcabla levels, Table 6-4 presencs
a summary of che cocal pocencial Hazard Indices for che exposure scenarios

' < described in Seccion 6.3, Since none of che cocal Hazard Indices exceeds 1.0,
Chere is no cause of concern for noncarcinogenic risk ac che Army Creek Sice,

6.4,4 Summary of Risk Characterization

The carcinogenic and noncarcinogenic risks calculated for che possible human
exposure Co Che groundwacer recovery well discharges, Che surface wacer, che
sedimenc, and che fish consumpcion in chis Focused RI are all under che normal
accepcable risk levels. The calculated risks can be used in che FS co develop
risk-based accion levels for che various sice media,

6.5 ENVIRONMENTAL ASSESSMENT

6,5.1 Water Quality

The State of Delaware classifies Army Creek for fish and wildlife propagation,
and for agricultural use (Scace of Delaware, 1988), As of 1988, chese uses
were considered co be supporced buc chreacened due co low flow and some
organic enrichmenc,

AR3QI369
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TABLE 6-3

SUMMARY OF TOTAL POTENTIAL CARCINOGENIC RISKS

ARMY CREEK LANDFILL
NEU CASTLE, DELAWME

Media

Recovery Well
Discharges*

Sediment**

Surface Hater"

Scenario

Inadvertent Ingestlon

Inhalation of Volatile! Leaving
Grourehater

Dermal Abeorptlon

Inadvertent Ingeitlon

Dermal Abiorptlon

Ingeatlon

Inhalation of Volatile! Leaving
Surface Water

Dermal Abeorptlon

ACE GROUP EXPOSED

children
6-11 yrs

1.2E-8

7.2E-7

9.7E-7

8.2E-10
(0.01 g/day)

4.1E-9
(0.05 g/day)

NC

6.5E-9

1.8E-7

6.06-7

Adults
70-yr Life Span

5.3E-9

J.1E-7

9.2E-7

3.5E-10
(0.01 g/day)
1.7E-9

(0.0! g/day)

NC

2.9E-9

7.6E-8

5.7E-7

* Risks fro* grcux^ater recovery mil discharge] were calculated ualng the weighted average of
pollutant concentratlona detected during sampling, plus one-half the contract required
quantltatlon or detection Hilt for nondetected values which had been detected In the past.

** Sediment and surface Hater risks Here calculated ualng the highest pollutant concentrations
detected during mipllng.

NC These values could not be calculated due to a lack of sufficient Information.
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TABLE 6-4

SUMMARY OF TOTAL POTENTIAL HAZARD INDICES

ARMY CREEK UNOFILL
NEW CASTLE, DELAWARE

Media

Qroundnater
Recovery Well
Discharges*

sediment**

Surface Water**

Fish

Scenario

Inadvertent Ingestlon

Inhalation of Volatile* Leaving
OroundHKer

Dermal Absorption

Inadvertent Ingestlon

Dermal Absorption

Inadvertent Ingestlon

Inhalation of Volatile! Leaving
Surface Uater

Dermal Absorption

Ingestlon ***

ACE GROUP EXPOSED

children
6-11 yrs

1.5E-S

NC

NC

7.2E-5
(0.01 g/day)
3.6E-4

(0.05 g/day)

NC

B.OE-4

NC

NC

NC

Adults
70-yr Life Span

1.3E-6

NC

NC

6.2E-6
(0.01 g/day)

3.1E-5
(0.05 g/day)

NC

6.9E-5

NC

NC

0,26

' Rlski from grounduater recovery Hell dlachirgei Here calculated using the weighted avenge
of pollutant concentrations detected during sampling, plus one-half the contract required
quant I tit I on or detection Halt for current nondetected values which had been detected In the
peat.

** Sediment vti surface water risks were calculated using the highest pollutant concentrations
detected during sampling.

**• For chromium and lead.

NC These values could not be calculated due to s lack of sufficient Information,
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Two scudies have compared Che scream bloca of Army Creek from locaClons above
and below che landfill, beyond che pond ouclec, The scudy conducced In 1985
by che SCaCe of Delaware (Scace of Delaware, 19B5) found species richness ac
boch che above and below landfill staclons Co be similar. BoCh sCacions
exhlbiced high densicies of macroinvercebraces buc relatively low species
diversity, Of the species present, facultative and pollution-Coleranc
organisms predominaced. Tho authors suggested chese communicles were
Indicacive of moderace inorganic enrlchmenc, The second biomonicorlng scudy
was conducced In 1986 by EPA (EPA, 1986c). This scudy had chree study siCos,
one upscream from che landfill, che second In che Army Creek Pond, and che
chlrd downscream of Army Creek Landfill. Resulcs of chis scudy were similar
Co chose found in che 1985 ScaCe of Delaware Scudy. The EPA scudy did find
Chac che downstream benthlc communicy had more Caxa and fewer organisms per
caxa as well as more groups intolerant of water pollution, indicating an
improvement in wacer quality over upscream sCacions, The pond scacion
exhibited very low species richness and 95 percent of the groups found in the
pond were pollution toleranc. This Indioacos poor wacer qualicy In che pond,
In summary, Army Creek boch above and below che landfill appears Co be
nucrienc enriched, Alchough chronic coxic effeccs due Co landfill effluenc
may be presenc, che effeccs cannoc be discingulshed from che scream blocic
communicles due co che confounding effeccs of che stream enrichment, The
Improvement In che benchlc macrolnvercebrace communicy below che pond oucfall
does suggesc chac che pond may be operacing as a fllcer or aeracion syscem,
Improving Che wacer qualicy of che outflow wacer.

6,5,2 Blonasavs and Chronic Toxicltv Scudies

A bloassay was performed on a composlco whole-fish sample of four brown
bullhead catfish collected by DNREC (1983). Resulcs showed no cissue
contamination by purgeable synthetic organic compounds buc some Inorganic
conCaminacion by zinc (18 ug/g), chromium (5.2 ug/g), copper (5,2 ug/g), and
lead (5,0 ug/g), Polychlorinaced btphenyls (PCBs) (1,2 ug/g) were also
dececced, The fish In Chis scudy were collecced below Che landfill ac Che
edge of che Army Creek Sice,
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Brown bullheads are good indicacor organisms for cracking pocencial
concaminancs. They can be choughc of as InCegracor organisms as choy are very
coleranc of polluCed condicions buc are able Co sequescer concaminancs over
cime, They are benchic dwelling as well as benchic feeders, Bioavailable
concaminancs from che sedimencs can parcicion inco cho fish chrough physical
processes or chrough feeding effeccs, Alchough che fish may be receiving some
mecals from che sedlmoncs of Army Crook and Army Pond, Ic Is likely chac some
of choir concaminanc loading may have come from offsice since cho sedimencs do
noc have elevaced mecal concencracions compared co che average concencracions
of mecals in uncontamlnaced soil (Brown and Associates, 1983).

Two shorc-cerm chronic coxicicy scudies using Certodnphnta dupla were
performed on recovery well wacer and Army Creek wacer from above and below che
Army Creek Pond, The scudy performed by che Scace of Delaware in 1985 (Scace
of Delaware, 1985) concluded that che effluenC was noc differenc from Che
influenc in Cerms of adulc survival and number of young produced, Boch
influenc and effluenC had relacively high adulc survival in mosc cases, and
numbers of young produced per adulc were In Che normal range for surface
wacer, No recovery well wacer was cosced In chis scudy. The EPA scudy,
conducted in 1986, showed similar resulcs (EPA, 1986c), The survival and
reproducclon of Che Cerlodaprmla were high for boch Che influenc and effluenC
wacer. However, survival and reproduccion of Cerlodnphnla in che effluenC
wacer were nocably higher chan chac of che Cerlodnphntn In che influenc. This
could suggest bettor water qualicy of che effluenC, Also, recovery wells RW9,
RW28, RH29, and RW31 had very low adulc survival and reproducclon compared Co
a nonconcamlnaCed arcesian well which was used as a control. A composite
water sample of all recovery well wacer had Incermedlace resulcs wich adulc
survival similar co the arcesian well wacer, buc young produccion was
significancly reduced, This suggescs chac wacer scraighc from che recovery
wells which is currencly discharged inco Army Pond mighc be somowhac coxlc Co
some pond bloca,

The EPA also oonducced a chronic coxlcicy scudy using Che fachead minnow (EPA,
1986c), in conjunccion wich Che aforementioned Cerlodnphnln scudy, Similar
crends were observed wlch minnow survival and growch In che effluenC exceeding
chac In che Influenc wacer. Only Well RW31 showed significant fish morcallcy,
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Overall, chese scudies indicated chac the effluent water is of higher qualicy
chan Che Influenc water co the sice, Also, alchough che recovery wells mighc
be somewhaC coxic, Che effeccs are slighcly reduced by che pond recencion
cime,

6,5.3 Chemicals of Concern and Environmental RacepCors

Table 6-5 presencs che concaminanc concencracions in Che groundwacer recovery
well discharges, surface water, and sediments (see Tables 4-2 co 4-9) Co che
federal and scate AWQC for freshwater aquacic life (Table 6-2).

Iron is che only chemical of concern from che groundwacer recovery well
discharges, The chemicals of concern from che surface water consist of
cadmium, chromium, iron, mercury, and zinc since cheir environmenCal
eoncencrattons exceed che Federal and Delaware Scace AWQC, Chromium was
Included In the list in che +6 valence state because the more scringenc
cricerion for Cr(VI) compared co Cr (III), For che sedimenc, when Che
conservaclvely calculaced concaminanc concencraclon levels in equilibrium wich
Che AWQC (Seccion 6.3) were used for comparison, only iron exceeded che
calculated levels.

Army Creek and ics vicinicy supporc a diverse flora and fauna, This has been
discussed in decail in Chapcer 3 wich species found on che Army Creek Sice or
In Army Creek llsced in Tables 3-1 Co 3-6. Five species of special concern
have been found in Army Creek or wichin che vicinicy of che sice, These are
che bur-marigold, smallmouch bass, scrlped bass, whice crapples and yellow
bullheads, The bur-marigold is noc found on che Army Creek Sice, buc racher
ac che mouch of Army Creek along che Delaware River. Because of che dlscance
Involved, Ic is noc likely chis species would be impacced by che Army Creek
Sice or ics remediation. The four fish llsced above could pocentlally be
Impacted by Che Army Creek Sice, Alchough chese species have been found In
Army Creek, chey do noc appear co be common species in che Creek, Whice
crappies and smallmouch bass were found cwo clmes ouc of six sampling evenCs
becween 1975 and 1983, while yellow bullhead and scriped bass were found only
once, Periodic surveys may be needed co monlcor che healch of chese species
and che aquacic environment In general.
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TABLE 6-5

ENVIRONMENTAL CHEMICALS OF CONCERN

ARMY CREEK LANDFILL SITE
NEW CASTLE, DELAWARE

Chemical
Range of

Environmental Concentration Rcoson of Concern
Detection

Limit

FROM RECOVERY WELL DISCHARGE

Iron Aflfl-34,300 ug/L Exceeding federal and state AWQC
(chronic) of 1,000 ug/L

0.6 ug/L

FRW SURFACE WATER

Cadjiluri

chromium

Iron

Mercury

Zinc

34-38 ug/L

57-150 ug/L

960-2,060 ug/L

NO-0.2 ug/L

25-640 ug/L

Exceeding federal and state AWQC
of 1,1 ug/L (chronic) and 3.9 ug/L
(acute)

Possible exceedonce of federal
and state AMQC of 11 ug/L
(chronic) and 16 ug/L (acute) as
chromlun (VI)

Exceeding federal and state AWQC
(chronic) of 1,000 ug/L

Exceeding federal and state AWQC
(chronic) of 0,012 ug/L

Exceeding federal and state AWQC
of 106 ug/L (chronic) and 117 ug/L
(acute)

10 ug/L

50 ug/L

500 ug/L

0,2 ug/L

10 ug/L

FROM SEDIMENT

Iron 1,830-68,800 mg/kg Exceeding the calculated concen-
tration of 500 ing/kg In
equilibria with AWQC

50 mg/kg

ND » Hot Detectable

AR30I3756-26



Five metals, cadmium, chromium, Iron, mercury and zinc are found In Army Creek
ac concencracions above che AWQC (Table 6-5), These mecals pose a pocencial
hazard Co aquacic organisms, especially chose which are rare In occurrence In
Army Creuk. Of chase mecals, cadmium and zinc concencracions exceed boch
chronic and acuce AHQC; iron and mercury concencracions exceed their chronic
AWQC; chromium, If exisced in che +6 oxidacion scace, would exceed boch che
chronic and acute AWQC,

Cadmium and zinc are chemically similar and cause similar cypes of chronic
effeccs in fish, These include developmoncal abnormalicias in fish larvae and
morcalicy of fish fry (Rand and Pecrocelll, 1985), Cadmium has been shown co
reduce adulc growch while zinc can reduce spawning and egg hacching (Spehar,
1976), Zinc has also been shown Co cause edema and necrosis of liver cissue
in rainbow crouc fry (Leland, 1983).

Mercury in ics methylated form can cause a variety of chronic effeccs In fish,
These include ceracogenic effeccs such as severe scollosis and Jaw
abnormalicios (McKim, ot al,, 1976). Ocher effeccs include poor embryo
survival and necrosis of liver and kidney cissue,

Chronic effeccs of chromium are relacively poorly scudled, However, effeccs
Include a reduction i.. fish growch (EPA, 1986a).

Alchough iron exceeds Che AWQC in Che surface wacer, ic may noc pose much of a
hazard Co fish, The AWQC for iron is based primarily on che physical hazards
posed by Fe+2 oxidizing Co Fe+3 forming iron oxides and preclplcaclng, These
iron procipicaces or floes can clog fish gills or smocher bonchlc organisms
and fish eggs (EPA, 1986a), Iron in very high concencracions can be coxlc,
buc chis occurs ac concencracions much greacer chan chose found in Army Creek.

The chemicals of concern could pocencially reach aquacic organisms chrough
several paChways, These include parcicloning direccly from che wacer inco che
organisms; resuspension from che sedlmencs, chen parcicloning inco che
organisms; parcicioning Inco che organisms dlroccly from che sedlmencs;
Ingescion by che organisms and upcake chrough resplraclon, parclcularly gills,
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Rouces of exposure Co Cerrescrlal organisms are more dlfficulc co crace and
exposures are less likely. Routes include ingesclon of water, sedlmencs, or
conCamlnaCed foods; breaching contaminated air; and dermal exposure co
contaminated water or sedlmencs. Of chese throe rouces, Ingescion of wacer
and aquacic foods (vegetation, fish, frogs, aquacic Inseccs, etc,) is che most
likely route of exposure, alchough dermal exposure could be very Imporcanc for
some organisms, Blomagnificacion could potentially be a problem for cop
level predacors, For example, osprey, which feed primarily on fish, have been
sighted ac Army Creek, Were they to feed on fish from this site, they
undoubtedly would receive some dose of certain compounds, particularly some
mecals, The long-terra effects of this type of exposure are difficult Co
predicc, buc cop level predacors have repeacedly been shown co be more
sensitive to certain concaminancs than Chose lower on cho food chain.

Because Army Creek flows offsice inco che Delaware River, che pocencial exists
for spreading contamination beyond che sice boundaries, Since che effluent
from Army Pond appears co be of sllghcly higher qualicy chan cho influent,
deleterious effects on che Delaware River are unlikely.
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7,0 SUMMARY AND CONCLUSIONS

7.1 SUMMARY

7.1,1 Nature and Extent of Contamination

Tho groundwater discharges pumped from nine active recovery wells were
sampled, Iron exceeded che EPA and Scace of Delaware AWQC for freshwater
aquacic life, The mosc contaminated wells were WelU 12, 28, and 29.

The analycical resulcs reporced by Charcers (EPA, 1988c) for che surface wacer
and sedimenc in Army Creek and Army Pond were evaluacod, The following
concaminancs were found co exceed che AWQC for freshwater aquacic life sec by
EPA and/or Scace of Delaware; cadmium, chromium, Iron, mercury, and zinc.

7.1.2 Environmental Fate and Transport

The mosc important contamlnancs include metals, volatile organics, and
semivolacile organics. These contaminants are found in che recovered
groundwacer, in surface wacer, and in sedimencs. The diverse nacure of che
contaminants as well as the different media In which they reside dlccace chac
che environmenCal face and cransporc will be very complex. The imporcanc
processes include: volacilizacion, phocolysis, adsorption, desorpclon,
dissolution, sodimencaclon, bioaccumulacion, blaconcencradon, chemical
speciacion, and biological degradation,

The hydrogeological study performed during this RI demonscraced chac che
surface wacer onslce is moving Inco che groundwacer ac a very high flow race,
This water movement facilicaces che recycling of che wacor soluble
ooncamlnancs chrough che chree media of groundwacer, surface wacer, and
sedimenc. The ulclmace sink for che persistent and highly adsorbable
concaminancs will be che sedimenc.
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7.1.3 Risk Assessment

Idencified pocencial human exposure rouces included: inadvertenC Ingescion of
groundwacer recovery well discharges, surface wacer, sedlmonc, and fish
consumpcion; inhalacion of volacilo and semivolacile organic compounds from
groundwacer recovery well discharges and surface water; and dermal absorpcion
of concaminancs from inadvercenc exposure co recovered groundwacer, surface
water, and sedimenc.

Pocencial public healch risks were calculacod for various scenarios of human
exposure Co che concaminancs, The pocencial human carcinogenic risks were
calculaced Co be very low (10"9 level from Inadvercenc Ingescion of
groundwacer recovery well discharges, surface wacer, or sedimenc; 10"' level
from Inhalacion of concaminancs from groundwacer recovery well discharges or
surface wacer; and 10"10 Co 1Q-7 level from dermal absorpcion of concaminancs
from groundwacer recovery well discharges, surface wacer, or sedimenc), The
pocencial noncarcinogenic risks were also calculaced Co be very low for all of
che exposure rouces,

A more qualicacive assessmenc was performed for che envlronmencal Impacc of
che contamination onslce, Detrimental effeccs on che biota could possibly
resulc from concacc wich che concaminaced groundwacer recovery well
discharges or surface water, Contamination appeared co Impact che aquacic
environmenc more chan che cerrescrial environmenc, However, che upscream
water from Che sice was also noced Co be highly nucrlenc enriched which also
adversely Impacced che aquacic onvironmenc.

7,2 CONCLUSIONS

Under Che anciclpaced exposure scenarios and currenc condicions, che focused
scudy area and media do noc presenc signlflcanc carcinogenic or
noncarcinogenic risks Co che general public. Surface wacers In Army Creek and
Army Pond are concaminaced by several mocals (iron, cadmium, chromium,
mercury, and zinc) ac concencracions chac will cause decrlmencal Impaccs on
che aquacic environmenc. Throe sources of concamlnacion can be envisioned:
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• Recovered groundwacor discharges concribuce iron Co Che surface
waters.

' Loachace seeps from che Army Creek landfill probably concribuce
cadmium, chromium, mercury, and zinc Co cho surface waters,

' Off-sice surface runoff may concribuce some of che mecals observed
in Che surface waters.

Capping of che landfill under che 1986 ROD for OU1 will resulc in a gradual
decrease in che quantities of metals reaching surface waters through leachate
seeps, The proportion of metals emanating from leachace seeps and from
off-sice runoff should become evidenc chrough che monitoring program
Incorporated into the GUI ROD. The need for fuCure accion co mitigate
remaining problems will be Identified chrough that monitoring activity. Iron
concamlnaclon of recovered groundwacer muse be reduced by creacmenc of che
recovery well discharges prior Co release co che surface wacers.

Sedlmencs in Army Pond are deemed noc Co represent a threat to Che aquacic
environmenc, The mecals cadmium, chromium, mercury, and zinc are presonc ac
concencracions chac fall wlchin ranges observed In nacural soils, Iron
concencraclon Is higher than would be expected in nacural soils, buc che
hydrologic regime at Che sedimenc surface will prevent che sedimencs from
concribucing iron co che overlying surface wacer Co che excenc chac would be
deleterious co aquatic life,
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APPENDIX A

COMMUNITY RELATION CONCERNS AND MAILING LIST
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_ GANNETT FLEMING
I' ^ ENVIRONMENTAL ENGINEERS, INC.

I -'
VILLAGE OF CROSS KEYS

WEST QUADRANGLE. SUITE 417
I BALTIMORE. MO 2IJIO
* (3011.133.603!

I

I

I

I

February 3, 1989

U, S, Environmental Proteccion Agency
841 Chescnuc Screec
Philadelphia, Pennsylvania 19107

Accencioni Mr. Eric Newman

RE: ARCS III Program
EPA Concracc No. 68-W8-0037
Army Creek Landfill Sice, Delaware
EPA Work Assignmenc No. 37-04-3N34

Gentlemen!

We are enclosing a memorandum from one of our community relations
specialists regarding her conversations with communicy leaders
near die Army Creek Landfill sice, along wich an updaced mailing
list, in response Co a requesc from Mr. William Draper ac EPA
Region III. Please let us know of any additional efforts you
require for che sice CR program.

Very cruly yours,

GANNETT FLEMING-ENVIRONMENTAL ENGINEERS, INC.

David L. Sheridan
Projecc Manager

DLSiijk

cc: Ms. Stephany Del Re'
Mr. Robcrc E. SCecik, Jr.

GF: 25680
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February 3, 1989

MEMORANDUM

TO: David Sheridan

FROM: Betsy TuTuCCle/M

RE: Job 25680
Army Creek Landfill
Communicy Relations Plan

Afcer speaking Co persons on che contacc list, I was able Co updace che
Use and gee a general idea of communicy accidude. I was able Co reach
boch che former President and present President of che Llangollen Civic
Association. The conversations wich che cwo gentlemen revealed Cwo
discinccly differing accitudes. *

Mike Rush, che former Presidenc, expressed his concern over what he
referred co as "EPA's lack of concern wlch the Army Creek Landfill Super-
fund sice and, also, che Tyboucs Corner Landfill Superfund Sice." He
was a resident of Che Llangollen Escaces before the site became a land-
fill and served as Presidenc of che Civic Association when the sice was
put on the NPL. Therefore, he is rather knowledgeable of the history of
the landfill.

During the r.ime he served as President, there was only one public meeting
and hardly any concacc becween EPA and local officials. He feels chac
the cicizen's low level of concern is based on che lack of a good infor-
maclve public relations plan. He had co get mosc of his information from
Che Right co Know, Sunshine Legislation. He is available for further
comment at che following celephone number: (302) 328-4826.

Thomas Neiger, che current President, can be contacted by telephone ac
(302) 328-4322, and his current address can be obtained from the Lisc of
Interested Parties. His Civic Association is consistencly in concacc
wlch che necessary local, scace and federal officials. He feels a need
to be pacienc wich the activities that are caking place ac Che Army Creek
Landfill.

The Association keeps close concacc wich Che residents of Che Llangollen
Escaces, and chey cry co hear cheir concerns wich che sice, The greacesc
concern he revealed was over che direcc pumping of che recovery well wacer
inco Army Creek. The effeccs of chis procedure are of greac concern for
many communicy leaders and members. Mr. Neiger would like Co back and
cooperate wich any remedial design accivicy selecced for Che Landfill. In
order Co accomplish Chis, he feels a necesslcy Co conduct a meecing
becween EPA, che engineers and his staff before n Formal Public Meeting is
held on the remedial design. He has faith chac someching will be done to
correct the problems relacad to che Army Creek Landfill. And he feels If
che community relations for Army Creek Landfill Is planned correctly, cha
entire ordeal can be handled without nn uprising.
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GANNETT FUMING

8.0 LIST OF INTERESTED PARTIES

FEDERAL

Honorable William V. Roch, Jr. Honorable Joseph R. Blden, Jr.
Uniced States Scnacor Uniced States Senator
Room 3021 Room 6021
J. Caleb Boggs Building J. Caleb Boggs Building
844 King Street 844 King Screec
Hllmlngcon, Delaware 19801 WllmlngCon, Delaware 19801
302-674-3308 302-573-6345

Honorable Thomas R, Carper Eric Newman
Member, U.S, House of Representatives Remedial Sice Project Manager
Room 5021 U.S, EnvironmenCal Proceccion Agency
J. Caleb Boggs Building Region III
844 King Screec 841 Chestnut Building
Wllmingcon, Delaware 19801 Philadelphia, Pennsylvania 19107
302-573-6181 215-597-9238

^

William M. Draper
Communicy Relacions Coordlnacor
U.S, Environmental Proceccion
Agency

Region III
841 Chestnut Building
Philadelphia, Pennsylvania 19107
215-597-9238

STATE

Honorable Roberc T. Conner Honorable Jeffrey G, Mack
Delaware Scace Senate Member, Delaware House of Repre-
12ch District senCatives
Carvel Office Building 17ch Dlscricc
Wilmington, Delaware 19801 Legislative Hall
302-571-3724 Dover, Delaware 19901

302-736-4141

Roger Luclo
Community Relations Office
Delaware Dept. of Natural
Resources and EnvironmenCal
ConCrol

89 Kings Highway
P.O. Box 1401
Dover, Delaware 19901
302-736-4506
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GANNETT FLEMING

LOCAL

David C. Clark, P.E. Dennis Greenhouse
New Cascle Councy Councy ExecuClve
DeparcmenC of Public Works Clcy-Councy Building
100 New Churchmans Road Office of che Execucives
New Casclo, Delaware 19720 Elghch Floor
302-323-2659 800 French Screec

Ullmlngcon, Delaware 19801
302-571-7500

Phil Clouchier Michael P, Reynolds
L'ouncy Council Presidenc Clcy Sollci.Cor
Cicy-Councy Building Clcy Law DeparcmenC
800 French Screec Cicy-Councy Building
WUmlngton, Delaware 19801 800 French Street
302-571-7520 Wilningcon, Delaware 19801

302-571-4200

Edward J, Murphy, Secretary Thomas Neiger, Presidenc *
New Cascle Board of Wacer and Llangollen Estates Civic Association
Lights 232 Shaeffer Boulevard

216 Chestnut Screec Llangollen Escaces
New Cascle, Delaware 19720 New Cascle, Delaware 19720
302-323-2330 302-328-4322

OTHER

Dave Sheridan
ARCS Concraccor
Gannecc Fleming Engineers
Suite 417
Wast Quadrangle
Village of Cross Keys
Balcinore, Maryland 21210
301-433-8832

MEDIA.

Wilrnlngcon News Journal, Newsdesk WCAU Channel 10, Newsdesk
831 Orange Screec Monunenc and Cicy Avenues
P,0, Box 1111 Philadelphia, Pennsylvania 19131
Wilningcon, Delaware 19899 215-581-5510
302-573-2000

Delaware Scace News, Newsdesk WILM Radio,. Newsdesk'
P.O. Box 737 1215 French SCraec
Dover, Delaware 19901 WUralngcon, Delaware 19801
302-674-3600 302-656-9800

AR30I393



GANNETT FLEMING

New Cascle Eagle, Newsdesk
p.O, Box 95
New Cascle, Delaware 19720

HHYY Channel 12, Newsdesk
Independence Mall Wesc
Philadelphia, Pennsylvania
215-351-1200

KYW Channel 3, Newsdesk
Independence Mall Ease
Flfch and Markcc Screecs
Philadelphia, Pennsylvania 19106
215-238-4700

HPVI Channel 6, Newsdesk
4100 Clcyllne Avenue

19106 Philadelphia, Pennsylvania 19131
215-878-9700

PUBLIC MEETING LOCATION

Monroe Gerhart
WlUlan Penn High School
713 East Basin Road
New Castle, Delaware 19706
302-323-2724
Seating Capacity • 500
Advanced Notice - 1 week

INFORMATION REPOSITORY

Chris Paoltni
Wilmlngton Public Library
P.O. Box 2303
Hllmington, Delaware 19899
302-571-7416

AR30I391*
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SAMPLE LOG SHEET PACE / OF
lENaiNESiANOpiANnens " D Monlcorlng Well „„

Q Domestic Hell Case »: I2l7a
& Other: ftPftMggV WgLL. ——————

'By: _________
Project Rice Name: ARM CREStC. LANDFILL Projecc Sice Number: 31-
CanneCC Floraing Source No.: _ RW-OI _____ ' Source Locadon: /VC-OJ

local Well Depch:
Static Water Level:
One Casing Volume:
Scare Purge (hrs):
End Purge Tirae(hrs):
Tocal Purge Time (rain):
Total AraC.Purged(gal):
Monitor Reading:
Purge Method:
Sanple Kdthod:
Depch Sonpled:
Staple Dace: 7/5/ff?
Simple Tiiae:
Sampled By;

/to?
t PIORUCCI /c , yeAJ

Si£ntout(s')y?*> <>/

Type of Sanple v
.Low Concencraclon B
High Concencraclon Q
Crab Q
Composite Q
Grab-Composite Q

Analysis
£i-

NH3,TKrV
P

NOr.NO,;
so,1; a-
Ai-K.,/»ciD
T̂ ,S,T̂ S

ToC

Preservative

Zi\t"OA£)j.,NrtCH
Mj.SO«
HdCI-x
Hi?0^

MxSO,

Purge Data
Volume

.

pH SC Tenp

GRAB SAMPLE DATA
pH SC (/inilio) Tenp <t) DOCî /0

6.6? (25 /? 4-.8S ppm

Observations/Notes :

Traffic
Reporc #
Tag #
Air Bill ft
Date Shipped
Tine Shipped
Lab
Volune

Organic

cc&46
!̂°rttso4,Ji'-(Ili5iitos **'*'*'•
63?6"36Z?5
7 '/tolS^
1130

<5uuF
VOA • 40 ml
SNA, PEsr,pcfl'. jflipi

Inorgaaip.

/HC6/) 00 , /ttCM flj.

'""""Mjsi'j"61'*
637536.M-
7/& /? f
/7JO
Sii-vepv
I-L

AR30I397



Gannett Fleming _ SA"PLE WG S1IEET PAGE J.°F L,
Case »:

J ENGINEER ANO rumens - Q HonlMring w
Q, Domestic Hell
j& Ochor:.

Projecc Sice None: ARMS CRggK. UMFIO- Project Sice Number: 31-
Connect Fleming Source No.: RVj-UI A____ Source Location: AC- 01A_

Total Well Depch:
Scacic Wacer Level:
One Casing Volune:
Scare Purge(hrs):
End Purge Tlne(hrs);
ToCal Purge Time (rain) :
ToCal Ane.Purged(gal) :
Konicor Reading:
Purge Method:
Sample Method:
DepCh Sampled:
Sanple Date: 7/6/ff?
Sanple Tine: Mi
Sampled By: L, F\oR.\JCC-t/c. , ye J

alvMmŴ Ĉ â
Type of Sanple

.•Low Concencraclon B
High Concencraclon Q
Crab H
Composite Q
Grab-Conposlce Q

Analysis Praservacive
S1- 2ti tOAtX / MiOH
NHj.TKrA HiSO<(
P Mflai.

^o,",KOi" HiSO^
S(Ĵ X" ct"
Aix , Atip
T<;s , TPS
Toe Hz.SÔ

Purge Data
Volune ptl

.

SC Tenp

"
CRAB SAMPLE DATA

pH SC (/Xî ino) Tenp (fc) DOCî /A)

6,6? ,25 / 3 Al. S5 J>fr»

ObservaCions/Noces:

FleU T)iM>jkcexr(_ S>̂ rM/c-

Traffic
Reporc ft
Tag ft
Air Bill ft
Dace Shipped
Tine Shipped
Lab
Volume

Organic

ccew
V.̂w.'/.'ilrtK/j'1''5''''
65? 53 (ely B
1/blSI
1130
fiULf

VO/T 'W ml
8NA, PUT, PCB'Wet,.

Inorganic

MW«a>cM«

J-loSSSlb" ' '

63<? 5W30f>
llblSI
172-0
SILVER.

I-L

AR30I398



1 Gannett Fleming SAMPLE "*S1IEET PACE -1OF.
!l ENGINEERS AND r-UNNSW D MonicorlnR Well ,-

a Donestic Hell Case 0: 12.178
K Other: ftP<7yPRY WgLi- ——————-

'By: _________
Project Sice Naae: ARM CRESS. UrJJfflO. Projecc Sice Number: 31 -_
Cannecc Planing Source No.: fUv-OlB Source Locaclon: /\t-Cl&

Tocal Wall Depth:
Scaclc Wacer Level:
One Casing Volune:
Scare Purge (hrs):
End Purge Tine (hrs):
Tocal Purge Tine(nin):
local Aac. Purged (gal):
Monicor Reading:
Purge Method:
Sanple Method:
Depch Sampled:
Sanple Dace: T/5/S1
Sanple Time:
Sampled By:
Slgnacure(s)

1608
L. FioRUCC-l/?, VeJ
!fOft-i f-Vr.r~Ĵ J

Type of Sample
'Low Concentration &
High Concencraclon D
Crab Q
Composite Q
Crab-Composico D

Analysis
S"
NHjJKH
P

NO/, MOx"

/^U<, Atip
TO, IPS
Toe

PreservaClve

2«COftc.)j i l^dOhl
HaSOl(
Hdlfl-l
•iLSCm

tksov

Purge Daca
Volune pll

.

SC Tenp

GRAB SAMPLE DATA
pH SC (/Xrnrio) Tenp (t) DOCî /O

r i
Observations/Notes :

Traffic
Reporc ft
Tag ft
Air Bill ft
Dace Shipped
Tine Shipped
Lab
Volume

Organic

CC£ 47
9' l45fi*6'C?i 3 «J6V6iV, 1'irfMi'

(s5<JS 34205
lltiltl
1730

iflULF
VW 40 m
ENA, PEST, Peg: ?oo«.

Inorganic

/1C6A 04
5- 1058514, 1-/H5S5J.J

(a?0^ 3630fc
t fa/81
1130

SIM/E-Ps
i-L

flR30!399



\ Gannett Fleming SAMPLE WG S11EET PAGE J- OF _L
Bl ENGINEERS AND rUNNeOS *"

reject Sice
annect Fleni

Q MonlcorlnK Well
Q Domestic Hell C
K Other: (5P<7We/?,Y IW=O.

Name: ARM CRE6K, UMJFIU.
ne Source No.: ftW-Oit-

B

Project SLCe Number
Source Location:

ase ff: IZlTSf
v:

Ac-oi£-
Total Well Depch:
Static Water Level;
One Casing Volune:
Scare Purge(hrs):
End Purge Tine (hrs):
Tocal Purge Tlne(nln):
ToCal AmC.Purged(gal):
Monicor Reading:
Purge Method:
Sample Method:
>epch Sampled:
Sample Date: 7/5/91
Sample Tine: KcO?
Sampled By:
Signs ture(s)

L. PIURUCCI/C Vfr-
• ff /̂""•"/""V̂^

Type of Sample
'Low Concencraclon 13
High Concencraclon D
Crab 0
Composlce D
Crab-Conposica Q

Analysis Preservaclve
•

Purge DaCa
Volune pll

,

SC Tenp

-

CRAB SAMPLE DATA
pH SC (/imho) Tenp (0) VO(tqlt)

-

ObservaClons/Hotes :

Traffic
Report: ft
Tag ft
Air Bill ft
Dace Shipped
Time Shipped
Lab
Volume

Organic Inorganic

MCM 05
3-|05?52.#

6,31 53630^,
7/&/81
i"73o
SILVER,
I-L

AR30UOO



'[ffll Gannett Fleming SAMPLE LOC SHEET PACE
Q ENGINEERS AND PLANNERS Q Monlcorlng Wall

Q Domestic Roll Case M:
JSC Other; flp7)t'PftY W6LL. By: _

Project Sice Name: ARM CRES^ UrOTlUL Pcojecc Sice Huraber: 31- 10•'
Gnnnecc Flening Source No.: flVJ-OlC? Source Locaelon: fliL-OlT)

Tocal Well Depch:
Scaclc Wacer Level:
One Casing Volume:
Stare Purge(hrs);
End Purge Tlne(hrs):
Total Purge Tine(mtn) :
Tocal Anc.Purged(gal) :
Monitor Reading:
Purge Method:
Sanple Method:
Depth Sampled:
Sample Dace: l/SlBI
Saaple Time: \taOti
Sanpled By: U FtORuCCl /C./flv
Slgnaeura(«): £>£—,.-££=»-«=

Type of Sample
'Low Concencraclon &
High Concencraclon Q
Crab H
Composite Q
Crab-CoBposlce O

Analysis Preservative

Purge Data
Volune pH

.

SC Tenp

"

CRAB SAMPLE DATA
pH SC (/imha) Temp (C) DOfy/y

, Observations /Noces:

Tr"ip B&osr\kL.

Traffic
Report ft
Tag ft
Air Bill ft
Da.cn Shipped
Tine Shipped
Lab
Volume

Organic

cce 48
3-IU59S24, VhSJSZS
W15^W5iitf m

wzo
C5ULP

40-wl

Inorganic



IGannett Fleming SAMPLE wc S11EET PAGE ̂ OF •
!l ENGINEERS AND puNNERS 0 MonlcorlnE Well ,.„,,

a Domestic Hell , Case W: 1^1 /a
ttf Other: aiy/h/gaY IU6UU,
* ^ ' 'By: _________

ProjecC Sice Name: AIM CREEK. UrOTlO. Projeci: Sice Number: 31-
Gannett Fleming Source No.: RW-IO_____ Source Location: _ ftC-lO

Total Well Depch:
Static Wacer Level:
One Casing Volune:
Scare Purge (hrs):
End Purge Tine(hrs) :
Tocal Purge Tine(nln):
Total Anc.Purged(gal):
Monicor Reading:
Purge Method:
Sanple Method:
Depch Sampled:
Sanple Dace: 7/b/o"!
Sanple Tine: W47
Sampled F.y: C.y.VEN
Slgnacuro(s): C&̂ lf--̂

Type of Sanple
Low Concencraclon 0High Concencraclon D
Crab a
ConposiCe 0
Gnb-Composice U

Analysis
S1"

Mi.TKM
P

NOr.MoV
SV'CL"
/ALK, All D
T«, H?$
Tec.

Preservative

atoHt)i,MnCH
•H»So»
•H^OLv
HUSO^

4US,0H

Purge Daca
Volune pll

»

SC Tenp

V

GRAB SAMPLE DATA
pH SC (/irtiho) Tenp (C) VQ(tqll)

rtcrm' prt NOT *

Traffic
Reporc ft
Tag ft
Air Bill ft
Dace Shipped
Time Shipped
Lab
Volume

155 ibtf 1"f\- ?prn

Observatlons/Uoccs :
1EASUREJ>

Organic

CCE4'1
l.mMll: J-lrtSS32.3-/£5liiJ

63^536295
7/6/«f
/730
GULP

ViM 40 •!
BAH,?EST, ptB- 8e»»,

Inorgantc

t\c.M Od , HIM oT-
3-ioi85rt
(o3153630fc

7/6/8?
I73o
Si LYE-PS
1-L

AR30U02



fl Gannett Fleming SAMPLE""S11EET PACE L OF
!l ENGINEERS AM PLANNERS Q Honlcol;tns Hell

Q Domestic Hell Case »: IZ.I18
JS Other: SiyA/PEY U/gLC -"—————

'By: ________
Project Site Name: ARMS CRESK. UMDFIO. Project SJ.ce Number: 31-
Cannetc Fleming Source No.: RW-1J_____ Source Location: Al"l I

Tocal Well Depch:
Static Wacer Level:
One Casing Volune:
Scare Purge (hrs):
End Purge Tine(hrs):
ToCal Purge Tine(min) :
Tocal AnC.Purged(gal):
Monicor Reading:
Purge Method
Sanple Mechod:
Depch Sampled:
Sanple Dace; 7/6»/8?
Sample Tine: IOW

Sampled By: d.y. ^EfJ
Slgnacure(s) : &fo*y*&{»~*=̂

Type of Sanple
'Low Concencraclon (3
High Concencracion O
Crab Q
Conpostce D
Crab-Composite Q

Analysis
S1'

fjLf,, TKN
f

N0i~ , NJj"
SO</',£1"
AU<,rtClp
TSS,Tl>S
TOC.

Preservative

"knCflfVOii WOH
fUSOi)
H«iCi%
HiSO^

•H.SÔ

Purge Daca
Volume pH

.

SC Tenp

-

CRAB SAMPLE DATA
pH SC (/ti4\o) Tenp (t) DOfî //J

/£? 12.5 4.2.
^ ObservaCions/Noces:

MB; pH MOl ME/VSOS&P

Traffic
Reporc ft
Tag ft
Air Bill ft
Dace Shipped
Time Shipped
Lab
Volume

Organic

CCE 50

J-«rtlSS1 1.'/c51rt60, 3 IKJSil

^31 5 36 2 f 5
T/6/S1

1 730
QuLF

VOA: 40' ml
B/JA.PEST, FK6: go.j,

Inorganic

W^CrVci?, AKfi/t Of
y-(0i>i'6toj, 3 -/o6?SwZ,

j '/059S6*1/

(̂  3 ̂ "̂  ̂ P 3ou3
7/6/81
(-730

SILVER
1-L

flR30|i»03



I Gannett f leming SftMPUE "*SIIEET PACE L
J ENGINEERS AND PUNNSRS " Q Monitoring Well

0 Domestic Hell Case »: 12178
H Other: aFWMPEY WELL.

'By:
Project Siwe Name: ARMS CREEK, UrJPFILL Project Sice Number: 31-
C.mnecc Fleming Source No.: RW-12.___ Source Location: /16-/Z

Tocal Well Depth:
Static WaCer Level:
One Casing Volume;
Stare Purge(hrs):
End Purge Time (hrs):
Tocal Purge Tlme(mln) :
ToCal Anc.Purged(gal):
Monitor Reading:
Purge Method:
Sample Method:
Depch Sampled:
Sample Dace: 7/S/S1)
Sample Time /505
Sampled By: E . 0/LfcS
Slgnacure(s) : / ,1 A i I

I/VrvV^ 0 X*S

Type of Sample
.'Low Concencraclon 0
High Concencracion Q
Crab BConposice Q
Crab-Composite Q

Analysis
Sz~

rJHj.TKN
P

NO,- , rusr
siv, a-
AUK , AaP
TSS, IPS
Toe

Preservative
Z«dOAt)a (HaJJH
i, ,,£.

hUCIv
Hz.Sô

HiSO,

Purge Data
Volume pll

.

SC Temp

"
CRAB SAMPLE DATA

pH SC (yUmlio) Tenp (t) EOCî ttJ

6,7£ 32.0 Ho 4.3 />pn.
Observations /Hotea :

TrafficReporc ft
Tag ft
Air Bill ft
Dace Shipped
Time Shipped
Lab
Volume

Organic

CCS.Si

}• /05V511, J- /H5I550

fĉ ? 536215
7/6/8?
mo

CiMLF

WW

Inorganic

M6&\ 10, MCBA II

(s 3 1 5 36? 3 0 P
7/&/8 f
(730

S/i-VEft

-L



1 Gannett Fleming SAMPU5"»S1IEET PACE jL
!l ENGINEERS AND PtANNens Q Monitoring Well

a Domestic Hell Case W: (2178X Qchar; fliy/iitf?ay -lugil.
'By:

Project Sice Name: ARM CfiCSK. Ur4>F|t-L Project Sice Number: 3T -
Cannecc Fleming Source No.: _RW-(2- Source Location: At-IT._

Tocal Well Depch:
Scatlc Water Level:
One Casing Volume:
Scare Purge(hrs):
End Purge Tlme(hrs):
Tocal Purge Tlme(mln):
Tocal AmC.Purged(gal):
Monitor Reading:
?urge Method
Sample Method:
Depch Sampled:
Sample Data: 7/S/S"?
Sample Time:
Sampled By:

1505
E.OlfcS

Slgnacura(i): /• , 1 Ai i
VWv\k (J\£S

Type of Sample
.'Low Concencraclon 0
High Concencraclon uCrab S
Composite a
Crab-Composica Q

Analysis
-Sz~

fjHj.TKN
P

NO,-.N(,V
so/-, a-
MK,AaP
TSS, TPS

TOC

PrasarvaCive

•ZntOAOa,Al«-OH
HiSOif
I-UCU
Hi.Sô

H,so,

Purge Daca
olurco pH

.

SC | Temp

*

CRAB SAMPLE DATA
pH SC (/tmlio) Temp (fc) DOfiî /O

6,7̂ 310 Ib 4,3 f>pm.
ObservaClons/Noces:

Traffic
Reporc ft

Air Bill ft

Lab

Organic

ccesi
3- toSYStj, ]• IffiKSO

b3<j634>2'}5
7/6/89
1130

£|WLF
SO Of

Inorganic
MM 10, MCBfi II

3-jobi'634( 3- loSBJSS j-rol»iS
& 3 f5 O(Q 3 oh
7/41/8?
/7.3D
C/^^pO

-L



i Gannett Fleming SAMPLE"»S11EET **» J^™ A
!l ENGINEERS AND PLANNERS Q Monlt:orl.ng HeU

Q Domescic Hell Case »: IZl7g
X Other: ̂ ptfypttY WSU-. ————————

'ny: _____.___
Pcojosc Sice Name: ARM CRgSK. UMDFILL ProjecC SlCe Number: 31-
Cannecc Fleming Source Ho.: RW-I2- ____ Source Locacion: AC-il,

Tocal Well Depch:
Scactc Wacer Level:
One Casing Volume:
Scare Purge(hrs):
End Purge Tlme(hrs):
Tocal Purge Tlne(nln) :
Total AmC.Purged(gal):
Monitor Reading:
Purge Method:
Sample Method:
Depch Sampled:
Sanple Dace: 7/5/8 ?
Sample Time:
Sampled By:

/605

E.oO?S
Slgnacure(i ) : o , 1 AIU

Typo of Simple
.Low Concencraclon 0High Concencracion D
Grab H
Composite D
Crab-Composite Q

Analysis Preservacive

Purge Daca
Volune ptl

.

SC Temp

»̂

CRAB SAMPLE DATA
pH SC (/Umho) Temp (t) DO(iylt)

£,76 320 Id, 4.3f>fH\

Observations/Notes:
-f> -i \ 1 • , 1- , \ ^G

f̂ y 1 V"̂ . Ĉ -1̂  V7l 6- "VO f̂

Traffic
Reporc ft
T«gft
Air Bill ft
Dace Shipped
Time Shipped
Lab
Volume

Organic

CCE51

3'!»«53?"' ''•'MIW'O.V"?!"
bWSSbilS
7/6 /̂
1*730
G\\i\f
4o ml

\iO <kC

Inorganic

1R30UQ5



1 Gannett Fleming SAMPLE "*>SHEET PACE JL °F JL
Q Monitoring He'll
Q Domescic Hell Case f»: UI78
JS Other: apm/i;/2Y lUEU- ———————

'By: ___________
Project Sice Name: ARMS CRSgE. UMDFtO. Projecc Sice Number: 31-
Cannecc Fleming Source No.: RvH?-____ Source Locaclon: A-C-l?.

Tocal Well Depch:
Staclc WaCor Level:
One Casing Volume:
Scare Purge(hrs):
End Purge Tlme(hrs):
Total Purge Tlme(min):
Tocal Aae.Purged(gal):
Montcor Rending:
Purge Machod:
Sample Method:
Depch Sampled;
Sample Date: 7/5/8?
Sample Tine: &05
Sampled By: £ OLDS
Signacura(s) : q .. | ,/[<

Type of Sample
.Low Concentration Q
High Concencraclon 0Crab a
ComposlCe Q
Crab-Cooposlce D

Analysis Preservative

Purge Data
Volume pll

.

SC Temp

•

.

CRAB SAMPLE DATA
pH SC (/tmho) Tenp (fe) DO(i*j/4)

6,7̂ 320 H0 W'& PP1*

/ - , \ i _
\̂ -̂ ^
c \- \~

TrafficReport ft
Tag ft
Air Bill ft
Dace Shipped
Tine Shipped
Lab
Volume

Observations /llocns :
V f. rtb°
,̂ ^ 4

Organic

ccsffl
j- icviisi;, y-/c5isii, I'uwt

(iSlsKtilS
7/6/P?
/7j0

<3HLF
Vcv\ ^0 n

o_ 5̂̂ ) fil(̂

Inorganic

AR30U06



ffil Gannett Fleming SAMPLE WG S11EET PACE J-°F L.
I^IENOINEERSANOPUNNGRS Q Monitoring Hell

a Domes clc Hell Case »:
K Ocher: ZPfAKM W5U-

'By:
Projecc Sice Name: ARMS CRESK. UMDFiLL Projecc Sice Number: 31- 10-'
Gannecc Fleming Source No.: Rvl 'I j_____ Source Location: A(-' ^

Tocal Well Depch:
Scaclc WaCer Level:
One Casing Volume:
scare Purgo(hrs):
End Purge Time (hrs):
Tocal Purge Tlm<i(nln) :
Tocal Amc.Purged(gal):
Monitor Reading:
Purge Method:
Sample Method;
Depch Sampled:
Sample Dace: 7M&<|
Sample Tina: ICOO
Sampled By: C.V. VEI^
Slgnacuro(s) : £Ĵ ,̂ r}£¥--*=

Type of Sample
Low ConcenCtaelon 0High Concencraclon O
Grab Q
ConposlCe Q
Crub-ConposlCo Q

Analysis
Sz"

NHi.TKr*
p

NOj-.rV'J
ScV'.Cf
AuK.AciD
"Rs.T&S
Toe

Preservative

2nCOfc)j,N».OH
-rUSD,!
H<\CJ_
4kSO»t

•«_Sot

Purge Data
Volume pll

,

SC Tenp

•

CRAB SAMPLE DATA
pH SC (fJ.rt\\[0) Tenp (t) P0(iv)/y

,30 IS.Z 3* pp.

Observations/Notes :
N&T6: pH root ,U&ASoRC-D

TrafficReporc ft
Tag ft
Air Bill ft
Daca Shipped
Tine Shipped
Lab
Volune

Organic

CCE S^-

3-iLitSii), 3ir,E»570

la 37S 36295
7/(c/S}̂
I73o

fin up

BNA. PES7, pc B1. Son

Inorgadtc

AC8/I l.?, Al«6/r 0

''""vVsfSu"*" '
6TJ153-30CP
7/6/89
1730

SILVER.
1- L.

AR30U07



i Gannett Fleming SAHrLE U5Q S11EET PACE -LOF.
IJ ENGINEERS AND RUNNERS Q Monitoring Hell

n Domestic Hell , Case »: 12.1 TO
g ochar; apm/gRY lueO. . ——————

By: ________
Projecc Sice Name: ARMS CREgfc. LWFIO. Projecc Sice Number: 31-
Cannecc Fleming Source No.: ft W" 2,7 ___ Source Location: AC -Z7

Total Hell Depch:
Scaclc Wacer Level:
One Casing Volume:
Scare Purge(hrs):
End Purge Tlme(hrs):
Tocal Purge Tlne(mln):
Tocal Amc.Purged(gal):
Moniror Reading:
Purge Method:
Sample Method:
lepch Sampled:
Sanple Daca: 7/bjg'i
Sample Time
Sair̂ led By:

H30
E .OL.P̂ >

Sl,;Mcur,<.)-UUCX£
Type of Sample

''Low Concencraclon 0
High Concencraclon Q
Ccab Q
Composlca Q
Crab-ConposlCe U

Analysis
sl-

NriiiTXM
p

NU,", NOL-
So,,1--. CL-
AUC.ACID
-T-iS.TPS
Toe.

Preservative

BnCOAc.)z,MAOH
Ĥ oM
U, y"|n^U _
Hx̂ j

tkso,,

Purge Daca
Volume pit

,

SC Temp

,

CRAB SAMPLE DATA
pH SC (/imta) Temp (c) DOUj/A)

255 15 2,2.pp*
Observations /Hates :

Note ; pH MOf WWSoRBO

TrafficReporc ft
Tag*
Air Bill *
Dace Shipped
Time Shipped
Lab
Volume

Organic

C.C5 52,
(•lobes?*, J-'OiSS'/S,
.lO'jflld, J-IOS8S77. i I05V57

(oSfSSipa.'iS

7/6/ff?
(730
flUL-F

Vl)f\: 10-ml
3N/\,PE4T,pC6' Uo-oj.

Inorganic

Mcg/l H, MtM-lf
3 "|OliliS71, 3-IO^?*(8CJ

3-1058591

(i3'?53453o(3
i\W\
\13t)
Si U/ER

1-L

AR30U08



Project Site
Gannett Flem

Name: ARMH CREEC

Q Domestic Hell
J2( Ocher: ftPO'WGPf Wpl-L.

., UrJfî ILL
,ne Source No.: Rv/-2.? Source LOCUI.J.UII. ... ..

"
Project Site Nunbc
Source Locaclon:

3ase »; (ZlW
3v:
c: aT-lO-'iU'SA-
AC-2-g-

Total Well Depch:
Static Water Level:
One Casing Volume:
Stare Purge(hrs) :
End Purge Tlme(hrs):
local Purge Tlme(min):
Total Ame.Purged(gal):
Monlcor Reading:
targe Method:
Sample Method:
Depch Sampled:
Sanple Dace: 7/6 /&")
Sample Time'
Sampled By:

cr/r
E,OU>$

Slgnacur.(.)̂ 6̂̂

Typo of Sanple
.Low Concentration S
High Concencraclon DCrab »
Composite 0
Crab-Compos Ice a

Analysis
$z-
Nrb.TkN

p
NOj'î tV
siv.cr
Atx , rAdP
Tss,rj>$
Toe

EroservaClve

2nWAt)_,M*DH•H_$OH
oJ /'DTU|UT.

ri*.s°«f

fe'H

Purge Data
Volume pH

.

SC Temp

,

CRAB SAMPLE DATA
pH SC (/Amta) Temp (t) DO (*)/*)

G.1t 3kQ Ho. 5 Z.f p?n
ObservaCions/NoCes :

Traffic
Report ft
Tag ft
Air Bill ft
Dace Shipped
Time Shipped
Lab
Volune

Organic

-CE54
7-iOiSSVj, J.wSSSW, j.iiSift
).|«%l6lf, l-/0?<585

6J'/5̂ i?5
7/&/J?
/730
^WLF

1/lU: <)0'ni/
fl«X,PBT,K8: SCP«.

Inorganic

/«C8/) /4,/«lfM If
J"l»5S5l!f. J-IUSJSJ'f,

j-ii>'jir;r&
637536306

7/6 /tf?
1730

S/H/EK
I.L

AR30U09



I Gannett Fleminn SAMPLE Loc S11EET PACE J-OF L
U -MW-RS «« PLANNERS a 0 HonlcorlngWeli

• Hell , Case »: IZI78Q Domestic ..—
K Qcher: ̂ pTygttY IU6LL. •By.

Projecc Sice Name: ARMS CREEK, UH>FILL Projecc SlCo Number: 31- l
Cannecc Fleming Source No.: RW Zl____ Source Location: (\C-21)

Total Well Depch:
Static Wacer Level:
One Caning Volume;
Scare Purge(hrs):
End Purge Tlne(hrs):
ToCal Purge Tlme(mln) :
Total AmC.Furged(gal):
Monitor Reading:
Purge Method:
Sample Method:
Depch Sampled:
Sample DaCa: 7/6/S?
Sample Time:
Sampled By:

Ml
CY. YEM

Slgnature(s) : (̂_t.,.y-Qf't=-~~=.

Type of Sample
.•Low Concencraclon &
High Concencraclon QCrab B
Composite D
Crab-Composlce D

Analysis
S3'

Mvh.TKN
P

MU,~,rW»~
9V". at"
ALK/AtlD
TSS.TPS
TOC

Ereservaeive
"2\\(.D/\c.)ii NftDH
•HtSô
•\\ofJLt-
ni.̂ ^̂

Mi.SOu

Purge DaCa
Volume pll

.

SC Temp

CRAB SAMPLE DATA
pU SC (yUftho) Temp (C) tO(ivjll)

6.17 750 /6 .? ''5 fprr\

3 ObservaCtons/Hoces:

Traffic
Reporc ft
Tag ft
Air Bill ft
Dace Shipped
Time Shipped
Lab
Volume

Organic

CCESS
1 •IH1S13. l-lo'tlSIH

(,31$ 36^95
7/./W
I730
<9u/-F

VOA ' 40 n I
BM,?KT, PCS ; soot

Inorganic

AICM /?, /MCM /i
J-/OSJ51'?

63 <? 53630^
7/6 /J^
/WO
5/(-V£R

/-L



ifiB] Gannett Fleming SftMPLE WG S11EET PACE -1 OF j.
Q ENGINEERS AND PUNNERS Q HonltorlnK Well

Q, Domestic Well Case r):
JS Ocher: dPfttySRf WEU—

'By: __
Projecc Slca Name: ARM CfiEEK. -WFIO. Projecc Sice Number: 31- 10-
Cannecc Fleming Source No.: . Rvl-3^-____ Source Location: AC-31

Tocal Well Depch:
SCaclc Wacer I/evel:
One Casing Volume:
Scare Purge(hrs) :
End Purge Time (hrs):
Tocal Purge Time(mln):
Tocal Amc.Purged(gal):
Konlcor Reading:
Purge Mechod:
Sample Mechod:
Depch Sampled:
Sample DaCe:7/6/o")
Sample Time: 1 340
Sampled By: E.OtOS
Slgnacure(s): C , (_ r\(l<

Type of Sample
.Low Concencraclon QHigh Concencraclon a
Crab Q
Composite Q
Crab-Composite Q

Analysis Preservative
Sa" 2ii Cfl Ac) j , NK.OM

NH>, , TKM H >SOi)
? -MqCJx

N03", olfli" HT.SO¥
so41-, a"
ALK/ACIP
TSS.TP5
TOC 4f*sô

Purge Data
Volume

,

pll SC Temp

•

'
CRAB SAMPLE DATA

pH SC (yltmho) Temp (C) DOCî /y

6.62 ,97 /5,7 ZJppm

ObservaClons/NoCes:

Traffic
Reporc ft
Tag ft
Air Bill ft
Dace Shipped
Time Shipped
Lab
Volune

Organic

CCE 5<p
S-loWtol^-loSttoZ.
tkStSSiZlS

1 Ibltl
(130

4ULP-

S'C (32

Inorganic

MCBA 1LO, AIC/M 21

J'lOSK&bfi
63?6'3̂ 306

l/tolSI
113-6

SifcVEf^

//-





, Jiflt

- - ^sc ;Cannecc Fleming Source No.: JQ&-3IP———

Total Well Depch:
Static Water Level:
One Casing Volume:
Scare Purge(hrs) :
End Purge Time (hrs):
Tocal Purge Tlme(nin):
Tocal AmC.Purged(gnl):
Monitor Reading:
Purge Method:
Sample Method:
Depch Sampled:
Sample Date: 7/6|gf
Sample Time: 1340
Sampled By: £ , fluDS
Signatures); ̂ 6̂1̂

Type of Sample
.Low Concentration d
High Concencracion Q
Crab B
Conposlce Q
Grab-Composite Q

analysis Preservative
•

•

Purge Data
Volume pll

.

SC Temp

CRAB SAMPLE DATA
pH SC (/XmU) Temp (C) W(m«/0

Observaclons/Hocts :

Tn"p &&<•"£•

Traffic
Reporc ft
Tag*
Air Bill ft
Dace Shipped
Time Shipped
Lab
Volume

Organic

C.CE £>7
l-ttfVMt, 3 ItSftWt
bSlMbWS
7/&I91
/120

tfuA-F
40 ml

Inorganic

AR30UI2
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APPENDIX 0

ANALYTICAL RESU1TS FOR CRODTOWATER RECOVER* WELL DISCHARGES
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Ô

•5
ff

So
tS
ia
n

g

Th
aK
um

Q

1

C)

J
^
s,

r

-

(
V
a
n
a
d
i
u
m

Zi
nc

o a

~ _
Q o

1 §
3 £ 1Q TB

1
<S §- cr>

_ CM

- ?^_
<3 | JCP

LU VKtUl '
W ̂

5 v

". j
- c^
I cS

o - c--̂ \
U t -j

C

<M

C 3 £

" 1 p
u ^^
£ '""a

- Q

- 1 *
H_ I-

1 '"
_

II i

^ _ '-
Q '

- C



oe

'-"•a £ J Is! §! I I J

I illliflllil.ilUn . 11 n i n..ri 11 ri i "in u

E I

o
CO



Ul

L

"3

, « ^o

o -'•'
5 < W~* Z.I IM ——«S w 1

<M

SO
' V ^

ffl "™ ""

CQ

t-

• i . . i i , , , , , , _ , , , , ^
ct

CO

o
CO
QC
a.

V*•<,



CM
CO

1 f'

O
COa:

ill <S "i
If

ifl\
sj

u) 3

< re



I
co'a
>_!

DA
TA
 
S
U
M
M
A
R
Y
 F
O
R
M
:
 

&
*
 '
• 

S
U
U
5
«
e
 
«
J
 
C
H
U
>
*
l
D
E

Si
lo
 

Na
mo
:
 

/4
RM
V
 C
.R
.&
EX
-
 Ẑ
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APPENDIX D

PREVIOUS SEDIMENT AND SURFACE WATER DATA



TABLE 1. WAIER CONCENTRATIONS Of VW.ATKE OflMNlC CWPOINOS
Wfl CREEK, HEW CASTLE CCOHTT, HE

NJWST, )«8
Conccfltmtlont reported In ug/l

Trip Veil Eqjlp Mlnln
, 2 J * 5 6 r 8 BUnk 29
1.73 1.74 ,.75 1.76 1.77 ,.78 ,.79 ItSO ,84, """

Acetone U U U U U 5Z 17 1,8 S3 59 SI 10
1 , 1 Oldtloroctlww U U U U U U U U U 1 J U 5
• 1 lUAlMoMluM U U 2 J S U U U U U 9 U 5.. e1,2 OldUoro««h«ne u u n ,
Trtchloriwthcfn U U U U U U U U U 2 J U S
l«ntm U U U U U U U U S Z S U . J
Oitorotenstiw U U U U U U U U 2 J I S U S
C'hytbenura U U U U U U U U U U U S ,

j • Dtti li-lcitn ttM prticnct of • cmpxnl th«t nnti lh« Idendflctclon criteria. 1h* rnult It Icti
ttt«n tt« ipwlfled dctKtton Unit but grettcr th»n «ro. 1h« conccncntlon U given u KI •pproxlMti
wlut.

i milyitd (or buc rat detected it th« Indicated detection Unit.

impllrg cqulpttnt rlmite.

flR30Ul»3



f 1
TABLE 2. SEDIMENT CONCENTRATIONS OF VOLATILE ORGANIC COMPOUNDS

ARMY CREEK, NEW CASTLE COUNTY, OE ••
AUGUST, 1988

Concentrations reported in ug/kg

Compound

Acetone
2-Butanone
Toluene
Xylene

Site 1
Sample 1872

25
40
U
U

Z
1874

275
18
U
U

3
1875

206
11
U
U

4
1876

719
6J
U
U

5
1877

500
29
U
U

6
1878

124
U
9
U

7
1879

144
U
33
U

8
1880

44
U
U
21

Minimum
Detection

Limit

10
10
5
5

J • Data Indicates the presence of a compound that meets the Identification criteria.
The result Is less than the specified detection limit but greater than zero. The
concentration is given as an approximate value.
U • The compound was analyzed for but not detected at the indicated detection limit.

AR30ILM



IA8LE 3. Win C«CEHTRATIMS Of 6ASE/HEUIRAL/ACIO EXTHACTA6LE
AUNT CREEK, HEW CASTLE COUNT!, 06

AUGUST, 19M

Concentretlone reported In ug/L

Site
Ccmpouid SmpU

alKZ-chloroethylXthcr
1,4 Olchlorobeniem
Ol-n-lutylphthtUtt
Ili(2-«thylheKYi)PhttiiUt<
Ol-n-Octyl PhlhiUte

Uiter
tttnk

U
u
1.00J
8.104
..604

1
1872

6.804
U
U
3.COJ
U

2
,.74

U
U
U
11.00
U

3
1.75

7.504
U
2.704
U
17.50

(
,876

5.60J
U
U
K.M
31.30

•

5
1.77

U
U
2.604
12.80
36.20

6
,878

U
U
U
U
U

r
,879

U
U
2.504
16.<0
7.50J

B
,860

U
U
U
U
3.804

Well
29
,U3

,8.20
4.404
U
U
,3.80

Hlnlnn
Detection
Unit

,0.0
,0.0
,0.0
10.0

-,0.0

1 • tut (ndlcitct the pretence of i conpourd thit Keti ttia Idwtlflcttlon crlterU. The rewl: (i leu thin the
ipcclded detection Unit but greeter ,th«n icro. The conctntntlon le given u <n •pproxliwte vilue.

U • The compound Ml mttyied (or but not detected it tin Irdlcittd detection link.



TABLE 4. SEDIHEKT COHCEHIRATIONS OF lACE/UEUTHAL/ACIO EXTRACTADLE COHPOIIOS
AAHY CREEK, NEU CASTLE COUNTY, OE

AUGUST, ,98.

Conccntntlcm reported In ug/kg

Site
Compound StiTplc

4-Kethyt phenol
Acentphthene
fluortne
Ptieninthrene
Mthricene
Ol-n-lutylphthilite
Fluortnthene
Pyrent
lenio<i)AnthrK«ne
Oiryicm
lli<2-C(hYleKyt)Ptithitite
Ot-n-Octyt n\th*(<to
kniXMriuortntlieni
lenio<k>rluorinthcm
lenio<i)PYrtnt
lndera<1,2,3-cd)pyreM
lenjo<gM)Pe'ryl«ne

s«ll
Blink

J30U
jjou
nou
ncu
13 OU
nou
nou
3304
nou
nou
44so
904
330J
530U
J3OI
3JOU
330U

1
1872

5S4U
554U
554U
5540
554U
554U
554U
554U
554U
554U
4,64
2070
554U
554U
S54U
S54U
5540

2
1874

776U
776U

1 776U
776U
77&U
,080
776U
776U
776U
776U
6,54
3529
776U
T76U
2394
776J
776U

3
1.75

924U
924U
924U
V24U
924U
638
724U
924U
924U

. 924U
mj
,9604
9240
9240
724U
9240
9240

4
,876

ssai
882U
882U
88214
8634
J90J
882U
682U
882U
C82U
69,0
«T
682U
6834
6S34
682U
8834

5
,877

7840
784U
78414
7840
784U
781J
33,4
3024
764U
274J
5034
2230
422J
4464
7840
7840
TB4U

6
,678

1394
16S4
1614
17,0
394
Z34J
,620
3200
,250
,580
1190
,090
1HO
784
1070
808
715

7
,879

487U
487U
487U
890
,804
2504
1280
1,40
60S
868
,230
1494
690
487U
500
1464
323J

a
,880

41, U
41 W
41,11
4024
4,114
3694
557
463
258
3544
811
18,0
2034
41 ,U
2424
,824
,654

i • Oitt IrdlcitM the pretence of t compound ttwt neeti the Identldcitlon crlterle. The rttult
It Icti thm tht fpeclded detection U«lt but greiter thw icra. The concentntlon It glvtn M MI

U • The corpound vu tnitricd for tut rat detected it (lit Indlcited detection Unit.
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-•1
TABLE 8. SEDIMENT CONCENTRATIONS OF PHENOL, TOTAL CYANIDE, AND TOTAL ORGANIC CARBON

ARMY CREEK, NEW CASTLE COUNTY, DE
AUGUST, 1988

Concentrations reported In mg/kg

Site 1 2 3 4 5 6 7 8
Parameter Sample 1872 1874 1875 1876 1877 1878 1879 1880

Phenol 1.80 2.16U 2.40 2.40U 1.85U 1.19U 1.3SU 0.848U
Total Cyanide 1.48U 2.02U 2.33U 2.30U 2.02U 1.34U 1.46U 1.19U
TOC 0.14 0.01U 0.98 2.36 1.03 0.23 0.44 0.05

J - Data Indicates the presence of a compound that meets the Identification
criteria. The result Is less than the specified detection limit but greater than
zero. The concentration Is given as an approximate value.
U • The compound was analyzed for but not detected at the Indicated detection limit.
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ARSENIC

Arsenic la a metal that Is present in the environment
as a constituent of organic and inorganic compounds; it also
occurs in a number of valence states. Arsenic is generally
rather mobile in the natural environment, with the degree of
mobility dependent on.its chemical form and the properties
of'the' surrounding medium. Arsenic is a human carcinogen;
it causes skin tumors when it is Ingested and lung tumors when
it is inhaled. Arsenic compounds are teratogenlc and he-re
adverse reproductive effects in animals. Chronic exposure
to arsenic is associated with polyneuropathy and skin lesions.
It is acutely toxic to some early life stages of aquatic organisms
at levels as low as 40 tig/liter,

Background Information
Arsenic can b« found in the environment in any of four

valence state* (-3, 0» +3, and +5) depending on the pH, Eh,
and other f acton. It can exist as either inorganic or organic
compounds and often will change foraa aa it moves through the
various media.' The chemical and physical properties depend on
the state of the metalloid. Only the properties of metallic
arsenic have been listed* properties of other arsenic compounds
are often quite different.
CAS Number: 7440-38-2
Chemical Formula i Aa
IUPAC Nonet Arsenic

Chemical and Phyaical Properties

Atomic Weights 74.9i
Boiling Pointj 613*C

Melting Point! 817*0
Specific Gravityt 5.72 at 20*C

Arsenic
Page 1
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Solubility In Hater t Insoluble; some salts are soluble

Transport and Fate

In the natural environment, arsenic has four different
oxidation states, and .chemical speciation is important in deter-
mining arsenic's distribution and mobility. Interconversions
of the +3 and +5 states as well as organic complexation, are
the, -tost Important. Arsenic is generally quite mobile in the
environment. In the aquatic environment, volatilization is
important wh'en biological activity or highly reducing conditions
produce arslne or methylarsenics. Sorption by the sediment
is an Important fate for the chemical. Arsenic is metabolized
to organic arsenlcala by a number of organisms; this increases
arsenic's mobility in the environment. Because of its general
mobility, arsenic tends to cycle through the environment.
Its ultimate fate is probably the deep ocean, but it may pass
through numerous stages before finally reaching the sea.

Health Effects
Arsenic has been implicated in the production of skin

cancer in humans. There is also extensive evidence that inha-
lation of arsenic compounds causes lung cancer in workers.
Arsenic compounds cause chromosome damage in animals, and humans
exposed to. arsenic compounds have been reported to have an
elevated incidence of chromosome aberrations'. .Arsenic compounds
have been reported to be teratogenic, fetotoxic, and embryotoxic
in several animal species, and an increased incidence of multiple
malformations among children born to women occupationally exposed
to arsenic has been reported. Arsenic compounds also cause
noncanceroua, possibly precancerous, akin changes in exposed
individuals. Several cases of progressive polyneuropathy in-
volving motor and sensory nerves and particularly affecting
the extremities and myelinated long-axon neurons have been
reported in individuals occupationally exposed to Inorganic
arsenic. Polyneuropathies have also been reported after the
ingestion of arsenic-contaminated foods.

Toxicity to Wildlife and Domestic Animals
Various inorganic forms of arsenic appear to have similar

levels of toxicity; they all seem to be much -ore toxic than
organic forms. Acute toxicity to adult freshwater animals
occurs at levels of arsenic. trioxide as low as 812 ug/llter
and at levels as low as 40 ug/llter in early lift stages of
aquatic organisms. Acute toxicity to saltwater fish occurs
at levels around IS mg/llter, while some invertebrates are
affected at much lower levels (508 ug/liter). Arsenic toxicity

Arsenic
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does not appear to increase greatly with chronic exposure,
and it does not seem that arsenic is bioconcentrated to a great
degree.

Arsenic poisoning is a rare but not uncommon toxic syndrome
among domestic animals. Arsenic causes hyperemia. and edema
of the gastrointestinal tract, hemorrhage of the cardiac serosal
surfaces and peritoneum, and pulmonary congestion and edema;
and it may cause liver necrosis. Information on arsenic toxicity
to terrestrial wildlife was not reported in the literature
reviewed.

Regulations and Standards

Ambient Hater Quality Criteria (USEPA)i

Aquatic Life

Freshwater
Acute toxicityt 440 ug/liter
Chronic toxicity: No available data

Saltwater
Acute toxicityt 508 ug/liter
Chronic toxicityt No available data

•s

Human Health
Estimates of the carcinogenic risks associated with lifetime
exposure to various concentrations of arsenic in water
aret
Riak Concentration

10";! 22 ng/llter
10, 2.2 ng/liter
10"' 0.22 ng/liter

CAG Unit Risk (OS-PA) i 15 (mg/kg/day)"1
National Interim Primary Drinking Hater Standard (DSEPA) t
50 ug/liter
NIOSH Recommended Standard (air) i 2 ug/m3 Ceiling Level

i 3
OSHh Standard (air)t 500 ug/nT TWA ' •.
ACGJ.n Threshold Limit Valuet 200 ng/-3 (soluble compounds,
as

Araenic
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BENZENE

Summary
Benzene is an important Industrial solvent and chemical

intermediate. It is rather volatile, and atmospheric photooxi-
dation is probably an important fate process. Benzene is a
known human carcinogen, causing leukemia in exposed individuals.
It also adversely affects the hematopoletic system. Benzene
has been shown to be fetotoxic and to cause embryolethality
in experimental animals. Exposure to high concentrations of
benzene in the air causes central nervous system depression
and cardiovascular effects, and dermal exposure may cause derma-
titis.

CAS Number: 71-43-2

IUPAC Name: Benzene

Chemical Formulas 'CfiHfi

Chemical and Physical Properties

Molecular Heighti 78,17.

Boiling^Pointt 80.1*C
Melting Polntt 5.56«C
Specific Gravity! 0.879 at 20»C
Solubility in Hatert 1,780 mg/llter at 25*0
Solubility in Organicst Miscible with ethanol, ether, aceticacid, acetone, chloroform, carbon

disulfide, and carbon tetrachloride

Log Octanol/Hater Partition Coefflcienti 1.95-2.13

Vapor Pressure! 75 am Hg at 20*C

Vapor Density! 2.77
Flash Polntt -11.1'C

Benzene
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Transport and Fate

Volatilization appears to be the major transport process
of benzene from surface waters to the ambient air, and atmos-
pheric transport of benzene occurs readily (USEPA 1979). Al-
though direct oxidation of benzene in environmental waters
Is unlikely, cloud chamber data Indicate that it.may be phono-
oxidized rapidly in the atmosphere. Inasmuch as volatilization
is likely to be the main transport process accounting for the
removal of benzene from water, the atmospheric destruction
of benzene is probably the moat likely fate process. Valutis
for benzene's log octanol/water partition coefficient indie:te
that adsorption onto organic material may be significant undei'
conditions of constant exposure. Sorption processes are likely
removal mechanisms in both surface water and groundwater.
Although the bioaccumulatlon potential for benzene appears
to be low, gradual biodegradatlon by a variety of microorganisms
probably occurs. The rate of benzene biodegradation may be
enhanced by the presence of other hydrocarbons.

Health Effects

Benzene is a recognized human carcinogen (IARC 1982).
Several epidemiologlcal studies provide sufficient evidence
of a causal relationship between benzene exposure and leukemia
in humana. Benzene is a known inducer of aplaitic anemia in
humans, with a latent period of up to 10 years. It produces
leukopenfa and thrombocytopenia, which may progress to pancyto-
penia. Similar adverse effects on the bloqd-cell-producing
system occur in animals exposed to benzene. In both humana
and animals, benzene exposure is associated with chromosomal
damage, although it is not mutagenlc in microorganisms. Benzene
was fetotoxic and caused embryolethality in experimental animals.

Exposure to very high concentrations of benzene [about
20,000 ppm (66,000 _g/a ) in air] can be fatal within minutes
(IARC 1982). The prominent signs are central nervous system
depression and convulsions, with death usually following as
a consequence of cardiovascular collapse. Milder exposures
can produce vertigo, drowsiness, headache, nausea, and eventually
unconsciousness 1C exposure continues. Deaths from cardiac
aensltization and cardiac arrhythmias have also been reported
after exposure to unknown concentrations. Although moat benzene
hazards are associated with inhalation exposure, dermal absorp-
tion of liquid btnzene may occur, and prolonged or repeated
akin contact may produce blistering, erythema, and a dry, scaly
dermatitis. '

Benzene
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Toxicity to Wildlife and Domestic Animals

The EC,g values for benzene In a variety of invertebrate
and vertebrate freshwater aquatic species range from 5,300 ng/liter
to 386,000 ug/liter (USEPA 1980). However, only values for
the rainbow trout (5,300 ug/liter) were obtained from a flow
through test and were based on measured concentrations. Results
based on unmeasured concentrations in static tests are likely
to underestimate toxicity for relatively volatile compounds
like benzene. A chronic test with Daphnia magna was incomplete,
with no adverse effects observed at test concentrations as
high as 98,000 ug/liter.

For saltwater species, acute values for one fish and five
invertebrate species range from 10,900 ug/llter to 924,000 pg/liter.
Freshwater and saltwater plant species that have been studied
exhibit toxic effects at benzene concentrations ranging from
20,000 ug/liter to 525,000 ug/liter.

Regulations and Standards

Ambient Hater Quality Criteria (USEPA):
Aquatic Life ,

The available data are not adequate for establishing criteria.
However, EPA did report the lowest concentrations of benzene
known'to cause toxic effects in aquatic organisms.«i
Freshwater

Acute toxicityi 5,300 ug/liter
Chronic toxicityt No available data

Saltwater
Acute toxicityt 5,100 ug/liter
Chronic toxicityt No available data

Human Health.

Estimates of the carcinogenic risks associated with lifetime
exposure to various concentrations of benzene in water
arei

Concentration

10"5 ' 6.6 ug/littr
ID'S 0.66 ug/liter
10 ' 0.066 ug/liter

Benzene
Page 3
October 1985

nt/-wocJ-t«s



CAG Unit RisK (USEPA) s 2.9x!0"2 (rag/kg/day)"1

OSHA Stand.rdsj 30 mg/ra? TWA
75 mg/m,Ceiling Level
150 mg/nr 10-min Peak Level

ACGIH Threshold Limit. Values: Suspected human carcinogen
30 mg/ra, THA
75 mg/mj STEL
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BENZO (a (ANTHRACENE

Benzo(a)anthracene is a four-ringed polycylic aromatic hydro-
carbon (PAH), it is readily absorbed to organic matter and
is probably moderately persistent in the environment. Benzo(a)
anthracene is carcinogenic in mice 'and is reported to be rauta-
genlc in several test systems. Carcinogenic PAHs such as benzo(a)
anthracene cause irnraunpsuppression, and dermal exposure causes
chronic dermatitis and other skin disorders. The very limited
information on its toxicity to aquatic life indicates that
benzo(a)anthracene is chronically toxic to fish at concentrations
of less than 1,000 ug/liter.

CAS Number: 56-55-3

Chemical Formula: Ĉ B,,
IUPAC Name: 1,2-benzanthracene
Important Synonyms and Trade Names: 1,2-Benzanthracene; 2,3-Benzo-

phenanthrane; Benzo(b)phenanthrene

Chemical and 'Physical Properties ,
1

Molecular Height! 228.28
Melting Point: 155-157*0

Solubility in Hater: 0.009 to 0.014 rag/liter at 25«C
Solubility in Organlcst Soluble. in alcohol, ether, acetone,

and benzene
Log Octanol/Hater Partition Coefficient! 5.61

Vapor Pressure! S x Ifl"9 mm Hg at 20*C

Transport and Fate

Dissolved benzo (a) anthracene can undergo rapid, direct
photolysis, and thia 'process may be an important environmental
fate in aquatic systems. Studies Indicate that singlet oxygen
is the oxldant and that quinones are the products in the photo-
lytic reactions. The free-radical oxidation of benzo (a)anthra-

Benzo (a) anthracene
Page 1
October 1985

1*62



cene in the environment is rapid and may be competitive with
photolysis as a chemical fate process. When chlorine and ozone
are present in aquatic systems in sufficient quantities, oxid-
ation reactions resulting in the formation of quinones nay
be significant fate processes. Because benzo(a)anthracene
does not contain groups amenable to hydrolysis, this process
is not thought to be a significant environmental fate. Vola-
tilization does not appear to be ,an important transport process
either.

.Available information Indicates that benzo(a)anthracene
will accumulate in the sediment and biotlc portions of the
aquatic environment and that adsorption to suspended matter
is the dominant transport process. • Sorption onto sediments,
soil particles, and biota is strongly correlated with the organic
carbon levels present. .Although benzo(a)anthracene is readily
and rapidly bioaccumulated, it is also rapidly metabolized and
excreted. Therefore, bioaccumulation is short term and is
not considered an I .portant fate process. Benzo (a)anthracene
is degraded by microbes and readily metabolized by multicellular
organisms. Degradation by mammals is considered to be incom-
plete; the parent compound and metabolites are excreted by
the urinary system. Biodegradation is probably the ultimate
fate process for benzo (a)Anthracene.. It generally is more rapid
in soil than in aquatic systems and is relatively fast in those
systems chronically affected by polycycllc aromatic hydrocarbon
contamination.

Atmospheric transport of benzo(a)anthracene can occur, and
the chemical can be returned to aquatic and terrestrial systems
by atmospheric fallout or with precipitation. Benzo(a)anthra-
cene can also enter surface and groundwater by leaching from
polluted soils.

Health Effects
Benzo(a)anthracene administered by different routes is

carcinogenic in the mouse. It can produce hepatomas and lung
adenomas following repeated oral administration and bladder
tumors following implantation. Benzo(a)anthracene con olio
produce tumors in mice following subcutaneous Injections.
Although benzo(a)anthracene is a complete carcinogen for mouse
skin, it produces less skin tumors with a longer latency than
does benzo(a)pyrona. Benzo(a)anthracene has not been adequately
tested in other species.

Benzo(a)anthracane is reported to be mutagenic in a variety
of test systems. In some cases, a correlation is obse'rved
between mutagenicity and carcinogenic potency for benzo(a)anthra-
cene and other polycyclic aromatic hydrocarbons. In other
words, those compounds exhibiting greater mutagenic activity

Benzo(a)anthracene
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often have higher carcinogenic potency as well. No adequate
information concerning the teratogenlc effects of benzo (a)anthracene
in humans or experimental animals Is available.

Application of the carcinogenic polycycllc aromatic hydro-
carbons, Including benzo (a) anthracene,, to mouse akin leads
to the destruction of sebaceous glands, hyperplasia, hyperkera-
tosls, and ulceration. Workers exposed to materials containing
polynuclear aromatic hydrocarbons may exhibit chronic dermatitis,
hyperkeratoses, and other skin disorders. Repeated subcutaneous
Injections of benzo (a)anthracene to mice and rats produces gross
changes in the lymphold tissues. It has also been shown that
many carcinogenic polycyclic aromatic hydrocarbons can produce
an inmunosuppressive effect, although specific results with
benzo(a)anthracene have not been reported.

Toxicity to Wildlife and Domestic Animals
Adequate data for characterization of toxicity to wildlife

and domestic animals are not available. One study involving
freshwater fish reported an 87t mortality rate in bluegills
exposed to 1,000 ug/liter benzo(a)anthracene for 6 months.

Regulations and Standards
Ambient-iHater Quality Criteria (USEPA) t

Aquat'ie Life -' i

The available data are not adequate for establishing criteria.

Human Health
Estimates of the carcinogenic risks associated with lifetime
exposure to various concentrations of carcinogenic PAHa
in water are:

Rlsjc Concentration

23 ng/llter
2.8 ng/liter
0.28 ng/liter
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CADMIUM

Cadmium is a metal that can be present in a' variety of
chemical forms in wastes or in the environment. Some forms
are insoluble in water, but cadmium is relatively mobile in
the aquatic environment. Cadmium is carcinogenic in animals
exposed by Inhalation and may also be in humans. It is uncertain
whether it is carcinogenic in animals or humans exposed via
ingestion. Cadmium is a known animal teratogen and reproductive
toxin. It has chronic effects on the kidney, and background
levels of human exposure are thought to provide only a relatively
small margin of safety for these effects.

Background Information

Cadmium is a soft, bluish white metal that is obtained as
a by-product from'the treatment of the ores of copper, lead,
and iron. Cadmium has a valence of +2 and has properties similar
to those of zinc. Cadmium forma both organic and inorganic *
compounds. Cadmium aulfate is the most common salt.

CAS Number: 7440-43-9
Chemical Formula: Cd

'X

IUPAC Name: Cadmium

Chemical and Physical Properties

Atomic Height: 112.41

Boiling Point! 765*C
Melting Point! 321,'C
Specific Gravity! 8.642
Solubility in Water: Salts are water soluble; metal is insoluble
Solubility in Organicsi Variable, based on compound

Vapor Pressure: 1 mm Hg at 394*C

Cadmium
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Transport and Fate

Cadmium is relatively mobile in the aquatic environment com-
pared to other heavy metals (USEPA 1979). It is removed from
aqueous media by complexing with organic materials and subsequently
being adsorbed to the sediment. It appears that cadmium moves
slowly through soil, but only limited information on soil transport
is available. Cadmium uptake by plants is not a significant
mechanism for depletion of soil accumulations but may be signi-
ficant for human exposure.

Health Effects

There is suggestive evidence linking cadmium with cancer
of the prostate in humans (USEPA 1980). In animal studies,
exposure to cadmium by Inhalation caused lung tumors in rats,
and exposure by injection produced injection-site sarcomas
and/or Leydig-cell tumors (Takenaka 1983, USEPA 1981). An
increased incidence of tumors has not been seen in animals
exposed to cadmium orally, but four of the five available studies
were inadequate by current standards (Clement 1983).

The evidence from a large number of studies on the muta-
genicity of cadmium is equivocal, and it has been hypothesized
that cadmium is not directly mutagenic but impedes repair (Clement
1983). Cadmium is a known animal teratogen and reproductive
toxin. It -has been shown to cause renal dysfunction in both.
humans and animals. Other toxic affects attributed to cadmium
include imnunosuppreasion (in animals), anemia (in humans),
pulmonary disease (in humans), possible effects on the endocrine
system, defects in sensory function, and bone damage. The
oral LD-0 in the rat was 225 mg/kg (NIOSH 1983).

Toxicity to Wildlife and Domestic Animals

Laboratory experiments suggest that cadmium may have adverse
effects on reproduction in fiah at levels present in lightly to
moderately polluted waters.

The acute LC,n for freshwater fish and invertebrates gener-
ally ranged from 100 to 1,000 ug/liter; salmonida are much
more sensitive than other organisms (USEPA 1980). Saltwater
ipeciea were in general 10-fold more tolerant to the acute
affects of cadmium. Chronic teats have been performed and
show that cadmium has cumulative toxicity and acute-chronic
ratios that range of from 66 to 431. Bioconcentratlon factors
were generally leas than 1,000 but were as high as 10,,000 f ;
some freshwater fish species.

No adverse effects on domestic or wild animals were reported
in the studies reviewed.
Cadmium
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Regulations and Standards

Ambient Hater Qu»lit« Criteria (USEPA):

Aquatic Life (Proposed 1984)

Freshwater
Acute toxicity: eU.30[ln(hardness)] - 3.92)

Chronic toxicity: el0'87[ln(nardness>l " 4'38> ug/liter
Saltwater

Acute toxicity; 38 ug/liter
Chronic toxicity: 12 ug/llter

Human Health.

Criterion: 10 ug/liter
GAG Unit, Risk for Inhalation exposure (USEPA) t 6.1 (mg/kg/day.)'̂
Interim Primary Drinking Hater Standard (USEPA): 10 ug/liter
NIOSR Recommended Standards: 40 ug/m -THA

200 ug/mvlS min Ceiling Level
* -

OSHA Standards: 200 ug/m* THA
' 600 ug/m Ceiling Level -

ACGIH Threshold Limit Values: 50 ug/m3 THA
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BIS(2-CHLOROETHYL)ETHER

bis(2-Chloroethyi;ether was used In the past as a soil
fumigant and is now used as a solvent and chemical reagent.
It is fairly soluble in water and i<s probably moderately per-
sistent in the environment, bis(2-Chloroethyl)ether caused
an Increased incidence of liver tumors in male mice following
oral'administration, and it was found to be mutagenic using
the Ames assay. In the air, it is irritating to the eyes and
nasal passages and when inhaled can damage the lungs, liver,
kidneys, and brain.

CAS Number: 111-44-4

Chemical Formula: CICHjCHjOCHjCHjCl
IUPAC Name: bis (beta-Chloroethyl)ether
Important Synonyms and Trade Names: sym-Dichloroethyl ether;

2,2'-Dichloroethyl ether;
l-Chloro-2-(beta-chloroethoxy)-
ethane; DCE_; l,l'-oxybis-
(2-chloroethane)

4̂
i

Chemical and Physical Properties

Molecular Height! 143.02
Boiling Point! 178*C
Melting Point! -24.5*C
Specific Gravity: 1.22 at 20*C
Solubility in Hateri 10,200 mg/llter
Solubility in Organicat Miscible with most organic solvents

Lag Octanol/Hater Partition Coefficient: 1.58
Vapor Pressure! 0.71 mm Hg at 20*C
Vapor Density! 4.93
Flash Point: 55*C

bis(2-Chloroethyl)ether
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Transport and Fate

There Is little information available concerning the environ-
mental transport and fate of bis(2-chloroethyl)ether and the
relative importance of the various transport and fate processes.
Some volatilization of this compound from aquatic and terrestrial
systems, and subsequent atmospheric transport probably can
occur. Because it Is somewhat soluble in water, bls(2-chloroethyl)-
ether can migrate through the soil. Direct photolysis is not
expected to take place in the atmosphere or in surface waters.
However, photo oxidation of the bis(2-chloroethyl)ether that
reaches the troposphere is likely to occur. Slow hydrolytlu
cleavage of the carbon-chlorine bonds can occur and is probably
the most important aquatic fate.

Adsorption on particulate matter does not appear to be
a significant environmental transport process. A limited amount
of Indirect evidence suggests that bis(2-chloroethyl)ether
has little potential for bioaccumulation. Available Information
is not adequate to characterize the Importance of biodegradation
aa a fate process. It is,reported that significant degradation
can occur In aquatic systems after a period of acclimation.

Health Effects
bis(2-Chloroethyl)ether caused an increased incidence of

hepatomas in male mice following oral administration. It is
also reported to be mutagenic in Salmonella tester strains.
No data concerning teratogenic or reproductive effects are
available.

bla(2-Chloroethyl)ether concentrations of 100 ppm (600 mg/m3)
and possibly lower are Irritating to the eyes and nasal passages,
and may cause coughing and nausea. Exposure to concentrations
above 550 ppm (3,300 mg/m ) is considered to be intolerable.
Concentrations of 500 ppm and 250 ppm are reported to be fatal
in guinea pigs and rats, respectively. The most severe toxic
effects are seen in the lungs, although the kidneys, liver,
and brain may also be affected. No serious toxic effects were
noted following chronic exposure of guinea pigs and rats to
69 ppm (420 mg/m ) of bls(2-chloroethyl)ether.

bis(2-Chloroethyl)ether is a mild akin irritant. However,
acutely toxic and lethal amounts may be absorbed through the
akin. An oral LD5(J of 75 mg/kg is reported for the rat.

t

Toxicity to Wildlife and Domestic Animals
Data adequate to characterize the toxicity of bis(2-chloro-

ethyl)«ther to wildlife and domestic animals are not available.
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Acute toxicity of chloroalkyl ethers, in general, to freshwater
aquatic life is reported to occur at concentrations as low
as 238,000 ug/Hter and would occur at lower concentrations
among, species more sensitive than those tested.

Regulations and Standards

Ambient Hater Quality Criteria (USEPA):
Aquatic Life

The available data are not adequate for establishing criteria.
Human Health

Estimates of the carcinogenic risks associated with lifetime
exposure to various concentrations of bis(2-chloroethyl)ether
in water are:

Riate '. Concentration

10"! 0.3 ug/liter
10 2 0.03 ug/liter
10"7 0.003 ug/liter

CAG Unit Risk (USEPA)! 1.14 (mg/kg/day)"1
•< ,

OSHA Standard: 90 mg/mj Ceiling Level i
3 'ACGIH Threshold Limit Values: 30 rag/mi TLV

60 mg/m STEL

REFERENCES

AMERICAN CONFERENCE OF GOVERNMENTAL INDUSTRAL HYGIENISTS (ACGIH),
1980. Documentation of the Threshold Limit Values. 4th
Ed. Cincinnati, Ohio. 488 pages

INTERNATIONAL AGENCY FOR RESEARCH ON CANCER (IARC). 1975.
IARC Monographs on the Elevation of Carcinogenic Risk
of Chemicals to Man. Vol. 9: Some Aziridinea, N-, S-,
and 0-Mustards and Selenium. Horld Health Organization,
Lyon, France. Pp. 117-123

NATIONAL INSTITUTE FOR OCCUPATIONAL SAFETY AND HEALTH (NIOSH).
1984. Registry of Toxic Effects of Chemical Substances
Data Base. Hashington, D.C. April 1984

SAX, N.I. 1975. Dangerous Properties of Industrial Materials.
4th ed. Van Nostrand Relnhold Co., New York. 1,258 pages

bli(2-Chloroethyl)ether
Page 3
October 1985 Aonmti in

A n J Q)dWi«ie



U.S. ENVIRONMENTAL PROTECTION AGENCY (USEPA). 1979. Water-
Related Environmental Fate of 129 Priority Pollutants.
Hashington, D.C. December 1979. EPA 440/4-79-029

U.S. ENVIRONMENTAL PROTECTION AGENCY (USEPA). 1980. Ambient
Water Quality Criteria for Chloroalkyl Ethers. Office
of Hater Regulations and Standards, Criteria and Standards
Divisions. Hashington, D.C. October 1980. EPA 440/5-80-030

U.S. ENVIRONMENTAL PROTECTION AGENCY (USEPA). 1985. Health
Assessment Document for Dichloromethane (Methylene Chloride).
Office of Health and Environmental Assessment. Hashington,
D.C. February 1985, EPA 600/8-82/004F

HEAST, R.E. ed. 1981. Handbook of Chemistry and Physics.
62nd ed. CRC Press, Cleveland, Ohio. 2332 pages

bis(2-Chloroethyl)ether
Page 4
October 1985

AR3QU73



CHROMIUM

Chromium is a .heavy metal that generally exists in either
a trivalent or hexavalent oxidation state. Hexavalent chromium
(Cr VI) is rather soluble and is quite mobile in groundwater
and surface water. However, in the presence of reducing agents
it is rapidly converted to trivalent chromium (Cr III), which
is st'rongly adsorbed to soil components and consequently is
much less mobile. A 'number of salts of hexavalent chromium
are carcinogenic in rats. In addition, an increased incidence
of lung cancer was seen in workers occupationally exposed to
chromium VI. Hexavalent chromium also causes kidney damage
in animals and humans. Trivalent chromium is less toxic than
hexavalent chromium; its main effect is contact dermatitis
in sensitive individuals.

CAS. Number: 7440-47-3
f

Chemical Formula: Cr
I OP AC Name: Chromium

Chemical and Physical Properties (Metal)
t • ^

Atomic Height! 51.996
Boiling Point: 2672'C

Melting Point! 1857 + 20*C
Specific Gravity: 7.20 at 28*C
Solubility in Hateri Insoluble; some compounds are soluble

Transport and Fate

Hexavalent Cr is quite soluble, existing in solution as
a component of a complex anion. It la not sorbed to any signifi-
cant degree by clays or hydrous metal oxides. The anionic
form varies according to pH and may be a chromate, hydrochrornate,
or dlchromate. Because all anionic forms are so soluble, they
are quite mobile in the aquatic environment. Cr VI is efficiently
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removed by activated carbon and thus may have some affinity
for organic materials in natural water. Cr VI Is a moderately
strong oxidizing agent and reacts with reducing materials to
form trivalent chromium. Most Cr III in the aquatic environment
is hydrolyzed and precipitates as chromium hydroxide. Sorp.tion
to sediments and bloaccumulation will remove much of the' remain-
ing Cr III from solution. Cr III.is adsorbed only weakly to
inorganic materials. Cr III and Cr VI are readily Interconver-
tible In nature depending on microenvironmental conditions
such .as pH, hardness, and the types of other compounds present.
SolUb'le forms of chromium accumulate if ambient conditions
favor Cr VI.- Conditions favorable for conversion to Cr ill
lead to precipitation and adsorption of chromium in sediments.

In air, chromium is associated almost entirely with partlcu-
late matter. Sources of chromium in air Include windblown
soil and particulate emissions from industrial processes.
Little information is available concerning the relative amounts
of Cr III and Cr VI in various aerosols. Relatively small
particles can form stable aerosols and can be transported many
miles before settling' out.

Cr III tends to be adsorbed strongly onto clay particles
and organic particulate matter, but can be mobilized if it
is complexed with organic molecules. Cr III present in minerals
is mobilized to different extents depending on the weatherabillty
and solubility of the mineral in which it is contained. Hexa-
valent compounds are not strongly adsorbed by aoll components
and Cr VI is mobile in groundwater. Cr VI is,'quickly reduced
to CR III in poorly drained soils having a high content of
organic matter. Cr VI of natural origin is rarely found in
soils.

Health Effects
The hexavalent form of chromium is of major toxicologlcal

importance in higher organisms. A variety of chromate (Cr VI)
salts are carcinogenic in rats and an excess of lung cancer
has been observed among workers in the chromate-produclng indus-
try. Cr VI compounds can cause DNA and chromsome damage in
animals and humana, and Cr (VI) trloxide is teratogenic in the
hamster. Inhalation of hexavalent chromium salts causes Irri-
tation and inflammation of the nasal mucosa, and ulceration
and' perforation of the nasal septum. Cr VI also produces kidney
damage in animals and humans. The liver is also sensitive
to the toxic effects of hexavalent Cr, but apparently less
so than the kidneys or respiratory system. Cr III is less
toxic than Cr VI) its main effect in humana is a form p« contact
dermatitis in sensitive individuals.

Chromium
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Toxicity to Hlldllfft and Domestic Animala

Chromium is an essential nutrient and is accumulated In
a variety of Aquatic and m, cine biota, especially benthic organ-
isms, to levels much higher than In ambient water. Levels
in biota, however, .usually are lower than levels in the sedi-
ments. Passage of chromium through the food chain'can be demon-
strated. The food chain appears to be a more efficient pathway
for chromium uptake than direct uptake from seawater.
. '..Hater hardness, temperature, dissolved oxygen, species,

and age of the test organism all modify the toxic effects of
chromium on aquatic life. Cr III appears to be more acutely
toxic to fish than Cr VI; the reverse Is true in long term
chronic exposure studies.

None of the plants normally used as food or animal feed
are chromium accumulators. Chromium absorbed by plants tends
to remain primarily in the roots and la poorly translocated
to the leaves. There is little tendency for chromium to accumu-.
late along food chains in the trivalent Inorganic form. Organic
chromium compounds, about which little is known, can have signifi-
cantly different bioaccumulatlon tendencies. Little information
concerning the toxic effects of chromium on mammalian wildlife
and domestic animal species- is available.

Regulations and Standards

Ambient Haier Quality Criteria (USEPA)t
Cr Vlt

Aquatic Life (Proposed Criteria)

Freshwater
Acute toxicityt 11 ug/liter
Chronic toxicity: 7.2 ug/liter

Saltwater
Acute toxicity: 1,200 ng/liter
Chronic toxicityt 54 ug/liter

Human Health

Criterion: 50 ug/liter
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Cr III:
Aquatic Life (Proposed Criteria)

Freshwater
Acute toxicity: e<0-819Iln<hai:dne33)'*3-S68) ,,g/Utei.

Chronic toxicity: e<0'819 [In(hardness)])+0.537) Mg/litec

'' Saltwater
The available data are not adequate for establishing
criteria.

Human Health

Criterion: 170 rag/liter

CAG Unit Risk for inhalation exposure to CR VI (USEPA):
41 (mg/kg/day I"*

National Interim Primary Drinking Hater Standard! 50 ug/liter
NIOSH Recommended Standards for CR VI: 1 ug/m3,carcinogenic

4 ' 25 ug/mf noncarcinogenic TWA
• 50 ug/m noncarcinogenic

• (15-min sample)
OSHA Standards: OSHA air standards have been set for several

chromium compounds. Most recognized or suspected carcino-
genic chromium compounds have celling limits of 100 ug/m .

ACGIH Threshold Limit Values: Several chromium compounds have
TKAs ranging from 0.05 to 0.5 mg/m4. Chromlte ore proces-
sing (chromate), certain water insoluble Cr VI compounds,
and chromatea of lead and zinc are recognized or suspected
human carcinogens and have 0.05 mg/m TWAs.
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CHRYSENE

Chrysene is a five-ringed polycycllc aromatic hydrocarbon
(PAH)., It is rather persistent in the environment; biodegrada-
ti'on Is probably.the ultimate fate process. Dermal application
of chrysene produces skin tumors in mice, and subcutaneous
injection produces local sarcomas. Chrysene was found to be
rautagenic using several test systems. Although there is little
information on other toxic effects of chrysene, carcinogenic
PAHa as a group cause skin disorders and have an immunosuppres-
sive effect.

CAS Number: 218-01-9

Chemical Formula: C.gH.2
IUPAC Name: Chrysene
Important Synonyms and Trade Names: 1,2-Benzophenanthrene;

benz(a)phenanthrene

Chemical and Physical Properties
Molecular "Weight: 228.28
Boiling Point! 448*C
Melting Point: 256*C
Specific Gravity: 1.274 at 20*C
Solubility in Hater: 0.002 mg/llter at 25*C
Solubility in Organics: Soluble in ether, alcohol, glacial

and acetic acid
Log Octanol/Hater Partition Coefficient! 5.61
Vapor pressure: 10"11 to 10"6 mm Hg at 20*C
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Transport and Fate

Very little specific information concerning the environ-
mental transport and fate of chrysene Is available. However,
data can be derived with reasonable confidence from information
concerning benzo(a)anthracene and other related polycyclic
aromatic hydrocarbons (PAHs). Dissolved chrysene may undergo
rapid, direct photolysis in aquatic systems. However, the
relative importance of this process as an environmental fate
is unknown. Singlet oxygen is the oxidant and qulnones are
the.-products in photolysis reactions involving polycyclic aro-
matic hydrocarbons. Free-radical oxidation of chrysene is
likely to be slow and is not likely to be a significant fate
process. Because chrysene does not contain groups amenable
to hydrolysis, this process Is not thought to be a significant
environmental fate. Volatilization does not appear to be an
important transport process.

Chrysene probably accumulates in the sediment and biota
portions of the aquatic environment, and adsorption to suspended
matter is likely to be the dominant transport process, it is
probable that sorptlon onto sediments, soil particles, and
biota is strongly correlated with the organic carbon levels
present. Bioaccumulation of chrysene is expected to be short
term and is not an important fate process. Although polycyclic
aromatic hydrocarbons with four or less aromatic rings, like
chrysene, are readily and quickly bloaccumulated, they also
are rapidly metabolized and excreted. These kinds of PAHs are
degraded by microbes and'readily metabolized jay multicellular
organisms. Degradation by mammals is considered to be incom-
plete; the parent compound and metabolites art excreted by
the urinary system. Biodegradation Is probably the ultimate
fate process for chrysene. However, the speed and extent of
this process are unknown. Biodegradation of PAHs generally
occurs more rapidly in soil than in aquatic systems and la
also faster in those systems chronically contaminated with
these compounds.

Atmospheric transport of chryaene can occur, and chrysene
can be returned to aquatic and terrestrial systems by atmospheric
fallout and with precipitation. It can enter surface and ground-
waters by leaching from polluted soils.

Health Effects

The potential' for poly cyclic aromatic hydrocarbons to
Induce malignant transformation dominates the consideration
given to health hazards resulting from exposure. This is because
overt signs of toxicity are often not produced until the dose
is sufficient to produce a high tumor incidence.
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No case reports or epldemiological studies on the signi-
ficance of chrysene exposure to humans are available. However,
coal tar and other materials known to be carcinogenic to humans
may contain chrysene. Chrysene produces akin tumors in mice
following repeated dermal application. High subcutaneous doses
are reported to result in a low incidence of tumors with a
long induction time in mice. Chrysene is considered to have
weak carcinogenic activity compared to benzo(a)pyrene. Chrysene
is reported to be mutagenic in a variety of test systems.
No information concerning the teratogenlc effects of chrysene
in humans or experimental animals is available.

Although there is little information concerning other
toxic effects of chrysene, it is reported that applying the
carcinogenic PAHs to mouse akin leads to the destruction of
sebaceous glands, hyperplasla, hyperkeratosis, and ulceration.
Workers exposed to material's containing these compounds may
exhibit chronic dermatitis, hyperkeratoses, and other skin
disorders. Although specific results with chrysene are not
reported, It has been shown that many carcinogenic PAHs have
-- '--..«««unoressive effect.
M*M«»» *.--_ -reported, it has been snown
an immunosuppressive effect.

Adequate data for characterization of the coxi-n.} w.
chrysene to domestic animal's and wildlife are not available

t

Ambient Hater Quality Criteria (OSEPA),

Aquatic Life
The available data ar,e not adequate for establishing cri-
teria.
Human Health
Estimates of the carcinogenic risks associated with lifetime
expoiure to various concentrations of carcinogenic PAHs
in water aret
Risk Concentration

10"! , 28 ng/liter
10*2 2.8 ng/litar
•• 7 ' 0.28 ng/liter
10'
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1,2-DICHLOROETHANE

l|2-Dichloroethane
OB9"l:.rS; slanifleant routes ofW3T.C t

liquids, li
mutagenic Ir
carcinogen.

CAS Number: 107-06-2
Chemical Formula: CH2C1CH2C1
IUPAC Name: 1,2-Dlchloroethane
Important Synonyms and Trade Names: Ethylene dichloride, glycoldichloride

Chemical and Physical Properties

Molecular Height! 98.96
Boiling Point! 83-84*C
MeJting Point! -35.4*C
Specific Gravity: 1.253 at 20*C
Solubility in Hater: 8 g/liter
Solubility in Organlcst Mlscible with alcohol, chloroform,

and ether
Log Octanol/Hater Partition Coefficient: 1.48

Vapor Pressure! 61 mm Hg at 20*C
Flash Point! 15*C (closed cup)

1,2-Dichloroethane
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Transport and Fate

The primary method of dispersion from surface water for
1,2-dichloroethane is volatilization. In the atmosphere, 1,2-dl-
chloroethane is rapidly broken down by hydroxylation, although
some may be absorbed by atmospheric water and return to the
earth by precipitation. No studies on the adsorption of 1,2-di-
chloroethane onto soil were reported In the literature examined.
However, 1,2-dichloroethane has a low octanol/water partition
coefficient, is slightly soluble in water, and therefore leaching
through the soil into the groundwater is an expected route of
dispersal.

Health Effects

1,2-Dichloroethane is carcinogenic in rats and mice, producing
a variety of tumors. When administered by gavage, it produced
carcinomas of the forestomach and hemangiosarcomas of the circu-
latory system in male rats; adenocarcinoraas of the mammary
gland in female rats;', lung adenomas in male mice; and lung
adenomas, mammary adenocarcinomaa, and endometrlal tumors in
female mice. It is mutagenic when tested using bacterial test '
systems. Human exposure by inhalation to 1,2-dichloroethane
has been shown to cause headache, dizziness, nausea, vomiting,
abdominal pain, Irritation of the mucous membranes, and liver
and kidney dysfunction. Dermatitis may be produced by skin
contact. <Xn severe cases, leukocytosis (an excess of white
blood cells), may be diagnosed; and internal hemorrhaging and
pulmonary edema leading to death may occur. -S.lmilar effects
are produced in experimental animals.

Toxicity to Wildlife and Domestic Animals

1,2-Dlchloroethane is one of the chlorinated ethanes least
toxic to aquatic life. For both fresh- and saltwater species,
it is acutely toxic at concentrations greater than 118 ag/llter,
while chronic toxicity has been observed at 20 mg/liter. 1,2-Di-
chloroethane la not likely to bioconcentrate, as its steady
state bloconcentration factor was 2 and its elimination half-
life was less than 2 days in bluegill.

No information on the toxicity of 1,2-dichloroethane to
domestic animals or terrestrial wildlife was available In the
literature reviewed.

1,2-Dichloroethane
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Regulations and Standards

Ambient Hater Qualit" Criteria (USEPA):
Aquatic Life

The available data, are not adequate for establishing criteria.
However, EPA did report the lowest values known to be
toxic in aquatic organisms.

Freshwater

Acute toxicity: 118 rag/liter
Chronic toxicity: 20 mg/liter

Saltwater
Acute toxicity: 113 mg/liter
Chronic toxicity: No available data

Human Health

Estimates of the carcinogenic risks associated with lifetime
exposure to various concentrations of 1,2-dichloroethane
in water are:
Risk Concentration

10_| 9.4 ug/litpr
10.5, 0.94 ug/liter
10 . 0.094 ug/lJ.ter

CAG Unit Risk (USEPA): 9.1xlO"2 (mg/kg/day)"1

OSHA Standards: 200 mg/m? THA
400 mg/mf Ceiling Level
BOO mg/m for 5 min every 3 hr, Peak Concentration

ACGIH Threshold Limit. Values: 40 mg/m3. THA
60 mg/m STEL
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BIS(2-ETHYLHEXYL)PHTHALATE

Summary,
bis(2-Ethylhexyl)phthalate (DEHP) is probably persistent

In the environment. It Is carcinogenic In rats and mice, causing
hepatocellular carcinomas. Teratogenlc and reproductive effects
have been observed In experimental animals. Chronic exposure
to DEHP retarded growth and Increased liver and kidney weights
In animals.

CAS Number: 117-81-7
Cneraical Formula: C6H4(COOCH2CH(C2H5)C4H9)2
IUPAC Name: bls(2-Ethylhexyl)ester phthallc acid
Important Synonyms and Trade Names: DEHP, Dl(2-ethylhexyl)phthalate,

bis(2-ethylhexyl)ester
phthallc acid

Chemical and Physical Properties

Molecular Height! 391.0
Boiling Point! 386.9*C at 5 mm Hg
Melting Point: -50*C
Specific Gravity: 0.985
Solubility in Hateri 0.4 nig/liter at 25*C
Solubility In Organlca: Misclble with mineral oil and hexane

Log Octanol/Hater Partition Coefficient: 5.3

Vapor Pressure! 2 x 10~7 mm Hg at 2Q*c

Flash Point: 218.33'C

Transport and Fate
bis(2-Ethylhexyl)phthalate (DEHP) is the most thoroughly

studied of the phthalate esters. It probably hydrolyzes in
surface waters, but at such a slow rate that this process is
not environmentally significant under most conditions. Photo-

bls(2-Ethylhexyl)phthalate
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lysis and oxidation do not appear to be Important environmental
fate processes. Although some researchers suggest that volati-
lization of DEHP from aqueous solution may be significant under
some conditions, It probably la not an Important environmental
transport process In natural waters. In contrast, there Is
evidence that this' compound can be slowly volatilized from
DEHP-containlng materials at relatively high temperatures.
Consequently, some atmospheric dispersion of DEHP due to vapori-
zation during manufacture, use, or waste disposal probably
occurs.

Adsorption onto suspended solids and particulate matter
and complexation with natural organic substances are probably
the most Important environmental transport processes for DEHP.
The log octanol/water partition coefficient for DEHP suggests
that this' compound would be adsorbed onto partlculates high
in organic matter. This contention is supported by the fact
that phthalate esters are commonly found in freshwater and
saltwater sediment samples. DEHP can be dispersed from sources
of manufacture and use co aquatic and terrestrial systems by
complexation with natural organic substances. It readily Inter-
acts with the fulvic acid present in humic substanc-js In water-
and soil, forming a complex that is very soluble in water.

A variety of unicellular and multicellular organisms take
up and accumulate DEHP, and bloaccumulation la considered an
Important fate process. Biodegradation is also considered
an Important fate process in aquatic systems and soil. DEHP
is degrade*, under most conditions and can be.'metabollzed by
raulticellular organisms. Therefore, it is unlikely that long-
term biomagnification occurs.

Analysis using EPA's Exposure Analysis Modeling System
suggests that chemical and biochemical transformation processes
for DEHP are slow and that transport processes will predominate
both in ecosystems that have long retention times (ponds, lakes)
and In those that have short retention times (rivers). If
the input of DEHP remains constant, its concentration is expected
to Increase in aquatic ecosystems, if the input stops, the
DEHP present is expected to persist for an undetermined length
of time. The oceans are the ultimate sink for DEHP Introduced
Into unimpeded rivers.

Health Effects
DEHP is reported to be carcinogenic in rats and mice,

causing increased incidences of hepatocellular carcinomas or
neoplastlc nodules after oral administration (NT? 1982). Its
status as a human carcinogen is considered Indeterminate by ,
the International Agency for Research on Cancer (TiKC). The
results of dominant lethal experiments with mice suggest that

bis(2-Ethylhexyl)phthalate
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DEHP is mutagenic when Injected Intraperitoneally. However,
most experiments conducted with microorganisms and mammalian
cells have failed to demonstrate genotoxic activity. Teratogenic
and fetotoxic effects have been observed in experimental animals
after oral and Intraperltoneal administration. Other reproduc-
tive effects, including testicular changes In rats and mice,
have also been reported.

DEHP appears to have a relatively low toxicity in experi-
mental animals. The oral, intraperltoneal, and intravenous
LDe0 values reported for DEHP in rats are 31 g/kg, 30,7 g/kg,
and 0.25 g/kg, respectively. DEHP is poorly absorbed through
the skin, and no irritant response or sensitizing potential
from dermal application has been noted In experimental animals
or humans.

Chronic exposure to relatively high concentrations of DEHP
in the diet has caused retardation of growth and Increased
liver and kidney weights in experimental animals.

Toxtclty to Wildlife and Domestic Animals

Acute median effect values ranged from 1,000 to 11,100
(jg/liter DEHP for the freshwater cladoceran Daphnia magna.
The LC-Q values for the midge, scud, and bluegill all exceeded
the highest concentrations tested, which were 18,000, 32,000,
and 770,000 ug/llter, respectively. As these values are greater
than the* water solubility of the chemical, it is unlikely that
DEHP will _e acutely toxic to organisms injnatural waters. In
a chronic toxicity test with Daphnia magna, significant repro-
ductive Impairment was found at the lowest concentration tested,
3 ug/liter. A chronic toxicity value of 8.4 ug/liter was reported
for the rainbow trout. No acute or chronic values were reported
for saltwater Invertebrates or vertebrates. Reported bloconcen-
tratlon factors for DEHP in fish and Invertebrates range from
14 to 2,680.

Although Inaufficient data were presented to calculate
the acute-chronic ratio Cor DEHP, it is apparently on the order
of 100 to 1,000. Therefore, acute exposure to the chemical
is unlikely to affect aquatic organisms adversely, but chronic
exposure may have detrimental effects on the environment.

Regulations and Standards
Ambient Hater Quality Crlt'erla (USEPA):

Aquatic Life
The available data are not adequate for establishing criteria

bis(2-Ethylhexyl)phthalate
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for bis(2-ethylhexyl)phthalate or for phthalate esters
as a group.

Human Health

Criterion: 15 mg/liter
ACGIH Threshold Limit Values: 5 rag/m3,TWA

10 rag/nr STEL

REFERENCES

AMERICAN CONFERENCE OF GOVERNMENTAL INDUSTRIAL HYGIENISTS (ACGIH).
1980. Documentation of the Threshold Limit Values. 4th
ed. Cincinnati, Ohio. 488 pages

NATIONAL INSTITUTE FOR OCCUPATIONAL SAFETY AND HEALTH (NIOSH).
1983. Registry of Toxic Effects of Chemical substances.
Data Base. Hashington, D.C. October 1983

NATIONAL TOXICOLOGY PROGRAM (NTP). 1982. National Toxicology
program (NTP) Technical Report on the Carcinogenesis Bio-
assay of Di(2-Ethylhexyl)Phthalate (CAS No. 117-81-7) in
F344 Rats and B6C3F, Mice (Feed Study), Bethesda, Maryland.
March 1982. NTP-80-37. NIR Publication No. 82-1773

NATIONAL TOXICOLOGY PROGRAM AND THE INTERAGENCY REGULATORY
LIAISON GROUP. 1982. The Conference on Phthalates.
Envir.on. Health Perapect. 45:1-153 __•

SAX, N.I. 1975. Dangerous Properties of Industrial Materials.
4th ed. van Nostrand Reinhold Co., New York. 1,258 pages

U.S. ENVIRONMENTAL PROTECTION AGENCY (DSEPA). 1979. Hater-
Related Environmental Fate of 129 Priority Pollutants.
Hashington, D.C. December 1979. EPA 440/4-79-029 •

U.S. ENVIRONMENTAL PROTECTION AGENCY (USEPA). 1980. Ambient
Hater Quality Criteria for Phthalate Esters. Office of
Hater Regulations and Standards, Criteria and Standards
Division, Hashington, D.C. October 1980. EPA 440/5-80-067

WEAST, R.E., ed. 1981. Handbook of Chemistry and Physics.
62nd ed. CRC Press, Cleveland, Ohio. 2332 pages

bis(2-Ethylhexyl)phthalate
Page 4
October 1985'

AR30U90



IRON

There is some evidence that high concentrations of certain
soluble iron salts may be teratogenic. The ingestion of excess
amounts of Iron can Irritate the gastrointestinal tract. Inhaling
some iron-containing dusts and fumes can cause siderosls, a
type of benign pneumoconlosls.

Background Information

Iron is the fourth most abundant element in the earth's
crust. The pure metal is very reactive chemically. It corrodes
readily in the presence of oxygen and moisture, forming iron
(III) hydroxide (Fe(OH)3l.
CAS Number: 7439-89-6

Chemical Formula: Fe

Chemical and Physical Properties *

Atomic Height: 55.847

Boiling Point: 2,750*C ,
4 ' I

Melting Point: 1,535*C
•

Specific Gravity: 7.86
Solubility in Hater: Insoluble
Solubility in Organics: Soluble in alcohol and ether

Transport and Fate
Elemental iron and many Iron compounds, Including Fe(OH).

and the iron oxides, are Insoluble In water. Iron also tends
to chelate with organic and inorganic matter. Consequently,
much of the iron present in aquatic systems tends to partition
into the bottom sediments. Iron has relatively low mobility
in soil. Atmospheric transport of Iron can occur.

Iron
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Health Effects

Some studies have indicated that inhalation exposure to
high concentrations of Iron oxide is associated .with increased
risk of lung and'laryngeal cancers in hematite miners and foundry
workers. However, the significance of these findings la not
established since exposures were to a mixture of substances,
Including radon gas and decomposition products of synthetic
resins. Iron dextran solutions are reported to cause Injection
site sarcomas In experimental animals, some Iron compounds,
notably ferrous sulfate, are reported to 'have high mutagenic
activity in test systems. Intravenous injection of high con-
centrations of soluble Iron salts la reported to cause terato-
genic effects, including hydrocephalus and anophthalmia, in
various species of experimental animals.

Iron is an essential element in plants and animals. How-
ever, the ingestion of excess amounts of iron produces toxic
effects, primarily, associated with gastrointestinal irritation.
Severe poisoning may cause gastrointestinal bleeding, pneumo-
nitis, convulsions, and hepatic toxicity. A dose of about '
30 g of a soluble ferric salt is likely to be fatal in humans.
Persons ingesting more than 30 mg/kg should be observed for
clinical symptoms and possibly hospitalized. Chronic ingestion
of excess iron may lead to heroosiderosls or hemochromatosis.
Long-term'inhalation exposure to iron-containing dusts and
fumes, ̂ specially Iron oxide, can produce slderosis. This
condition ,ls considered to be a type of benign pneumoconiosis
that does not progress to fibrosls. Exposure to aerosols and
mists of soluble iron salts may produce respiratory and skin
irritation. The toxic effects of iron in experimental animals
are similar to those observed in humans.

Toxielty to Wildlife and Domestic Animals

The available data are not adequate to characterize the
toxicity of iron to wildlife or domestic animals. Iron is
unlikely to cause ecological toxicity.

Regulations and Standards

OSHA Standard: 10 mg/n3 THA (iron oxide fume)
ACGIH Threshold Limit Values:

5 mg/m3,THA (iron oxide fume, as Fe)
10 mg/m STEL (iron oxide fume, as Fe)
1 mg/mf TWA (soluble iron salts, as Fe)
2 mg/m3 STEL (soluble iron salts, as Fe)
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LEAD

Summar

and rats. Lead is also a

v e r e f e t n t h e imune system.

CAS Number: 7439-92-1

Chemical Formula: Pb
IUPAC Name: Lead .

rWeal >"* Phvalca] Properties

Atomic .Height: 207.19
Boiling Point: 1,740«C
Melting Point: 327.502'C

Specific Gravity: 11-35 at 20«C
Solubility in Hater: Insoluble; some organic compounds -re

Solubility in Organics, Soluble in HN03 and hot, concentrated

Transport and Fate

5!SS_S JS JSSS 2__ - -
compounds.

Lead
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Movement of lead and its inorganic and organolead compounds
as particulates In the atmosphere Is a major environmental
transport process. Lead carried in the atmosphere can be remove-1
by either wet or dry deposition. Although little evidence
is available, concerning the photolysis of lead compounds in
natural waters, photolysis In the atmosphere .occurs readily.
These atmospheric processes are important in determining the
form of lead entering aquatic and terrestrial systems.

The transport of lead in the aquatic environment is Influ-
enced by the speclatlon of the ion. Lead exists mainly as the
divalent cation in most unpolluted waters and becomes adsorbed
into particulate phases. However, in polluted waters organic
complexation Is most Important. Volatilization of lead compounds
probably is not Important in most aquatic environments.

Sorption processes appear to exert a dominant effect on
the distribution of lead in the environment. Adsorption to
inorganic solids, organic materials, and hydrous iron and man-
ganese oxides- usually controls the mobility of lead and results
in a strong partitioning of lead to the bed sediments in aquatic
systems. The sorption mechanism most important in a particular
system varies with geological setting, pH, Eh, availability
of ligands, dissolved and particulate Ion concentrations, salin-
ity, and chemical composition. The equilibrium solubility
of lead with carbonate, aulfate, and aulflde is low, Over
most of the normal pH range, lead carbonate, and lead sulfate
control solubility of lead in aerobic conditions, and lead
sulfl.de and the metal control solubility in anaerobic conditions.
Lead is strongly complexed to organic materials present in
aquatic systems and soil. Lead in soil is not easily taken
up by plants, and therefore its availability to terrestrial
organisms is somewhat limited.

Bioaccumulation of lead has been demonstrated for a variety
of organisms, and bioconcentration factors are within the range
of 100-1,000. Microcosm studies Indicate that lead is not
biomagnifled through the food chain. Blomethylation of lead
by microorganisms can remobllize lead to the environment.
The ultimate sink of lead is probably the deep oceans.

Health Effects .

There is evidence that several lead salts are carcinogenic
In mice or rats, causing tumors of the kidneys after either
oral or parentecal administration. Data concerning the carcino-
genicity of lead in humans are inconclusive. The available
data are not sufficient to evaluate the carcinogenicity of
organic lead compounds or metallic lead. There is equivocal
evidence that exposure to lead causes genotoxicity in humans
and animals. The available evidence indicates that lead presents
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a hazard to reproduction and exerts a toxic effect on conception,
pregnancy, and the fetus in humans and experimental animals
(USEPA 1977, 1980).

Many lead compounds are sufficiently soluble In body fluids
to be toxic (USEPA 1977, 1980). Exposure of humans or experi-
mental animals to.lead can result in toxic effects In the brain
and central nervous system, the peripheral nervous system,
the kidneys, and the hematopoietic system. Chronic exposure
to Inorganic lead by Ingestion or inhalation can cause lead
encephalopathy, and severe cases can result in permanent brain
damage. Lead poisoning may cause peripheral neuropathy In
adults and children, and permanent learning disabilities that
are clinically undetectable in children may be caused by exposure
to relatively low levels, short-term exposure to lead can
cause reversible kidney damage, but prolonged exposure at high
concentrations may result in progressive kidney damage and
possibly kidney failure. Anemia, due to inhibition of hemoblobln
synthesis and a reduction in the life span of circulating red
blood cells, Is an early manifestation of lead poisoning.
Several studies with experimental animals suggest that lead
may interfere with various aspects of the immune response.

Toxicity to Wildlife and Domestic Animals

Freshwater vertebrates and Invertebrates are more sensitive
to lead in soft water than in hard water (USEPA 1980, 1983).
At a hardness of about 50 mg/liter CaCO., the median effect
concentrations for nine families range iron 140 ug/liter to
236,600 |ig/J.iter. Chronic values for Daphnl-a magna and the
rainbow trout are 12.26 and 83.08 ug/liter,"respectively, at
a hardness of about 50 mg/liter. Acute-chronic ratios calcu-
lated for three freshwater species ranged from 18 to 62. a tocon-
centration factors, ranging from 42 for young brook trout to
1,700 for a snail, were reported. Freshwater algan show an
inhibition of growth at concentrations above 500 ug/liter.

Acute values for twelve saltwater species range from 476 ug/
liter for the common mussel to 27,000 ug/liter for the soft-
shell clam. Chronic exposure to lead causes adverse .effects
in mysid shrimp at 37 ug/llter, but not at 17 ug/liter. The
acute-chronic ratio for this species is 118. Reported biocon-
centration factors range from 17.5 for the Quahog clam to 2,570
for the blue mussel. Saltwater algae are adversely affected
at approximate lead concentrations aa low as 15.8 ug/liter.

Mthough lead is known to occur in the tissue of many
free-living wild animals, including birds, mammals, fishes,
and invertebrates, reports of poisoning usually involve waterfowl.
There is evidence that lead, at concentrations occasionally
found near roadsides and smelters, can eliminate or reduce

Lead
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populations of bacteria and fungi on leaf surfaces and In soil.
Many of these microorganisms play key roles In the decomposer
food chain.

Cases of lead poisoning have been reported for a variety
of domestic animals, including cattle, horses, dogs, and cats.
Several types of anthropogenic sources are cited as the source
of lead in these reports. Because of their curiosity and their
indiscriminate eating habits, cattle experience the greatest
incidence of lead toxicity among domestic animals.

Regulations and Standards
Ambient Hater Quality Criteria (USEPA) t

Aquatic Life (Proposed Criteria)
The concentration9 below are for active lead, which is
defined as the lead that passes through a 0.45-um membrane
filter after the sample is acidified to pH 4 with nitric
acid.
Freshwater
; Acute toxicityt e<1'34 Un(hardness)l - 2.014)

" Chronic toxlcifty. e'1-34 Un(hardness)l - 5.245)

Saltwater
Acute toxicityt 220 ug/llter
Chronic toxicityt ' 8.6 ug/liter

Human Health

Criterion: 50 ug/liter
Primary Drinking Hater Standard: 50 ug/llter

M

NIOSH Recommended Standard: 0.10 mg/m THA (inorganic lead)

OSHA Standard: SO ug/m3 THA
ACGIH Threshold Limit. Values:

0.15 mg/rn* THA (inorganic dusts and fumes)
0..45 mg/m STEL (inorganic dusts and fumes)

Lead AR30U97
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MERCURY

Both organic and inorganic forms of mercury are reported
to be teratogenic and embryotoxic: In experimental animals.
In humans, prenatal exposure to methylmercury has been associated
with brain damage. Other major target organs for organic mercury
compounds in humans are the central and peripheral nervous
system and the kidney, in animals, toxic effects also occur
in the'liver, heart, gonads, pancreas, and gastrointestinal
tract. Inorganic mercury is generally less acutely toxic than
organic mercury compounds, but it does affect the central nervous
system adversely.

Background Information

Several forms of mercury, Including insoluble elemental
mercury, inorganic species, and organic species, can exist
in the environment. In general, the mercurous (+1) salts are
much less soluble than the more commonly found mercuric (+2)
salts. Mercury also forms nany stable organic complexes that
are generally much more soluble in organic liquids than in
water. The nature and solubility of the chemical species that
occur in.an environmental system depend on the redox potential
and che pR of the environment.

< CAS Numbert 7439-97-6

Chemical Formula: Hg
IUPAC Name: Mercury

Chemical and Physical Properties (Metal)

Atomic Height! 200.59
Boiling Point! 356.58*C

Melting Point! -38.87*C
Specific Gravity: 13.5939 at 20*C
Solubility in Hater: 81.3 ug/llter at 30*C; some salts and

organic compounds are soluble

Mercury
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Solubility In Organics: Depends on chemical species
Vapor Pressure: 0.0012 mm Hg at 20*C

Transport and Fate

• • Mercury and certain of its compounds, including several
Inorganic species and dimethyl mercury, can volatilize to the
atmosphere from aquatic and terrestrial sources. Volatilization
is reduced by conversion of metallic mercury to complexed species
and by* deposition of HgS in reducing sediments, but even so
atmospheric transport Is the major environmental distribution
pathway for mercury. Precipitation is the primary mechanism
for removal of mercury from the atmosphere. Photolysis is
important in the breakdown of airborne mercurials and may be
important in some aquatic systems. Adsorption onto suspended
and bed sediments is probably the most important process determin-
ing the fate of mercury in the aquatic environment. Sorption
is strongest into organic materials. Mercury in soils is gener-
ally complexed to organic compounds.

Virtually any mercury compound can be remoblllzed In aquatic
systems by microbial conversion to methyl and dimethyl forms.
Conditions reported to enhance blomethylation include large
amounts of available mercury, large numbers of bacteria, the
absence of strong complexing agents, near neutral pH, high
temperatures, and moderately aerobic environments. Mercury
is strongly bioaccumulated by numerous mechanisms. Methylmercury
is the most readily accumulated and retained form of mercury
in aquatic biota, and once it enters a biological system it
Is very difficult to eliminate.

Health Effects

Hhen administered by intraperitoneal injection, metallic
mercury produces implantation site sarcomas in rats. No other
studies were found connecting mercury exposure with carcinogenic
effects in animals or humans. Several mercury compounds exhibit
a variety of genotoxic effects in eukaryotes. In general,
organic mercury compounds are more toxic than Inorganic compounds.
Although brain damage due to prenatal exposure to methylmercury
has occurred in human populations, no conclusive evidence is
available to suggest that mercury causes anatomical defects
in humans. Embryotoxiclty and teratogeniclty of methylmercury
has been reported for a variety of experimental animals. Mer-
curic chloride is reported to be teratogenic in experimental
animals. No conclusive results concerning the teratogenic
effects of mercury vapor are available.

Mercury
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In
brain barrier

can cause PnBUBonl?1".' ?S?"cni!i"iation, and diarrhea. Solublelng, "tomat U s; gin v is, allvagtin ingegtion( wlth oca,
mercuric salts are bigtuy poi d Mercucoua compoundsres!,»
nervous system
bances.

Toxicity to Wildlife and Domestic Animals
The toxicity of mercury compounds has been tested In a

wide variety of aquatic organisms. Although methylmercury
appears to be more toxic than inorganic mercuric salts, few
acute or chronic toxicity tests have been conducted with it.
Among freshwater species, the 96-hour LC5n values for inorganic
mercuric salts range from 0.02 tig/liter tor crayfish to 2,000 ug/
liter for caddlsfly larvae. Acute values for methylnercurlc
compounds and other mercury compounds are only available for
fishes. In rainbow trout, methylmercuric chloride is about
ten times more toxic to rainbow trout than mercuric chloride,
which is acutely toxic at about 300 ug/llter at 10*C. Methyl-
mercury la the most chronically toxic of the tested compounds,
with chronic values for Daphnia nagna and brook trout of 1.00
and 0.52 ug/llter, respectively.The acute-chronic ratio for
Daphnia magna is 3.2.

Mean acute values for saltwater species range from 3.5
to 1,680 ug/llter. In general, molluscs and crustaceans are
more sensitive than flan to the acute toxic effecta of mercury.
A life-cycle experiment with the aysid shrimp showed that Inor-
ganic mercury at a concentration of 1.6 ug/liter significantly
influences time of appearance of first brood, time of first

, and productivity. The acute-chronic ratio for the mysld
- ' - • » «spawn, ------

shrimp is 2.9.
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Chronic dietary exposure of chickens to mercuric chloride
at growth inhibitory levels causes immune suppression, with
a differential reduction effect on specific immunoglobullns

Regulations and standards

Ambient Hater Quality Criteria (USEPA):

Aquatic Life (proposed Criteria)

Freshwater
Acute toxicity: 1.1 ug/liter
Chronic toxicity. 0.20 ug/liter

Saltwater
Acute toxicity: 1.9 ug/liter
Chronic toxicity: 0.10 ug/liter

Human Health

Criterion: 144 ng/liter
Primary Drinklnq Hater Standard: 0.002 ng/liter
NIOSH Recommended Standard: 0.05 mg/m3 TWA (inorganic mercury)'

3OSHA Standard: 0.1 mg/mj Ceiling Level
ACGIH Threshold Limit Values:

0.01 mg/m? THA (alkyl compounds)
0.03 mg/mf'STEL (alkyl compounds)
0.05 mg/a THA (vapor)
0.1 mg/ra THA (aryl and inorganic compounds)

REFERENCES

AMERICAN CONFERENCE OF GOVERNMENTAL INDUSTRIAL HYGIENISTS (ACGIH)
1980. Documentation of the Threshold Limit Values. 4th
ed. Cincinnati, Ohio. 488 pages

BRIDGER, M.A., and TRAXTON, J.P. 1983. Humoral immunity in
the chicken as affected by mercury. Arch. Environ. Contam.
Toxicol. 12:45-49
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131 pages
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NICKEL

In a number of epldemiologlcal •*"""•? SS'SS.,""

Tngormation

CAS Number: 7440-02-0
Chemical Formula, Hi
IUPAC Name: Nickel

.
PtQ-erties

Atomic Height: 58.71
Boiling Point. 2,732«C
Melting Polnti 1,453»C
Specific Gravity! 8.902 at 25«C

in Hater, X.«i*i- —— ""' "'
in organic., Depend.., properties of .e specific

Vapor Pressure, 1 » Hg at 1,810'C

Nickel
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Transport and Fate

Nickel is a highly mobile metal in aquatic systems because
many nickel compounds are highly soluble in water.. However,
the insoluble su.Uide is formed under reducing conditions and
In the presence of sulfur. Above pH 9, precipitation of the
hydroxide or carbonate exhibits some control on nickel nobility.
In aerobic environments below pH 9, soluble compounds are formed
with hydroxide, carbonate, sulfate, and organic ligands.

In natural, unpolluted waters, sorption and copreclpitatlon
processes Involving hydrous iron and manganese oxides are prob-
ably at least moderately effective in limiting the nobility
of nickel. In mare organic-rich, polluted waters, it, appears
that little sorption of nickel is likely. The lack of other
controls on nickel mobility probably makes incorporation Into
bed sediments an Important fate of nickel in surface waters.
However, much of the nickel entering the aquatic environment
will be transported to the oceans.

In general, nickel is not accumulated in significant amounts
by aquatic organisms. Bloconcentration factors are usually on
the order of 100 to 1,000. Uptake of nickel from tha soil
by plants can also occur. Photolysis, volatilization, and
biotransformation are not important environmental fate processes
for nickel. • However, atmospheric transport of nickel and nickel
compounds •'pn particulate matter can occur., *• ,.
Health Effects

There is extensive epidemiologlcal evidence-indicating
excess cancer of the lung and nasal cavity for workers at nickel
refineries and smelters, and weaker evidence for excess risk
In workers at nickel electroplating and polishing operations.
Respiratory tract cancers have occurred in excess at Industrial
facilities that are motallurglcally diverse in their operations.
The nickel compounds that have been implicated as having car-
cinogenic potential are insoluble dusts of nickel aubsulfide
and nickel oxides, the vapor of nickel carbonyl, and soluble
aerosols of nickel sulfate, nitrate, or chloride. Inhalation
studies with experimental animals suggest that nickel subsulflde
and nickel carbonyl are carcinogenic in rats. Evidence for the
carcinogenicity of nickel metal and other compounds is relatively
weak or Inconclusive. Studies with experimental animals indicate
that nickel compounds can also produce various types of malignant
tumors in experimental animals after administration by other
routes, Including subcutaneous, intramuscular, implantation,
Intravenous, intrarenal, and intrapleural. Carcinogenic poten-
tial is not strongly dependent on route or site of administra-
tion but appears to be inversely related to the solubility
of the compounds in aqueous media. Insoluble compounds, such

Nickel
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as nickel dust, nickel sulfide, nickel carbonate, nickel oxide,
nickel carbonyl, and nickelocene are carcinogenic, whereas
soluble nickel salts such as nickel chloride, nickel sulfate,
and nickel ammonium sulfate, are not.

Mammalian cell transformation data. Indicate that several
nickel compounds are mutagenic and can cause chromosomal altera-
tions. The available information is inadequate for assessing
teratogenic and reproductive effects of nickel in humans and
experimental animals.

Dermatitis and other derraatologlcal effects are the most
frequent effects of exposure to nickel and nickel-containing
compounds. The dermatitis is a sensitization reaction. Most
information regarding acute toxicity of nickel involves Inha-
lation exposure to nickel carbonyl. Clinical manifestations
of acute poisoning include both immediate and delayed symptoms.
Acute chemical pneumonltis is.produced, and death may occur at
exposures of 30 ppm (107 mg/nr) for 30 minutes. Rhinitis,
nasal sinusitis, and nasal mucosal Injury are among the effects
reported among workers chronically exposed to various nickel
compounds. Studies with experimental animals suggest that
nickel and nickel compounds have relatively low acute and chronic
oral toxicity.

Toxlclty to Wildlife and Domestic Animals

In freshwater, toxicity depends on hardness; nickel tends
to be more toxic in softer water. Acute valu.es Cor exposure
to a variety of nickel salts, expressed as nickel, range from
510 ug/liter for Daphnia magna to 46,200 ug/liter Cor banded
killifish at comparable hardness levels. Chronic values range
from 14.8 ug/liter for Daphnia magna in soft water to 530 ug/liter
for the fathead minnow in hard water. Acute-chronic ratios
for Daphnia magna range from 14 in hard water to £.3 in soft
water, and are approximately 50 in both hard and soft water
for the fathead minnow. Residue data for the fathead minnow
Indicate a bicconcentration factor of 61. Freshwater algae
experience reduced growth at nickel concentrations as low as
100 ug/liter.

Acute values for saltwater species range from 152 ug/liter
for mysid shrimp to 350,000 ug/liter for the mummichog. A
chronic value of 92.7 ug/llter is reported Cor the mysid shrimp,
which gives an acute-chronic ratio of 5.5 for the species.
Reduced growth is seen in saltwater algae at concentrations
as low as 1,000 ug/liter. Bioconcentration factors ranging
from 299 to 416 have been reported for the oyster and mussel.
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standards

Ambient Hater Quality Criteria (USEPA):

A£lJatic_Lif£.

Freshwaterwater
Acute toxicity: e'0'76 Un(hardness)l f 4.02) ,,g/lltae

Chronic toxicity: e<0'76 Un(hardness)l + 1.06) Mg/lltec

Saltwater
Acute toxicity: 140 ug/liter
Chronic toxicity: 7.1 ug/liter

Human Health

Criterion: 13.4 ug/liter
CAG Unit Risk (USEPA),' 1.15 (mg/kg/day)"1
NIOSH Recommended Standard: 15 ug/m THA (inorganic nickel)
OSHA Standard: 1 mg/m (metal and soluble compounds, as nickel)

ACGIH Threshold Limit. Values:
>^

0.1 mg/m? THA (soluble compounds, as nickel)
0.3 mg/m .STEL (soluble compounds, as nickel)
0.35 mg/m THA (nickel carbonyl, as nickel)1 mg/m THA (nickel sulfido roasting, fume and dust, as
nickel} human carcinogen)

REFERENCES
AMERICAN CONFERENCE OF GOVERNMENTAL INDUSTRIAL HYGIENISTS (ACGIH).

1980. Documentation of the Threshold Limit Values. 4th
ed. Cincinnati, Ohio. 488 pages

NATIONAL ACADEMY OF SCIENCES (NAS). 1975. Medical and Environ-
mental Effects of Environmental Pollutants, Nickel.
Committee on Medical and Biological Effects of Environmental
Pollutants, Division of Medical Sciences, National Research
Council, Hashington, D.C. 277 pages

NATIONAL INSTITUTE FOR OCCUPATIONAL SAFETY AND HEALTH (NIOSH).
1977. Criteria for a Recommended Standard—Occupational
Exposure to Inorganic Nickel. Hashington, D.C. May 1977.
DHEW Publication No. (NIOSH) 77-164
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TETRACHLOROETHYLINE

Summary,
Tetrachloroethylene (PCE, perchloroethylene) induced liver

tumors when administered orally to raic« and was found to be
mutagenic using a microbial assay system. Reproduction toxicity
was observed In pregnant rats and mice exposed to high concentra-
tions. Animals exposed by Inhalation to tetrachloroethylene
.exhibited liver, kidney, and central nervous ayatem damage.

CAS Number: 127-18-4

Chemical Formula: C.C1.
IUPAC Name: Tetrachloroethene
Important Synonyms and Trade Names: Perchloroethylene, PCE

Chemical and Physical Properties

Molecular Height: 165.83

Boiling Polntt 121*0
Melting PoCrtt: -22.7'C
Specific Gravityi 1.63
Solubility in Hater: 150 to 200 rag/liter at 20*C
Solubility in Organics: Soluble in alcohol, ether, and benzene

Log Octanol/Hater Partition Coefficient: 2.88

Vapor Pressure: 14 mm Hg at 20*C

Transport and Fate »
Tetrachloroethylene (PCE) rapidly volatizllea Into the

atmosphere where it reacts with hydroxyl radicals to produce
HC1, CO, CO, and carboxyllc acid. This is probably the noat
Important transport and fate process for tetrachloroethylene
in the environment. PCE will, leach into the groundwater, espe-
cially in soils of low organic content. In soils with high
levels of organics, PCE adsorbs to these, materials and can

Tetrachloroethylene
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be bloaccumulated to some degree. However, It. Is unclear l£
tetrachloroethylene bound to organic material can be degraded
by microorganisms or must be desorbed to be destroyed. There
Is some evidence that higher organisms can metabolize PCE.

Health Effects

Tetrachloroethylene was found to produce liver cancer
in male and female mice when administered orally by gavage
(NCI 1977). Unpublished gavage studies in rats and mice per-
formed by the National Toxicology Program (NTP) showed hepato-
cellular carcinomas In mice and a slight, statistically Insig-
nificant Increase in a rare type of kidney tumor. NTP is
also conducting an Inhalation carcinogenicity study. Elevated
mutagenic activity was found in Salmonella strains treated
with tetrachloroethylene. Delayed ossification of skull bones
and sternebrae were reported in offspring of pregnant mice
exposed to 2,000 mg/m -of. te.trachloroethylene for 7 hours/day.
on days 6-15 of gestation. Increased fetal sesorptiona were
observed after exposure of pregnant rats to tetrachloroethylene.'
Renal toxicity and hepatotoxicity have been noted following
chronic inhalation exposure of rats to tetrachloroethylene
levels of 1,356 mg/m . During the first 2 weeks of a subchronlc
inhalation study, exposure to concentrations of 1,622 ppm
(10,867 mg/m.) of tetrachloroethylene produced sign, of central
nervous system, depression, and c'nollnergic stimulation was
observed among rabbits, monkeys, rats, and guinea pigs.

Toxicity to Wildlife and Domestic Animals

Tetrachloroethylene is the most toxic of the chloroethylenes
to aquatic organisms but is only moderately toxic relative
to other types of compounds. The limited acute toxicity data
indicate that the LC.a value for iiltwater and freshwater species
are similar, around 10,000 ug/liter; the trout was the most
sensitive (LC.n • 4,800 ug/llter). Chronic values were 840
and 450 ug/liter for freshwater and saltwater species, respec-
tively, and. an acute-chronic ratio of 19 was calculated.

No information on the toxicity of tetrachloroethylene
to terrestrial wildlife or domestic animals was available in
the literature reviewed.

1J. Mennear, NTP Chemical Manageri personal communication, 1984.
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Regulations and Standards
•^Ambient Hater Quality Criteria (USEPA):

Aquatic Life
The available data, are not adequate for establishing criteria.
However, EPA did report the lowest: values known to be
toxic to aquatic organisms.

Freshwater
Acute toxicity: 5,280 ug/llter
Chronic toxicity: 840 ug/liter

Saltwater
Acute toxicity: 10,200 ug/llter
Chronic toxicity: 450 ug/liter

Human Health
Estimates of the carcinogenic risks associated with lifetime ,
exposure to various concentrations of fcstrachloroethylene
in water are,
Risk • Concentration
Uijimrm ^ -M-HW .-—__-..- ,

10̂ 5 , 8.0 ug/litor , ,
10 , 0.8 ug/liter - l
10 ' 0.08 ug/liter

CAG Unit Risk (USEPA): S.lxlO"2 (ng/kg/day)"1
NIOSH Recommended Standards (air): 335 mg/m? THA670 mg/m 15-mln Ceiling Level

OSHA Standards (air): 670 mg/m3 THA1,340 mg/mf Ceiling Level2,010 mg/m for 5 min every 3 hr, Peak Level

REFERENCES
NATIONAL ACADEMY OF SCIENCE (NAS). 1977. Drinking Hater and

Health. Safe Drinking Hater Committee, Hashington, D.C.
f

NATIONAL CANCER INSTITUTE (NCI). 1977. Bloassay of Tetrachloro-
ethylene for Possible Carcinogenicity. NCI Carcinogene-is
Technical Report Series No. 13, Hashington, D.C. DHEH
Publication No. (NIH) 77-813
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NATIONAL INSTITUTE FOR OCCUPATIONAL SAFETY AND HEALTH (NIOSH).
1983. Registry of Toxic Effects of Chemical Substances.
Data. Base. Washington, D.C. October 1983

U.S. tNVIRONMENTAL PROTECTION AGENCY (USEPA). 1979.' HealthAssessment Document Cor Tetrachloroethylene (Perchloroethyl-
ene). External Review Draft No. 1, April 1979

U.S. ENVIRONMENTAL PROTECTION AGENCY (USEPA). 1979. Hater-
Related Environmental Fate of 129 Priority Pollutants.
Washington, D.C. December 1979. EPA 440/4-79-029

U.S. ENVIRONMENTAL PROTECTION AGENCY (USEPA). 1980. Ambient
Hater Quality Criteria for Tetrachloroethylene. Office
of Hater Regulations and Standards, Criteria and Standards
Division, Washington, D.C.' October 1980. EPA 440'/S-80-073

U.S. ENVIRONMENTAL PROTECTION AGENCY (USEPA). 1984. Health
Effects Assessment for Tetrachloroethylene. Final Draft.
Environmental Criteria and Assessment Office, Cincinnati,
Ohio. September 1984. ECAO-CIN-HOQ9

U.S. ENVIRONMENTAL PROTECTION AGENCY (OSEPA). 1985. Health
Assessment Document for Chloroform. Office oC Health.
and Environmental Assessment, Hashington, D.C. September
1985. . EPA 600/8-84/004F* ' '

VERSCHUEREN1, |C. 1977. Handbook of Environmental Data, on Organic
Chemicals. Van Nostrand Reinhold Co., New York. 659 pages

WEASTV R.E., ed. 1981. Handbook of Chemistry and Physics.
62nd ed. CRC Press, Cleveland, Ohio. 2,332 pages
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TRICHLOROETHYLENE

Summary
Trichloroethylene (TCE) induced hepatocellular carcinomas

in mice'and was mutagenic when tested using several .microbial
assay systems. Chronic inhalation exposure to high concentra-
tions caused liver, kidney, and neural damage and dermatologlcal
reactions in animals.

CAS Number: 79-01r6
Chemical Formula: C2HC13
IUPAC Name: Trichloroethene
Important Synonyms and Trade Names: Trichloroethene, TCE,and ethylene trichloride

Chemical and Physical Properties

Molecular Height: 131.5

Boiling Point: 87'C
Melting Poilnt: -73«C•. •
Specific Gravity: 1.4642 at 20*0
Solubility in Hater: 1,000 mg/llter
Solubility in Organics: Soluble in alcohol, ether, acetone,

and chloroform

Log Octanol/Hater Partition Coefficient: 2.29

Vapor Pressure: 60 mm Hg at 20'C

Vapor Densltyi 4.53

Transport and Fate
Trichloroethylene (TCE) rapidly volatilizes into the atmos-

phere where it reacts with hydroxyl radicals to produce hydro-
chloric acid, carbon monoxide, carbon dioxide, and carboxyllc
acid. This is probably the most important transport and fate
process for trichloroethylene in surface water and in the upper

Trichloroethylene
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layer of soil. TCE adsorbs to organic materials and can be
bio-accumulated to some degree. However, it is unclear whether
trichloroethylene bound to organic material can be degraded
by microorganisms or must be desorbed to be destroyed. There
Is some evidence that higher organisms can metabolize TCE.
Trichloroethylene leaches into the groundwater fairly readily,
and It. is a common contaminant of groundwater around hazardous
waste sites.

Health Effects

Trichloroethylene is carcinogenic to mice after oral admin-
istration, producing hepatocellular carcinomas (NCI 1976, NTP
1982). It was found to be mutagenic using several nlcroblal
assay systems. Trichloroethylene does not appear to cause
reproductive toxicity or teratogenicity. TCE has been shown
to cause renal toxicity, hepatotoxicity, neurotoxlclty, and
dermatologi.cal reactions in animals following chronic exposure to
levels greater than 2,000 tag/in for 6 months. Trichloroethylene
has low acute toxicity'; the acute oral LDgo value in several
species ranged from 6,000 to 7,000 mg/kg.

Toxleity to Wildlife and Domestic Animals

There was only limited data on the toxicity of trichloro-
ethylene to^aquatic organisms. The acute toxicity to freshwater
species was"simllar in the three species tested, with LC3Q
values of abou*t 50 rag/liter. No LCgo values were available
for saltwater species. However, a dose of 2 mg/liter caused
'erratic swimming and loss of equilibrium in the grass shrimp.
No chronic toxicity tests were reported.

No information on the toxicity of trichloroethylene to
domestic animals or terrestrial wildlife waa available in the
literature reviewed.

Regulations and Standards

Ambient Hater Quality Criteria (USEPA):
Aquatic Toxicity,

The available data, are not adequate for establishing criteria.
However, EPA did report the lowest values known to be
toxic in aquatic organisms.

t

Freshwater
Acute toxicity: 45 mg/llter
Chronic toxicity: No available data

Trichloroethylene
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Saltwater
Acute toxicity: 2 mg/liter
Chronic toxicity: No available data

Human Health

Estimates of the carcinogenic rlaka associated with lifetime
exposure to various concentrations of trichloroethylene
in water are:
Risk ' Concentration

10";! 27 ug/liter
10"° 2.7 ug/liter
10"' 0.27 ug/liter

CAG Unit Risk (USEPA): l.lxlO"2 (mg/kg/day)"1

MIOSH Recommended Standards (air): 540 mg/m? THA760 mg/m 10-mln Celling Levex

OSHA Standards (air): 540 mg/m3 TWA1,075 mg/mf/15-min Celling Level
1,620 mg/m for 5 min every 3 hr,
Peak Concentration

REFERENCES\ '
INTERNATIONAL AGENCY FOR RESEARCH ON CANCER (IARC). 1979.

IARC Monographs on the Evaluation of Carcinogenic Risk
of Chemicals to Humans. Vol. 20: Some Halogenated Hydro-
carbons. Horld Health Organization, Lyon, France. Pp. 545-572

NATIONAL CANCER INSTITUTE (NCI). 1976. Bioassay of Trichloro-
ethylene for Possible Carcinogenicity. GAS No. 79-Q1.-6.
NCI Carclnogenesis Technical Report Series No. 2, Hashington,
D.C. DHEH Publication No. (NIH) 76-802

NATIONAL INSTITUTE FOR OCCUPATIONAL SAFETY AND HEALTH (NIOSH).
1983. Registry of Toxic Effects of Chemical Substances.
Data. Base. Hashington, D.C. October 1983

NATIONAL TOXICOLOGY PROGRAM (NTP). 1932. Carclnogenesis Bio-
assay of Trichloroethylene. CAS No. 79-01-6. NTP 81-84,
NIH Publication No. 82-1799

(

U.S. ENVIRONMENTAL PROTECTION AGENCY (USEPA). 1979. Water-
Related Environmental Fate of 129 Priority Pollutants.
Washington, D.C. December 1979. EPA 440/4-79-029
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U.S. ENVIRONMENTAL PROTECTION AGENCY (USEPA). 1980. Ambient
Hater Quality Criteria for Trichloroethylene. Office
of Water Regulations and Standards, Criteria and Standards
Division, Washington, D.C. October 1980. EPA 400/5-30-077

U.S. ENVIRONMENTAL PROTECTION AGENCY (USEPA). 1983. Health
Assessment Document for Trichloroethylene. Review Draft.
Hashington, D.C. EPA 600/8-82-0068

U.S. ENVIRONMENTAL PROTECTION AGENCY (USEPA). 1984. Health
Effects Assessment for Trichloroethylene. Final Draft.
Environmental Criteria and Assessment Office, Cincinnati,
Ohio. September 1984. ECAO-CIN-H009

U.S. ENVIRONMENTAL PROTECTION AGENCY (USEPA). 1985. Health
Assessment Document for Chloroform. Office of Health.
and Environmental Assessment, Washington, D.C. September
1985. EPA 600/8-84/004F

VERSCHUEREN, K. 1977. Handbook of Environmental Data, on Organic
Chemicals. Van Noatrand Reinhold Co., New York. 659 pages

WATERS, E.M., GERSTNER, H.B., and HUFF, J.E. 1977. Trichloro-
ethylene: 1. An overview. J. Toxicol. Environ. Health
2:674-700

WEAST', R.E., ed. 1981. Handbook of Chemistry and Physics.
62nd ed. CRC Press, Cleveland, Ohio. 2,332 pages
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ZINC

Summary
Ingestion of excessive amounts of zinc can cause fever,

vomiting, and stomach cramps. Zinc oxide fumes can cause metal
fume fever. Inhalation of mists or fumes may irritate the
respiratory tract, and contact with zinc chloride may Irritate
the eyes and skin. High levels of zinc in the diet have been
shown to retard growth and produce defective mineralization
of bone.

Background Information
Zinc generally exists in nature as a salt with, a valence

of +2, although it Is also found In four other stable valences.

CAS Number: 7440-66-6

Chemical Formula: Zn
IUPAC Name: Zinc

Chemical and Physical Properties

Atomic Height: 65.38

Boiling Point: 907*C
Melting Point: 419.58'C
Specific Gravity: 7.133 at 25*C
Solubility in Hater: Insoluble) some salts are soluble

Solubility In Organics: Soluble In acid and alkali

Vapor Pressure: 1 mm Hg at 487'C

Transport and Fate
Zinc can occur in both suspended and dissolved forma.

Dissolved zinc may occur aa the free (hydrated) zinc ion or
as dissolved complexes and compounds with.varying degrees of
stability and toxicity. Suspended (undlssolved) zinc may be
dissolved following minor changes In water chemistry or may
be sorbed to suspended matter. The predominant fate of zinc
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in aerobic aquatic systems Is aorptlon of the divalent cation
_ by hydrous Iron and manganese oxides, clay minerals, and organic

material. The efficiency of these, materials In removing zinc
from solution varies according to their compositions and concen-
trations; the pfl and salinity of the water; the concentrations
of completing Uganda; and the concentration of zinc. Concen-
trations of zinc In suspended and bed sediments always exceed
concentrations In ambient water. In reducing environments,
precipitation of zinc sulflde limits the mobility of zinc,
However, under aerobic conditions, precipitation of zinc comp-
ounds Is probably Important only where zinc Is present In high
concentrations. Zinc tends to be more readily aorbed at higher
pH than lower pH and tends to be desorbed from sediments as
salinity Increases. Compounds of zinc with the common Uganda
of surface waters are soluble in most neutral and acidic solu-
tions, so that zinc Is readily transported In most unpolluted,
relatively organic-free waters.

The relative mobility of zinc in soil Is determined by
the same factors affecting its transport in aquatic systems.
Atmospheric transport or zinc is also possible. However, except
near sources such as smelters, zinc concentrations in air are
relatively low and fairly constant.

Since It is an essential nutrient, zinc is strongly bio-
accumulated even in the absence of abnormally high ambient
concentration!. Zinc does not .appear to be biomagnified.
Although zinc is actively bioaccumulated in aquatic systems,
the biota appear to represent a relatively minor sink compared
to the sediments. Zinc is one of the moat important metals
In biological systems. Since it is actively bioaccumulated,

• the environmental concentrations of zinc probably exhibit, sea-
sonal fluctuations.

Health Effects

Testicular tumors have been produced In rats and chickens
when zinc salts are Injected intratesticularly, but not when
other routes of administration are uaeu. Zinc may be indirectly
Important with regard to cancer since its presence seems to
be necessary for the growth of tumors. Laboratory studies
suggest that although zinc-deficient, animals may be more sus-
ceptible to chemical induction of cancer, tumor growth.,is slower
in these aninals. There is no evidence that zinc deficiency
has any etiological role in human cancer. There are no data.
available to> suggest that zinc is mutagenic or teratogenic
in animals or humans.

Zinc Is an essential trace element that is involved in
enzyme functions, protein synthesis, and carbohydrate metabolism.
Ingeatlon of excessive amounts of zinc may cause, fever, vomiting,
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stomach cramps, and diarrhea. Fumes of freshly formed zinc
oxide can penetrate deep into the alveoli and cause metal fume
fever. Zinc oxide dust does not produce this disorder. Contact
with zinc chloride can cause skin and eye Irritation. Inhalation
of mists or fumes may Irritate the respiratory and gastrointes-
tinal tracts. Zinc In excess of 0.25% In the diet of rats
causes growth retardation, hypochromlc anemia, and defective
mineralization of bone. No zinc toxicity Is observed at dietary
levels below 0.25%.

Studies with animals and humans indicate that metabolic
changes may occur due to the Interaction of zinc and other
metals In the diet. Exposure to cadmium can cause changes
In the distribution of zinc, with Increases in the liver and
kidneys, organs where cadmium also accumulates. Excessive
intake of zinc may cause copper deficiencies and result in
anemia. Interaction of zinc with Iron or lead may also lead
to changes that are not produced when the metals are ingested
individually.

Toxicity to Wildlife and Domestic Anisals

Zinc produces acute toxicity in freshwater organisms over
a range of concentrations from 90 to 58,100 ug/liter anO appears
to be less toxic in harder water. Acute toxicity is similar
for freshwater fish and invertebrates. Chronic toxicity values
range from 47 to 852 ug/liter and appear to be relatively unaf-
fected by hardness. A final acute-chronic ratio for freshwater
species of 3.0 has been reported. Although moat freshwater
plants appear to be insensitive to zinc, one species, the alga
Selenastrum caprlcornutum, exhibited toxic effects at concen-
trations from 30 to 700 ug/llter. Reported acute toxicity
values range from 2,730 to 83,000 ug/llter for saltwater fish
and from 166 to 55,000 ug/liter for invertebrate saltwater
species. Zinc produces chronic toxicity in the mysid shrimp
at 166 ug/liter. The final acute-chronic ratio for saltwater
species Is 3.0. Toxic effects are observed in saltwater plant
species at zinc concentrations of 50 to 25,000 ug/llter. Bio-
concentration factors of edible portions of aquatic organisms
range from 43 for the soft-shell clam to 16,700 for the oyster.

Zinc poisoning has occurred in cattle. In one outbreak,
poisoning was caused by food accidentally contaminated with
zinc at a concentration of 20 g/kg. An estimated intake of
140 g of zinc per cow per day for about 2 days was reported.
The exposed cows exhibited severe enteritis, and some died
or had to be slaughtered. Postmortem findings showed severe
pulmonary emphysema with changes In the myocardium, kidneys,
and liver. Zinc concentrations In the liver were extremely
high. Based on relatively limited data, some researchers have
speculated that exposure to excessive amounts of zinc may

Zinc
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constitute a hazard to horses. Laboratory studies and findings
in foals living near lead-zinc smelters suggest that excessive
exposure to zinc may produce bone changes, joint afflictions,
and lameness. In pigs given dietary zinc at concentrations
greater than 1,000 mg/kg, decreased food Intake and weight
gain were observed. At dietary levels greater than 2,000 mg/kg,
deaths occurred as soon as 2 weeks after exposure. Severe
gastrointestinal changes and brain damage, both of which were
accompanied by hemorrhages, were observed, as well as changes
in the joints. High concentrations of zinc were found In the
liver.

Regulations and Standards
Ambient Hater Quality Criteria (USEPA):

Aquatic Life

Freshwater
Acute toxicity: e(0.83[ln(hardneas)l t 1.95) ̂
Chronic toxicity: 47 ug/llter

Saltwater
Acute toxicity: 170 ug/litsr
Chronic toxicity: 58 ug/liter

Human Health
Organoleptic criterion: 5 rag/liter

Secondary Drinking Hater Standard: 5 mg/liter
NIOSH Recommended Standard: 5 mg/m (zinc oxide)

OSHA Standard: 5 mg/m3 THA (zinc oxide)

ACGIH Threshold Limit, Values:
Zinc chloride fume; 1 mg/m THA

2 mg/m3 ST£L
Zinc oxide fume: 5 mg/m THA

10 mg/m3 STEL
Zinc oxide dust: 10 mg/m THA (nuisance particulate)
Zinc stearate: 10 mg/ra TWA (nuisance particulate)

20 mg/m3 STEL

Zinc
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Benzo(a)pyrene and Benzo(b)fluoronthene

Summary

Benzo(a)pyrene (BaP) and benzo (b)fluoranthene (BbF) are two of many compounds
in a class of materials known as Polynuclear Aromatic Hydrocarbons (PAHs).
PAHs can be formed in any hydrocarbon combustion process and may be released
front oil spills, The major sources of PAHs In the environment, are stationary
sources such as heat and power generation planes, PAHs are also produced
during the combustion of coal refuse piles, outcrops, and abandoned coal
mines; residential external combustion of bituminous coal; coke manufacture;
and residential external combustion of anthracite coal. Because of the large
number of sources, most people have been exposed to PAHs at low levels.

CAS Number: 50-32-8 (BaP)
205-99-2 (BbF)

Chemical Formula: CJQ HIJ

Chemical and Physical Properties

Atonic weighc - 252.3

Boiling Point: 495'C (at 1 atm) (BaP)

Melting Point: 179'c (BaP)
167-168'C (BbF)

Specific Gravity: 1.351 (BaP)

Solubility in Water: 3.8 ug/1 (BoP)
U ug/1 (BbF)

Vapor Pressure: 5.6 X 10-9 mmHg (fc»P)
5.0 X10-7

Vapor Density: ...............

Transport and Fate

Nearly all direct releases of BaP and BbF are to the atmosphere. Small
amounts are released to water and land. Both compounds are removed from the
atmosphere by photo-chenlcal oxidation and dry or wet precipitation,
Half-lines in air are from 1 to 6 days for BaP and approximately 5,5 days for
BbF. PAHs that reach the soil are very persistent with half-lines in the
order of hundreds of days, In water, PAHs have half-lines on the order of
I'ours, Aquatic organisms will accumulate PAHs, however, studies have shown
chnu PAHs are metabolized and excreted quickly,

Health Effeccs

BaP Is a probable human carcinogen (EPA classification • B2). Lung conger has
been shown to be Induced by exposure to various mixtures of PAHs. Cigarette
smoke, roofing tar and coke oven emissions contain PAHs. The result of
various animal studies with rodent and nonrodent species lnd
carcinogenic after administration by oral, Intratracheal, InhalaPHnMJ



dermal routes, Results of the animal studies show that stomach tumors,
mammary tumors, skin tumors and lung cancer may develop after exposure,

Toxtcltv to Wildlife and Domestic Antmnl.3

Data is not available.

flagulatlons nnd Scandnrd-i

OSHA Standard (nlrV 0,2 mg/ra3 PEL for Bonzone-soluble fracclon of
coal tar pitch volatiles,

ACGIH Threshold Limit Value; 0,2 mg/m3 TWA for Benzene-soluble fraction of
coal tar pitch volatiles,

NIOSH Threshold Limit Value: 0,1 mg/m3 Cyclohernne-soluble fraction of coal
tar pitch volatiles,

U,S. EPA (water): Zero, Ambient wacer quality criterion,

10-5 Cancer risk: 0.028 ug/1 (water)

References

Sittag, Marshall, 1985, Handbook of Toxic and Hazardous Chemicals and
Carcinogens, 2nd edition, Noyes Publications, N.J, pp. 118-119, 739-741.

U.S. EPA, 1989, The Integrated Risk Information System, (IRIS).
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APPENDIX F

PUBLIC HEALTH RISK CALCULATIONS
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Tflble-fl, Delaware Fauna List

Categories

1. Nongame - any species which Is not commonly trapped, killed,
captured, or consumed, either for sport or profit.
a, Unprotected (u) - species not protected under state or

federal law.
b. Protected (p) - species protected under state or federal

law.

2. Game - any species specifically listed as game under Delaware
law with a hunting season or a closed hunting season.

3. Exotic or feral - introduced or feral unprotected species.

4. Accidentals - non-residential recorded species.

29



15" \Table •&, NONGAXE SPECIES

Status
1, Small Xaimals-21

Shorttall shrew . Blarlna brevlcauda . uX
Masked shrew Sorex cinereus u
Least shrew Cryptotls parva u
Eastern mole Scalopus aquatlcus u
Stamose mole Condvlura crlstata u
Xeadow vole Klcrotus pennsylvanlcus u
Pine vole Pltymys pinetorum ' u
Eastern chipmunk Tamias strlatus u
Red Squirrel Tanlasclunis hudsonlcus u
Southern flying squirrel Olaucomys volans u
Delmarva fox squirrel Sclurus nlger cinereus Endangered
Vhlte-footed mouse Peromvscus leucopus u
House nouse Kus musculus u
Xeadow Jumping mouse Zapus hudsonlus u
Deer nouse Peronvscus naniculatus u
Rice rat OrvzonYs calustrls u
Sorway rat Rattus norvegicus u
Black rat
Longtail weasel

lattus rattus u
(ustela frenata u

Striped s-uni Xephltls mephitis u
Gray fox Drocyon clnereoargenteus u

'2. Bats-6
Little brown ayotls Kyotis luclfugus u
Silver-haired bat Laslonycierls noctivagans u
Eastern piplstrel Plplstrellus subflavus u
Bis brown bat Epteslcus fuscus u
Red bat Lasiunis boreal is. u
Hoary bat Lasiunis cinereus u

3. Marine namals-13
Harbor Porpoise Phocoena phocoena p
Harbor Seal Phoca vltullna p
Atlantic Bottlenose Dolphin Turslops truncatus p
Striped Dolphin Stenella caemleoalba p
Atlantic Beaked Vhale Hesoplodon denslrostrls p
Sperm Vhale Phvseter catodon Endangered
Rorqual Vhale Balaenoptera borealis Endangered
Finback Vhale Balaenoptera phvsalus Endangered
Blue Vhale Balaenoptera nusculus Endangered
Humpback Vhale Kegaptera novaeangllae Endangered
Right Vhale Balaena glaclalls Endangered
Pygmy Spera Vhale Kogla breviceps p
Pilot Vhale Globlcephala macrorhyncha p

lu = unprotected p = protected
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AXPHIBIAHS-26

1. Salamanders and newts-11

Xarbled salamander Ambystoma opacum u
Spotted salamander Ambystoma maculatum u
Eastern, tiger salamander Ambystoma tlgrlnum Endangered
Horthern dusky salamander Desmognathus fuscus u
Red-backed salamander Plethodon cinereus u
Four-toed salamander Hemldactyllum scutatum u
Horthern red salamander Pseudotrlton ruber u
Northern two-lined salamander Eurycea blsTlneata ' u
Long-tailed salamander iurycea longlcauda u
Eastern nud salamander 'seudotrlton montanus u
Red-spotted newt lotophthalmus vlrldescens u

2. Toads and frogs-15
Eastern spadefoot Scaphiopus holbrookl u
American toad Bufo amerlcanus u
Fowler*6 toad Bufo woodhousel' u
Northern cricket frog Acrls crepltans u
northern spring peeper Hyla cruelfer u
Green treefrog Hyla clnerea u
Comnon treefrog Hyla verslcolor u
Barking treefrog Hyla gratlosa u
Cope's treefrog Hyla chnsoscells Endangered
Hew Jersey chorus frog Pseudacrls trlserlata u
Carpenter frog Rana vlrgatlpes u
Green frog Sana clamltans u
Southern leopard frog Rana utricularla u
Vood frog Rana svlvatlca u
Pickerel frog Rana palustrls u

REPTILES-36

1, Land turtles-8
Stinkpot Stemotherus odoratus u
Eastern nud turtle Kinosternon subnibrun u
Spotted turtle Clemnys guttata u
Bog turtle Clemmvs muhlenbergl Endangered
Vood turtle Clemmvs Insculpta u
Eastern box turtle Terrap6ne~carollna u •
Eastern painted turtle Chrysemys .plcta u
Red-bellied turtle Chrysemys nibriyentris u

p - protected u - unprotected
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2, Sea turtles-5

i Atlantic green turtle Chelonla mydas pi
Atlantic hawksblll Eretmoehelvs ^mbrtcata Endangered
Atlantic loggerhead Caretta caretta pi
Atlantic ridley Lepldochelys ke'mpl Endangered
Atlantic leatherback Dermochelvs corlacea Endangered

3. Lizards and sklnks-4

Northern fence lizard Sceloporus undulatus u
Ground sklnk Sclncella lateralIs u
Five-lined sklnk Eumeces fasciatus u
Broad-headed sklnk Eumeces latlcens u

4. Snakes-19

Red-bellied water snake Natrlx erythrogaster u
Northern water snake Natrlx slpedon u
Queen snake Natrlx septemvlttata u
Northern brown snake Storerla dekayl u
Northern red-bellied snake Storerla occipltomaeulata u
Eastern garter snake Thamnophls slrtalis u
Eastern ribbon snake Thamnophls saurltus u
Eastern smooth earth snake Virginia yalerlae u

leterodon platyrhinos u
)ladophls punctatus u

Eastern hognose snake
Rlngneck snake ____ ____
Eastern worn snake Camhophls amoeaus u
Northern black racer Coluber constrictor u i
Rough green snake Opheodrys aestlvus u
Corn snake Elaphe guttata u
Black rat snake Elaphe obsoleta u
Eastern klngsnake Lampropeltls getulus u
Kllk snake Lampropeltls triangulim u
Northern copperhead Agklstrodon contortrlx u
Northern scarlet snake Cermophora cocclnea u

BIRDS-266

1. Vaders and shoreblrds - 88
IGreat Blue Heron Ardea herodlas p
ILlttle Blue Heron Florida caemlea p
ITricolored Heron Hydraaassa tricolor p
ISnowy Egret Egretta thula p
IGreat Egret Casmerodlus albus p
ICattle Egret Bubulcus ibis p
XBlack-crowned Sight Heron Nyctlcorax nycttcorax p
lYellow-crowned Night Heron Nyctanassa vlolaceus p
IGreen-backed Heron Butorldes strlatus p
ILeast Bittern Ixobrychus exllls p

1 ———
- Federally threatened p - protected u - unprotected
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XAoerlcan Bittern Botaurus lentlglnosus p
XGlossy Ibis Plegadls falclnellus p
Vhite Ibis Eudocimus albus p
lAmerican Oystercatcher Haematopus palliatus p
IBlack-necked Stilt Hlmantopus mexlcanus p
American Avocet Eecurvlrostra amerlcana p
Black-bellied Plover PluvialIs s q u a t a r o l a p
Lesser Golden Plover Pluvlalls domlnlca p
Ruddy Turnstone Arenarla Interprgs p
Semlpalmated Plover Charadrlus semlpalmatus p
IPiplng Plover Charadrlus melodus pi
IKilldeer Charat rlus voclferus p
Short-billed Dowltcher " grlseus

scolopacLong-billed Dowltcher ' ,lmnoc romus scolopa'ceus p
Hudsonlan Godwlt Llmosa haemastlca p
Xarbled Godwit Llmosa fedoa p
Vhlnbrel Humenlus phaeopus p
XVlllet Catoptropborus semlpalmatus p
Greater Yellowlegs Trlnga melanoleuca p
Lesser Yellowlegs Trtnga flavlpes p
Solitary Sandpiper Trlnga solltarla p
Upland Sandpiper Bartramla longlcauda p
Buff-breasted Sandpiper Tryngltes subruflcollis p
Ruff philoaachus pugnax p
Stilt Sandpiper Xleropalama hlmantopus P
Pectoral Sandpiper Calldrls melanotos P
Sanderllng Calldrls alba P
Purple Sandpiper Calldrls narltlma P
Red Knot Calldrls canutus p
Dunlin Calldrls alpjna p
Least Sandpiper • • ••• Calldrls mlnutllla p
Semipalmated Sandpiper Calldrls pusllla p
Vestern Sandpiper Call* rls maurl p
Balrd's Sandpiper Callc rls balrdil p
Vhite-runped Sandpiper Cali( rls fusctcollls p
ISpotted Sandpiper Aqtltls macularla p
Northern Phalarope Lobltes lobatus p
Vllson's Phalarope Steganopus tricolor P
Red Phalarope Phalaropus fullcarluas p
IBlack Rail laterallus jamalcensls p
Yellow Rail ĉ tunlcops noveboracensls p
Brown Pelican Pel-canus occldentalls Endangered
Little Gull Larus mlnutus p
Glaucous Gull Larus hyperboreus p
Iceland Gull Larus glaucoldes p
XHerring Gull Lams argentatus p
Ring-billed Gull Larus delawarensls p
Lesser Black-backed Gull Larus fuscus p

I - Breeding In Delaware p - protected u - unprotected
1 - Federally threatened

flR30i588



IGreater Black-backed Gull Larus marlnus p
XLaughlng Gull Larus atrlcllla p
Bonaparte's Gull Larus Philadelphia p
Gull-billed Tern Galochelldou nllotlca p
Royal Tern Stema maxima p
Caspian Tern Sterna caapia p
XLeast Tern Sterna alblfrons' p
Arctic Tern Sterna paradlsaea p
XCommon Tern Sterna hlrundo p
IForster's Tern Sterna forsterl p
Roseate Tern Sterna dougallll p
Black Tern Chlldpnlas nlger p
IBlack Skimmer Rynchops nljter p
Black-legged Kittiwake Rlssa trldactyla p
Ponarlne Jaeger Starcorarlus pomarlnus p
Parasitic Jaeger Stercorarlys parasltlcus p
Great Skua Catharacta skua p
Double-crested Cormorant Phalacrocorax aurltus p
Great Cormorant Phalacrocorax carbo p
Northern Fulmar Fulmarus glacialIs p
Cory's Shearwater Pufflnus dlomedea p
Greater Shearwater Pufflnus gravts p
Sooty Shearwater Pufflnus grlseus p
Xawt Shearwater Pufflnus pufflnus P
Audubon's Shearwater Pufflnus iher-lnleri p
Vllson's Stora Petrel Oceanltes oceanlcus p
Leach's Stora Petrel Oceanodroma leucorhoa p
Northern Gannet Moms bassanus p
Dovekle Alle alie p
Razorbill Alca torda p

3. Raptors-23

ISharp-shinned Hawk Acclptter strlatus p
XCooper's Hawk Acclplter cooperll p
Northern Goshawk Acclplter gentllls p
{Northern Harrier Circus cyaneus p
XRed-talled Hawk Buteo Jamalcensls p
Rough-legged Hawk Buteq lagopus p
IRed-shouldered Hawk Buteo llneatus p
IBroad-wlnged Hawk Buteo placypterua p
Golden Eagle Aqulla chrvsaetos Endangered
IBald Eagle Hallaeetus leucocephalus Endangered
XOsprey Pandlon nallaetus p
ITurkey Vulture Cathartes aura p
Ifllack Vulture Coragyps atratus p
XAnerlcan Kestrel Falco sparverlus p
Xerlln Falco columbarlus p
IPeregrlne Falcon Falco peregrlnus anatum Endangered
XShort-eared Owl Aslo flammeus p
Long-eared Owl Aslo otus p

I - Breeding in Delaware
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XEastern Screech Owl Otus as to p
XGreat Horned Owl Bubo virgin lanus p
XBarred Owl Strlx yarla p
XCommon Barn Owl Tyto alba p
Northern Saw-whet Owl Aegollus acadlcus p

4, Passerine blrds-134

Northern Shrike Lanlus excubltor p
XEastern Kingbird Tyrannus tyrannus p

XylarchusXGreat Crested Flycatcher Xylarchus crlnltus p
XEastern Phoebe Sayornls phoebe p
XEastern Vood Pewee Contopus ylrens p
Olive-sided Flycatcher Nuttallornls boreal Is p
XLeast Flycatcher Empldonax'iTnlmus
XAcadlan Flycatcher iapldonax vlrescens p
XVillow Flycatcher impldonax tralllll p
Alder Flycatcher Empldonax alnonm p
Yellow-bellied Flycatcher Empldonax flavlventrls p
XHorned Lark Eremophlla alpestrls p
Vater Pipit Anthus sptnoletta p
XPurple Xartln 'rogne subls p
XCllff Swallow 'etrochelldon pyrrhonota p
XBarn Swallow llrundo rustlca, p
XTree Swallow Irldoprocne blcolor p
XNorthern Rough-winged Swallow Stelgldopteryx ruficollls p
XBank Swallow Rlparla rlparia p
IChlmney Swift Chaetura pelaglca p
IBlue Jay Cyanocltta crlstata p
Black-capped Chickadee Parus atrlcaplllus p
ICarolina Chickadee Parus carollnensls p
XTufted Tltnouse Parua blcolor p
XVhlte-breasted Nuthatch Sltta carollnensls . p
Red-breasted Nuthatch Sltta canadensls p
XBrown-headed Nuthatch Sltta pusllla p
XBrown Creeper Certhia faalllarls p
XHouse Vren Troglodytes aedon p
Vlnter Vren Troglodytes troglodytes p
XCarolina Vren Thryothorus ludovlclanus p
XXarsh Vren Ctstothorus palustrts p
ISedge Vren Clstothorus platensls p
Ruby-crowned Kinglet Regulus calendula p
Golden-crowned Kinglet Kegulus satrapa p
XBlue-gray Cnatcatcher Polloptlla caerulea p
IBrown Thrasher Toxostoma rufum p
XGray Catbird Dumetella carollnensls p
XNorthern Xocklngblrd Kimus polvglottos p
XEastern Bluebird Slalla sjalls p
XAnerican Robin Turdus mlyratorlus p
Gray-cheeked Thrush Catharu's minimus p
Swalnson's Thrush Catharus ustulatus p

X - Breeding in Delaware
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Hermit Thrush Catharus guttatus p
IVeery Catharus •fucescens p
IVood Thrush Hyloclchla musteltna p
ILoggerhead Shrike Lanlus ludovlclanus p
XCedar Vaxwing Bombycllla cedrorum p
IRed-eyed Vireo Vireo ollvaceus p
XVarbllng Vireo vireo gllvus ' p
•XYellow-throated Vireo Vlreo flavlfrons p
XVhlte-eyed Vlreo vireo grlseus p
Philadelphia Vlreo Vlreo phlladelphlcus p
Solitary Vlreo Vlreo solltarlus p
XNorthern Parula Varbler Parula amerlcana p
XYellow-throated Varbler Dendrolca domlnlca p
Black-throated Green Varbler Dendrolca virens p
Blackpoll Varbler . Dendrolca strlata p
Black-throated Blue Varbler Dendrolca caenilescens p
XCerulean Varbler Dendrolca cerulea p
Xagnolla Varbler Dendrolca magnolia p
Yellow-rumped Varbler Dendrolca soronata p
Cape Xay Varbler Dendrolca tlgrlna p
XChestnut-slded Varbler Dendrolca pensylvanlca p
Bay Breasted Varbler Dendrolca castanea p
Blackburnlan Varbler Dendrolca fusca p
IPine Varbler Dendrolca plnus p
XPralrle Varbler Dendrolca discolor p
Palm Varbler Dendrolca palmar-urn p
XYellow Varbler Dendrolca petechla p
XProthonotary Varbler " ' ' ' '
IBlack-and-whlte Varbler
Canada Varbler ____ _____
XAmerlcan Redstart Setophaga rutlcilla p
XBlue-wlnged Varbler Vermlyora plnus p
Swainson's Varbler Llnnothlypla swalnsonll p
XVora-eatlng Varbler Helaltheros venal vorus p
Tennessee Varbler Vermlvora peregrina p
Orange-crowned Varbler Vermlvora celata p
Golden-winged Varbler Vermlvora chrysoptera p
Nashville Varbler Vermlvora rufleapt 1la p
Vilson's Varbler Vllsonla pusllla p
XHooded Varbler Vllsonla citrlna p
XKentncky Varbler Oporornls foraosas p
Connecticut Varbler Oporornls agtlls p
Kournlng Varbler Oporornls Philadelphia p
XConmon Yellowthroat Geothlypls trlchas p
XYellow-breasted Chat Icterla virens p
Northern Vaterthrush Salurus noveboracensls p
ILoulslana Vaterthrush Selurus motacllla p
XOvenblrd Selurus aurocaptllus p
XRed-winged Blackbird Agelalus phoenlceus p
IBrown-headed Cowblrd Kolothrus ater p
Rusty Blackbird Euphagus caroltnus p

X - Breeding In Delaware

'rotonotarla cltrea p
inlotllta varla p
Illsonla canadensls p
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XCommon Crackle Quiscalus gulscula p
XBoat-talled Crackle Qulsc'alus major p
Bobolink Dolichouyx oryzlvorus p
XEastern Headowlark Sturnella manna p
lOrchard Oriole Icterus spurlus p
XHorthern Oriole Icterus galbula , p
IScarlet Tanager P.lranga ollvacea' p
XSumner Tanager Plranga rubra p
Lapland Longspur Caloarlus lapponlcus p
Dark-eyed Junco Junco hyenalts p
Snow Bunting Plectrophenax nlvalls p
XDlckcissel Sjjlza amerlcana p
INorthern Cardinal CaYdTnalls cardlnalls p
Common Redpole Carduells flammea p
IHouse Finch Carpodacus mexlcanus p
Purple Finch Carpodaous purpureus P
Red Crossbill Lpxla curvirostra p
Vhlte-wlnged Crossbill Loxla leucoptera p
Evening Grosbeak iiesperlphona vespertlna p
XAuerlcan Goldfinch Carduells tristia p
Pine Siskin Carduells plnus p
XBlue Grosbeak Gulraca caenilea p
X Indigo Bunting Passerina cyanea p
XRose-breasted Grosbeak Pheuctlcus ludovlclanus p
XRufous-slded Towhee Plpllo erythropthalaus p
XVhlte-throated Sparrow Zonotrlchia alblcollls p
Vhite-crowned Sparrow Zonotrlchia leucophrys p
XChipplng Sparrow Splzella passerlna p
XField Sparrow Splzella pusllla p
American Tree Sparrow Splzella arborea p
ISong Sparrow Xelosplza melodla p
XSwaap Sparrow Melosplza georglana p
Lincoln's Sparrow Melosplza llncolnil • p
Fox Sparrow Passerella lllaca p
XVesper Sparrow Pooecetes gramlneus p
ISavannah Sparrow Passerculus sandwlchenals p
Henslow's Sparrow Ammodraaus henslowli p
XOrasshopper Sparrow Ammodramus savannanm P
XSharp-tailed Sparrow Ammosplza caudacuta p
XSeaslde Sparrow ,*mmosplza marltlma p

5. Nonpasserlne and other blrds-21
XYellow-bllled Cuckoo Cpccyzus amerlcanus p
XBlack-bllled Cuckoo Cpecyzus ervthropthalmus p
XComnon Nighthawk Chordelles minor p
Whip-poor-will Caprinulgus voclfenis p
XChuck-will's-widow Caprlmulirus carolinensls p
XRuby-throated Hummingbird Archllochus colubrls p
IBelted Kingfisher Kegaceryle alcyon p
XRed-headed Voodpecker Helanerpes erythrocephalus p

X - Breeding in Delaware
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IPlleated Voodpecker Drvocopus plleatus p
XNorthern Flicker Colaptes auratus p
XRed-bellled Voodpecker Helanerpes carollnus p
Yellow-bellied Sapsucker Sphvraplcus varlus p
XDowny Voodpecker Plcoldes pubescens p
XHalry Voodpeckar Pleoldes vlllosus p
Red-throated Loon Gavla stellata • p
Common Loon ' Gavla Immer p
XPled-billed Grebe Podllvmbus podlceps p
Horned Grebe Podlceps aurltus p
XRlnged turtle-dove Streptopella rlaorla p
Red-necked Grebe Podlceps grlsegena p
Vestern Grebe Aachmophonis occldentalls p

FISHXI-1

Shortnose sturgeon Acipenser brevlrostrum Endangered

XX Only endangered fish will be Included at this time In the
non-game program.

GAXE SPECIES

KAKXALS-11

jtVhlte-talled deer Qdocolleus vlrglnlanus p
M-Gray squirrel clurus carollnensls p
=*-Cottontail rabbit Sylvllagus florldanus p
«rVoodch-Ck Xarmota monax u
xSaccoon Procyon lotor p
Ôpossua Dldelphls marsuplalls p
#̂Red fox Vulpes ̂ ulva p
X̂uskrat Ondatra -Ibethica p
Kink
River otter

tustela vlson p
canadensls p

Beaver Castor canadensls p

AXPHIBIANS-1
Bullfrog Rana catesbelana p

REPTILES-2
Snapping turtle Chelydra serpentlna p
Dlamondback terrapin Malaclemys terrapin p

X - Breeding In Delaware
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BIRDS-49

1. Vaterfowl-36

Tundra Swan Olor columbianus p
Snow Goose Chen caerulescens p
Vhlte-fronted Goose Anser alblfrons p
XCanada Goose Branta canadensls p
Brant Branta bernlcla p
Fulvous Vhlstling Duck Dendrocygna blcolor p
XAmerlcan Black Duck Anas rubrlpes p
IGadwall Anas strepera p
XXallard Anas platvrhynchos p
Northern Pintail Anas acuta p
American Vlgeon Anas amerlcana p
Northern Shoveler Anas clypeata p
XBlue-wlnged Teal Anas dlscors p
IGreen-wlnged Teal Anas crecca p
IVood Duck Alx sponsa p
Vhlte-wlnged Scoter Kelanltta deglandl p
Surf Scoter Xelanltta persplctllata p
XBlack Scoter Xelanltta nlgra p
Oldsquaw Clangula hyenalis p
Harlequin Duck Hlstrlonlcus hlstrloulcus p
King Elder Somaterla spectabllls p
Common Elder Somaterla molllsslma p
Canvasback Aythva vallslnerla p
Redhead Aythya aaerlcana p
Ring-necked Duck Aythya collarls p
Lesser Scaup Aythva afflnls p
Greater Scaup Aythya marlla p
Common Goldeneye Bucephala clangula p
Bufflehead Bucephala albeola p
Ruddy Duck Oxyura Jamaicensls p
Common Xerganser Xergus merganser p
XRed-breasted Xerganser Xergus serrator p
Hooded Xerganser Lophodytes cucullatus p
XAnerlcan Coot Pullca aaerlcana p
XComaon Galllnule Galllnula chloropus p
Purple Gallinule Porphvrula nartlnlca p

2. Vaders-6
XKlng Rail Rallus elegans p
XClapper Rail Rallus lopglrostrls p
XVirglnia Rail Rallus llmlcola p
Sora Porzana Carolina p
Common Snipe Capella gallinage p
XAnerlcan Voodcock Phllohela minor p

X - Breeding in Delaware
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3. Galllforms-4

XVlld Turkey Meleagrls gallopavo p
XRing-necked Pheasant Phaslanus colchlcus p
XNorthern Bobwhite Collnus vlrglnlanus p
Ruffed Grouse Bonasa umbe11us p

4. Passerine and other-3

XFish Crow Con/us osslfragus p
XAmerican Crow Corvus bracfavrhynchos p
XXourning Dove Zenalda macroura p

EXOTIC OR FERAL SPECIES-4

XXute Swan Cygnus olor u
XEuropean Starling Stumus vulgarls u
XHouse Sparrow Passer domestlcus u
XRock Dove Columba Uvla u

X - Breeding in Delaware
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RECEIVED

HUB 2 3'89
GANNETT HbMIH_

,-••> " """""' " IALTIMORE
STATE OF DELAWARE

DEPARTMENT OP NATURAL RESOURCES
a ENVIRONMENTAL CONTROL

DIVISION OF PARKS a RECREATION
69 KINDS HIGHWAY
P.O.Box 1401

DOVEH. OELWMHC 19903

Auguac IS, 1989

Mr. Chuck Campbell
Gannett, Fleming & Engineers
417 West Quad
Village of Crosskcys
Baltimore, MD 21210

Dear Mr. Canpbellt

Enclosed please find copies of Delaware Natural Heritage Inventories (DENIII)
Species of Special Concern lists for Plants, Amphibians, Reptiles, Inverte-
brates and Fishes,

He hope to have ranked lists of Birds, Mussels, and Natural Communities
compiled in the near future.

To date, Delaware has no legislation regarding the protection of state rare
species, Protection of habitats where these rare species occur is currently
on a voluntary basis.

Those species that DENHI tracks that are Federally listed are protected by
Federal legislation.

If I nay be of any further assistance, please do not hesitate to contact me,

Sincerely,

Leslie D. Trew, Coordinator
Delaware Natural Heritage Inventory

LOTidab
Enclosure
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CRITB̂ TA, ZSB DETERMINING STATE RAH*;

SI • Typically 5 or fewer occurrences, very few remaining
individuals, acres, or miles of stream or some factor of its
biology making it especially vulnerable in Delaware.

32 • Typically 6 to 20 occurrences, few remaining individuals,
acres, or miles of stream, or factors demonstrably making it
very vulnerable in Delaware.

S3 - Typically 21 to 100 occurrences, limited acreage, or miles
of stream in Delaware.

54 • Apparently secure in Delaware.

35 • Demonstrably secure in Delaware.

SH - Histoically known from Delaware, but not seen in the past IS"
years.

SX • Apparently extirpated from Delaware.

SE • Exotic, not native to Delaware.

SR • State Report only, no verified speciments known from
Delaware.

SU - status in Delaware is unknown.

SH « Regularly occurring, usually migratory. Does not typically
breed in Delaware, but may pass through twice a year, or may
remain in the winter.

Nomenclature follows Kartaz and Kartez (1980) svnomrmizad
Checklist of the Vascular Flora £fi the United States. Canada,
Greenland,.

5/88 LT
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FEDERAL STATUS

U.S. FISH AND HILDLIFE CATEGORIES OF ENDANGERED AND THREATEHED
PLANTS AMD ANIMALS

LE--Taxa formally listed as endangered.

LT'-Taxa formally listed as threatened.

PE--Taxa proposed to be formally listed as endangered.

PT--Taxa proposed to be formally listed as threatened.

S--Synonyms.

Cl--Taxa for which the Service currently has on file substantial informacion
on biological vulnerability and chreat(s) co support the appropriateness of
proposing co Use them as endangered or chreacened species.

f

CZ'-Taxa Cor which information now in possession of the Service indicates
Chac proposing Co Use them au endangered or threatened species is possibly
appropriate, but for which substantial data on biological vulnerability and
threat(3) are noc currencly known or on file to support Che immediate
preparation of rules.

C3--Taxa Chac are no longer being considered for listing as Chreacened or
endangered species. Such Caxa are further coded co indicate three sub-
categories, depending on che reason(s) for removal from consideration,

3A--Taxa for which Che SErvlce has persuasive evidence of
excinccion.

3B--Names tha, on Che basis of currenc caxonomic understanding,
usually as represenCed in published revisions and monographs,
do noc represenc Caxa meeting the Ace's definition of
"species".

3C--Taxa thac have proven to be more abundant or widespread
Chan was previously believed and/or Chose Chac are noc
subject co any identifiable chreac.

The above definitions are extracted from the January 6, 1989, U.S. Fish and
Wildlife Service notice in Che Federal Register,
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Page No. 1
OR/18/89

REPTILES OF SPECIAL CONCERN
Delaware Natural Heritage Inventory

»~̂
njuHTIFIC NAME STATE FED COMMON NAME

RANK STAT

J 1KISTRODON CONTORTRIX SI NORTHERN COPPERHEAD
( iRETTA CARETTA SN LT LOGGERHEAD SEA TURTLE
CARPHOPHIS AMOENUS S5 EASTERN WORM SNAKE
CEMOPHORA COCCINEA SI NORHTERN SCARLET SNAKE
( IELONIA MYDAS SN LELT ATLANTIC GREEN TURTLE
( [ELYDRA SERPENTINA S5 SNAPPING TURTLE
CHRYSEMYS PICTA S5 EASTERN PAINTED TURTLE
PSEUDEMYS RUBRIVENTRIS S5 REDBELLY TURTLE
( iBMMYS GUTTATA S3 SPOTTED TURTLE
C^EMMYS MUHLENBERGII SI C2 BOG TURTLE
COLUBER CONSTRICTOR S5 NORTHERN BLACK RACER
HRMOCHELYS CORIACEA SN LE LEATHERBACK SEA TURTLEi :ADOPHIS PUNCTATUS SB RINGNECK SNAKE
huAPHE GUTTATA SI CORN SNAKE
ELAPHE OBSOLETA 35 BLACK RAT SNAKE
I IETMOCHELYS IMBRICATA SN LE ATLANTIC HAWKSBILL SEA TURTLE
I IMECES FASCIATUS S5 FIVE-LINED SKINK
EUMSCES LATICEPS SI BROADHEAD SKINK
HETERODON PLATIRHINOS 34 EASTERN HOGNOSE SNAKE
I iNOSTERNON SUBRUBRUM S5 EASTERN MUD TURTLE
1 .MPROPELTIS GETULA S2 EASTERN KINGSNAKE
LAMPROPELTIS TRIANGULUM S3 ' EASTERN MILK SNAKE
nPIDOCHELYS KEMPII SN LE ATLANTIC RIDLEY SEA TURTLE
I *\CLEMYS TERRAPIN S4 .NORTHERN DIAMONDBACK TERRAPIN
t.., )DIA ERYTHROGASTER SI REDBELLY WATER SNAKE
NERODIA SIPEDON S5 NORTHERN WATER SNAKE
("•HEODRYS AESTIVUS S2 ROUGH GREEN SNAKE
I 1GINA SEPTEMVITTATA SI QUEEN SNAKE
SCELOPORUS UNDULATUS S5 NORTHERN FENCE LIZARD
SCINCELLA LATERALIS SI GROUND SKINK
i ,'ERNOTHERUS ODORATUS S5 STINKPOT
i 'ORERIA DEKAYI S3 NORTHERN BROWN SNAKE
STORERIA OCCIPITOMACULATA SI NORTHERN REDBELLY SNAKE
TKRRAPENE CAROLINA S5 EASTERN BOX TURTLE
'. IAMNOPHIS SAURITUS S3 EASTERN RIBBON SNAKE
1.IAMNOPHIS SIRTALIS S5 EASTERN GARTER SNAKE
TRACHEMYS SCRIPTA SE SLIDER
VIRGINIA VALERIAE S3 EASTERN EARTH SNAKE
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FISHES OF SPECIAL CONCERN
Delaware Natural Heritage Inventory

<• •»
SCIENTIFIC NAME STATE FED COMMON NAME

RANK STAT

j^ANTHARCHUS POMOTIS S2 MUD SUNFISH
J IPENSER BREVIROSTRUM SU LE SHORTNOSE STURGEON
A.IPENSER OXYRHYNCHUS SU ATLANTIC STURGEON
ALOSA AESTIVALIS S5 BLUEBACK HERRING
f'OSA MEDIOCRIS SI HICKORY SHAD
f OSA PSEUDOHARENGUS S5 ALEWIFE
Ai/JSA SAPIDISSIMA S3 AMERICAN SHAD
AMBLOPLITES RUPESTRIS S2 ROCK BASS
A IA CALVA SE BOWFIN
A CHOA MITCHILLI '• S5 BAY ANCHOVY
ANGUILLA ROSTRATA S5 AMERICAN EEL
APELTES QUADRACUS SI FOURSPINE STICKLEBACK
A HREDODERUS SAYANUS S5 PIRATE PERCH
C RASSIUS AURATUS • • . , . . SE GOLDFISH
CATOSTOMUS COMMERSONI S5 WHITE SUCKER
CTINOSTOMUS FUNDULOIDES S4 ROSYSIDE DACE
C TTUS BAIRDI , SI MOTTLED SCULPIN
C.TTUS COGNATUS ' • SR SLIMY SCULPIN
CTENOPHARYNGDON IDELLA SE GRASS CARP
C"PRINODON VARIEGATUS S5 SHEEPSHEAD MINNOW
C PRINUS CARPIO SE COMMON CARP
DuROSOMA CEPEDIANUM 55 GIZZARD SHAD
ENNEACANTHUS CHAETODON SI BLACKBANDED SUNFISH
E "^ACANTHUS GLORIOSUS S5 BLUESPOTTED SUNFISH
E .'ACANTHUS OBESUS S2 BANDED SUNFISH
ERIMYZON OBLONGUS 35 CREEK CHUBSUCKER
ESOX AMERICANUS SS REDFIN PICKEREL
E 3X MASQUINONGY SR MUSKELLUNGE
E OX NIGER S5 CHAIN PICKEREL
ETHEOSTOMA FUSIFORME S4 SWAMP DARTER
Ŝ HEOSTOMA OLMSTEDI S5 TESSELLATED DARTER
Z 3GLOSSUM MAXILLINGUA S4 CUTLIPS MINNOW
F-tfDULUS DIAPHANUS S4 BANDED KILLIFISH
•TJNDULUS HETEROCLITUS S5 MUMMICHOG
? UDULUS LUCIAE S3S4 SPOTFIN KILLIFISH
? .1DULUS MAJALIS 35 STRIPED KILLIFISH
3AMBUSIA AFFINIS S4 MOSQUITOFISH
3ASTEROSTEUS ACULEATUS S3 THREESPINE STICKLEBACK
« 30GNATHUS REGIUS S4 EASTERN SILVERY MINNOW
•J PENTELIUM NIGRICANS SI NORTHERN HOG SUCKER
tCTALURUS CATUS 35 WHITE CATFISH
[PTALURUS NATALIS S3 YELLOW BULLHEAD
[ TALURUS NEBULOSUS 35 BROWN BULLHEAD
t.TALURUS PUNCTATUS 55 CHANNEL CATFISH
1AMPETRA AEPYPTERA 32 LEAST BROOK LAMPREY
VMPETRA APPENDIX 52 AMERICAN BROOK LAMPREY
\ PISOSTEUS OSSEUS S3 LONGNOSE GAR
.̂̂ OMIS AURITUS S4 REDBREAST SUNFISH
'.EPOMIS CYANELLUS SE GREEN SUNFISH
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OR/18/89

FISHES OF SPECIAL CONCERN
Delaware Natural Heritage Inventory

S'̂ NTIFIC NAME STATE FED COMMON NAME
RANK STAT

I POMIS GIBBOSUS S5 PUMPKINSEEDI POMIS GULOSUS SE WARMOUTH
LEPOMIS MACROCHIRUS S5 BLUEGILLLUCANIA PARVA S4 RAINWATER KILLIFISH!• MBRAS MARTINICA S4 ROUGH SILVERSIDE
t NIDIA BERYLLINA S4 INLAND SILVERSIDE
MENIDIA MENIDIA SS ATLANTIC SILVERSIDEtfTCROPTERUS DOLOMIEUI S3 SMALLMOUTH BASSK CROPTERUS SALMOIDES S5 LARGEMOUTH BASS
K.-RONE AMERICANA '•• S5 WHITE PERCHMORONE SAXATILIS S3 STRIPED BASSK-RONE SAXATILIS X MORONE CHRYSOPS .S3 STRIPED BASS X WHITE BASS
K XOSTOMA MACROLEPIDOTUM SI SHORTHEAD REDHORSE
NuCOMIS MICROPOGON • • - • SR RIVER CHUBNOTEMIGONUS CRYSOLEUCAS S5 GOLDEN SHINER .
N TROPIS AMOENUS S2 COMELY SHINERK TROPIS ANALOSTANUS , S3 SATINFIN SHINER
NOTROPIS BIFRENATUS - SU BRIDLE SHINERNOTROPIS CHALYBAEUS S1S2 IRONCOLOR SHINER
K TROPIS HUDSONIUS 35 SPOTTAIL SHINERN TROPIS PROCNE SU SWALLOWTAIL SHINER
NOTROPIS SPILOPTERUS S3 SPOTFIN SHINER
WTURUS GYRINUS S4 TADPQLE MADTOMN "TJRUS INSIGNIS S2 MARGINED MADTOME CA FLAVESCENS ' S5 YELLOW PERCH
PERCINA PELTATA SU SHIELD DARTERF'TROMYZON MARINUS S3 SEA LAMPREYE MOXIS ANNULARIS S3 WHITE CRAPPIEPuMOXIS NIGROMACULATUS 35 BLACK CRAPPIERHINICHTHYS ATRATULUS S3S4 BLACKNOSE DACEF INICHTHYS CATARACTAE S3 LONGNOSE DACE
£ LMO GAIRDNERI SE RAINBOW TROUT
SALMO TRUTTA SE BROWN TROUTSALVELINUS FONTINALIS SE BROOK TROUT
S MOTILUS ATROMACULATUS S3 CREEK CHUB
S.MOTILUS CORPORALIS S3 FALLFISH
SEMOTILUS MARGARITA SU PEARL DACE
SmIZOSTEDION VITREUM SE WALLEYE1 NCA TINCA. SE TENCH
UnBRA PYGMAEA S5 EASTERN MUDMINNOW
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D8/18/89

PLANTS OF SPECIAL CONCERN
~ Delaware Natural Heritage inventory
SCIENTIFIC NAME STATE FED COMMON NAME

RANK STAT

ACER SACCHARUM SI SUGAR MAPLE
ACTAEA PACHYPODA SI
f^DIANTUM PEDATUM S2 NORTHERN MAIDENHAIR-FERN
ADLUMIA FUNGOSA SH CLIMBING FUMATORY
AESCHYNOMENE VIRGINICA SH C2 SENSITIVE JOINT-VETCH
AGALINIS DECEMLOBA SH BLUE RIDGE FALSE-FOXGLOVE
\GALINIS LINIFOLIA SI
\GALINIS OBTUSIFOLIA SH
AGALINIS PURPUREA VAR PURPUREA S3
AGALINIS SETACEA SH
\GALINIS TENUIFOLIA SI
IVGALINIS VIRGATA SH PINE-BARREN GERARDIA
AGRIMOUIA GRYPOSEPALA SI TALL HAIRY GROOVEBUR
AGRIMONIA ROSTELLATA SH WOODLAND AGRIMONY
\GROSTIS STOLONIFERA VAR PALUSTRIS SH
ALLIUM TRICOCCUM SU SMALL WHITE LEEK
ALNUS MARITIMA S2 3C SEASIDE ALDER
ALOPECURUS CAROLINIANUS SI TUFTED FOXTAIL
AMARANTHUS PUMILUS SH C2 SEABEACH PIGWEED
AMIANTHIUM MUSCAETOXICUM SH FLY POISON
AMPHICARPUM PURSHII SI
&NAGALLIS MINIMA • SH
JAPHALIS MARGARITACEA SH PEARLY EVERLASTING

fuWELICA ATROPURPUREA SH GREAT ANGELICA
ANGELICA VENENOSA S2 HAIRY ANGELICA
MITENNARIA NEODIOICA SSP NEODIOICA SI
MITENNARIA PARLINII SSP PARLINII SH
ANTENNARIA SOLITARIA SU SINGLE-HEAD PUSSYTOES
APLECTRUM HYEMALE SI PUTTYROOT
APOCYNUM ANDROSAEMIFOLIUM SH SPREADING DOGBANE
APOCYNUM CANNABINUM VAR CANNABINUM S4
APOCYNUM CANNABINUM VAR SH
HYPERICIFOLIUM
&RABIS DRUMMONDII SH DRUMMOND ROCKCRESS
ARABIS LAEVIGATA SI SMOOTH ROCK-CRESS
ARABIS SHORTII SI SHORT'S ROCK-CRESS
IVRALIA RACEMOSA SI AMERICAN SPIKENARD
&RETHUSA BULBOSA SH SWAMP-PINK
ARISAEMA DRACONTIUM SI GREEN DRAGON
ARISTIDA LANOSA SH WOOLLY THREE-AWN
&RISTIDA VIRGATA SI WAND-LIKE THREE-AWN GRASS
ARISTOLOCHIA SERPENTARIA SI VIRGINIA SNAKEROOT
ARNICA ACAULIS SH LEOPARD'S-BANE
RSCLEPIAS EXALTATA SI POKE MILKWEED
JiSCLEPIAS LANCEOLATA S2 FEW-FLOWERED MILKWEED
ASCLEPIAS LONGIFOLIA SI LONG-LEAF MILKWEED
ASCLEPIAS PURPURASCENS SI PURPLE MILKWEED
PiSCLEPIAS QUADRIFOLIA SH WHORI.ED MILKWEED
JiSCLEPIAS RUBRA SI RED MILKWEED
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PLANTS OF SPECIAL CONCERN
*""' Delaware Natural Heritage Inventory
SCIENTIFIC NAME STATE FED COMMON NAME

RANK STAT

.iSCLEPIAS VERTICILLATA SH WHORLED MILKWEED
ASPLENIUM RHIZOPHYLLUM SH
\SPLENIUM TRICHOMANES SH MAIDENHAIR SPLEENWORT
iSTER CONCOLOR SH EASTERN SILVERY ASTER
ASTER DEPAUPERATUS SI C2 SERPENTINE ASTERASTER ERICOIDES SH WHITE HEATH ASTERiSTER INFIRMUS SH CORNEL-LEAF ASTERiSTER MACROPHYLLUS SH LARGE-LEAF ASTER
ASTER NEMORALIS SI BOG ASTERASTER PRAEALTUS SI WILLOW ASTER
iSTER PRENANTHOIDES SH CROOKED-STEM ASTER
iSTER RADULA SH ROUGH-LEAVED ASTERASTER SCHREBERI SI SCHREBER ASTER"tfTER SPECTABILIS SI SHOWY ASTER
iSTER X SAGITTIFOLIUS SH HYBRIDrtUREOLARIA FLAVA SI YELLOW FALSE-FOXGLOVE ,AUREOLARIA PEDICULARIA SH FERNLEAF YELLOW FALSE-FOXGLOVE1ARTONIA PANICULATA SI TWINING BARTONIA
IETULA ALLEGHANIENSIS SXUETULA POPULIFOLIA SI GRAY BIRCHBIDENS BIDENTOIDES VAR BIDENTOIDES SI 3C BUR-MARIGOLD
(IDENS CONNATA • SI PURPLE-STEM SWAMP BEGGAR-TICKS :'PENS CORONATA SI TICKSEED SUNFLOWER '
.-DENS TRIPARTITA SI THREE-LOBE BEGGAR-TICKSBIDENS VULGATA 'SH TALL BUR-MARIGOLDILEPHILIA CILIATA SH DOWNY WOODMINT1LEPHILIA HIRSUTA SH HAIRY WOODMINT
BOLTONIA ASTEROIDES SI ASTER-LIKE BOLTONIAWRYCHIUM MATRICARIIFOLIUM SI CHAMOMILE GRAPE-FERN
1RASENIA SCHREBERI SH WATERSHIELDJUCHNERA AMERICANA SH BLUEHEARTS
BULBOSTYLIS CAPILLARIS SI DENSE-TUFT HAIR-SEDGE
7ACALIA ATRIPLICIFOLIA SI PALE INDIAN-PLANTAIN.'ALAMAGROSTIS CANADENSIS SH BLUE-JOINT REEDGRASS
CALTHA PALUSTRIS SH MARSH MARIGOLD
CALYSTEGIA SPITHAMAEA SH LOW BINDWEEDlARDAMINE LONGII SU C2 LONG'S BITTER CRESS.'ARDAMINE PARVIFLORA VAR ARENICOLA SH SAND ROCK-CRESSCARDAMINE ROTUNDIFOLIA SI ROUND-LEAF WATER CRESS
CAREX ALBURSINA SU A SEDGE:AREX ANGUSTATA SHJAREX ANGUSTIOR SH A SEDGECAREX BARRATTII SI C2 BARRATT'S SEDGEIAREX BICKNELLII SH BICKNELL SEDGE:AREX BREVIOR SH A SEDGECAREX BROMOIDES SI A SEDGECAREX BUSHII SI BUSH'S SEDGE:AREX BUXBAUMII si BROWN BOG SEDGE
JAREX CEPHALOPHORA SI OVAL-LEAVED SEDGE
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Page No. 4
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PLANTS OF SPECIAL CONCERN
*""^ Delaware Natural Heritage Inventory
SCIENTIFIC NAME STATE FED COMMON NAME

RANK STAT

CEAEROPHYLLUM PROCUMBENS SI SPREADING CHERVILCHAMAEDAPHNE CALYCULATA SH LEATHERLEAFCHAMAELIRIUM LUTEUM SH DEVIL'S-BITCHASMANTHIUM LATIFOLIUM SHCHEILANTHES LANOSA SX HAIRY LIPFERNCHENOPODIUM HYBRIDUM SHCHIMAPHILA UMBELLATA SSP SHCISATLANTICACICUTA BULBIFERA SX BULB-BEARING WATER-HEMLOCKCIRSIUM ALTISSIMUM SH TALL THISTLE
CIRSIUM MUTICUM SH SWAMP THISTLECIRSIUM VIRGINIANUM SH VIRGINIA THISTLECLEISTES DIVARICATA SH SPREADING POGONIA
CLEMATIS OCCIDENTALS SH PURPLE CLEMATISCLEMATIS VIORNA SH VASE-VINE LEATHER-FLOWER
CLITORIA MARIANA SI MARYLAND BUTTERFLY-PEA *COELORACHIS RUGOSA SICOMANDRA UMBELLATA SH UMBELIATE BASTARD TOAD-FLAXCOMMELINA ERECTA VAR ANGUSTIFOLIA SHCOMMELINA ERECTA VAR ERECTA SHCORALLORHIZA MACULATA SH SPOTTED CORALROOT
CORALLORHIZA ODONTORHIZA SH AUTUMN CORAL-ROOT' 3ALLORHIZA WISTERIANA SH SPRING CORALROOTi -REOPSIS ROSEA SI PINK TICKSEEDCOREOPSIS TRIPTERIS SI TALL TICKSEED
CORYDALIS FLAVULA SI YELLOW CORYDALISCORYLUS CORNUTA SH BEAKED HAZELNUT
CRASSULA AQUATICA SH PYGMYWEEDCUPHEA VISCOSISSIMA SI CLAMMY CUPHEA
CUSCUTA POLYGONORUM ' SH SMARTWEED DODDERCYNOGLOSSUM VIRGINIANUM SI BLUE HOUND'S-TONGUECYPERUS DIPSACIFORMIS SH
2YPERUS ENGELMANNII SI ENGELMANN UMBRELLA-SEDGE2YPERUS GRAYI SI GRAY'S FLATSEDGE
CYPERUS LANCASTRIENSIS SU MANY-FLOWERED UMBRELLA-SEDGECYPERUS PLUKENETII SH A GALINGALECYPERUS RETROFRACTUS SH:YPERUS ROTUNDUS SHCYPERUS TENUIFOLIUS SH THINLEAF FLATSEDGE
CYPRIPEDIUM PUBESCENS SH YELLOW LADY SLIPPER
CYSTOPTERIS FRAGILIS VAR MACKAYI SIDESCHAMPSIA FLEXUOSA SUDESMODIUM CANADENSE SI SHOWY TICK-TREFOILDESMODIUM CUSPIDATUM SH TOOTHED'TICK-TREEFOIL
OESMODIUM GLABELLUM SHDESMODIUM GLUTINOSUM SI
DESMODIUM HUMIFUSUM SI SPREADING TICK-CLOVER
DESMODIUM LAEVIGATUM SH SMOOTH TICK-TREEFOIL
OESMODIUM MARILANDICUM SI MARYLAND TICK-TREEFOIL



Page No. 5
58/18/89
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r~ Delaware Natural Heritage Inventory
SCIENTIFIC NAME STATE FED COMMON NAME

RANK STAT

OESMODIUM OBTUSUM SH STIFF TICK-TREFOIL
DESMODIUM OCHROLEUCUM SH CREAMFLOWER TICK-TREFOIL
DESMODIUM SESSILIFOLIUM SI SESSILE-LEAF TICK-TREFOIL
3ESMODIUM STRICTUM SI PINELAND TICK-TREFOIL
OESMODIUM VIRIDIFLORUM SI VELVETY TICK-TREEFOIL
DICHANTHELIUM ACICULARE SI C2
3ICHANTHELIUM COLUMBIANUM SH
3ICHANTHELIUM OLIGOSANTHES SI HELLER'S WITCHGRASS
DICHANTHELIUM OLIGOSANTHES VAR SU
SCRIBNERIANUM
3ICHANTHELIUM OVALE VAR ADDISONII SH
)ICHANTHELIUM RAVENELII SI
DICHANTHELIUM SCABRIUSCULUM SI PANIC GRASS
OICHANTHELIUM WRIGHTIANUM SI
3ICHANTHELIUM X SCOPARIOIDES SH
JIERVILLA LONICERA SI NORTHERN BUSH-HONEYSUCKEE
DIGITARIA ARENICOLA SH
OIRCA PALUSTRIS SH EASTERN LEATHERWOOD
3RACOCEPHALUM PARVIFLORUM SX AMERICAN DRAGONHEAD
DROSERA ROTUNDIFOLIA SI ROUNDLEAF SUNDEW
DRYOPTERIS CLINTONIANA SI CLINTON WOODFERN
3RYOPTERIS CRISTATA S3 CRESTED SHIELD-FERN
[OPTERIS GOLDIANA SH GOLDIE'S WOODFERN

L-HINOCHLOA MURICATA S3
ECHINODORUS PARVULUS SH
SLATINE AMERICANA S3 AMERICAN WATER-WORT
•1LEOCHARIS BRITTONII SI
ELEOCHARIS EQUISETOIDES SI HORSE-TAIL SPIKERUSH^LEOCHARIS ERYTHROPODA si
3LEOCHARIS FALLAX SH CREEPING SPIKE-RUSH
ELEOCHARIS FLAVESCENS SH PALE SPIKERUSH
ELEOCHARIS HALOPHILA SH SALT-MARSH SPIKE-RUSH
JLEOCHARIS INTERMEDIA SH MATTED SPIKERUSH
JLEOCHARIS MELANOCARPA SI BLACK-FRUITED SPIKE-RUSH
ELEOCHARIS PALUSTRIS SI CREEPING SPIKE-RUSH
ELEOCHARIS Q.UADRANGULATA S2
SLEOCHARIS ROBBINSII S2
3LEOCHARIS ROSTELLATA SI BEAKED SPIKERUSH
ELEOCHARIS SMALLII SH CREEPING SPIKE-RUSH
ELEOCHARIS TORTILIS SI
JLEOCHARIS TRICOSTATA SI THREE-ANGLE SPIKERUSH
JPIGAEA REPENS S3 TRAILING ARBUTUS
EPILOBIUM ANGUSTIFOLIUM SH FIREWEED
•JPILOBIUM CILIATUM SSP CILIATUM Si
JPILOBIUM LEPTOPHYLLUM SH LINEAR-LEAVED WILLOW-HERB
J2PILOBIUM STRICTUM SH DOWNY WILLOW-HERB
EQUISETUM FLUVIATILE SH WATER HORSETAIL
3QUISETUM SYLVATICUM SI
JRAGROSTIS HYPNOIDES SH TEAL LOVE GRASS
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JRAGROSTIS REFRACTA SH MEADOW LOVEGRASS
ERIANTHUS BREVIBARBIS SH SHORT-BEARD PLUMEGRASS1RIANTHUS CONTORTUS SH BENT-AWN PLUMEGRRSSIRIOCAULON COMPRESSUM SI FLATTENED PIPEWORT
tIRIOCAULON DECANGULARE SH TEN-ANGLE PIPEWORTERIOCAULON PARKERI SI C2 PARKER'S PIPEWORT
IRIOCAULON SEPTANGULARE SI WHITE BUTTONS:RIOPHORUM GRACILE SH SLENDER COTTON-GRASS
ERIOPHORUM VIRGINICUM SH TAWNY COTTON-GRASSEUONYMUS ATROPURPUREUS SH WAHOO
1UPATORIUM ALBUM ' SH WHITE BONESET1UPATORIUM COELESTINUM SI BLUE BONESET
EUPATORIUM LEUCOLEPIS SI
^UPATORIUM MACULATUM SU SPOTTED JOE-PYE WEED
IUPATORIUM RESINOSUM SX C2 PINE BARRENS BONESET
JUPATORIUM ROTUNDIFOLIUM VAR OVATUM S4EUPATORIUM ROTUNDIFOLIUM VAR S4-AUNDERSII
iUPATORIUM SEMISERRATUM SIEUPHORBIA PURPUREA SX C2 DARLINGTON'S SPURGE
EUTHAMIA MICROCEPHALA SI1UTHAMIA TENUIFOLIA SI1 'BRISTYLIS ANNUA SH ANNUAL FIMBRYl_.lBRISTYLIS PERPUSILLA SI Cl HARPER'S FIMBRISTYLISFRAXINUS NIGRA SI BLACK ASH
t'lRENA SQUARROSA 32
iALACTiA VOLUBILIS SI DOWNY MILKPEA
GALEARIS SPECTABILIS S2 SHOWY ORCHIS
^ALIUM BOREALE SI NORTHERN BEDSTRAW
IALIUM HISPIDULUM SH COAST BEDSTRAW
JALIUM LANCEOLATUM SI
GALIUM PILOSUM SI HAIRY BEDSTRAW
'AURA BIENNIS SX BIENNIAL GAURA
AYLUSSACIA BRACHYCERA SI 3C BOX HUCKLEBERRY
GAYLUSSACIA DUMOSA VAR BIGELOVIANA SH
GENTIANA ANDREWSII SI FRINGE-TIP CLOSED GENTIAN
ENTIANA AUTUMNALIS SH 3C PINE BARREN GENTIAN
ENTIANA CATESBAEI S2 ELLIOTT'S GENTIAN

GENTIANA VILLOSA SH STRIPED GENTIAN
rtENTIANOPSIS CRINITA SI
ERANIUM CAROLINIANUM SI CAROLINA CRANE'S-BILL
-•EUM LACINIATUM SH ROUGH AVENS
GEUM VIRGINIANUM SI PALE AVENS
"LYCERIA ACUTIFLORA ' SH SHARP-SCALED MANNA-GRASS
LYCERIA CANADENSIS SH CANADA MANNA-GRASS
uRATIOLA RAMOSA SI
GRATIOLA VIRGINIANA 31 ROUNDFRUIT HEDGE-HYSSOP
RATIOLA VISCIDULA SH SHORT'S HEDGE-HYSSOP
YMNOPOGON BREVIFOLIUS SH BROAD-LEAVED BEARDGRASS
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HACKELIA VIRGINIANA S4 VIRGINIA STICKSEED
HEDYOTIS UNIFLORA SI CLUSTERED BLUETS
HELIANTHEMUM BICKNELLII SI PLAINS FROSTWEED
HELIANTHEMUM PROPINQUUM SI LOW FROSTWEED
HELIANTHUS ANGUSTIFOLIUS SI
HELIOPSIS HELIANTHOIDES SH OX-EYE
HELIOTROPIUM CURASSAVICUM SH SEASIDE HELIOTROPE
HELONIAS BULLATA SI LT A SWAMP-PINK
HEPATICA NOBILIS VAR ACUTA SI
HETERANTHERA DUBIA SI GRASSLEAF MUD-PLANTAIN
HONKENYA PEPLOIDES SH SEA-BEACH SANDWORT
HOTTONIA INFLATA SI FEATHERFOIL
HUDSONIA ERICOIDES SI GOLDEN-HEATHER
HUDSONIA TOMENTOSA S3 SAND-HEATHER
HYBANTHUS CONCOLOR SI GREEN VIOLET
HYDRANGEA ARBORESCENS SH WILD HYDRANGEA
HYDRASTIS CANADENSIS 32 3C GOLDEN SEAL
HYDROCOTYLE VERTICILLATA VAR SH
TRIRADIATA
HYDROCOTYLE VERTICILLATA VAR SI
VERTICILLATA
HYPERICUM ADPRESSUM SI CREEPING ST. JOHN'S-WORT
',PERICUM DENTICULATUM S1S2 COPPERY ST. JOHN'S-WORT

..iPERICUM ELLIPTICUM SH PALE ST. JOHN'S-WORT
HYPERICUM GYMNANTHUM SH CLASPING-LEAVED ST.

JOHN'S-WORT
HYPERICUM MAJUS SX LARGER CANADIAN ST.

JOHN'S-WORT
HYPERICUM MUTILUM SSP BOREALE SH NORTHERN ST. JOHN'S-WORTHYPERICUM PROLIFICUM si SHRUBBY ST. JOHNSWORT
HYPOXIS HIRSUTA SU EASTERN YELLOW STARGRASS
IRIS PRISMATICA SI SLENDER BLUE FLAG
ISOETES ENGELMANNII SI APPALACHIAN QUILLWORT
ISOETES RIPARIA SI RIVER BANK QUILLWORT
ISOTRIA MEDEOLOIDES SI LE SMALL WHORLED POGONIA
ISOTRIA VERTICILLATA SU LARGE WHORLED POGONIA
JUGLANS CINEREA SI WHITE WALNUT
JUNCUS ELLIOTTII SI
JUNCUS MILITARIS SI BAYONET RUSH
JUNCUS NODOSUS SH KNOTTED RUSH
JUNCUS PELOCARPUS SI BROWN-FRUITED RUSH
JUNCUS ROEMERANUS SI
JUNCUS SUBCAUDATUS SI WOODS-RUSH
JUNCUS TORREYI SI TORREY'S RUSH
JUSTICIA AMERICANA SH COMMON WATER-WILLOW
KALMIA ANGUSTIFOLIA SI SHEEP-LAUREL
KOELERIA CRISTATA SI JUNEGRASS
KRIGIA BIFLORA SI TWO-FLOWERED DWARF DANDELION
LACHNANTHES CAROLIANA SI
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LATHYRUS PALUSTRIS VAR MYRTIFOLIUS SH
LECHEA TENUIFOLIA SI NARROWLEAF PINWEED
LECHEA VILLOSA SH HAIRY PINWEED
U)MNA PERPUSILLA SH MINUTE DUCKWEED
LEPTOLOMA COGNATUM SH
LESPEDEZA ANGUSTIFOLIA SU NARROWLEAF BUSHCLOVER
^ESPEDEZA STUEVEI SH TALL BUSH-CLOVER
JIATRIS SCARIOSA SH
LIATRIS SPICATA SH SPIKE GAY-FEATHER
LILAEOPSIS CHINENSIS SU EASTERN LILAEOPSIS
ilLIUM CANADENSE SI CANADA LILY
ULIUM PHILADELPHICUM SH WOOD LILY
LIMNOBIUM SPONGIA SI AMERICAN FROG'S-BIT
UMOSELLA AUSTRALIS SI
UNDERNIA DUBIA VAR INUNDATA SI
«INUM INTERCURSUM SH SANDPLAIN FLAX
LIPARIS LILIIFOLIA SI LARGE TWAYBLADE
VDBELIA BOYKINII SH C2 BOYKIN'S LOBELIA
U3BELIA CANBYI SI CANBY'S LOBELIA
LOBELIA ELONGATA SI ELONGATED LOBELIA
LOBELIA SPICATA SH PALE-SPIKED LOBELIA
UDPHIOLA AMERICANA SH . i

IJWIGIA HIRTELLA SI HAIRY LUDWIGIA
LwOWIGIA LINEARIS 32
LUDWIGIA PEPLOIDES SSP GLABRESCENS SI
OTINUS PERENNIS SI SUNDIAL LUPINE
^UZULA ACUMINATA SH HAIRY WOODRUSH
LUZULA MULTIFLORA VAR MULTIFLORA SU
X.YCOPODIUM CLAVATUM SI RUNNING PINE
JYCOPODIUM TRISTACHYUM SI DEEP-ROOT CLUBMOSS
iYGODIUM PALMATUM SI CLIMBING FERN
MALAXIS UNIFOLIA SI GREEN ADDER'S-MOUTH
'1ATELEA CAROLINENSIS SH CAROLINA ANGELPOD
ffiCARDONIA ACUMINATA SI
MELAMPYRUM LINEARE VAR PECTINATUM SH
MELANTHIUM LATIFOLIUM SH HYBRID BUNCHFLOWER
1ELANTHIUM VIRGINICUM SH VIRGINIA BUNCHFLOWER
1ENTHA CANADENSIS SH CANADIAN MINT
MENYANTHES TRIFOLIATA SH BUCKBEAN
MERTENSIA VIRGINICA S3 VIRGINIA BLUEBELLS
1ICRANTHEMUM MICRANTHEMOIDES SH Cl* NUTTALL'S MICRANTHEMUM
.1IMULUS ALATUS SI SHARP-WING MONKEYFLOWER
MINUARTIA CAROLINIANA SX PINE-BARREN SANDWORT
'HNUARTIA STRICTA SX ROCK SANDWORT
1ITELLA DIPHYLLA SI TWO-LEAF BISHOP'S-CAP
rfONARDA CLINOPODIA SI BASAL BEE-BALM
MONARDA FISTULOSA SI WILD BERGAMOT BEE-BALM
1UHLENBERGIA CAPILLAR1S SH LONG-AWN HAIRGRASS
1UHLENBERGIA SYLVATICA SI WOODLAND MUHLY
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MUHLENBERGIA TENUIFOLIA SU SLIM-FLOWER MUHLY
MUHLENBERGIA TORREYANA SH Cl TORREY'S DROPSEED
MYOSOTIS VERNA SH SPRING FORGET-ME-NOT
MYRICA CERIFERA S4
MYRICA HETEROPHYLLA SH EVERGREEN BAYBERRY
MYRIOPHYLLUM HETEROPHYLLUM SI BROADLEAF WATER-MILFOIL
MYRIOPHYLLUM HIPPUROIDES SH
MYRIOPHYLLUM HUMILE SI
NARTHECIUM AMERICANUM SX C2 YELLOW ASPHODEL
NELUMBO LUTEA SI AMERICAN LOTUS
JIOTHOSCORDUM BIVALVE SI CROW-POISON
TCPHAR LUTEUM S3 YELLOW COWLILY
NYMPHAEA ODORATA S4 AMERICAN WATER-LILY
NYMPHAEA ODORATA VAR ODORATA SU
SYMPHOIDES AQUATICA S2 LARGE FLOWERING HEART
HYMPHOIDES CORDATA SI FLOATING-HEART
OBOLARIA VIRGINICA SI VIRGINIA PENNYWORT
OENOTHERA HUMIFUSA SI
3NOSMODIUM VIRGINIANUM SH VIRGINIA FALSE-GROMWELL
OPHIOGLOSSUM VULGATUM VAR SH
PSEUDOPODUM
3ROBANCHE UNIFLORA SI NAKED BROOMRAPE
'"THILIA SECUNDA SSP SECUNDA SH
. .VZOPSIS RACEMOSA SI BLACK-FRUIT MOUNTAIN-RICEGRASS
OSTRYA VIRGINIANA SH EASTERN HOP-HORNBEAM
OXYPOLIS CANBYI SH PE CANBY'S DROPWORT
PANAX QUINQUEFOLIUS SI 3C AMERICAN GINSENG
PANICUM ANGUSTIFOLIUM SH
PANICUM AUBURNE S H . . .
PANICUM HEMITOMON S2 MAIDENCANE
PANICUM HIRSTII SI C2 HIRSTS' PANIC GRASS
PANICUM PHILADELPHICUM SI PHILADELPHIA PANIC GRASS
PANICUM TUCKERMANII SI
PARONYCHIA CANADENSIS SI FORKED NAIL-WORT
PARONYCHIA FASTIGIATA SI CLUSTER-STEMMED NAIL-WORT
PASPALUM DISSECTUM SI
PASSIFLORA INCARNATA SI PURPLE PASSION-FLOWER
PEDICULARIS CANADENSIS SI EARLY WOOD LOUSEWORT
PEDICULARIS LANCEOLATA SH SWAMP LOUSEWORT
PENSTEMON HIRSUTUS SH HAIRY BEARDTONGUE
PENSTEMON LAEVIGATUS SI SMOOTH BEARDTONGUE
PERSEA BORBONIA VAR PUBESCENS SI
PHACELIA DUBIA SH
PHASEOLUS POLYSTACHYUS SH WILD KIDNEY BEAN
PHLOX PILOSA SH DOWNY PHLOX
PHYLLANTHUS CAROLINIENSIS SH CAROLINA LEAF-FLOWER
PHYSALIS ANGULATA SH
PHYSALIS PUBESCENS VAR GRISEA SH
PHYSOCARPUS OPULIFOLIUS SH EASTERN NINEBARK
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PLANTAGO HETEROPHYLLA SH SLENDER PLANTAIN
PLANTAGO PUSILLA SH DWARF PLANTAIN
PLATANTHERA BLEPHARIGLOTTIS SI WHITE-FRINGE ORCHIS
PLATANTHERA CILIARIS SH YELLOW-FRINGE ORCHIS
PLATANTHERA FLAVA SI 30 SOUTHERN REIN-ORCHID
PLATANTHERA GRANDIFLORA SH LARGE PURPLE-FRINGE ORCHIS
PLATANTHERA NIVEA SH SNOWY ORCHIS
PLATANTHERA PERAMOENA SI 3C PURPLE FRINGELESS ORCHIS
PLATANTHERA PSYCODES SH SMALL PURPLE-FRINGE ORCHIS
PLUCHEA CAMPHORATA SH MARSH FLEABANE
POA ALSODES SI GROVE MEADOW GRASS
POA CHAPMANIANA SH CHAPMAN BLU^GRASS
POA NEMORALIS SH WOODS BLUEGRASS
PODOSTEMUM CERATOPHYLLUM SX THREADFOOT
POGONIA OPHIOGLOSSOIDES SI ROSE POGONIA
POLYGALA CRUCIATA SI' CROSS-LEAVED MILKWORT -
POLYGALA CYMOSA SH TALL PINE-BARREN MILKWORT
POLYGALA PAUCIFOLIA SH GAY-WING MILKWORT
POLYGALA RAMOSA SH
POLYGALA SENEGA SH SENECA SNAKEROOT
POLYGONUM AMPHIBIUM VAR STIPULACEUM SI
POLYGONUM CAREYI SI CAREY SMARTWEED
' 'HYGONUM GLABRUM SI
t-LYGONUM OPELOUSANUM SH NORTHEASTERN SMARTWEED
POLYGONUM ROBUSTIUS SI
POLYGONUM SCANDENS VAR CRISTATUM SI
POLYGONUM SETACEUM SH
POLYMNIA UVEDALIA SI YELLOW-FLOWERED LEAFCUP
POLYPODIUM POLYPODIOIDES SI RESURRECTION FERN
POPULUS BALSAMIFERA SH BALSAM POPLAR
PORTERANTHUS TRIFOLIATUS SH
POTAMOGETON ROBBINSII SH FLATLEAF PONDWEED
?OTAMOGETON SPIRILLUS SX SPIRAL PONDWEED
PRENANTHES ALBA SI WHITE RATTLESNAKE-ROOT
j?RENANTHES AUTUMNALIS SH SLENDER RATTLESNAKE-ROOT
PRUNUS MARITIMA S3? BEACH PLUM
PRUNUS VIRGINIANA SI CHOKE CHERRY
PSILOCARYA NITENS SI SHORT-BEAKED BALD-RUSH
PSILOCARYA SCIRPOIDES SI LONG-BEAKED BALDRUSH
PYCNANTHEMUM CLINOPODIOIDES SH BASIL MOUNTAIN-MINT
PYCNANTHEMUM SETOSUM SH AWNED MOUNTAIN-MINT
PYCNANTHEMUM TORREI SH TORREY MOUNTAIN-MINT
PYCNANTHEMUM VERTICILLATUM SH WHORLED MOUNTAIN-MINT
PYCNANTHEMUM VIRGINIANUM S3 VIRGINIA MOUNTAIN-MINT
PYROLA CHLORANTHA VAR CONVOLUTA SH
?YROLA ELLIPTICA S3 ELIPTICAL-LEAF WINTERGREEN
PYRRHOPAPPUS CAROLINIANUS SH CAROLINA FALSE-DANDELION
2UERCUS BICOLOR S2S3 SWAMP WHITE OAK
2UERCUS ILICIFOLIA SI SCRUB OAK
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QUERCUS IMBRICARIA SI SHINGLE OAK
QUERCUS MACROCARPA SX
QUERCUS MICHAUXII SU SWAMP CHESTNUT OAK
QUERCUS MUHLENBERGII SI
QUERCUS PRINOIDES SH DWARF CHINQUAPIN OAK
RANUNCULUS AMBIGENS SH WATER-PLANTAIN
RANUNCULUS FLABELLARIS SI YELLOW WATER-CROWFOOT
RANUNCULUS HISPIDUS SH HISPID BUTTERCUP
RANUNCULUS LAXICAULIS VAR LAXICAULIS SH
RANUNCULUS LONGIROSTRIS SI WHITE WATER-CROWFOOT
RANUNCULUS PENSYLVANICUS SI BRISTLY CROWFOOT
RANUNCULUS PUSILLUS SH PURSH BUTTERCUP
RHEXIA ARISTOSA SI C2 AWNED MEADOWBEAUTY
RHYNCHOSIA TOMENTOSA SI
RHYNCHOSPORA CEPHALANTHA SI CAPITATE BEAKRUSH
RHYNCHOSPORA CHALAROCEPHALA S3S4 LOOSE-HEAD BEAKRUSH
RHYNCHOSPORA CORNICULATA SI SHORT-BRISTLE HORNEDRUSH
RHYNCHOSPORA FILIFOLIA SI THREAD-LEAVED BEAKRUSH
RHYNCHOSPORA FUSCA SI BROWN BEAKRUSH
RHYNCHOSPORA GLOBULARIS SI
RHYNCHOSPORA GLOMERATA SI CLUSTERED BEAKRUSH
RHYNCHOSPORA GRACILENTA 32 SLENDER BEAK RUSH
"WNCHOSPORA INUNDATA SI DROWNED HORNEDRUSH
.lYNCHOSPORA KNIESKERNII SH Cl KNIESKERN'S BEAKED-RUSH

RHYNCHOSPORA MICROCEPHALA SI TINY-HEADED BEAK RUSH
RHYNCHOSPORA OLIGANTHA SX FEW-FLOWERED BEAKED-RUSH
RHYNCHOSPORA PALLIDA SH PALE BEAKRUSH
RHYNCHOSPORA TORREYANA SI TORREY BEAKRUSH
RISES AMERICANUM SH WILD BLACK CURRANT
ROTALA RAMOSIOR SI TOOTHCUP
RUBUS ODORATUS SI PURPLE FLOWERING RASPBERRY
RUDBECKIA FULGIDA VAR FULGIDA SI
RUDBECKIA FULGIDA VAR SULLIVANTII SH
RUDBECKIA TRILOBA SI BROWN-EYED SUSAN
RUELLIA CAROLINIENSIS SI CAROLINA PETUNIA
RUMEX TRIANGULIVALVIS VAR SH
TRIANGULIVALVIS
SABATIA CAMPANULATA SI
SABATIA DIFFORMIS SI TWO-FORMED PINK
SACCIOLEPIS STRIATA SH GIBBOUS PANIC-GRASS
SAGITTARIA CALYCINA VAR SPONGIOSA SH
SAGITTARIA ENGELMANNIANA SI
SAGITTARIA GRAMINEA SI GRASSLEAF ARROWHEAD
SAGITTARIA LATIFOLIA SU BROADLEAF ARROWHEAD
SAGITTARIA RIGIDA SI SESSILE-FRUITED ARROWHEAD
SAGITTARIA SUBULATA S1S2 SUBULATE ARROWHEAD
SAGITTARIA TERES SI SLENDER ARROWHEAD
SALICORNIA BIGELOVII SU DWARF GLASSWORT
SALIX BEBBIANA SH
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3ALIX DISCOLOR SH PUSSY WILLOW
SALIX EXIGUA SI SANDBAR WILLOW
SALIX LUCIDA SI SHINING WILLOW
SALIX OCCIDENTALIS SH DWARF GRAY WILLOW
3ANGUISORBA CANADENSIS SH CANADA BURNET
SANICULA MARILANDICA SH BLACK SNAKE-ROOT
'3ARRACENIA PURPUREA SSP PURPUREA SI
3AXIFRAGA PENSYLVANICA SH SWAMP SAXIFRAGE
dCHWALBEA AMERICANA SH C2 CHAFFSEED
SCIRPUS CYLINDRICUS SH SALT-MARSH BULRUSH
5CIRPUS ETUBERCULATUS SI
SCIRPUS EXPANSUS SI WOODLAND BEAKRUSH
SCIRPUS POLYPHYLLUS SI
SCIRPUS PURSHIANUS SU WEAKSTALK BULRUSH
3CIRPUS SMITHII SI SMITH BULLRUSH
SCIRPUS SUBTERMINALIS SI WATER CLUBRUSH
SCIRPUS VERECUNDUS SI BASHFUL BULRUSH
SCLERIA PAUCIFLORA SH FEWFLOWER NUTRUSH
JCIERIA RETICULARIS SI
JCLERIA TRIGLOMERATA SH WHIP NUTRUSH
SCLEROLEPIS UNIFLORA SI PINK BOG-BUTTON
1CROPHULARIA LANCEOLATA SH HARE FIGWORT
50JTELLARIA ELLIPTICA SU HAIRY SKULLCAP
'ITELLARIA GALERICULATA SI HOODED SKULLCAP

SCUTELLARIA NERVOSA SH NERVED SKULLCAP
iCUTELLARIA PARVULA SH SMALL SKULLCAP
SCUTELLARIA SAXATILIS SH ROCK SKULLCAP
SELAGINELLA RUPESTRIS SX LEDGE SPIKE-MOSS
SENECIO ANONYMUS SH SMALL'S RAGWORT
JENECIO PAUPERCULUS SH BALSAM RAGWEED
JILENE CAROLINIANA SSP PENSYLVANICA SH
SILENE VIRGINICA SH FIRE PINK
SISYRINCHIUM MUCRONATUM SI MICHAUX BLUE-EYED-GRASS
IMILAX BONA-NOX SH SAW GREENBRIER
JMILAX HISPIDA SI HISPID GREENBRIER
SMILAX LAURIFOLIA SU LAUREL-LEAF GREENBRIER
IMILAX PSEUDOCHINA SH LONG-STALK GREENBRIER
IMILAX WALTERI SU WALTER GREENBRIER
SOLIDAGO ARGUTA SI CUTLEAF GOLDENROD
SOLIDAGO ELLIOTTII SH ELLIOTT GOLDENROD
IOLIDAGO PATULA S3 ROUNDLEAF GOLDENROD
iOLIDAGO RUGOSA SSP ASPERA SI
SOLIDAGO SQUARROSA SH STOUT-RAGGED GOLDENROD
SOLIDAGO STRICTA SH WAND LIKE GOLDENROD
IOLIDAGO ULIGINOSA SI BOG GOLDENROD
JOLIDAGO ULMIFOLIA SH ELM-LEAF GOLDENROD
SPHENOPHOLIS PENSYLVANICA SU SWAMP WEDGESCALE
HPIRAEA ALBA SI NARROW-LEAVED MEADOW-SWEET
IPIRANTHES CERNUA S3 NODDING LADIES'-TRESSES
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3PIRANTHES LUCIDA SH SHINING LADIES'-TRESSES
SPIRANTHES ODORATA SI SWEETSCENT LADIES'-TRESSES
SPIRANTHES PRAECOX SI GRASSLEAF LADIES'-TRESSES
SPIRANTHES TUBEROSA SH LITTLE LADIES'-TRESSES
oPOROBOLUS ASPER SH LONGLEAF DROPSEEDSPOROBOLUS CLANDESTINUS SI ROUGH DROPSEED
•JTACHYS ASPERA SH ROUGH HEDGE-NETTLE
JTACHYS HYSSOPIFOLIA SH HYSSOP-LEAF HEDGE-NETTLE
dTACHYS TENUIFOLIA VAR TENUIFOLIA SU
STELLARIA ALSINE SU TRAILING STITCHWORTiTELLARIA NEGLECTA SI5YMPLOCOS TINCTORIA SI HORSE-SUGAR
TAENIDIA INTEGERRIMA SH YELLOW PIMPERNELLTEPHROSIA SPICATA SI
CEUCRIUM CANADENSE VAR VIRGINICUM S2
JHALICTRUM DIOICUM SU EARLY MEADOWRUE
THELYPTERIS PHEGOPTERIS SX NORTHERN BEECHFERNTHELYPTERIS SIMULATA SI BOG FERNPIPULARIA DISCOLOR S3 CRANEFLY ORCHIDJOFIELDIA RACEMOSA SH COASTAL FALSE-ASPHODELTRACHELOSPERMUM DIFFORME SH CLIMBING DOGBANE7RIADENUM WALTERI SH WALTER ST. JOHN'S WORT• TCHOSTEMA SETACEUM SH ' NARROW-LEAVED BLUE CURLS•i.jENTALIS BOREALIS SI NORTHERN STARFLOWER
TRIFOLIUM CAROLINIANUM SH CAROLINA CLOVERfRIGLOCHIM MARITIMUM SH SEASIDE ARROW-GRASSPRIGLOCHIN STRIATUM SH THREE-RIBBED ARROWGRASSTRILLIUM CERNUUM SI NODDING TRILLIUMTRILLIUM FLEXIPES SHCRIOSTEUM ANGUSTIFOLIUM SH YELLOWLEAF TINKER'S-WEEDCRIOSTEUM AURANTIACUM SI COFFEE TINKER'S-WEED
TRIOSTEUM PERFOLIATUM SI PERFOLIATE TINKER'S-WEEDTRIPHORA TRIANTHOPHORA SH NODDING POGONIA?ROLLIUS LAXUS SH
JTRICULARIA BIFLORA SI TWO-FLOWER BLADDERWORTUTRICULARIA CORNUTA SH HORNED BLADDERWORTJTRICULARIA FIBROSA SH FIBROUS BLADDERWORTJTRICULARIA GEMINISCAPA SI HIDDENFRUIT BLADDERWORTUTRICULARIA INFLATA SIUTRICULARIA INTERMEDIA SH FLATLEAF BLADDERWORT
JTRICULARIA JUNCEA SI SOUTHERN BLADDERWORTJTRICULARIA PURPUREA SI PURPIE BLADDERWORT
UTRICULARIA RADIATA S2 SMALL SWOLLEN BLADDERWORT
'JTRICULARIA RESUPINATA SI NORTHEASTERN BLADDERWORTfACCINIUM MACROCARPON SI LARGE CRANBERRY
/AHLODEA ATROPURPUREA SIVERATRUM VIRIDE SI AMERICAN FALSE-HELLEBOREVERBENA SIMPLEX SH NARROW-LEAVED VERVAINfERBESINA ALTERNIFOLIA SH WINGSTEM



"age No. 14
8/18/89

PLANTS OF SPECIAL CONCERN
*"1 Delaware Natural Heritage Inventory
CIENTIFIC NAME STATE FED COMMON NAME

RANK STAT

•ERONICA AMERICANA SI
VIBURNUM LENTAGO SU NANNYBERRY
VIBURNUM RAFINESQUIANUM SH DOWNY ARROWWOOD
'ICIA CAROLINIANA SH CAROLINA WOOD VETCH
'IOLA ROTUNDIFOLIA SI ROUNDLEAF VIOLET
WOLFFIA COLUMBIANA SI COLUMBIA WATER-MEAL
"OLFFIELLA GLADIATA SI SWORD BOGMAT
OODSIA OBTUSA SI BLUNT-LOBE WOODSIA
^EROPHYLLUM ASPHODELOIDES SH EASTERN TURKEYBEARD
XYRIS SMALLIANA SI
"ANTHOXYLUM AMERICANUM SH NORTHERN PRICKLEY ASH
IGADENUS LEIMANTHOIDES SH DEATH-CAMUS

AR30I6I5



Vage No. 1
08/18/89

INVERTEBRATES OF SPECIAL CONCERN
Delaware Natural Heritage Inventory

sTTWlFIC NAME STATE FED COMMON NAME
RANK STAT

KHALARUS LYCIADES S4 HOARY EDGE
i JRAULIS VANILLAE SA GULF FRITILLARY
j..wASMIDONTA HETERODON SX C2
ANCYLOXYPHA NUMITOR S5 LEAST SKIPPERLING
riTHOCHARIS MIDEA S4 FALCATE ORANGETIP
j iTEROCAMPA CLYTON SU TAWNY EMPEROR
Ai'ALOPEDES CAMPESTRIS SA
ATLIDES HALESUS SA GREAT PURPLE HAIRSTREAK
I 'RYTONE LOGAN S4
i 'RYTONOPSIS HIANNA SU DUSTED SKIPPER
AUTOCHTON CELLUS SH GOLDEN-BANDED SKIPPER
BATTUS PHILENOR SN PIPEVINE SWALLOWTAIL
I iLORIA BELLONA SU MEADOW FRITILLARY
I iLORIA SELENE MYRINA SU SILVER BORDERED FRITILLARY
CALPODES ETHLIUS SA BRAZILIAN SKIPPER
O^LASTRINA LADON S5 SPRING AZURE
< IRCYONIS PEGALA S5 LARGE WOOD NYMPH
C.CINDELA DORSALIS MEDIA S? A TIGER BEETLE
CICINDELA DUODECIMGUTTATA S? A TIGER BEETLE
C'CINDELA FORMOSA GENEROSA S? A TIGER BEETLE
C CINDELA HIRTICOLLIS S? BEACH-DUNE TIGER BEETLE
CiCINDELA MARGINATA S? A TIGER BEETLE
CICINDELA PATRUELA S? A TIGER BEETLE i
( TINDELA PUNCTULATA S? A TIGER BEETLE I
C iNDELA PURPUREA S? A TIGER BEETLE
CICINDELA REPANDA S? A TIGER BEETLE
CICINDELA RUFIVENTRIS S? A TIGER BEETLE
C CINDELA SEXGUTTATA " ' S? A TIGER BEETLE
( CINDELA TRANQUEBARICA S? A TIGER BEETLE
COLIAS CESONIA SA DOGFACE BUTTERFLY
C"UIAS EURYTHEME S5 ORANGE SULPHUR
C iLIAS PHILODICE S5 COMMON SULPHUR
L^NAUS PLEXIPPUS S5 MONARCH
EPARGYREUS CLARUS S5 SILVER SPOTTED SKIPPER
f .YNNIS BRIZO BRIZO S4 SLEEPY DUSKYWING
I .YNNIS HORATIUS S4 HORACE'S DUSKYWINGEKYNNIS JUVENALIS ss JUVENAL'S DUSKYWINGEUPHYDRYAS PHAETON SU BALTIMOREI PHYES CONSPICUA SU BLACK DASH
I PHYES RURICOLA METACOMET S5 DUN SKIPPEREUPTOIETA CLAUDIA SN VARIEGATED FRITILLARYFUREMA LISA SN LITTLE YELLOW
I REMA NICIPPE SA SLEEPY ORANGEE.RYTIDES MARCELLUS SA ZEBRA SWALLOWTAILEVERES COMYNTAS S5 EASTERN TAILED BLUEH'DENA ECTYPA SUH MILEUCA MAIA SSP 4 SH WOODLAND BUCK MOTHhaSPERIA METEA . SU COBWEB SKIPPERHESPERIA SASSACUS S4 INDIAN SKIPPER
K LEPHILA PHYLEUS SN FIERY SKIPPERI CISALIA IRUS SU FROSTED ELFININCTSALIA NIPHON S4 EASTERN PINE ELFINJU SIA COENIA S5 BUCKEYEACCIUS SA CLOUDED SKIPPER
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Page No. 1
08/18/89

AMPHIBIANS OF SPECIAL CONCERN
r~H Delaware Natural Heritage Inventory
SCIENTIFIC NAME STATE FED COMMON NAME

RANK STAT

ACRIS CREPITANS S5 NORTHERN CRICKET FROG
AMBYSTOMA MACULATUM SI SPOTTED SALAMANDER
AMBYSTOMA OPACUM S3 MARBLED SALAMANDER
AMBYSTOMA TIGRINUM 32 EASTERN TIGER SALAMANDER
BUFO AMERICANUS S5 EASTERN AMERICAN TOAD
BUFO WOODHOUSII FOWLERI S5 FOWLER'S TOAD
DESMOGNATHUS FUSCUS S5 NORTHERN DUSKY SALAMANDER
EURYCEA BISLINEATA S5 NORTHERN TWO-LINED SALAMANDER
EURYCEA LONGICAUDA SI LONGTAIL SALAMANDER
HEMIDACTYLIUM SCUTATUM SI FOUR-TOED SALAMANDER
HYLA CHRYSOSCEL1S SI COPE'S GRAY TREEFROG
HYLA CINEREA S3 GREEN TREEFROG
PSEUDACRIS CRUCIFER S5 NORTHERN SPRING PEEPER
HYLA GRATIOSA SI BARKING TREEFROG
HYLA VERSICOLOR S4 GRAY TREEFROG
NOTOPHTHALMUS VIRIDESCENS 54 RED-SPOTTED NEWT
PLETHODON CINEREUS 35 REDBACK SALAMANDER
PSEUDACRIS TRISERIATA S4 NEW JERSEY CHORUS FROG
PSEUDOTRITON RUBER 34 NORTHERN RED SALAMANDER
RANA CATESBEIANA 35 BULLFROG
RANA CLAMITANS S5 GREEN FROG
RANA PALUSTRIS S5 PICKEREL FROG
n*NA SPHENOCEPHALA S5 SOUTHERN LEOPARD FROG
NA SYLVATICA 34 WOOD FROG

RANA VIRGATIPES SI CARPENTER FROG
SCAPHIOPUS HOLBROOKII S4 EASTERN SPADEFOOT
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Page No. 2
OB/18/89

INVERTEBRATES OF SPECIAL CONCERN
Delaware Natural Heritage Inventory

SCIENTIFIC NAME ' STATE FED COMMON NAME
RANK STAT

LIMENITIS ARCHIPPUS S5 VICEROY
'LIMENITIS ARTHEMIS ASTYANAX S5 RED SPOTTED PURPLE
LYCAENA HYLLUS S2S3 BRONZE COPPER
LYCAENA PHLAEAS S5 AMERICAN COPPER
MEGACEPHALA VIRGINICA S? A TIGER BEETLE
MEGISTO CYMELA 35 LITTLE WOOD SATYR
MITOURA HESSELI 31 3C HESSEL'S HAIRSTREAK
NASTRA LHERMINIER S4 SWARTHY SKIPPER
NYMPHALIS ANTIOPA 35 MOURNING CLOAK
ORCONECTES LIMOSUS S? SPINYCHEEK CRAYFISH
PANOQUINA OCOLA SA LONG-WINGED SKIPPER
PANOQUINA PANOQUIN 34 SALT-MARSH SKIPPER
PAPILIO GLAUCUS S5 TIGER SWALLOWTAIL
PAPILIO PALAMEDES SA PALAMEDES SWALLOWTAIL
PAPILIO TROILUS 35 SPICEBUSH SWALLOWTAIL
PARRHASIUS M-ALBUM 34? WHITE M HAIRSTREAK
PHOEBIS SENNAE SA CLOUDLESS GIANT SULPHUR
PHOLISORA CATULLUS 35 COMMON SOTTYWING
PHYCIODES THAROS 35 PEARLY CRESCENTSPOT
PIERIS RAPAE SE EUROPEAN CABBAGE WHITE
POANES AARONI AARONI SU SAFFRON SKIPPER
POANES HOBOMOK 34 HOBOMOK SKIPPER
POANES MASSASOIT SU MULBERRY WING
POANES VIATOR ZIZANIAE S4
POANES ZABULON 35 ZABULON SKIPPER
FOLITES CORAS 35
POLITES ORIGENES S5 CROSSLINE SKIPPER
POLITES THEMISTOCLES S4 TAWNY-EDGED SKIPPER
POLYGONIA COMMA 35 COMMA
POLYGONIA INTERROGANTIONIS 35 QUESTION MARK
PONTIA PROTODICE SU CHECKERED "MITE
PYRGUS COMMUNIS 35 COMMON CHECKERED SKIPPER
SATYRIUM CALANUS FALACER 35 BANDED HAIRSTREAK
SATYRIUM KINGI 31
SPEYERIA CYBELE 34 GPEAT SPANGLED FRITILLARY
STRYMON MELINUS S5 GRAY HAIRSTREAK
THORYBES BATHYLLUS 34 SOUTHERN CLOUDYWING
THORYBES CONFUSIS SH CONFUSED CLOUDY WING
THORYBES PYLADES S5 NORTHERN CLOUDYWING
THYMELICUS LINEOLA SE EUROPEAN SKIPPER
URBANUS PROTEUS SA LONG-TAILED SKIPPER
VANESSA ATALANTA 35 RED ADMIRAL
VANESSA CARDUI 35 PAINTED LADY
VANESSA VIRGINIENSIS 35 AMERICAN PAINTED LADY
WALLENGRENIA EGEREMET 35 NORTHERN BROKEN DASH
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APPENDIX H

PRIME FARMLAND AND HISTORIC AND ARCHAEOLOGICAL RESOURCES

AROUND THE ARMY CREEK LANDFI1L SITE
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HISTORIC AND ARCHAEOLOGICAL RESOURCES

Mr. Bob Winiarason of Gannetc Fleming, Inc, mec with Ms. Faye Scocum of
Che Delaware Office of the Bureau of Archaeology and Historic Preservation
on February 14, 1990, Ms, Stocun provided Informacion from che Delaware
Culcural Resources Survey and Che Nacional Reglscer of Historic Places,
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DELAWARE CULTURAL RESOUCES IN THE VICINITY OF
THE ARMY CREEK LANDFILL SITE

Delaware
cultural
Resources
Number

364

390

391

402

405

406

407

410

411

412

1553

1554

4298

5099

5112

5113

5114

5115

5116

10904

Beer's Atlas

yes

no

no

no

yes

no

yes

no

yes

yes

no

no

no

no

no

no

no

no

no

yes

Description

Grantham House

Inshore lightkeeper's house

Shore lightkeeper's house

Airhanger

New Castle Trustee's farm

Old Schaefer Place "

Sunny Acres
House

House

House

Site of Bethel Church

Spring Garden

Bridge

Church

House- 1909

House

House

House

House

Walnut Cottage

AR3QI623



CULTURAL RESOURCE SURVEY
ARCHAEOLOGICAL SITE FORM

BUREAU OF ARCHAEOLOGY AND
HISTORIC PRESERVATION

HALL OF RECORDS
DOVER, DELAWARE 19901
(302) 678-5314 |
DOCUMENT 20-06/78/01/5

1. Site Designation Bethel Ch
2. Location 100 Christiana Road

*m

jrch Area sites '

Form CRS-4
FOK OFFICE USE ONLY

CRS no. Aj-f| }_fio
Arch. Site 7*Jc,-B-Ki>
SPO Map ot-Q1-33
Soil Map
Quad LO:\̂  5â .̂
Drainage

JHt.4--ti2> Date
(north side of DE Rt273 near DELDOT Sta. 110)

New Castle County

3. Owner or Contact John Palumbo (owner)

4. Site Description: Soil Type BaB2 Cultivated no other *
Grassy yard with trees, shrub and driveway to recent structure. Partially capped

structure on SE side of lawn; cemetery to north (overgrwon and wooded) "

5. Description of Field Work

6. Collections at Island Field Museum
Accession No. By Whom

Date Surface Excavation Location

Accession No. By Whom
Date Surface Excavation Location

Accession No, By Whom

Date Surface Excavation Location

Accession No. By Whom

Date Surface Excavation Location

7. Other Collections

8, Cultural Characterization late 18th century to prsent. Site of BetWel Church,
u

Circa 1786, two other structures added by B. Booth circa 1868. Materials collected

dati from mid-19th century to

Insptction: 1813; most recent

present. Earliest gravestone noted upon casual

1946,
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CULTURAL RESOURCE SURVEY
ARCHAEOLOGICAL SITE FORM

BUREAU OF ARCHAEOLOGY ANL'

Form CRS-4
FOR OFFICE USE ONLY

CRS no.
Arch. Site ~Mt- .-ft?
SPO Map (fra- a?- 33

HISTORIC PRESERVATION
HALL OF RECORDS ^̂ ^̂ ^̂ ^

DOCUMENT 20-06/78/01/5 Drainage U)"'"1 °
1. Site Designation Step Site 1M-\S-H________ Date_
2. Location Parway Gravel Inc lot, north side of DE Rt273, near DelDot Station

136, New Castle County_______________________________

3. Ov/ner or Contact Parkway Gravel, Inc. (owner)___________,

•1. Site Description: Soil Type ______ Cultivated ___ Other J_._____
recent woods and brambles near Rt 273, gradually turning to gravel pit spoils

•i. Description of Field Work__________________________

6. Collections at Island Field Museum
Accession No.________ By Whom_
Date______ Surface____ Excavation______ Location_

Accession No.________ By Whom_____________

Date______ Surface____ Excavation____ Location_

Accession No.________ By Hhom________________
Date______ Surface_____ Excavation____ Location_

Accession No,,________ By Whom_____________

Date______ Surface____ Excavation____ Locat1on_

7. Other Collections_______________________

Cultural Characterization^ Artifactual material recovered dates from m1d-19th

century to present, and consists of a combination of domestic, architectural and

agricultural items • Historical Information indicates a structure at this location

circa 1849. 1868. and 1928 (intervening mapping indicate no structures).
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Technical Apoendlx
for Delaware's Land Evaluation and S i t e Assessment System

Purpose

The Intent of this Technical Appendix Is to explain the
use of Delaware's Land Evaluation and Site Assessment (L6SA)
system, It Is designed to take an evaluator through the
steps necessary for- a sound LESA evaluation, We have
Incorporated standards to make the evaluator's job less
tedious and have tried to Include the resource data needed
throughout the evaluation process.

IntroductIon

The LESA system Is designed to determine the quality of
land for agricultural purposes and to assess Its long-term
agricultural v i a b i l i t y . The Department of Agriculture w i l l
use LESA to evaluate state and federally funded projects that
affect farmland. The LESA system Is designed to be a tool to
assist decision makers by providing them with documentable
Information, using locally developed criteria that w i l l help
them make rational, consistent, and sound land-use decisions,

LESA's Analytical Unit

Evaiuators should use contiguous tax parcels under- the
same owner's name as their analytical u n i t , Inclusion of
rental lands in the analytical unit was discounted by the
county committees because of the d i f f i c u l t y In obtaining
rental agreement records,

Evaiuators should refer to Appendix C: Section 8333 of
the State of Delaware - Report of State Farmland Evaluation
Advisory Committee - January 1986, for a definition of
applicable land use for consideration as agricultural,
horticultural, or forestry uses.

Land Evaluation

LESA consists of two parts. In the first part, land
evaluation, soils are rated and placed into ten groups
ranging from the best to the worst suited for an agricultural
use based on Information from the USDA Soil Conservation
Service, The best group contains soils w i t h the highest
yields and the fewest limitations. This group Is assigned a
value of 100 and all other groups are assigned lower values.
In the Delaware LESA system the three lowest groups ha.-e no
r e l a t i v e value.
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Louis C. Florucci, Project Manager, MHS Candidate, The Johns Hopkins
University, Senior Environmental Engineer, Gannetc Fleming Environmental
Engineers, Inc,

Chon-yu Yen, Assistant Project Manager, PhD, University of Norch Carolina,
Senior Environmental Engineer, Gannett Fleming Environmental Engineers, Inc.

Erally J, Olds, MS, Michigan State University, Environmental Scientist, Gannetc
Fleming Environmental Engineers, Inc,

Charles D, Campbell, MPH, University of Michigan, Environmental Scientist,
Gannett Fleming EnvironmenCal Engineers, Inc.

Charles P, Bragdon, MHS Candidate, The Johns Hopkins University, Envlronmencal
Engineer, Gannetc Fleming Environmental Engineers, Inc,

Hade H. Whlclock Jr., MPH, The Johns Hopkins University, Environmental
Scientist, Gannecc Fleming Environmental Engineers, Inc. ,

I

Janet S. Emry, MS, Old Dominion University, Hydrogeologisc, Gannecc Fleming
Envlronmencal Engineers, Inc,

Other contributors Include: Dr. Thomas R. Hundc of GFEE, Leonard Johnson, Amy
Hubbard, and Dr. Hala Roffman of NUS as Quality Assurance Readers, Kathleen M,
Wehnes for data validation, Walter 0, Koehler and Edward N, Durboro for field
sampling and investigation, Jane J. Yu for paperwork and data processing, and
Carol A, Royal, Robert D. Hears, and Pnina Elberg for wordprocesslng.
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