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1.0 INTRODUCTION

This document presents results from the Corrective Measure Study (CMS) Investigation

performed in December 2000, for Solid Waste Management Unit (SWMU) 9, Tanks 212-217,

Naval Station Roosevelt Roads (NSRR), Ceiba, Puerto Rico.  This report is prepared under the

Corrective Action provisions of the NSRR’s Resource Conservation and Recovery Act (RCRA)

Permit No. PR2170027203 and includes the results from the three different phases of

investigation conducted under the RCRA Facility Investigation (RFI) as described in Sections

1.5.  This report has been prepared by Baker Environmental, Inc. (Baker) under contract to the

Atlantic Division, Naval Facilities Engineering Command (LANTDIV) Contract Number

N62470-95-D-6007, Contract Task Order (CTO) 033.

Specific details on the history of the RCRA permit at NSRR and how it relates to investigations

conducted at SWMU 9 are provided in the RFI Report (Baker, 2000).

1.1 Objectives of the CMS Investigation Report

The objectives of this CMS Investigation Report are as follows:

• To provide more site-specific information related to the bioavailability of

inorganic compounds detected in surface water and sediment samples.

• To refine the ecological risk determined for aquatic-life receptors and piscovore-

bird receptors related to inorganic compounds detected in surface water and

sediment samples.

• To reduce the uncertainty of the screening level ERA and Step 3a of the baseline

ERA associated with the limited number of samples previously collected.

• To present results of additional sampling in December 2000 for background

surface water and sediment samples, surface soil, sediment and surface water.

Analytical results from the testing will help to determine whether or not

environmental impacts have occurred to such a degree that remedial measures are

warranted.
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1.2 Facility and Site Description

This section contains a description of the physical layout and a background history of NSRR, as

well as a description of the physical layout of SWMU 9.

1.2.1 Facility Description

NSRR occupies over 33,500 acres on the northern side of the east coast of Puerto Rico, along

Vieques Passage with Vieques Island lying to the east about 10 miles off the harbor entrance.

The north entrance to NSRR is about 35 miles east along the coast road (Route 3) from San Juan.

The closest large town is Fajardo (population approximately 37,000), which is about 10 miles

north of NSRR off Route 3.  Ceiba (population approximately 17,000) adjoins the west boundary

of NSRR (see Figure 1-1).

NSRR was commissioned in 1943 as a Naval Operations Base, and redesignated a Naval Station

in 1957.  The current primary mission of NSRR is provision of full support for Atlantic Fleet

weapons training and development activities.  NSRR has administrative and command

responsibilities for some operations separated from the main base on Vieques Island.

1.2.2 SWMU 9 - Tanks 212-217

SWMU 9 is comprised of a series of six concrete Underground Storage Tanks (USTs) located in

three separate areas as shown on Figure 1-2.  These areas include:

• Area A - Tanks 212 and 213

• Area B - Tanks 214 and 215

• Area C - Tanks 216 and 217

Areas A and B are located north of Forrestal Drive along Manila Bay Street.  Area C is located

approximately 4,000 feet southeast of Areas A and B, north of Forrestal Drive along Antienam

Road.  Previous reports indicate that these tanks were constructed in 1948 for the storage of

aviation gasoline (AVGAS), and that the tanks were cleaned about every five years until 1978.

According to base personnel, Tanks 212 and 213 are now used for the storage of diesel fuel and

unleaded gasoline, respectively.  Tanks 214 and 215 were later changed from AVGAS storage to
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diesel fuel marine (DFM) and are currently out of service.  Tank 216 was most recently used for

the storage of unleaded gasoline but is currently out of service.  With regard to Tank 217, it is not

clear if the tank was used for the storage of any fuel other than AVGAS.  Previous investigations

indicate that Tank 217 was used for the storage of diesel fuel marine and aviation gasoline.  This

tank is also currently out of service.

Previous reports also indicate that these tanks were cleaned of sludge material approximately

every five years until 1978.  Reportedly, tank cleaning resulted in the removal of 800 to 1,250

gallons of sludge per tank, which was disposed in excavated pits adjacent to the individual tanks.

An estimated 30,000 to 50,000 gallons of sludge material could have been disposed of over a 40-

year period.  Since 1978 sludge materials have been removed and disposed off-site by a licensed

contractor.

1.3 Current Site Conditions

According to base personnel, Tanks 212 and 213 are now used for the storage of diesel fuel and

unleaded gasoline, respectively.  Tanks 214 and 215 were later changed from AVGAS storage to

DFM and are currently out of service. Tank 216 was most recently used for storage of gasoline

but is currently out of service. Previous investigations indicate that Tank 217 was used for the

storage of DMF and AVGAS.

1.4 SWMU 9 Investigation History

The RFI at SWMU 9 was conducted as a series of three phases of investigation, Phase I was

conducted in April 1996; Phase II in September/October 1997; and Phase III in June 1999. The

first phase RFI field activities (April 1996) included a geophysical investigation, test pit

excavations, surface and subsurface soil sampling, monitoring well installation, groundwater

sampling, wellhead testing, and surveying. The second phase RFI field activities

(September/October 1997) were conducted to address EPA comments on the first phase RFI

Report and consisted of test pit excavations at Areas A and B and the installation of additional

monitoring wells, including soil and groundwater sampling.  The third phase RFI field activities

(June 1999) were conducted to address EPA comments on the second phase RFI Report and

included specific areas of additional soil and groundwater investigation, surface water, sediment,

site-specific background sampling, and the completion of an ecological study.
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The following provides a description of the three phases of field activities at SWMU 9:

• The RCRA Part B permit required a full RFI for SWMU 9.  RFI Work Plans

(Baker 1995) were developed for NSRR which included SWMU 9.  The field

investigation for the work under this work plan is designated the Phase I

investigation in this report.

• The field investigation for Phase I of the RFI for Operable Unit 2, including

SWMU 9, was conducted during April 1996 and resulted in the development of

the Draft RCRA Facility Investigation Report for Operable Unit 2, Naval Station

Roosevelt Roads, Ceiba, Puerto Rico, September 1996 (Baker 1996).

• The EPA Region II reviewed the September 1996 RFI document and provided

comments in a March 4, 1997 letter.  A Work Plan Addendum (Baker 1997) was

developed to perform additional field work to address EPA comments.  This

additional work is described as the Phase II investigation in this report.

• Phase II of the RFI field investigation took place during the fall

(September/October) 1997 following EPA comments on the Draft RFI Report for

Operable Unit 2, Naval Station Roosevelt Roads, Ceiba, Puerto Rico.  The results

of Phase II of the RFI investigation were presented in the Draft RCRA Facility

Investigation Report for SWMU 9, Naval Station Roosevelt Roads, Ceiba, Puerto

Rico, March 1998 (Baker 1998a).

• The EPA Region II reviewed the March 1998 RFI document and provided

comments in a June 15, 1998 letter. A Work Plan (Baker 1998b) was developed

to address these comments.  This additional work is described as the Phase III

investigation in this report.

• Phase III of the RFI investigatory work was conducted during June 1999 and led

to the development of the Revised Draft RCRA Facility Investigation Report for

SWMU 9, March 10, 2000 (Baker 2000).
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• The EPA Region II reviewed the March 2000 RFI document and provided

comments in a May 4, 2000 letter.  The EPA approved the Revised Draft RFI and

warranted a CMS where comments would be addressed and additional samples

collected.

• A Draft CMS Work Plan for SWMU 9 was submitted to the EPA Region II on

July 14, 2000.  EPA commented on the Draft CMS Work Plan in a letter dated

September 15, 2000.

• A Final CMS Work Plan was prepared in January of 2001 to address EPA

comments expressed in their September 15, 2000 letter.  The work plan was

designed to fill identified data gaps and to provide a guide for selecting

corrective measures to mitigate human health and ecological risks associated

with contamination related to site operations. The EPA approved this work plan

in their comment letter dated May 4, 2001.

1.5 Findings of Previous Investigations

Each phase of RFI presented various analytical results from Areas A, B and C within SWMU 9.

The data from each investigation were combined and evaluated under the Revised Draft RFI

Report (Baker, 2000).  The paragraphs that follow provide a summary of the RFI findings of each

of the three areas.  This information was obtained from the EPA approved Revised Draft RFI

Report for SWMU 9.

1.5.1 Area A

Evidence of the impact of past operations on surface soil is limited.  Acetone, benzyl alcohol, and

one phthalate compound were detected at low concentrations below EPA Region III Risk Based

Concentrations (RBC) screening criteria in sample locations scattered in the vicinity of Tanks 212

and 213.  None of these compounds are associated with diesel fuel and unleaded gasoline.

Several inorganic compounds were also detected above screening criteria in sample locations

scattered in the vicinity of Tanks 212 and 213.  None of these compounds, including selenium,

silver, barium and arsenic are associated with diesel fuel and unleaded gasoline.  It should be
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noted that arsenic appears to be naturally occurring above RBCs and that arsenic levels detected

in the four site samples were below or within the range of detections in the background samples.

There is limited evidence of past site operations on surface water and sediment.  Many inorganic

compounds were detected in surface water and sediment, and several exceeded the background

screening criteria.  However, most of the inorganic compounds are not associated with fuel

storage operations.  Lead is typically associated with fuel storage operations and was detected in

sediment above background screening criteria.

The screening-level ecological risk assessment (screening-level ERA) identified an unacceptable

risk to aquatic life receptors and piscovore-bird receptors for certain metals in surface water and

sediment.  However, there was insufficient data to address bioavailability of these metals.

Additionally, there was an unacceptable uncertainty due to the limited number of samples

collected.

1.5.2 Area B

Evidence of the impact of past site operations on surface soil is limited.  Acetone and one

phthalate compound were detected in low concentrations below screening criteria.  Neither

compound is associated with AVGAS or DFM.  Samples exhibiting detections of inorganic

compounds above screening criteria are located topographically down-slope of Tanks 214 and

215.  Lead is associated with gasoline and was detected in a sample down-slope of Tank 214 at

258 mg/kg.  Selenium and arsenic are not associated with fuel storage operations.  Arsenic was

detected in Area B and in background, and its presence in Area B appears to be a natural

occurrence.

There is limited evidence of the impact of past site operations on surface water and sediment.

Several volatile organic compounds (VOCs) were detected in sediments, but all were below

screening criteria.  Many inorganic compounds were detected in surface water and sediment, and

many exceeded the background screening criteria.  However, most of the inorganic compounds

are not associated with fuel storage operations.  Lead is typically associated with fuel storage

operations, and was detected in surface water and sediment above screening criteria.  Arsenic can

be associated with pesticide use.  Arsenic was detected in surface water and sediment, but only

one surface water sample exhibited detections above screening criteria.
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The screening-level ERA identified an unacceptable risk to aquatic life receptors and piscovore-

bird receptors for certain metals in surface water and sediment.  However, there was insufficient

data to address bioavailability of these metals.  Additionally, there was an unacceptable

uncertainty due to the limited number of samples collected.

1.5.3 Area C

Evidence of past site operations on surface soil is limited.  Four semivolatile organic compounds

(SVOCs) were detected in only one surface soil sample, located down slope of Tanks 216 and

217.  However, detected concentrations were below the RBCs.  Benzo(b)fluoranthene, chrysene

and pyrene are typically associated with tars, greases, heavy oils, and poorly refined fuels.  Their

presence may be related to site operations, but are limited in extent and concentration.  Lead

concentrations exceeded background screening in one sample.  Low levels of gasoline-range total

petroleum hydrocarbons (TPH) were also detected in the sample.

There is limited evidence of the impact of past site operations on surface water and sediment.

Several VOCs were detected, but all below screening criteria.  Most inorganic analytes were

detected in surface water and sediment, and many exceeded screening criteria.  However, most of

the inorganic compounds are not associated with fuel storage operations.  However, lead can be

associated with fuel storage operations (leaded gasoline).  Lead was detected in both surface

water and sediment above screening criteria.

The screening-level ERA identified an unacceptable risk to aquatic life receptors and piscovore-

bird receptors for certain metals in surface water and sediment.  However, there was insufficient

data to address bioavailability of these metals.  Additionally, there was an unacceptable

uncertainty due to the limited number of samples collected.

1.6 Report Organization

Section 1.0 of this document includes this introduction and the scope and objectives of this CMS

Investigation Report.  Section 2.0 provides a description of the field investigation conducted in

December of 2000.  Section 2.0 also discusses the sampling procedures, a description of sampling

locations for all media and quality control (QC) samples collected during sampling activities.

Section 3.0 discusses the background data sets including an evaluation of base background
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samples, site specific SWMU 9 samples and United States Geological Survey (USGS) island

wide background samples.  Section 4.0 discusses the analytical results for the environmental

samples for each media from the CMS investigation, as well as applicable results from the RFI

Report.  An ecological risk assessment is presented in Section 5.0.  A summary of findings and

conclusions are presented in Section 6.0 along with recommendations for SWMU 9.  The report

references are listed in Section 7.0.
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2.0 CMS FIELD INVESTIGATION

Additional sampling of surface water, sediment and surface soil was performed during the CMS

field investigation in December 2000.  The surface water and sediment samples were collected to

address uncertainties for the ecological risk assessment because limited sampling had occurred

during the previous investigations of those media.  Additional surface soil samples were required

in Area B because of elevated lead concentrations in one sample.  The field investigation and

samples collected as part of only the CMS field investigation are discussed below.  The field

investigation for samples collected in previous phases of the investigation are discussed in the

Revised Draft RFI Report (Baker, 2000).

2.1 Sampling Procedures

All sampling was done in accordance with the EPA approved CMS Work Plan (Baker, 2001).

The procedures utilized for the surface soil and surface water/sediment program are described in

the following subsections.

2.1.1 Surface Soil

Surface soil samples were collected using either new or decontaminated stainless steel spoons.

During sample collection, vegetation (grass and roots), rocks and twigs, if present were removed.

Surface soil samples were collected between 0 and 6 inches below ground surface (bgs) as

required by EPA Region II guidelines.  Surface soils samples were collected and placed directly

into the laboratory prepared sample container.  Samples were collected and analyzed for

Appendix IX inorganics, and TPH Diesel Range Organics/Gasoline Range Organics

(DRO/GRO).  Table 2-1 presents the Appendix IX inorganic list mentioned above. Samples were

labeled and kept in coolers on ice and under strict chain-of-custody until delivered to the

laboratory.  Chain-of-custody forms for environmental media samples are provided as

Appendix A.

2.1.2 Surface Water/Sediment

A surface water/sediment sampling program was conducted at SWMU 9 during this investigation

to obtain a better representation of analytical data for the ecological risk assessment.  At each
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sampling location, the surface water samples were taken first, followed by collection of the

sediment samples to avoid getting suspended solids into the water samples.  The sampling

locations were approximately 10-20 feet from the edge of the mangrove trees.  All sample

locations were surveyed with a Global Positioning System (GPS) unit. Measurements for

temperature, pH, specific conductance, dissolved oxygen and turbidity were taken prior to sample

collection.

The surface water samples were collected using the direct dip sampling method.  If the designated

surface water sample location was too shallow, the sample was collected at an area which

exhibited a greater depth of water.  The depth of water where samples were taken ranged from 6

to 18 inches.  Samples that were going to be analyzed for benzene, toluene, ethylbenzene and

xylene (BTEX) were collected by using a clean unpreserved 500 ml plastic bottle to collect the

water sample and transferred a portion to a 40 ml volatile (VOC) vial that was preserved with

hydrochloric acid.  The remainder of the sample was transferred to a plastic bottle for the

Appendix IX metal sample analysis.  Table 2-1 presents the Appendix IX Inorganic list and Table

2-2 presents organics that were analyzed during this investigation.  Before shipping the samples,

the Appendix IX metal sample was filtered through a Geotech 0.45 micron dispos-a-filter and

transferred into a 250 ml preserved with nitric acid.  Surface water samples were kept in coolers

on ice and under strict chain-of-custody until delivered to the laboratory. Chain-of-custody forms

for environmental media samples are provided as Appendix A.

Following the collection of the surface water samples, sediment samples were taken from the

same locations as the surface water samples.  The sediment samples were obtained using a

stainless steel spoon and collecting sediment from the 0-0.5 foot range.  Samples were placed

directly into their containers removing any large sticks, plant material or stones present.

Sediment samples were analyzed for polycyclic aromatic hydrocarbons (PAHs), Total Organic

Carbon (TOC), Appendix IX Inorganics, and Acid Volatile Sulfide/Simultaneously extracted

Metals (AVS/SEM).  To address uncertainties associated with sample quantitation limits, the

sediment samples collected for PAH were analyzed using SW-846 Method 8270, a low level

method, as shown in Table 2-2.  Sediment samples were kept in coolers on ice and under strict

chain-of-custody until delivered to the laboratory. Chain-of-custody forms for environmental

media samples are provided as Appendix A.
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2.1.3 Quality Assurance/Quality Control Samples

Quality Assurance/Quality Control (QA/QC) samples were collected during the CMS sampling

program.  These samples were obtained to:

(1) ensure that decontamination procedures were properly implemented (i.e., equipment

rinsate blanks);

(2) evaluate field methodology (i.e., duplicate samples);

(3) establish field background conditions (i.e., field blanks); and,

(4) Evaluate whether cross-contamination occurred during sampling and/or shipping (i.e.,

trip blanks).

Several types of field QA/QC samples were collected and analyzed including duplicate samples,

equipment rinsate samples, field blanks, matrix spike/matrix spike duplicate (MS/MSD), and trip

blanks.  These QA/QC samples are defined below:

• Duplicate Sample (D): Two samples collected simultaneously into separate

containers from the same source under identical conditions.  One duplicate

sample was collected for every 10 environmental samples collected for each

media type.

• Equipment Rinsate Sample (ER): Sample obtained by running laboratory

supplied deionized water over/through sample collection equipment after it was

decontaminated. One equipment rinsate sample (9ER01) was taken by running

deionized water over a stainless steel spoon to determine if decontamination

procedures were adequate.

• Field Blank (FB): Samples were obtained from each water source utilized during

the field program.  The water sources used during the field program included:

laboratory supplied deionized water utilized to collect rinsate blanks; store

bought distilled water utilized for decontamination, and potable water from the

Tow Way Fuel Farm Pump House utilized for decontamination.
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• Matrix Spike/Matrix Spike Duplicate (MS/MSD): MS/MSDs are not field

samples but are laboratory derived, and are collected to evaluate the matrix effect

of the sample upon the analytical methodology.  An MS and MSD must be

performed for each group of samples of a similar matrix.  MS/MSD samples

were collected at a frequency of five percent.

• Trip Blank (TB): Trip blanks were prepared at the laboratory and shipped with

the sample containers.  Trip blanks were packaged for shipment with the other

VOC samples and sent for analysis.  At no time after their preparation were the

trip blank sample containers opened before they reached the laboratory.  Four trip

blanks were sent to the laboratory for VOC analysis.

2.2 Decontamination Procedures

Decontamination procedures performed in the field were conducted in accordance with EPA

Region II guidelines.  For routine sample collection equipment, the following steps were

implemented:

• Clean with potable water and low-phosphate detergent

• Tap water rinse

• 10 percent nitric acid solution rinse

• Tap water rinse

• Methanol followed by a hexane or an acetone rinse

• Analyte-free deionized water rinse

• Air dry

• Wrap in aluminum foil, shiny side out, for storage or transport

This decontamination procedure was performed on stainless steel sampling spoons in accordance

with Baker's standard operating procedure (SOP) F502.

2.3 Surveying

All surface water/sediment sampling locations were flagged in the field and surveyed for

horizontal locations.  Figure 2-1 shows all background and surface water/sediment samples.  Due
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to the remote location of these samples relative to site control, the survey was accomplished using

a GPS unit. Surface soil samples were also flagged in the field and surveyed with traditional

survey equipment for horizontal (± 0.1 feet) and vertical (± 0.01 feet) location by a licensed

professional land surveyor.

2.4 Surface Water and Sediment Background Investigation

Five background surface water and sediment samples (9SW08-9SW12 and 9SD08-9SD12) were

collected between Area A/B and Area C, as shown on Figure 2-2.  Samples were collected

approximately 10 feet from the edge of the mangrove swamp.  The locations were selected

because they are sufficiently far from Area A/B and Area C (the closest location being

approximately 1,500 feet away), yet representative of site-specific background conditions.  These

locations were chosen due to their locations being unimpacted by base operations.  The area

chosen is approximately 250 to 800 feet away from Forrestal Drive and Antietam Road.  The area

between the roadway and the sampling locations consists of secondary growth vegetation.  This

dense stand of vegetation prevents any overland flow from reaching these locations.  In addition,

the raised roadway with drainage culverts discharging to the Ensenada Honda separates these

locations from all the other SWMUs throughout NSRR.  Also, based on the contamination extent

delineation of the Revised Draft RFI Report (Baker 2000), these locations are unaffected by

contamination related to site operations.  Samples are located in estuarine wetlands.  The wetland

types are discussed further in Section 5.0.  Table 2-3 presents a summary of the background

sampling and analytical program for this investigation and the previous RFI investigation.

Appendix B provides field notes taken during the CMS investigation conducted in December of

2000.

2.5 Surface Soil Investigation

An additional three surface soil samples (9SS07, 9SS08 and 9SS09) were collected from Area B

near Tank 214 to address the high detection of lead in a previous sample.  These samples were

analyzed for Appendix IX metals and TPH (DRO/GRO).  This additional sampling was

performed to assist in determining whether or not the lead in surface soil sample 9SS04 (collected

during the initial RCRA Facility Investigation April 1996) is related to site activities.  The

location of the additional samples are depicted on Figure 2-4.  The wetlands classifications

system for the surface soil samples are discussed in Section 5.0.  Table 2-4 presents a summary of

the surface soil sampling and analytical program for the CMS and RFI Investigations.
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Figures 2-3 and 2-5 are provided to present the surface soil sample locations from the RFI at

Areas A and C for reference.  Appendix B provides field notes taken during the CMS

investigation conducted in December of 2000.

2.6 Surface Water and Sediment Investigation

Eleven surface water/sediment samples (9SW13 through 9SW23 and 9SD13 through 9SD23)

were collected downgradient from Area A/B as shown on Figure 2-6.  Five surface water/

sediments (9SW24 through 9SW28 and 9SD24 through 9SD28) were collected downgradient

from Area C as shown on Figure 2-7.  Based on groundwater flow directions determined in the

Revised Draft RFI Report (Baker 2000), samples were placed in areas located downgradient of

site operations. Samples were collected 10 to 20 feet from shore (edge of the mangrove).

Information on wetlands classification are discussed in Section 5.0.  Tables 2-5 and 2-6 present a

summary of the sampling and analytical program for surface water and sediment, respectively for

the CMS and RFI investigations.  Appendix B provides field notes taken during the CMS

investigation conducted in December of 2000.

2.7  Quality Assurance/Quality Control Samples

One equipment rinsate samples was collected by running lab grade deionized water through a

stainless steel spoon and was analyzed for BTEX and Total Appendix IX Metals.

Four trip blanks were collected and analyzed for BTEX, as shown in Table 2-7.

Three field blanks were collected and analyzed for PAH's, BTEX, TPH (DRO and GRO) and

Appendix IX Inorganics.  2000FB01 was made up of lab grade deionized water, 2000FB02 was

of store bought deionized water and 2000FB03 is made of the NSRR potable water supply and

was obtained from a spigot at the Tow Way Fuel Farm Pump House.

2.8 Laboratory Analyses

All samples were submitted to Severn Trent Laboratories, Inc. in Savannah, Georgia for analysis

of parameters as discussed above.  The same firm was retained for this investigation that
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performed the laboratory analysis for the previous RFI investigation.  This ensured a consistency

of techniques.

2.9 Data Validation

A detailed and independent data validation was performed by Heartland Environmental

Services, Inc. from St. Charles, Missouri to verify the qualitative and quantitative reliability of the

data presented and adherence to stated analytical protocols.  This review included a detailed

review and interpretation of all the data generated by the laboratory for data quality Level D

deliverables.  The primary tools that were utilized by the experienced data validation personnel

included analytical method operating procedures, Statement of Work for CLP guidance

documents, EPA Region II guidelines for data validation, NEESA Level D requirements,

established criteria, and professional judgement.

The data validation reports stated that the overall laboratory performance was acceptable.  The

overall quality of the data package is acceptable.  The reported results are accepted as reported by

the laboratory with the noted qualifications.  A minimum of 10% of all laboratory calculations

have been verified as part of this evaluation.  Data validation reports were prepared by the data

validator, which provided the back-up information accompanying the qualifying statements,

presented in the QA review.  Copies of the narratives from the data validation reports associated

with this investigation are provided as Appendix C.
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TABLE 2-1

METHOD PERFORMANCE LIMITS AND CONTRACT
REQUIRED QUANTITATION LIMITS (CRQL) - INORGANICS

CORRECTIVE MEASURES STUDY INVESTIGATION
SWMU 9 - TANKS 212-217 

NAVAL STATION ROOSEVELT ROADS, CEIBA, PUERTO RICO

Method Low Water Low Soil
Inorganics  Number (µg/L) (µg/kg) Method Description

Antimony 6010 20 2.0 Inductively Coupled Plasma
Arsenic 6010 10 1.0 Inductively Coupled Plasma
Barium 6010 10 1.0 Inductively Coupled Plasma
Beryllium 6010 4.0 0.4 Inductively Coupled Plasma
Cadmium 6010 5.0 0.5 Inductively Coupled Plasma
Chromium 6010 10 1.0 Inductively Coupled Plasma
Cobalt 6010 10 1.0 Inductively Coupled Plasma
Copper 6010 20 2.0 Inductively Coupled Plasma
Lead 6010 5.0 0.5 Inductively Coupled Plasma
Mercury 7470/7471 0.2 0.02 Cold Vapor AA
Nickel 6010 40 4.0 Inductively Coupled Plasma
Selenium 6010 10 1.0 Inductively Coupled Plasma
Silver 6010 10 1.0 Inductively Coupled Plasma
Thallium 6010 10 1.0 Inductively Coupled Plasma
Tin 6010 10 5.0 Inductively Coupled Plasma
Vanadium 6010 10 1.0 Inductively Coupled Plasma
Cyanide 9012 0.010 1.0 Colorimetric
Sulfide 9030 1.0 25 Titrimetric, Iodine
Zinc 6010 20 2.0 Inductively Coupled Plasma

AVS/SEM (1) SL-SOP N/A N/A Laboratory Procedure

*  Quantitation limits listed for soil/sediment are based on wet weight.  The quantitation limits calculated
    by the laboratory for soil/sediment, calculated on dry weight basis, will be higher.
(1) AVS/SEM - Acid Volatile Sulfide/Simultaneously Extracted Metals
N/A - Not Available

Quantitation Limits*



TABLE 2-2 

METHOD PERFORMANCE LIMITS AND CONTRACT
REQUIRED QUANTITATION LIMITS (CRQL) - ORGANICS

CORRECTIVE MEASURES STUDY INVESTIGATION
SWMU 9 - TANKS 212-217

NAVAL STATION ROOSEVELT ROADS, CEIBA, PUERTO RICO

Water Soil
BTEX and other Organic Analysis (µg/L) (µg/kg) Method Number

Benzene 5.0 -- 8260
Ethyl benzene 5.0 -- 8260
Toluene 5.0 -- 8260
Xylene (total) 10.0 -- 8260
Total Organic Carbon (TOC) -- 500,000 415.1(soil) /9060(water)

Low Water Low Soil
Polynuclear Aromatic Hydrocarbons (µg/L) (µg/kg) Method Number

Acenaphthene -- 6.7 8270-PAH
Acenaphthylene -- 6.7 8270-PAH
Anthracene -- 6.7 8270-PAH
Benzo(a)anthracene -- 6.7 8270-PAH
Benzo(b)fluoranthene -- 6.7 8270-PAH
Benzo(k)fluoranthene -- 6.7 8270-PAH
Benzo(g,h,i)perylene -- 6.7 8270-PAH
Benzo(a)pyrene -- 6.7 8270-PAH
Chrysene -- 6.7 8270-PAH
Dibenzo(a,h)anthracene -- 6.7 8270-PAH
Fluoranthene -- 6.7 8270-PAH
Fluorene -- 6.7 8270-PAH
Indeno(1,2,3-cd)pyrene -- 6.7 8270-PAH
2-Methylnaphthalene -- 6.7 8270-PAH
Naphthalene -- 6.7 8270-PAH
Phenanthrene -- 6.7 8270-PAH
Pyrene -- 6.7 8270-PAH
                                
* Quantitation limits listed for soil/sediment are based on wet weight.  The quantitation limits
   calculated by the laboratory for soil/sediment, calculated on dry weight basis, will be higher.

Quantitation Limits*

Quantitation Limits*



TABLE 2-3

SWMU 9 BACKGROUND
SUMMARY OF SAMPLING AND ANALYTICAL PROGRAM

CORRECTIVE MEASURES STUDY INVESTIGATION
NAVAL STATION ROOSEVELT ROADS, CEIBA PUERTO RICO

Phase Sample ID
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Comments

9-BG-SS01 0-0.5 6/26/99 X X X
9-BG-SS01D 0-0.5 6/26/99 X X X Duplicate
9-BG-SS02 0-0.5 6/26/99 X X X
9-BG-SS03 0-0.5 6/26/99 X X X
9-BG-SS04 0-0.5 6/26/99 X X X
9-BG-SS05 0-0.5 6/27/99 X X X

III 9SD05 0-0.5 6/29/99 X X X X X
9SD08 0.0-0.5 12/20/00 X X X X

9SD08D 0.0-0.5 12/20/00 X X Duplicate
9SD09 0.0-0.5 12/20/00 X X X X
9SD10 0.0-0.5 12/20/00 X X X X
9SD11 0.0-0.5 12/20/00 X X X X
9SD12 0.0-0.5 12/20/00 X X X X

III 9SW05 NA 6/29/99 X X X X
9SW08 NA 12/20/00 X X X

9SW08D NA 12/20/00 X X X Duplicate
9SW09 NA 12/20/00 X X X
9SW10 NA 12/20/00 X X X
9SW11 NA 12/20/00 X X X
9SW12 NA 12/20/00 X X X

Notes: bgs - below ground surface.
* - Arsenic and Cyanide.
NA - Not Applicable.

CMS

Aqueous Samples
Analysis Performed

Solid Samples
Analysis Performed

SURFACE SOIL 

III

SEDIMENT 

SURFACE WATER 

CMS
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TABLE 2-4

SWMU 9 (TANKS 212-217)
SUMMARY OF SURFACE SOIL SAMPLING  AND ANALYTICAL  PROGRAM

CORRECTIVE MEASURES STUDY INVESTIGATION
NAVAL STATION ROOSEVELT ROADS, CEIBA, PUERTO RICO

Area Phase Sample ID

Sample 
Depth 

(feet bgs)
Date 

Collected T
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Comments
SURFACE SOIL 

9SS01 0-1 3/20/96 X X X X
9SS02 0-1 3/20/96 X X X X

9MW01-00 0-1 3/20/96 X X X X
9MW02-00 0-1 3/20/96 X X X X

9SS03 0-1 3/20/96 X X X X
9SS04 0-1 3/20/96 X X X X

9MW03-00 0-1 3/20/96 X X X X
9SS07 0.0-0.5 12/16/00 X X X

9SS07D 0.0-0.5 12/16/00 X X X Duplicate
9SS08 0.0-0.5 12/16/00 X X X
9SS09 0.0-0.5 12/16/00 X X X
9SS05 0-1 3/20/96 X X X X
9SS06 0-1 3/20/96 X X X X

9MW04-00 0-1 3/20/96 X X X X

Notes: bgs - below ground surface.
NA - Not Applicable.
(1) TPH DRO/GRO - Total Petroleum Hydrocarbon Diesel Range Organics/Gasoline 
Range Organics.
(2) RCRA Metals - Resource Conservation and Recovery Act Metals.

C I

CMS

I

B

Solid Samples
Analysis Performed

A I
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TABLE 2-5

SWMU 9 (TANKS 212-217)
SUMMARY OF SURFACE WATER SAMPLING AND ANALYTICAL  PROGRAM

CORRECTIVE MEASURES STUDY INVESTIGATION
NAVAL STATION ROOSEVELT ROADS, CEIBA, PUERTO RICO

Area Phase Sample ID

Sample 
Depth         
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SURFACE WATER 

III 9SW02 NA 6/29/99 X X X X
9SW13 NA 12/17/00 X X X

9SW13D NA 12/17/00 X X X Duplicate
9SW14 NA 12/17/00 X X X
9SW15 NA 12/17/00 X X X
9SW16 NA 12/17/00 X X X
9SW17 NA 12/17/00 X X X
9SW01 NA 6/29/99 X X X X

9SW01D NA 6/29/99 X X X X Duplicate
9SW03 NA 6/29/99 X X X X
9SW04 NA 6/29/99 X X X X
9SW18 NA 12/17/00 X X X

9SW18D NA 12/17/00 X X X Duplicate
9SW19 NA 12/17/00 X X X
9SW20 NA 12/17/00 X X X
9SW21 NA 12/17/00 X X X
9SW22 NA 12/17/00 X X X

9SW22D NA 12/17/00 X X X Duplicate
9SW23 NA 12/17/00 X X X
9SW06 NA 6/29/99 X X X X
9SW07 NA 6/29/99 X X X X
9SW24 NA 12/20/00 X X X

9SW24D NA 12/20/00 X X X Duplicate
9SW25 NA 12/20/00 X X X
9SW26 NA 12/20/00 X X X
9SW27 NA 12/20/00 X X X
9SW28 NA 12/20/00 X X X

Notes: bgs - below ground surface.
* - Arsenic and Cyanide.
NA - Not Applicable.

Aqueous Samples
Analysis Performed

III

A

B

C

CMS

CMS

III

CMS
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TABLE 2-6

SWMU 9 (TANKS 212-217)
SUMMARY OF SEDIMENT SAMPLING AND ANALYTICAL PROGRAM 

CORRECTIVE MEASURES STUDY INVESTIGATION
NAVAL STATION ROOSEVELT ROADS, CEIBA, PUERTO RICO

Area Phase Sample ID

Sample 
Depth    

(feet bgs)
Date 

Collected V
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*

PA
H

T
O

C

A
V

S/
SE

M

A
pp

en
di

x 
IX
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Comments

III 9SD02 0.0-0.5 6/29/99 X X X X X
9SD13 0.0-0.5 12/17/00 X X X X

9SD13D 0.0-0.5 12/17/00 X X Duplicate
9SD14 0.0-0.5 12/17/00 X X X X
9SD15 0.0-0.5 12/17/00 X X X X
9SD16 0.0-0.5 12/17/00 X X X X
9SD17 0.0-0.5 12/17/00 X X X X
9SD01 0.0-0.5 6/29/99 X X X X X

9SD01D 0.0-0.5 6/29/99 X X X X X Duplicate
9SD03 0.0-0.5 6/29/99 X X X X X
9SD04 0.0-0.5 6/29/99 X X X X X
9SD18 0.0-0.5 12/17/00 X X X X

9SD18D 0.0-0.5 12/17/00 X X Duplicate
9SD19 0.0-0.5 12/17/00 X X X X
9SD20 0.0-0.5 12/17/00 X X X X
9SD21 0.0-0.5 12/17/00 X X X X
9SD22 0.0-0.5 12/17/00 X X X X

9SD22D 0.0-0.5 12/17/00 X X Duplicate
9SD23 0.0-0.5 12/17/00 X X X X
9SD06 0.0-0.5 6/29/99 X X X X X
9SD07 0.0-0.5 6/29/99 X X X X X
9SD24 0.0-0.5 12/20/00 X X X X X

9SD24D 0.0-0.5 12/20/00 X X X Duplicate
9SD25 0.0-0.5 12/20/00 X X X X X
9SD26 0.0-0.5 12/20/00 X X X X X
9SD27 0.0-0.5 12/20/00 X X X X X
9SD28 0.0-0.5 12/20/00 X X X X X

Notes: bgs - below ground surface.
* - Arsenic and Cyanide.

CMS

B

A 

C

III

CMS

III

Solid Samples
Analysis Performed

SEDIMENT 

CMS
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TABLE 2-7 

SWMU 9 (TANKS 212-217)
SUMMARY OF QA/QC SAMPLING AND ANALYTICAL PROGRAM

CORRECTIVE MEASURES INVESTIGATION
NAVAL STATION ROOSEVELT ROADS, CEIBA, PUERTO RICO

Sample ID
Date 

Collected PA
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*

Comments

9ER01 12/21/00 X X Stainless steel spoon

TB02 12/18/00 X
TB03 12/18/00 X
TB08 12/20/00 X
TB09 12/20/00 X

2000FB01(1) 12/20/00 X X X X X Lab grade D.I. water

2000FB02(1) 12/21/00 X X X X X Store bought D.I water

2000FB03(1) 12/20/00 X X X X X Potable water

9-BG-SS01D 6/26/99 X X X Duplicate of 9BGSS01
9SD08D 12/20/00 X X Duplicate of 9SD08
9SW08D 12/20/00 X X X Duplicate of 9SW08
9SS07D 12/16/00 X X X X Duplicate of 9SS07
9SW13D 12/17/00 X X X Duplicate of 9SW13
9SW01D 6/29/99 X X X X Duplicate of 9SW01
9SW18D 12/17/00 X X X Duplicate of 9SW18
9SW22D 12/17/00 X X X Duplicate of 9SW22
9SW24D 12/20/00 X X X Duplicate of 9SW24
9SD13D 12/17/00 X X Duplicate of 9SD13

FIELD BLANKS

DUPLICATES

TRIP BLANKS

Aqueous Samples
Analysis Performed

EQUIPMENT RINSATE BLANKS
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TABLE 2-7 

SWMU 9 (TANKS 212-217)
SUMMARY OF QA/QC SAMPLING AND ANALYTICAL PROGRAM

CORRECTIVE MEASURES INVESTIGATION
NAVAL STATION ROOSEVELT ROADS, CEIBA, PUERTO RICO

Sample ID
Date 

Collected PA
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*

Comments

Aqueous Samples
Analysis Performed

9SD01D 6/29/99 X X X X X Duplicate of 9SD01
9SD18D 12/17/00 X X Duplicate of 9SD18
9SD22D 12/17/00 X X Duplicate of 9SD22
9SD24D 12/20/00 X X Duplicate of 9SD24

9SD12MS/MSD 12/20/00 X X X X Matrix Spike/Matrix Spike Duplicate of 9SD12
9SD16MS/MSD 12/17/00 X X X X Matrix Spike/Matrix Spike Duplicate of 9SD16
9SS08MS/MSD 12/16/00 X X X X Matrix Spike/Matrix Spike Duplicate of 9SS08

9SW12MS 12/20/00 X X Matrix Spike of 9SW12
9SW12MSD 12/20/00 X X Matrix Spike Duplicate of 9SW12
9SW16MS 12/17/00 X X X Matrix Spike of 9SW16

9SW16MSD 12/17/00 X X X Matrix Spike Duplicate of 9SW16

Note: (1)  This field blank sample was representative of the investigations that took place at SWMU 9 in December 2000. 
* - Arsenic and Cyanide.

MATRIX SPIKE/MATRIX SPIKE DUPLICATES

DUPLICATES (Cont.)
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3.0 BACKGROUND DATA SET EVALUATION

Although it is usually preferable to have a large number of samples during site characterization, it

is not always correct that a site will be better-characterized and statistical tests more powerful if

more samples are collected.  Accurate site characterization depends on many factors, including

the confidence level selected for statistical testing, data variability, sampling design, and spatial

arrangement of sampling locations at the site.  For example, a few samples collected from a

relatively homogeneous site may result in more accurate site characterization than collecting

many more samples from a heterogeneous site with high chemical variability.  (SWDIV, 1998)

3.1 Description of Background Data Sets

This background data set evaluation includes statistical comparisons of NSRR background

samples, SWMU 9 background samples and USGS data for the island of Puerto Rico.  The data

comparison will concentrate on comparing the concentrations of metals between the data sets.

This will be accomplished by comparing the arithmetic means and a comparison of the individual

constituent makeup of the data sets.

3.1.1 NSSR Base Background Samples

Four soil samples were taken to represent base background conditions for surface soil on March

4, 1996 from a series of four monitoring wells installed along Boxer Drive northwest of the Crash

Crew area.  The samples were chosen from areas that are considered not to have been impacted

by past practices at the facility.  The background samples were analyzed for the full Appendix IX

parameter list.  However, in this background study inorganics will be the only constituents that

are used for comparisons.

3.1.2 SWMU 9 Background

At SWMU 9 a total of five surface soil samples (9-BG-SS01 through 9-BG-SS05) and one

duplicate sample (9-BG-SS01D) were collected between June 26, 1999 and June 27, 1999 to

detect site specific background concentrations in the soil. There were five sampling locations

associated with the surface soil samples.  Four of these locations are associated with Areas A and

B and represent the nearest points available that are sufficiently away from the SWMU to be
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unaffected by site activities.  One background location was established in Area C, again located

sufficiently away from site activities to be unaffected, but close enough to be representative of

background site conditions.  The samples were analyzed for Appendix IX inorganics, sulfide and

cyanide.  Detection limits used by the laboratory are presented in Table 2-1.  The six analytical

results for antimony were rejected and therefore not used in this analysis.

3.1.3 USGS Background Data

The United States Geological Survey  (USGS) was contacted and provided a copy of their report

titled Analytical Results for Stream Sediment and Soil Samples from the Commonwealth of

Puerto Rico, Isla de Culebra, and Isla de Vieques (USGS, 1992).  This data is utilized to represent

the background conditions of soils in Puerto Rico.  A regional stream-sediment geochemical

survey of Puerto Rico began in the early 1970’s as an outgrowth of the cooperative exploration

geochemical studies by the Department of Natural Resources (DNR) and the USGS.  From the

early 1970’s through the mid-1980 stream sediment sampling continued over a large part of the

island.  In 1980 a cooperative project between DNR and the USGS was started to continue the

regional stream sediment-sampling program and continued for several years.  A total of 2,560

stream sediment samples were collected during this phase of the project.  In 1990, a systematic

search of USGS computer records yielded a geochemical data set for the stream sediments that

indicated that the geochemical sample net for the island was incomplete.  In 1991 two field trips

were made to Puerto Rico and an additional 292 stream sediment samples were collected and

analyzed in order to complete the regional geochemical survey.  For comparison purposes, the

data set consisting of 292 samples was retained.  Although not optimal for comparison purposes,

the data provided by the USGS in Puerto Rico is the only data available to be used representing

background conditions of soils in Puerto Rico (personal conversation with Joseph W. Troester,

U.S. Geological Survey, Caribbean District). A map of the sample collection points was not

available.

3.2 Sample Procedures

This section discusses the sample procedures for the SWMU 9 background samples, the NSRR

background samples and the USGS samples.
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3.2.1 NSRR Base Background and SWMU 9 Background Samples

Surface soil samples for both the NSRR background study and the SWMU 9 background surface

soils were collected using decontaminated stainless steel spoons.  Prior to sample collection,

vegetation (grass and roots) was removed from the location.  Surface soil samples were collected

to a depth of one foot as required by EPA Region II guidelines. Soils collected for VOC analysis

were placed directly into the laboratory prepared container without homogenizing to prevent

volatilization.  Soil collected for other analyses was placed in aluminum pie pans, homogenized

and placed in their respective containers beginning with SVOCs followed by pesticides/PCBs,

TPH, and finally inorganic analyses (metals, cyanide and sulfide).  Samples were kept in coolers

on ice and under strict chain-of-custody until delivered to the laboratory.

3.2.2 USGS Data Collection

The samples were collected in 1991 from first and second order streams and represented drainage

basins as large as 10 square kilometers.  All samples collected were from the main channel of

active streams.  All samples were sieved to minus 80 mesh (0.18 mm) and then pulverized to

approximately minus-100 mesh (minus-0.15 mm) with a grinder using ceramic plates.

All samples were analyzed for 35 elements using a semiquantitative, direct current arc

spectrographic method.  The elements analyzed and there limits of determination are listed in

Table 3-1.  Values for the major elements (iron, magnesium, calcium, phosphorous, sodium,

sulfur and titanium) are given in weight percent, all others are in parts per million

(milligrams/kilogram).

Spectrographic results were obtained by visual comparison of spectra derived from the sample

against spectra obtained from standards made from pure oxides and carbonates.  Standard

concentrations are geometrically spaced over any given order of magnitude as follows: 100, 50,

20, 10, and so forth.  Samples whose concentrations are estimated to fall between those values are

assigned values of 70, 30, 15, and so forth. The precision of the analytical method is

approximately plus or minus one reporting interval at the 83 percent confidence level and plus or

minus two reporting intervals at the 96 percent confidence level.
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Atomic absorption results for gold were obtained after preparing samples for analysis using the

method of Thompson and others (1986) for samples collected between 1970 and 1985 and by the

method of O’Leary and Meier (1986) for samples collected in 1991.  Atomic absorption results

for zinc were obtained by using a nitric acid digestion method described by Ward and others

(Ward, 1969) for the samples collected between 1970 and 1985.  For the samples collected in

1991 zinc and 9 other elements were analyzed using the ICP-AES by the method of Mootooka

(1988).

For comparison purposes, only the USGS constituents that were the same as the NSRR basewide

constituents were retained for analysis.  Values for the following elements: iron, magnesium,

calcium, phosphorous, sodium, sulfur and titanium are given in weight percent, all others are in

parts per million (milligrams/kilogram). The values for barium, beryllium, chromium, cobalt,

nickel, tin and vanadium represent samples taken using spectrographic analysis.  The USGS data

did not provide analysis for cyanide, mercury, selenium and sulfide, therefore they were not

compared to the NSRR basewide background samples.

3.3 Background Data Set Comparisons

The statistical analysis that was conducted included calculation of the arithmetic means,

minimum and maximum values detected, and standard deviations for the SWMU 9, NSRR and

the USGS background samples.  For all data sets, results that had values with a non-detect

indicator were replaced with a number representing half the detection limit. Many environmental

data sets contain non-detected data.  While the precise concentration of a non-detect is unknown,

it lies between zero and the detection limit.

However, statistical comparisons,  such as the t-test or Shapiro-Wilk W Test were not calculated

because of inconsistency between the number of samples taken, and the small sample sizes for the

base background and SWMU 9 background data.  SWMU 9 background samples consisted of the

collection of five samples and the NSRR basewide samples had four samples collected.  The

USGS island wide data set consisted of 292 samples.  This difference in number of samples

would make the tests unreliable.  Another factor limiting the accuracy of t-test analysis is that

different detection limits were used.  The NSRR basewide background analysis used Appendix

IX parameter detection levels and the USGS analysis used detection limits as show in Table 3-1.
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Table 3-2 shows a summary of results for comparisons of SWMU 9, NSRR basewide and USGS

background data.  The table shows the number of positive detections, the range of non-detects,

the range of positive detections, the maximum detected concentration, the arithmetic mean (using

half non-detected values), and the standard deviation.

The mean concentrations of the similar inorganic constituents between all three data sets were

compared to assist in determining the validity of the background samples.  Figure 3-1 presents the

mean concentrations of arsenic, barium, beryllium cadmium, chromium, cobalt, copper, lead,

nickel, silver, thallium, tin, vanadium, and zinc between the USGS, basewide, and SWMU 9

background data.  It is evident from these graphs that a definite similar trend exists between the

data sets.  The variations of the mean concentrations of arsenic, beryllium, cadmium, cobalt,

copper, lead, nickel, silver, thallium, tin, vanadium, and zinc are consistent from all three data

sets.

Figure 3-2 presents the individual constituent percent contribution (by weight)  of each data set

for comparison purposes.  This figure also indicates that similar trends exist between the data

sets.  The inorganic makeup of the soils from the three sample sets are similar as evidenced by the

trends of the arsenic, beryllium, cadmium, cobalt, copper, lead, nickel, silver, thallium, tin,

vanadium, and zinc.

The previous comparisons provided in Figures 3-1 and 3-2 indicate that the data sets from NSRR

are representative of background conditions as they are in line with similar concentrations from

the USGS study.  Figure 3-3 provides a comparison of basewide background mean concentrations

compared to SWMU 9 background mean concentrations.  The trends of the inorganic constituents

between the two sample sets are similar.

In summary, the three surface soil background data sets are similar with regard to mean

concentrations and percent contributions.  As such, it is concluded that each data set is from the

same population.

3.4 SWMU 9 Background Results

Background samples were collected during the third phase of the SWMU 9 RFI investigation and

during the CMS Investigation.  There were five-background surface soil samples, one sediment
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sample, and one surface water sample collected during the third phase of the investigation.  Five

background sediment samples were additionally obtained during the CMS Investigation.  The

following sections present results from the background samples collected to date at SWMU 9 by

media utilized in the Ecological Risk Assessment (surface soil, sediment, and surface water).

3.4.1 Background - Surface Soil

During the third phase of the investigation, a total of five surface soil samples and one duplicate

were collected from five locations (9-BG-SB01 through 9-BG-SB05).  These background

samples were analyzed for sulfide, arsenic, cyanide, and Appendix IX inorganics.

Of the five samples collected for surface soil background conditions during the Phase III RFI

investigation, fourteen different inorganics were detected.  Positive detections are presented in

Table 3-3 and the complete analytical results are presented in Appendix D.1.

3.4.2 Background - Sediment

One background sediment sample (9SD05) was collected during the Phase III RFI investigation

at 9SD05.  The sediment sample was analyzed for VOCs, SVOCs, sulfide, arsenic, cyanide and

Appendix IX Inorganics.  There were 5 background samples  (9SD08-9SD12) collected during

the CMS investigation that were analyzed for PAHs, TOC, AVS/SEM and Appendix IX

Inorganics.

Acetone was the only VOC detected in the background sediment sample as shown in Table 3-4.

There were no SVOCs detected.  Appendix D.2 presents the complete analytical results for the

organics in background sediment.

Fourteen different inorganics were detected in the sediment samples, as presented in Table 3-5.

Arsenic was detected in all six samples ranging from 1.3 J mg/kg to 5 mg/kg.  Lead was detected

from 1.7 mg/kg to 13 mg/kg, again in all six samples.  Appendix D.3 presents the complete set of

analytical results for the inorganics in background sediment.
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3.4.3 Background - Surface Water

One surface water sample (9SW05) was collected during the Phase III investigation.  The surface

water sample was analyzed for VOCs, SVOCs, arsenic, cyanide, and Appendix IX Total

Inorganics.  There were an additional five samples collected during the CMS investigation

(9SW08-9SW12) that were analyzed for BTEX, and Total and Dissolved Inorganics.

There were no organics detected in surface water background samples.  Appendix D.4 presents a

complete set of analytical data for surface water organics.

There were fourteen different inorganics detected, as presented in Table 3-6.  The five samples

collected for the CMS investigation were also analyzed for dissolved metals, of which there were

eight detected, as shown in Table 3-7.  Appendix D.5 and Appendix D.6 provides a complete set

of analytical data for total and dissolved surface water inorganics.
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TABLE 3-1

DETECTION LIMITS FOR USGS DATA
SWMU 9 (TANKS 212-217)

CORRECTIVE MEASURES STUDY INVESTIGATION
NAVAL STATION ROOSEVELT ROADS, CEIBA, PUERTO RICO

Lower Detection Higher detection
Limit Limit

Antimony 100 10,000
Arsenic 200 10,000
Barium 20 5,000

Beryllium 1 1,000
Cadmium 20 500
Chromium 10 5,000

Cobalt 5 2,000
Copper 5 20,000
Lead 10 20,000

Nickel 5 5,000
Silver 0.5 5,000
Tin 10 1,000

Vanadium 10 10,000
Zinc 200 10,000

Source : United States Department of the Interior Geological Survey (1992)



TABLE 3-2

FREQUENCY AND RANGE OF SURFACE SOIL DATA SITE TO BACKGROUND
SWMU 9 - TANKS 212-217

CORRECTIVE MEASURES STUDY INVETIGATION
NAVAL STATION ROOSEVELT ROADS, CIEBA, PUERTO RICO

Analyte

No. of 
Positive 
Detects/
No. of 

Samples
Range of Non-

Detects

Range of 
Positive 

Detections

Arithmatic 
Mean (half 

Non-
detects)

Standard 
Deviation

No. of 
Positive 
Detects/
No. of 

Samples
Range of Non-

Detects

Range of 
Positive 

Detections

Arithmatic 
Mean (half 

Non-
detects)

Standard 
Deviation

No. of 
Positive 

Detects/N
o. of 

Samples
Range of Non-

Detects

Range of 
Positive 

Detections

Maximum 
Detected 

Conc.

Arithmatic 
Mean (half 

Non-
detects)

Standard 
Deviation

Inorganics (mg/kg)
Antimony 0/0 (3) (3) (3) (3) (3) 0/4 2.2 UJ-2.4 UJ (2) (2) 1.15 0.041 37/292 0.6 U-1.0 U 0.6-4.1 4.1 0.93 0.37
Arsenic 5/5 (1) 0.21 J-2.5 J 2.5 J 1.862 0.9353 4/4 (1) 0.35 J-1.8  1.8  1.21 0.625 205/284 0.3 U- 0.5 U 0.15-22 22 2.14 2.62
Barium 5/5 (1) 53  -110  110  76.4 23.4798 4/4 (1) 35.6  -169  169  90.60 57.467 292/292 (1) 70-5000 5000 523.42 433.22
Beryllium 5/5 (1) 0.15 J-0.36 J 0.36 J 0.236 0.0966 3/4 0.1 U-0.1 U 0.21  -0.36  0.36  0.23 0.132 229/292 (1) 1-1 1.00 1.00 0.00
Cadmium 2/5 0.059 U-0.062 U0.18 J-0.92 J 0.92 J 0.2382 0.3866 0/4 0.26 U-0.28 U (2) (2) 0.14 0.004 284/284 (1) 0.03-0.95 0.95 0.12 0.10
Chromium 5/5 (1) 9.6  -34  34  19.52 10.7355 4/4 (1) 11 J-44.1 J 44.1 J 29.65 13.812 292/292 (1) 10-5000 5000 414.88 819.10
Cobalt 5/5 (1) 16  -64  64  33.4 18.2291 4/4 (1) 9.5  -30.2  30.2  21.98 9.113 289/292 (1) 10-150 150 29.72 15.38
Copper 5/5 (1) 66 J-100 J 100 J 75.6 14.5017 4/4 (1) 57  -250  250  117.10 90.477 284/284 (1) 0.03-170 170 52.72 26.71
Lead 0/5 (1) 3.5 J-21 J 21 J 10.54 7.7119 4/4 (1) 2.4  -11.9  11.9  7.63 4.104 292/292 (1) 1-51 51 11.54 8.14
Mercury 5/5 (1) 0.03 J-0.12 J 0.12 J 0.0622 0.0367 3/4 0.04 U-0.04 U 0.06  -0.07  0.07  0.06 0.024 NA NA NA NA NA NA
Nickel 5/5 (1) 4.6 J-17  17  9.74 5.8016 4/4 (1) 5.8  -10.9  10.9  8.28 2.109 292/292 (1) 5-1000 1000 44.21 110.17
Selenium 0/5 0.41 UJ-2.1 UJ (2) (2) 0.537 0.3113 3/4 0.13 UJ-0.13 UJ 0.56 J-1.2 J 1.2 J 0.73 0.526 NA NA NA NA NA NA
Silver 0/5 0.067 U-0.15 U (2) (2) 0.0435 0.0177 0/4 0.35 U-0.39 U (2) (2) 0.19 0.008 50/284 0.0225 U - 0.5 U 0.11-1.4 1.40 0.57 0.09
Sulfide 2/5 29 U-31 U 39  -44  44  25.6 14.6262 0/4 26.7 U-29.2 U (2) (2) 14.24 0.599 NA NA NA NA NA NA
Thallium 0/5 0.21 UJ-0.36 UJ (2) NA 0.123 0.0319 1/4 0.08 U-0.09 UJ 0.1 J-0.1 J 0.1 J 0.06 0.028 292/292 (1) 0.07-1 1 0.28 0.22
Tin 5/5 (1) 1.4 J-2.3 J 2.3 J 2.02 0.3701 2/4 1.2 U-1.3 U 1.4  -2.2  2.2  1.21 0.753 29/292 10 U- 10 U 10-50 50 10.93 5.16
Vanadium 5/5 (1) 120  -270  270  196 56.8331 4/4 (1) 123  -227  227  177.25 43.239 292/292 (1) 50-1500 1500 393.01 259.86
Zinc 5/5 (1) 36 J-67 J 67 J 52.6 11.9708 4/4 (1) 34.2 J-106 J 106 J 62.58 31.900 292/292 (1) 0.03-340 340 86.94 51.95
Cyanide 0/5 1.1 U-1.2 U (2) NA 0.59 0.0224 0/4 0.46 U-0.57 U (2) (2) 0.26 0.029 NA NA NA NA NA NA

mg/kg = milligrams per kilogram
ND = Not Detected
NA= Not Analyzed
U = Not Detected
UJ = Reported quantitation limit is qualified as estimated
J = Estimated Value
(1) - This analyte was detected in all of the samples analyzed
(2)  There were no positive detections of this analyte
(3)  All samples were rejected for this constituent

USGS Data (Island wide) 

Max. 
Detected 

Conc.

Maximum 
Detected 

Conc.

Site Background (SWMU 9) Base Background (NSRR)
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TABLE 3-3

SUMMARY OF  INORGANIC DETECTIONS IN BACKGROUND SURFACE SOIL 
SWMU 9 (TANKS 212-217)

CORRECTIVE MEASURES STUDY INVESTIGATION 
NAVAL STATION ROOSEVELT ROADS, CEIBA, PUERTO RICO

Site ID Frequency Range Location of
Sample ID of of Maximum 
Sample Date Detections Detections Detections
Sample Depth (ft bgs)
           
Inorganics, Total (mg/kg)           
Arsenic 2.2 J 2.5 J 2.3 J 2.1 J 0.21 J 5/5 0.21 J - 2.5 J 9BGSS02
Barium 91  53  110  62  66  5/5 53  - 110  9BGSS03
Beryllium 0.36 J 0.17 J 0.18 J 0.15 J 0.32 J 5/5 0.15 J - 0.36 J 9BGSS01
Cadmium 0.061 U 0.92 J 0.059 U 0.18 J 0.061 U 2/5 0.18 J - 0.92 J 9BGSS02
Chromium 9.6  17  10  27  34  5/5 9.6 - 34  9BGSS05
Cobalt 64  29  25  16  33  5/5 16 - 64  9BGSS01
Copper 78 J 67 J 100 J 67 J 66 J 5/5 66 J - 100 J 9BGSS03
Lead 3.9 J 8.3 J 3.5 J 16 J 21 J 5/5 3.5 J - 21 J 9BGSS05
Mercury 0.058 J 0.12 J 0.032 J 0.03 J 0.071 J 5/5 0.03 J - 0.12 J 9BGSS02
Nickel 5.5  4.6 J 6.6  15  17  5/5 4.6 J - 17  9BGSS05
Sulfide 30 U 30 U 29 U 39  44  2/5 39 - 44  9BGSS05
Tin 1.9 J 1.4 J 2.1 J 2 J 2.3 J 5/5 1.4 J - 2.3 J 9BGSS05
Vanadium 250  230  180  120  180  5/5 120 - 250  9BGSS01
Zinc 36 J 49 J 67 J 50 J 61 J 5/5 36 J  -67 J 9BGSS03

Notes:
mg/kg = milligrams per kilogram.
ft/bgs = feet below ground surface. 
J = Estimated Value.
U = Not Detected.

6/27/99
0 - 0.5 0 - 0.5 0 - 0.5 0 - 0.5 0 - 0.5
6/26/99 6/26/99 6/26/99 6/26/99

9BGSB05
9BGSS01 9BGSS02 9BGSS03 9BGSS04 9BGSS05
9BGSB01 9BGSB02 9BGSB03 9BGSB04
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TABLE 3-4

SUMMARY OF  ORGANIC  DETECTIONS IN BACKGROUND SEDIMENT
SWMU 9 (TANKS 212-217)

CORRECTIVE MEASURES STUDY INVESTIGATION
NAVAL STATION ROOSEVELT ROADS, CEIBA, PUERTO RICO

Site ID Frequency Range Location of
Sample ID of of Maximum 
Sample Date Detections Detections Detections
Sample Depth (ft bgs)
             
Volatiles (ug/kg)             
Acetone 140  NA  NA  NA  NA  NA  1/1 140 9SD05

Semivolatiles (ug/kg)             
     No Detections             
             
Notes:             
ug/kg = micrograms per kilogram.             
ft/bgs = feet below ground surface.             
NA = Not Applicable.             
             
             
             
             
             
             
             
             
             
             
             
             
             

9SD05 9SW/SD08 9SW/SD09 9SW/SD10

12/20/00 12/20/00
9SD05 9SD08 9SD09 9SD10

9SW/SD11 9SW/SD12
9SD11 9SD12

0 - 0.5 0 - 0.5
6/29/99 12/20/00
0 - 0.5 0 - 0.5 0 - 0.5 0 - 0.5

12/20/00 12/20/00
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TABLE 3-5

SUMMARY OF  INORGANIC DETECTIONS IN BACKGROUND SEDIMENT
SWMU 9 (TANKS 212-217)

CORRECTIVE MEASURES STUDY INVESTIGATION
NAVAL STATION ROOSEVELT ROADS, CEIBA, PUERTO RICO

Site ID Frequency Range Location of
Sample ID of of Maximum 
Sample Date Detections Detections Detections
Sample Depth (ft bgs)
             
             
Inorganics, Total (mg/kg)             
Arsenic 1.3 J 4  4.8  3.8 J 4.8  5  6/6 1.3 J - 5  9SD12  
Barium 8.1  6.9  4.6  5.7  11  15  6/6 4.6 - 15  9SD12  
Beryllium 0.047 J 0.18 J 1.3 U 1.5 U 0.16 J 0.25 J 4/6 0.047 J - 0.25 J 9SD12  
Cadmium 0.12 U 0.32 J 1.7 U 1.9 U 0.55 J 0.69 J 3/6 0.32 J - 0.69 J 9SD12  
Chromium 16  13 J 11 J 13 J 25 J 33 J 6/6 11 J - 33 J 9SD12  
Cobalt 4.7  18  6.4  3.1 J 23  27  6/6 3.1 J - 27  9SD12  
Copper 58 J 78  56  39  73  53  6/6 39 - 78  9SD08
Lead 4.6 J 5.5  1.7  1.8 J 10  13  6/6 1.7 - 13  9SD12
Mercury 0.041 J 0.072  0.12  0.14  0.066  0.057  6/6 0.041 J - 0.14  9SD10
Nickel 4.8 J 7.2 J 4 J 3.9 J 9.8  10  6/6 3.9 J - 10  9SD12
Selenium 0.75 UJ 0.93 J 2 J 2.1 J 1.4 J 1.6 U 4/6 0.93 J - 2.1 J 9SD10
Tin 4.2 J 11 U 17 U 19 U 10 U 8.1 U 1/6 4.2 J 9SD05
Vanadium 110  140 J 150 J 120 J 200 J 220 J 6/6 110 - 220 J 9SD12
Zinc 29 U 43  21  20  63  62  5/6 20 - 63  9SD11

Notes:
mg/kg = milligrams per kilogram.
ft/bgs = feet below ground surface. 
J = Estimated Value.
U = Not Detected.
UJ = Reported quantitation limit is qualified as estimated.

12/20/00
0 - 0.5 0 - 0.5 0 - 0.5 0 - 0.5 0 - 0.5

12/20/00 12/20/00 12/20/00 12/20/00

9SW/SD12
9SD08 9SD09 9SD10 9SD11 9SD12

9SW/SD08 9SW/SD09 9SW/SD10 9SW/SD119SD05
9SD05
6/29/99
0 - 0.5
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TABLE 3-6

SUMMARY OF TOTAL INORGANIC DETECTIONS  IN BACKGROUND SURFACE WATER
SWMU 9 (TANKS 212-217)

CORRECTIVE MEASURES STUDY INVESTIGATION
NAVAL STATION ROOSEVELT ROADS, CEIBA, PUERTO RICO

Site ID Frequency Range Location of
Sample ID of of Maximum 
Sample Date Detections Detections Detections
             
Inorganics, Total  (ug/L)             
Antimony 2.7 U 20 U 20 U 20 U 20 U 6 J 1/6 6 J 9SW12
Arsenic 35.1 J 10 U 3.3 J 4.2 J 4.5 J 10 U 4/6 3.3 J - 35.1 J 9SW05
Barium 55.9  27  32  22  23  24  6/6 22 - 55.9  9SW05
Chromium 9.1 J 2.2 J 4.4 J 2.6 J 5 J 3.2 J 6/6 2.2 J - 9.1 J 9SW05
Cobalt 3.2 J 5.6 J 4.9 J 10 U 2.8 J 7.1 J 5/6 2.8 J - 7.1 J 9SW12
Copper 42.3 U 14 J 7.9 J 7.1 J 12 J 6.4 J 5/6 6.4 J - 14 J 9SW08
Lead 4.5 UJ 5 U 5 U 2 J 5 U 5 U 1/6 2 J 9SW10
Mercury 0.1 U 0.2 U 0.09 J 0.2 U 0.2 U 0.09 J 2/6 0.09 J 9SW09, 9SW12
Selenium 17 UJ 5.7 J 10 U 7.5 J 5.5 J 10 U 3/6 5.5 J - 7.5 J 9SW10
Tin 2.7 J 50 U 50 U 50 U 50 U 50 U 1/6 2.7 J 9SW05
Vanadium 48.4 J 12 J 14 J 24 J 23 J 50 U 5/6 12 J - 48.4 J 9SW05
Zinc 11.9 J 8.1 J 6 J 20 U 7.3 J 6.2 J 5/6 6 J - 11.9 J 9SW05

Notes:
ug/L = micrograms per liter.
J = Estimated Value.
U = Not Detected.
UJ = Reported quantitation limit is qualified as estimated.

9SW05
9SW05
6/29/99

9SW/SD08
9SW08

12/20/00

9SW/SD09 9SW/SD10 9SW/SD11 9SW/SD12
9SW09 9SW10 9SW11 9SW12

12/20/00 6/29/99 12/20/00 12/20/00
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TABLE 3-7

SUMMARY OF DISSOLVED INORGANIC DETECTIONS IN BACKGROUND SURFACE WATER
SWMU 9 (TANKS 212-217)

CORRECTIVE MEASURES STUDY INVESTIGATION
NAVAL STATION ROOSEVELT ROADS, CEIBA, PUERTO RICO

Site ID Frequency Range Location of
Sample ID of of Maximum 
Sample Date Detections Detections Detections
           
           
           
Inorganics, Dissolved (ug/L)           
Antimony 7.4 J 20 U 20 U 5.5 J 10 J 3/5 5.5 J - 10 J 9SW12
Arsenic 10 U 10 U 10 U 10 U 3.8 J 1/5 3.8 J 9SW12
Barium 25  27  21  22  24  5/5 21 - 27  9SW09
Chromium 2.2 J 10 U 10 U 2.2 J 10 U 2/5 2.2 J 9SW08, 9SW11
Cobalt 3 J 2.2 J 10 U 1.9 J 4.6 J 4/5 1.9 J - 4.6 J 9SW12
Copper 2 J 20 U 2.9 J 2.9 J 2.4 J 4/5 2 J - 2.9 J 9SW10, 9SW11
Selenium 7.7 J 10 U 10 U 4.3 J 5.2 J 3/5 4.3 J - 7.7 J 9SW08
Zinc 8.6 J 20 U 14 J 20 U 21  3/5 8.6 J - 21  9SW12

Notes:
ug/L = micrograms per liter.
J = Estimated Value.
U = Not Detected.

12/20/0012/20/00 12/20/00 12/20/00 12/20/00

9SW/SD12
9SW08 9SW09 9SW10 9SW11 9SW12

9SW/SD08 9SW/SD09 9SW/SD10 9SW/SD11
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FIGURE 3-1

COMPARISON OF BASEWIDE AND SWMU 9 BACKGROUND SURFACE SOILS TO USGS DATA 
CORRECTIVE MEASURES STUDY INVESTIGATION

NAVAL STATION ROOSEVELT ROADS, CEIBA, PUERTO RICO

Island Wide (USGS) Mean Concentrations

0

100

200

300

400

500

600

Arse
nic

Bari
um

Bery
lliu

m

Cad
mium

Chro
mium

Cob
alt

Cop
pe

r
Lead

Nick
el

Silv
er

Tha
lliu

m Tin

Van
ad

ium Zinc

Inorganic Constituent

C
on

ce
nt

ra
tio

n 
(m

g/
kg

)

Basewide Background Surface Soil Mean Concentrations

0

100

200

300

400

500

600

Arse
nic

Bari
um

Bery
lliu

m

Cad
mium

Chro
mium

Cob
alt

Cop
pe

r
Lead

Nick
el

Silv
er

Tha
lliu

m Tin

Van
ad

ium Zinc

Inorganic Constituent

C
on

ce
nt

ra
tio

n 
(m

g/
kg

)

SWMU 9 Background Surface Soil Mean Concentrations

0

100

200

300

400

500

600

Arse
nic

Bari
um

Bery
lliu

m

Cad
mium

Chro
mium

Cob
alt

Cop
pe

r
Lead

Nick
el

Silv
er

Tha
lliu

m Tin

Van
ad

ium Zinc

Inorganic Constituent

C
on

ce
nt

ra
tio

n 
(m

g/
kg

)



FIGURE 3-2

COMPARISON OF BASEWIDE AND SWMU 9 BACKGROUND CONSTITUENT % TO USGS DATA 
CORRECTIVE MEASURES STUDY INVESTIGATION

NAVAL STATION ROOSEVELT ROADS, CEIBA, PUERTO RICO

USGS Data  Individual Constituent % Comparison
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FIGURE 3-3

COMPARISON OF BASEWIDE BACKGROUND SURFACE SOILS TO SWMU 9 BACKGROUND 
CORRECTIVE MEASURES STUDY INVESTIGATION

NAVAL STATION ROOSEVELT ROADS, CEIBA, PUERTO RICO

SWMU 9 Background Surface Soil Mean Concentrations
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4.0 ANALYTICAL RESULTS

This section discusses the analytical results from the December 2000 CMS field investigation for

background sediment and surface water samples, surface soil, sediment and surface water

samples.  Discussions on the analytical results of the AVS/SEM analysis will be provided in

Section 5.0 (this includes TOC).  The analytical results from the Phase I RFI (surface soil)

investigation and the Phase III RFI investigation (background [surface soil, surface water and

sediment], surface water and sediment samples) are also included in this report.  Results from the

previous investigations were combined for surface soil, surface water and sediment samples for a

comprehensive review of these media as they are being combined for analysis in the ecological

risk assessment (Section 5.0).

4.1 Surface Soil

This section presents the results from the Phase I RFI for Areas A, B, and C surface soils and the

newly acquired surface soils from Area B.  A more detailed description of the RFI sample results

can be found in the SWMU 9 Revised Draft RFI Report (Baker, 2000).  This section presents the

data from the RFI along with the CMS investigation to support the ecological risk assessment

presented in Section 5.0.

4.1.1 Area A - Surface Soil

A total of four surface soil samples were obtained and analyzed for VOCs, SVOCs, TPH

(DRO/GRO) and RCRA metals during the Phase I RFI.  A more detailed discussion of these

results is located in Section 5.2.1 of the Revised Draft RFI Report (Baker, 2000).

Acetone was detected in one sample in Area A (9SS02 at 12 J µg/kg) and two SVOCs (benzyl

alcohol and diethyphthalate) were detected as shown in Table 4-1.  These constituents are not

associated with diesel fuel or unleaded gasoline (Spectrum, 2001b; Spectrum, 2001d; Spectrum,

2001e).  TPH was not detected in these samples.  A complete set of analytical data for surface soil

organics is presented as Appendix D.7.
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Detected inorganics include arsenic, barium, chromium, lead, selenium and silver, as shown in

Table 4-2.  None of these compounds, except lead, are associated with diesel fuel or gasoline.

Appendix D.8 presents a complete set of analytical data for inorganics in surface soil samples.

4.1.2 Area B - Surface Soil

Three surface soil samples were obtained from Area B during the Phase I RFI investigation and

analyzed for VOCs, SVOCs, TPH (DRO/GRO), and RCRA metals.  Sample 9SS04 adjacent to

Tank 214 had a high detection of lead.  Additional sampling around Tank 214 was conducted

during the CMS Investigation to assist in delineating the lead in surface soil.  A total of three

surface soil samples were obtained and analyzed for Appendix IX metals.

Acetone was detected at 9SS03 and 9MW03-00.  However, acetone is not typically a component

of aviation gasoline or diesel fuel (Spectrum, 2001b). Di-n-butyl phthalate was detected in 9SS03

as shown in Table 4-3, also not a component of gasoline (Spectrum, 2001f).  There was one

detection of TPH DRO in sample 9SS08 at a value of 15 mg/kg.  A complete set of organic

analytical data is presented as Appendix D.9.

During the CMS Investigation, three additional samples (with one duplicate) were taken in Area

B due to a high detection of lead in previous sampling at 9SS04 (258 mg/kg).  These samples

(9SS07, 9SS08 and 9SS09) resulted in detections of lead from 13 J mg/kg to 910 J mg/kg

respectively. It is likely the high lead values are site related.  There were thirteen other inorganic

detections as shown in Table 4-4.  A complete set of analytical data for the inorganics in surface

soil for Area B is presented as Appendix D.10.

4.1.3 Area C- Surface Soil

A total of three surface soil samples were obtained and analyzed for VOCs, SVOCs, TPH

(DRO/GRO), and RCRA metals during the Phase I RFI.  A more detailed discussion of these

results is located in Section 5.2.3 of the Revised Draft RFI Report (Baker, 2000).

There were no VOCs detected in Area C surface soil samples.  However in one sample, 9MW04-

00 four SVOCs were detected as shown in Table 4-5.  Benzo(b)flouranthene, chrysene and

pyrene are associated with crude oil, however, concentrations are below the residential Region III
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RBCs.  TPH (DRO) was detected in sample 9SS06 at 0.027 J mg/kg.  A complete set of organic

analytical data is presented as Appendix D.11.

Inorganics detected include barium, chromium and lead, as presented on Table 4-6.  Although

lead is associated with gasoline, chromium and barium are not and the detections were below the

background screening levels for the site.  There was also a detection of gasoline range organics in

one samples, 9SS06 at 0.027 mg/kg.  A complete set of inorganic analytical data in Area C is

presented as Appendix D.12.

4.2 Sediment

For purposes of this CMS Investigation, Area A and B environmental samples were combined

due to their proximity of location while Area C samples were kept separate.

4.2.1 Sediments - Areas A and B

A total of 15 sediment samples were obtained from Areas A and B.  Acetone was detected in the

four samples taken during the Phase III RFI investigation, ranging from 87 J µg/kg to 200 µg/kg.

Acetone is used as a solvent for fats, oils and waxes but is also a metabolic product released by

plants and animals (Spectrum, 2001b).  2-butanone and carbon disulfide were also detected in

9SD03 and 9SD04.  2-butanone is used as a cosolvent in pesticides and carbon disulfide is used in

herbicides, pesticides and insecticides (Spectrum, 2001a; Spectrum 2001c).  Thus, these

chemicals may be present as a result of routine pesticide application.  PAHs were detected in two

samples, 9SD20 and 9SD21 as presented in Table 4-7.  Appendix D.13 presents a complete set of

analytical data for organics in sediment for Areas A and B.

Arsenic was detected in 13 out of 15 samples ranging from 1 J mg/kg to 2.9 mg/kg. Arsenic is

naturally occurring around the NSRR base.  Barium and copper were detected in all samples, and

are not likely site related.  Lead was also detected in all 15 samples ranging from 3.2 mg/kg to 69

mg/kg with an isolated detection at 250 mg/kg.  Tin, zinc and beryllium were detected in low

concentrations in a few samples slightly above the background concentrations as presented in

Table 4-8.  A discussion of AVS/SEM data for sediment is included in Section 5.0.  Appendix

D.14 presents a complete set of analytical data for inorganics in Areas A and B (Appendix D.23
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and Appendix D.24 provide a complete set of analytical data for AVS/SEM discussed in

Section 5.0).

4.2.2 Sediment - Area C

There are a total of seven sediment samples that were obtained from Area C.  Three VOCs were

detected from the Phase III RFI sediment samples, no SVOCs were detected. 2-butanone was

detected in 9SD06, carbon disulfide in 9SW/SD07 and acetone in both 9SD06 and 9SD07, as

shown in Table 4-9.  Appendix D.15 presents a complete set of analytical data for organics in

Areas C sediment samples.

Fifteen different inorganic constituents were detected in the Area C sediment samples.  Arsenic

was detected in all seven samples in concentrations as shown in Table 4-10.  Beryllium and

cadmium were detected in four samples as depicted in Table 4-10, the concentrations were low,

and near the range of the background detections.  A more detailed discussion of the detections

along with results of AVS/SEM data is provided in Section 5.0 of this report (Appendix D.25

presents a complete set of analytical data for AVS/SEM discussed in Section 5.0).  Appendix

D.16 presents a complete set of analytical data for inorganics in Areas A and B.

4.3 Surface Water

Area A and B surface water samples were combined present a comprehensive review of

analytical results for these areas since they are close in proximity.  The surface water samples

from Area C remain separate.

4.3.1  Surface Water - Areas A and B

A summary of the results from the field parameters obtained during the collection of the surface

water samples during the CMS investigation is provided in Table 4-11.  The pH ranged from 6.76

to 8.11, specific conductance from 27,050 to 52,200 µmhos/cm, dissolved oxygen from 0.46 to

5.83 mg/L and turbidity from 4.5 to 196 N.T.U.
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There were no organic constituents detected in the four surface water samples obtained from

Areas A and B during the Phase III RFI Investigation.  Appendix D.17 presents a complete set of

analytical data for surface water organic samples.

A total of 15 samples were obtained from the surface water adjacent to Areas A and B.  Arsenic

was detected in 7 out of 15 samples (3.7 J µg/L - 110 µg/L) and barium was detected in all 15

samples ranging from 25 µg/L -450 µg/L. Beryllium and cadmium were detected in a few

samples in minor amounts, however they were not detected in the background samples.

Chromium, copper and cobalt were detected in various samples with highest concentrations in

9SW17 and 9SW18.  Samples 9SW17 and 9SW18 exhibited high concentrations for all

constituents.  Lead was detected in 10 out of 15 samples, ranging from 1.7 J µg/L to 1100 µg/L,

as indicated in Table 4-12.  Vanadium and zinc were detected in 14 out of the 15 samples, these

inorganics are not components of gasoline so are not likely site related. Appendix D.18 presents

the complete set of analytical data.

The eleven surface water samples collected for the CMS Investigation were also analyzed for

dissolved inorganics.  Six dissolved inorganics were detected, as presented in Table 4-13.

Dissolved arsenic was detected in two samples.  Dissolved chromium, cobalt, and zinc were

detected in a few samples as indicated on Table 4-13.  Dissolved copper was detected in 9 out of

11 samples while barium was detected in all eleven samples.  A complete set of analytical results

is includes as Appendix D.19.  A more detailed evaluation of this data is presented in Section 5.0

of this report.

4.3.2 Surface Water - Area C

A total of seven samples were obtained from Area C surface water.  Two were from the Phase III

RFI and five from the CMS investigation.  There was one detection of methylene chloride at 2.9 J

µg/L in 9SW07.  There were no detections of VOCs or SVOCs.  Table 4-14 and Appendix D.20

present the complete set of analytical results for Area C organics.

Total antimony and selenium were detected in 1 out of the 7 surface water samples at values

below the background levels for surface water at SWMU 9.  Arsenic was detected in five out of

the seven samples, ranging in value from 3.3 J µg/L to 60.8 J µg/L.  Barium, chromium, cobalt,

copper, lead, tin and vanadium all had detections, with higher concentrations in samples 9SW06
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and 9SW07, as shown in Table 4-15.  It should be noted that these samples were from the

previous Phase III RFI investigation and the water was very turbid at the time of collection.  This

was not the same case for this investigation.  This may be the cause for the higher levels detected

from 9SW06 and 9SW07.  Appendix D.21 presents a complete set of analytical data.

The five samples collected during the CMS Investigation were also analyzed for dissolved

inorganics.  Six dissolved inorganic constituents were detected which include:  antimony, barium,

copper, mercury, selenium, and zinc.  Detections of dissolved inorganics are discussed in further

detail in Section 5.0.  Table 4-16 presents detections of dissolved inorganics for Area C, and

Appendix D.22 has the complete analytical results.

4.4 QA/QC Samples

One equipment rinsate was collected during the December 2000 field sampling investigation and

analyzed for BTEX and total Appendix IX Inorganics.  There were not any detections of BTEX

in this sample.  However, there was one detection of chromium at 0.0073 J mg/L, as shown in

Table 4-17.

A total of four trip blanks were collected during the investigation, BTEX was not detected in any

of these samples.

There were three field blanks collected for this sampling investigation.  2000FB01 was made up

of lab-grade deionized water, and 2000FB02 was taken with store bought deionized water.

Sample 2000FB03 was collected from NSRR potable water supply from a spigot at the Tow Way

Fuel Farm Pump House.  Table 4-18 presents a summary of all detected organics in the field

blank samples.  Three VOCs and six SVOCs were detected in 2000FB03, and one SVOC in

2000FB02.  Chloroform and bromodichloromethane (VOCs detected in 2000FB03) are common

laboratory contaminants and did not impact sample results.  There was also a detection of diesel

range organics in 2000FB02. A total of six metals were detected in field blank samples as

indicated in Table 4-19.  Appendix E.1 through E.5 presents a complete set of analytical results

for the field blank samples.
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TABLE 4-1 

SUMMARY OF ORGANIC  DETECTIONS IN SURFACE SOIL  
SWMU 9 - AREA A (TANKS 212-213)

CORRECTIVE MEASURES STUDY INVESTIGATION
NAVAL STATION ROOSEVELT ROADS, CEIBA, PUERTO RICO

Site ID Frequency Range Location of
Sample ID of of Maximum 
Sample Date Detections Detections Detections
Sample Depth (ft bgs)
         
         
Volatiles (ug/kg)         
Acetone 11 UJ 12 J 12 UJ 11 UJ 1/4 12 J 9SS02

Semivolatiles (ug/kg)         
Benzyl alcohol 370 UJ 380 U 440 J 370 UJ 1/4 440 J 9MW01-00
Diethylphthalate 370 U 380 U 410 U 40 J 1/4 40 J 9MW02-00

        
TPH (mg/kg)
     Not detected

Notes:
ug/kg = micrograms per kilogram.
mg/kg = milligrams per kilogram.
ft bgs = feet below ground surface.
J = Estimated Value.
U = Not Detected.
UJ = Reported quantitation limit is qualified as estimated.

9SS01 9SS02 9MW029MW01
9SS01 9SS02 9MW02-009MW01-00
3/20/96 3/20/96 3/20/963/20/96
0 - 1.0 0 - 1.0 0 - 1.00 - 1.0
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TABLE 4-2

SUMMARY OF RCRA METAL DETECTIONS  IN SURFACE SOIL  
SWMU 9- AREA A (TANKS 212-213)

CORRECTIVE MEASURES STUDY INVESTIGATION
NAVAL STATION ROOSEVELT ROADS, CEIBA, PUERTO RICO

Site ID Frequency Range Location of
Sample ID of of Maximum 
Sample Date Detections Detections Detections
Sample Depth (ft bgs)
         
         
RCRA Metals (mg/kg)         
Arsenic 1.6  1.1  0.93  3.7  4/4 0.93 - 3.7  9MW02-00
Barium 93.1  81.6  66.2  232  4/4 66.2 - 232  9MW02-00
Chromium 17.6 J 7.7 J 7.6 J 29.7 J 4/4 7.6 J - 29.7 J 9MW02-00
Lead 15.6  6  4.2  10.7  4/4 4.2 - 15.6  9SS01
Selenium 0.18 UJ 0.18 UJ 0.87 J 1.6 J 2/4 0.87 J - 1.6 J 9MW02-00
Silver 0.28 U 0.33 U 0.37 U 0.35  1/4 0.35 9MW02-00

Notes:
mg/kg = milligrams per kilogram.
ft bgs = feet below ground surface.
J = Estimated Value.
U = Not Detected.
UJ = Reported quantitation limit is qualified as estimated.

9SS01 9SS02 9MW029MW01
9SS01 9SS02 9MW02-009MW01-00
3/20/96 3/20/96 3/20/963/20/96
0 - 1.0 0 - 1.0 0 - 1.00 - 1.0
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TABLE 4-3

SUMMARY OF ORGANIC DETECTIONS IN SUFACE SOIL 
SWMU 9 - AREA B (TANKS 214-215)

CORRECTIVE MEASURES STUDY INVESTIGATION
NAVAL STATION ROOSEVELT ROADS, CEIBA, PUERTO RICO

Site ID Frequency Range Location of
Sample ID of of Maximum 
Sample Date Detections Detections Detections
Sample Depth (ft bgs)
             
             
Volatiles (ug/kg)             
Acetone 22 J 11 UJ 14 J NA  NA  NA  2/3 14 J - 22 J 9SS03

Semivolatiles (ug/kg)             
Di-n-butyl phthalate 40 J 360 U 350 U NA  NA  NA  1/3 40 J 9SS03

TPH (mg/kg)             
Diesel Range Organics 4.8 U 4.6 U 4.4 U 4.2 U 15  4.6 U 1/6 15 9SS08

Notes:
ug/kg = micrograms per kilogram.
mg/kg = milligrams per kilogram.
ft bgs = feet below ground surface.
NA = Not Applicable.
J = Estimated Value.
U = Not Detected.
UJ = Reported quantitation limit is qualified as estimated.

9SS03 9SS04 9MW03 9SS07

12/16/00 12/16/00
9SS03 9SS04 9MW03-00 9SS07

9SS08 9SS09
9SS08 9SS09

0 - 1.0 0 - 1.0
3/20/96 3/20/96
0 - 1.0 0 - 1.0 0 - 1.0 0 - 1.0

3/20/96 12/16/00
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TABLE 4-4

SUMMARY OF INORGANIC DETECTIONS IN SURFACE SOIL
SWMU 9 - AREA B (TANKS 214-215)

CORRECTIVE MEASURES STUDY INVESTIGATION
NAVAL STATION ROOSEVELT ROADS, CEIBA, PUERTO RICO

Site ID Frequency Range Location of
Sample ID of of Maximum 
Sample Date Detections Detections Detections
Sample Depth (ft bgs)
             
             
Inorganics, Total (mg/kg)             
Antimony NA  NA  NA  2.7 UJ 2.4 UJ 3.4 J 1/3 3.4 J 9SS09
Arsenic 2  1.7 J 1.3  23  2.4  0.92 J 6/6 0.92 J - 23  9SS07
Barium 115  84.7  56.5  50  93  89  6/6 50 - 115  9SS03
Beryllium NA  NA  NA  0.32 J 0.26 J 0.19 J 3/3 0.19 J - 0.32 J 9SS07
Cadmium 0.2 U 0.22 U 0.42  1.4  0.63  0.76  4/6 0.42 - 1.4  9SS07
Chromium 9.3 J 9.5 J 13.2 J 37 J 23 J 9.4 J 6/6 9.3 J - 37 J 9SS07
Cobalt NA  NA  NA  11  23  19  3/3 11 - 23 9SS08
Lead 30  258  15.1  13 J 150 J 910 J 6/6 13 J - 910 J 9SS09
Mercury 0.04 U 0.06 U 0.05 U 0.014 J 0.019 J 0.009 J 3/6 0.009 J - 0.019 J 9SS08
Nickel NA  NA  NA  7.7  6.4  5.8  3/3 5.8 - 7.7  9SS07
Selenium 1.1 J 0.88 UJ 0.62 J 1.3 U 0.57 J 1.2 U 3/6 0.57 J - 1.1 J 9SS03
Tin NA  NA  NA  6.3 U 5.9 U 13  1/3 13 9SS09
Vanadium NA  NA  NA  50  120  110  3/3 50 - 120  9SS08
Zinc NA  NA  NA  520 J 96 J 120 J 3/3 96 J - 520 J 9SS07

Notes:
mg/kg = milligrams per kilogram.
ft bgs = feet below ground surface.
J = Estimated Value.
U = Not Detected.
UJ = Reported quantitation limit is qualified as estimated.

9SS03
9SS03
3/20/96
0 - 1.0

9SS09
9SS04 9MW03-00 9SS07 9SS08 9SS09
9SS04 9MW03 9SS07 9SS08

12/16/00
0 - 1.0 0 - 1.0 0 - 1.0 0 - 1.0 0 - 1.0
3/20/96 3/20/96 12/16/00 12/16/00
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TABLE 4-5

SUMMARY OF ORGANIC DETECTIONS IN SURFACE SOIL  
SWMU 9 - AREA C (TANKS 216-217)

CORRECTIVE MEASURES STUDY INVESTIGATION
NAVAL STATION ROOSEVELT ROADS, CEIBA, PUERTO RICO

Site ID Frequency Range Location of
Sample ID of of Maximum 
Sample Date Detections Detections Detections
Sample Depth (ft bgs)
       
       
Volatiles (ug/kg)       
     No Detections

Semivolatiles (ug/kg)       
Benzo(b)fluoranthene 350 U 340 U 59 J 1/3 59 J 9MW04-00
Chrysene 350 U 340 U 45 J 1/3 45 J 9MW04-00
Di-n-butyl phthalate 350 U 340 U 100 J 1/3 100 J 9MW04-00
Pyrene 350 U 340 U 56 J 1/3 56 J 9MW04-00

TPH (mg/kg)       
Gasoline Range Organics 0.032 U 0.027 J 0.034 U 1/3 0.027 J 9SS06

Notes:
ug/kg = micrograms per kilogram.
mg/kg = milligrams per kilogram.
ft bgs = feet below ground surface.
J = Estimated Value.
U = Not Detected.

3/20/96 3/20/96 3/20/96
0 - 1.0 0 - 1.0 0 - 1.0

9SS05 9SS06 9MW04
9SS05 9SS06 9MW04-00
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TABLE 4-6

SUMMARY OF RCRA METAL DETECTIONS IN SURFACE SOIL  
SWMU 9 - AREA C (TANKS 216 - 217)

CORRECTIVE MEASURES STUDY INVESTIGATION
NAVAL STATION ROOSEVELT ROADS, CEIBA, PUERTO RICO

Site ID Frequency Range Location of
Sample ID of of Maximum 
Sample Date Detections Detections Detections
Sample Depth (ft bgs)
       
       
RCRA Metals (mg/kg)       
Barium 110  52.6  59.6  3/3 52.6 - 110 9SS05
Chromium 17.6 J 30.4 J 25.1 J 3/3 17.6 J -30.4 J 9SS06
Lead 14.5  52.5  9.3  3/3 9.3 - 52.5 9SS06

Notes:
mg/kg = milligrams per kilogram.
ft bgs = feet below ground surface.
J = Estimated Value.

3/20/96 3/20/96 3/20/96
0 - 1.0 0 - 1.0 0 - 1.0

9SS05 9SS06 9MW04
9SS05 9SS06 9MW04-00
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TABLE 4-7

SUMMARY OF ORGANIC DETECTIONS  IN SEDIMENT  
SWMU 9 - AREAS A AND B (TANKS 212-215) 

CORRECTIVE MEASURES STUDY INVESTIGATION
NAVAL STATION ROOSEVELT ROADS, CEIBA, PUERTO RICO

Site ID
Sample ID
Sample Date
Sample Depth (ft bgs)
                   
                   
Volatiles (ug/kg)                   
2-Butanone 58 U 74 U 28 J 39 J NA  NA  NA  NA  NA  
Acetone 87 J 130 J 140  200  NA  NA  NA  NA  NA  
Carbon disulfide 12 U 15 U 5.3 J 8.9 J NA  NA  NA  NA  NA  

Semivolatiles (ug/kg)                   
Benzo(a)pyrene 720 U 970 U 1,400 U 3,600 U 39 U 27 U 29 U 28 U 73 U
Benzo(b)fluoranthene 720 U 970 U 1,400 U 3,600 U 39 U 27 U 29 U 28 U 73 U
Benzo(g,h,i)perylene 720 U 970 U 1,400 U 3,600 U 39 U 27 U 29 U 28 U 73 U
Benzo(k)fluoranthene 720 U 970 U 1,400 U 3,600 U 39 U 27 U 29 U 28 U 73 U
Chrysene 720 U 970 U 1,400 U 3,600 U 39 U 27 U 29 U 28 U 73 U
Indeno(1,2,3-cd)pyrene 720 U 970 U 1,400 U 3,600 U 39 U 27 U 29 U 28 U 73 U
Phenanthrene 720 U 970 U 1,400 U 3,600 U 39 U 27 U 29 U 28 U 73 U

Notes:
ug/kg = micrograms per kilogram.
ft bgs = feet below ground surface.
NA = Not Applicable.
J = Estimated Value.
U = Not Detected.
UJ = Reported quantitation limit is 
        qualified as estimated.

9SW/SD01 9SW/SD02 9SW/SD03 9SW/SD04 9SW/SD13 9SW/SD14 9SW/SD15 9SW/SD16 9SW/SD17
9SD01 9SD02 9SD03 9SD04 9SD13 9SD14 9SD15 9SD16 9SD17
6/29/99 6/29/99 6/29/99 6/29/99 12/17/00 12/17/00 12/17/00 12/17/00 12/17/00
0.0 - 0.5 0.0 - 0.5 0.0 - 0.5 0.0 - 0.5 0.0 - 0.5 0.0 - 0.5 0.0 - 0.5 0.0 - 0.5 0.0 - 0.5
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TABLE 4-7

SUMMARY OF ORGANIC DETECTIONS  IN SEDIMENT  
SWMU 9 - AREAS A AND B (TANKS 212-215) 

CORRECTIVE MEASURES STUDY INVESTIGATION
NAVAL STATION ROOSEVELT ROADS, CEIBA, PUERTO RICO

Site ID
Sample ID
Sample Date
Sample Depth (ft bgs)
 
 
Volatiles (ug/kg)
2-Butanone
Acetone
Carbon disulfide

Semivolatiles (ug/kg)
Benzo(a)pyrene
Benzo(b)fluoranthene
Benzo(g,h,i)perylene
Benzo(k)fluoranthene
Chrysene
Indeno(1,2,3-cd)pyrene
Phenanthrene

Notes:
ug/kg = micrograms per kilogram.
ft bgs = feet below ground surface.
NA = Not Applicable.
J = Estimated Value.
U = Not Detected.
UJ = Reported quantitation limit is 
        qualified as estimated.

Frequency Range Location of
of of Maximum 

Detections Detections Detections

            
            
            

NA  NA  NA  NA  NA  NA  2/4 28 J - 39 J 9SD04
NA  NA  NA  NA  NA  NA  4/4 87 J - 200  9SD04
NA  NA  NA  NA  NA  NA  2/4 5.3 J  -8.9 J 9SD04

            
130 U 1,500 U 1,300 J 120 J 27 U 31 UJ 2/15 120 J - 1,300 J 9SD20
130 U 1,500 U 840 J 310 U 27 U 31 UJ 1/15 840 J 9SD20
130 U 1,500 U 1,300 J 160 J 27 U 31 UJ 2/15 160 J - 1,300 J 9SD20
130 U 1,500 U 820 J 310 U 27 U 31 UJ 1/15 820 J 9SD20
130 U 1,500 U 560 J 310 U 27 U 31 U 1/15 560 J 9SD20
130 U 1,500 U 1,100 J 50 J 27 U 31 UJ 2/15 50 J - 1,100 J 9SD20
130 U 1,500 U 360 J 71 J 27 U 31 U 2/15 71 J - 360 J 9SD20

9SW/SD18 9SW/SD19 9SW/SD20 9SW/SD21 9SW/SD22 9SW/SD23
9SD18 9SD19 9SD20 9SD21 9SD22 9SD23

12/17/00 12/17/00 12/17/00 12/17/00 12/17/00 12/17/00
0.0 - 0.5 0.0 - 0.5 0.0 - 0.5 0.0 - 0.5 0.0 - 0.5 0.0 - 0.5
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TABLE 4-8

SUMMARY OF INORGANIC DETECTIONS IN SEDIMENT  
SWMU 9 - AREAS A AND B (TANKS 212-215)

CORRECTIVE MEASURES STUDY INVESTIGATION 
NAVAL STATION ROOSEVELT ROADS, CEIBA, PUERTO RICO

Site ID
Sample ID
Sample Date
Sample Depth (ft bgs)
                   
                   
Inorganics, Total (mg/kg)                   
Arsenic 1 J 1.8 J 1.2 J 1.3 J 1.4 J 2 U 1.2 J 2.9  2 U
Barium 13  14  15  20  26  28  21  22  33  
Beryllium 0.13 J 0.29 J 0.12 J 0.16 J 1.2 U 0.22 J 0.2 J 0.14 J 0.24 J
Cadmium 0.11 U 0.13 U 0.14 J 0.12 J 1.5 U 1 U 0.99 U 1.1 U 0.99 U
Chromium 22  21  28  26  20  19  16  20  16  
Cobalt 7.9  6.9  8.3  12  9  6.1  5.8  8.2  9.3  
Copper 98 J 63 J 83 J 120 J 85 J 85 J 87 J 120 J 87 J
Lead 5 J 12 J 47 J 24 J 4.2  3.2  5.3  3.9  4.6  
Mercury 0.07 J 0.078 J 0.084 J 0.1 J 0.093  0.083  0.11  0.1  0.046  
Nickel 7.7 J 6.6 J 7.2 J 9.8  6.8 J 6.5 J 5.9 J 7.3 J 5.4 J
Selenium 1.8 UJ 2.3 UJ 1.8 UJ 1.8 UJ 2.9 U 2 U 2 U 1.5 J 2 U
Sulfide 54 U 74 U 210  250  NA  NA  NA  NA  NA  
Tin 4.5 J 4.3 J 3.6 J 4.3 J 15 U 10 U 9.9 U 11 U 9.9 U
Vanadium 160  180  130  180  170  130  140  160  140  
Zinc 49 J 64 J 49 J 63 J 63  54  47  52  42  

Notes:
mg/kg = milligrams per kilogram.
ft bgs = feet below ground surface.
J = Estimated Value.
U = Not Detected.
UJ = Reported quantitation limit is 
        qualified as estimated.

9SW/SD01 9SW/SD02 9SW/SD03 9SW/SD04 9SW/SD13 9SW/SD14 9SW/SD15 9SW/SD16 9SW/SD17
9SD01 9SD02 9SD03 9SD04 9SD13 9SD14 9SD15 9SD16 9SD17
6/29/99 6/29/99 6/29/99 6/29/99 12/17/00 12/17/00 12/17/00 12/17/00 12/17/00
0-0.5 0-0.5 0-0.5 0-0.5 0-0.5 0-0.5 0-0.5 0-0.5 0-0.5
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TABLE 4-8

SUMMARY OF INORGANIC DETECTIONS IN SEDIMENT  
SWMU 9 - AREAS A AND B (TANKS 212-215)

CORRECTIVE MEASURES STUDY INVESTIGATION 
NAVAL STATION ROOSEVELT ROADS, CEIBA, PUERTO RICO

Site ID
Sample ID
Sample Date
Sample Depth (ft bgs)
 
 
Inorganics, Total (mg/kg)
Arsenic
Barium
Beryllium
Cadmium
Chromium
Cobalt
Copper
Lead
Mercury
Nickel
Selenium
Sulfide
Tin
Vanadium
Zinc

Notes:
mg/kg = milligrams per kilogram.
ft bgs = feet below ground surface.
J = Estimated Value.
U = Not Detected.
UJ = Reported quantitation limit is 
        qualified as estimated.

Frequency Range Location of
of of Maximum 

Detections Detections Detections

            
            
            

1.5 J 1.4 J 2.6  1.5 J 2.2  1.3 J 13/15 1 J - 2.9  9SD16
12  19  12  15  11  14  15/15 11 - 33 9SD17

0.21 J 0.15 J 0.14 J 0.21 J 0.2 J 0.2 J 14/15 0.12 J - 0.29 J 9SD02
0.17 J 1 U 1.2 U 1.2 U 0.93 U 1.1 U 3/15 0.12 J - 0.17 J 9SD18

13  10  17  21  17  20  15/15 10 - 28  9SD03
7.8  5.8  8.7  6  6.7  5  15/15 5 - 12  9SD04
65 J 52 J 77 J 67 J 67 J 60 J 15/15 52 J - 120 J 9SD04, 9SD16
31  250  69  23  12  7.2  15/15 3.2 - 250  9SD19

0.058  0.058  0.1  0.091  0.1  0.077  15/15 0.046 - 0.11  9SD15
4.8 J 6 J 6.2 J 6.8 J 5.2 J 5.7 J 15/15 4.8 J - 9.8  9SD04
1.9 U 2.1 U 2.4 U 2.3 U 0.98 J 2.1 U 2/15 0.98 J - 1.5 J 9SD16
NA  NA  NA  NA  NA  NA  2/4 210 - 250  9SD04
9.6 U 10 U 12 U 12 U 9.3 U 11 U 4/15 3.6 J - 4.5 J 9SD01

130  120  110  150  130  130  15/15 110 - 180  9SD02, 9SD04
38  39  36  47  41  42  15/15 36 - 64 J 9SD02

9SW/SD18 9SW/SD19 9SW/SD20 9SW/SD21 9SW/SD22 9SW/SD23
9SD18 9SD19 9SD20 9SD21 9SD22 9SD23

12/17/00 12/17/00 12/17/00 12/17/00 12/17/00 12/17/00
0-0.5 0-0.5 0-0.5 0-0.5 0-0.5 0-0.5
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TABLE 4-9

SUMMARY OF ORGANIC DETECTIONS IN SEDIMENT  
SWMU 9 - AREA C (TANKS 216-217)

CORRECTIVE MEASURES STUDY INVESTIGATION
NAVAL STATION ROOSEVELT ROADS, CEIBA, PUERTO RICO

Site ID Frequency Range Location of
Sample ID of of Maximum 
Sample Date Detections Detections Detections
Sample Depth (ft bgs)
               
               
Volatiles (ug/kg)               
2-Butanone 68 J 63 U NA  NA  NA  NA  NA  1/2 68 J 9SD06
Acetone 290  74 J NA  NA  NA  NA  NA  2/2 74 J - 290 9SD06
Carbon disulfide 20 U 16  NA  NA  NA  NA  NA  1/2 16 9SD07

Semivolatiles (ug/kg)               
     No detections

Notes:
ug/kg = micrograms per kilogram.
ft bgs = feet below ground surface.
NA = Not Applicable.
J = Estimated Value.
U = Not Detected.

9SW/SD06 9SW/SD07 9SW/SD24 9SW/SD25 9SW/SD26 9SW/SD27 9SW/SD28
9SD06 9SD07 9SD24 9SD25 9SD26 9SD27 9SD28
6/29/99 6/29/99 12/20/00 12/20/00 12/20/00 12/20/00 12/20/00
0.0 - 0.5 0.0 - 0.5 0.0 - 0.5 0.0 - 0.5 0.0 - 0.5 0.0 - 0.5 0.0 - 0.5
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TABLE 4-10

SUMMARY OF INORGANIC DETECTIONS IN SEDIMENT  
SWMU 9 - AREA C (TANKS 216-217)

CORRECTIVE MEASURES STUDY INVESTIGATION
NAVAL STATION ROOSEVELT ROADS, CEIBA, PUERTO RICO

Site ID Frequency Range Location of
Sample ID of of Maximum 
Sample Date Detections Detections Detections
Sample Depth (ft bgs)
               
Inorganics, Total (mg/kg)               
Arsenic 4.6 J 2.3 J 6.6  12  15  8.7  7.8  7/7 2.3 J - 15  9SD26
Barium 80  29  5.5  6.6  9.1  9.7  7.3  7/7 5.5 - 80  9SD06
Beryllium 0.097 J 0.076 J 1.8 U 1.7 U 0.35 J 1.6 U 0.27 J 4/7 0.076 J - 0.35 J 9SD26
Cadmium 0.18 U 0.1 U 2.3 U 0.44 J 0.78 J 0.52 J 0.53 J 4/7 0.44 J - 0.78 J 9SD26
Chromium 30  9.1  17 J 20 J 27 J 16 J 20 J 7/7 9.1 - 30  9SD06
Cobalt 22  7.6  8.7  13  24  16  22  7/7 7.6 - 24  9SD26
Copper 49 J 28 J 38  55  67  56  71  7/7 28 J - 71  9SD28
Lead 22 J 8.1 J 7.4  16  46  17  25  7/7 7.4 - 46  9SD26
Mercury 0.049 J 0.015 J 0.088  0.1  0.098  0.1  0.062  7/7 0.015 J - 0.1  9SD25, 9SD27
Nickel 7 J 4.4 J 7 J 8.2 J 12 J 7.6 J 13  7/7 4.4 J - 13  9SD28
Selenium 0.68 J 0.39 UJ 4.5 U 4.2 U 2 J 4 U 1 J 3/7 0.68 J - 2 J 9SD26
Sulfide 290  57 U NA  NA  NA  NA  NA  1/2 290 9SD06
Tin 6 J 3.5 J 23 U 21 U 19 U 20 U 11 U 2/7 3.5 J - 6 J 9SD06
Vanadium 180  66  78 J 100 J 120 J 86 J 88 J 7/7 66 - 180  9SD06
Zinc 52 J 20 U 33  38  72  47  48  6/7 33 - 72  9SD26

Notes:
mg/kg = milligrams per kilogram.
ft bgs = feet below ground surface.
NA = Not Applicable.
J = Estimated Value.
U = Not Detected.
UJ = Reported quantitation limit is 
        qualified as estimated.

9SW/SD06
9SD06
6/29/99
0.0 - 0.5

9SW/SD07 9SW/SD24 9SW/SD25 9SW/SD26

12/20/00 12/20/00
9SD07 9SD24 9SD25 9SD26

9SW/SD27 9SW/SD28
9SD27 9SD28

0.0 - 0.5 0.0 - 0.5
6/29/99 12/20/00
0.0 - 0.5 0.0 - 0.5 0.0 - 0.5 0.0 - 0.5

12/20/00 12/20/00
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TABLE 4-11

SUMMARY OF SURFACE WATER FIELD PARAMETERS 
SWMU 9 - TANKS 212-217

CORRECTIVE MEASURES STUDY INVESTIGATION
NAVAL STATION ROOSEVELT ROADS, CEIBA, PUERTO RICO 

Sample Number Date 

9SW08 12/20/00 28 7.1 47,300 4.5 83.8
9SW09 12/20/00 25.3 7.12 48,900 1.7 124.5
9SW10 12/20/00 24.9 7.15 48,200 2.5 72.5
9SW11 12/20/00 24.8 7.13 48,400 3.15 87.9
9SW12 12/20/00 25.4 7.5 46,700 3.02 196
9SW13 12/17/00 28.3 6.76 65,800 0.46 NA
9SW14 12/17/00 33.9 7.35 52,200 4.62 4.5
9SW15 12/17/00 33.3 7.13 51,700 5.83 NA
9SW16 12/17/00 33.9 7.35 52,200 4.8 4.5
9SW17 12/17/00 27.05 7.33 27,050 5.03 97.0
9SW18 12/17/00 24.6 7.18 25,300 NA 94.6
9SW19 12/17/00 24.6 7.17 51,600 NA 32.8
9SW20 12/17/00 NA NA NA NA NA
9SW21 12/17/00 31.8 7.96 51,900 NA NA
9SW22 12/17/00 31.8 7.97 51,400 NA NA
9SW23 12/17/00 31.6 8.02 51,100 NA NA
9SW24 12/20/00 32.7 8.11 45,900 NA 12.7
9SW25 12/20/00 30.5 7.57 44,600 NA 11.5
9SW26 12/20/00 31.0 7.50 45,700 NA 20.5
9SW27 12/20/00 29.0 7.26 43,500 NA 28.5
9SW28 12/20/00 30.8 7.76 44,300 NA 10.9

Notes:

(0C) = Degrees Centigrade.
S.U. = Standard Unit.
umhos/cm = micro ohms per centimeter.
mg/L = milligrams per liter.
N.T.U. = Nephlometric Turbidity Units.
NA = Not Available.

Specific 
Conductance 
(umhos/cm)

Dissolved 
Oxygen         
(mg/L)

Turbidity 
(N.T.U.)

Temperature 
(0C)

pH               
(S.U.)
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TABLE 4-12  

SUMMARY OF TOTAL INORGANIC DETECTIONS IN SURFACE WATER 
SWMU 9 - AREAS A AND B (TANKS 212-215) 

CORRECTIVE MEASURES STUDY INVESTIGATION
NAVAL STATION ROOSEVELT ROADS, CEIBA, PUERTO RICO

Site ID
Sample ID
Sample Date
                   
Inorganics, Total (ug/L)                   
Antimony 13.5 U 2.7 U 2.7 U 2.7 U 20 U 20 U 20 U 20 U 6.5 J
Arsenic 17.8 J 38.3 J 33.5 J 39.7 J 10 U 10 U 10 U 3.7 J 21  
Barium 54.2  50.5  54.9  61.1  73  59  34  30  290  
Beryllium 0.73  0.1 U 0.1 U 0.12 J 4 U 4 U 4 U 4 U 2.8 J
Cadmium 2.5 U 0.7 J 0.94 J 1.5 J 2.9 U 5 U 5 U 5 U 9.3  
Chromium 8.5  2.7 U 8 J 7.7 U 13 J 8.1 J 10 U 4.7 J 190  
Cobalt 4.1  0.96 J 3.6 J 4.4 J 6.2 J 3 J 10 U 1.5 J 110  
Copper 50.4  25.6 U 41.4 U 55.6 J 73  65  8.1 J 20 J 1,500  
Cyanide 61  10 U 10 U 10 U NA  NA  NA  NA  NA  
Lead 4.5 UJ 4.5 UJ 4.5 UJ 5.4 J 2.4 U 2.3 J 5 U 1.7 J 84  
Mercury 0.1 U 0.1 U 0.1 U 0.1 U 0.2 U 0.2 U 0.2 U 0.2 U 0.78  
Nickel 10.1  2.7 U 4.5 J 4.4 J 5.2 U 40 U 40 U 40 U 77  
Selenium 17 U 22.3 J 17 UJ 17 UJ 10 U 10 U 10 U 5 J 13  
Tin 8.5 U 2.7 J 5 J 3.8 J 50 U 50 U 50 U 50 U 7.9 J
Vanadium 70.9  88.5  134  72.3  58  66  50 U 25 J 1,700  
Zinc 27.4  6.3 J 14.5 J 19.9 J 33  23  20 U 12 J 480  

Notes:
ug/L = micrograms per liter.
NA = Not Applicable.
J = Estimated Value.
U = Not Detected.
UJ = Reported quantitation limit is 
        qualified as estimated.

9SW/SD01 9SW/SD02 9SW/SD03 9SW/SD04 9SW/SD13 9SW/SD14 9SW/SD15 9SW/SD16 9SW/SD17
9SW01 9SW02 9SW03 9SW04 9SW13 9SW14 9SW15 9SW16 9SW17
6/29/99 6/29/99 6/29/99 6/29/99 12/17/00 12/17/00 12/17/00 12/17/00 12/17/00
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TABLE 4-12 (Continued) 

SUMMARY OF TOTAL INORGANIC DETECTIONS IN SURFACE WATER 
SWMU 9 - AREAS A AND B (TANKS 212-215) 

CORRECTIVE MEASURES STUDY INVESTIGATION
NAVAL STATION ROOSEVELT ROADS, CEIBA, PUERTO RICO

Site ID
Sample ID
Sample Date
 
Inorganics, Total (ug/L)
Antimony
Arsenic
Barium
Beryllium
Cadmium
Chromium
Cobalt
Copper
Cyanide
Lead
Mercury
Nickel
Selenium
Tin
Vanadium
Zinc

Notes:
ug/L = micrograms per liter.
NA = Not Applicable.
J = Estimated Value.
U = Not Detected.
UJ = Reported quantitation limit is 
        qualified as estimated.

Frequency Range Location of
of of Maximum 

Detections Detections Detections
            

            
16 U 20 U 20 U 20 U 20 U 20 U 1/15 6.5 J 9SW17

110  10 U 10 U 10 U 10 U 10 U 7/15 3.7 J - 110  9SW18
450  31  27  25  27  32  15/15 25 - 450  9SW18
6.6 J 4 U 4 U 4 U 4 U 4 U 4/15 0.12 J - 6.6 J 9SW18
38  5 U 5 U 5 U 5 U 0.91 J 6/15 0.7 J - 38  9SW18

540  5.8 J 4.3 J 4.9 J 5.7 J 20  12/15 4.3 J - 540  9SW18
220  2 J 10 U 10 U 10 U 3.8 J 11/15 0.96 J - 220  9SW18

3,100  24  16 J 17 J 26  64  13/15 8.1 J - 3,100  9SW18
NA  NA  NA  NA  NA  NA  1/4 61 9SW01

1,100  29  3.5 J 2.4 J 2.5 J 5.2  10/15 1.7 J - 1,100  9SW18
0.22  0.11 J 0.1 J 0.08 J 0.2 U 0.2 U 5/15 0.08 J - 0.78  9SW17
200  40 U 40 U 40 U 40 U 7.7 J 6/15 4.4 J - 200  9SW18

26 J 10 U 10 U 10 U 10 U 10 U 4/15 5 J - 26 J 9SW18
25 J 50 U 50 U 50 U 50 U 50 U 5/15 2.7 J - 25 J 9SW18

4,700  35 J 23 J 27 J 40 J 110  14/15 23 J - 4,700  9SW18
1,300  13 J 13 J 19 J 13 J 37  14/15 6.3 J - 1,300  9SW18

9SW/SD18 9SW/SD19 9SW/SD20 9SW/SD21 9SW/SD22 9SW/SD23
9SW18 9SW19 9SW20 9SW21 9SW22 9SW23

12/17/00 12/17/00 12/17/0012/17/00 12/17/00 12/17/00
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TABLE 4-13 

SUMMARY OF DISSOLVED INORGANIC DETECTIONS IN SURFACE WATER 
SWMU 9 - AREAS A AND B (TANKS 212-215) 

CORRECTIVE MEASURES STUDY INVESTIGATION
NAVAL STATION ROOSEVELT ROADS, CEIBA, PUERTO RICO

Site ID
Sample ID
Sample Date
               
               
               
Inorganics, Dissolved (ug/L)               
Arsenic 10 U 10 U 10 U 10 U 10 U 3.2 J 10 U
Barium 56  39  33  28  57  31  25  
Chromium 10 U 10 U 10 U 1.9 J 4.3 J 10 U 10 U
Cobalt 10 U 10 U 10 U 10 U 7.1 J 10 U 10 U
Copper 1.9 U 1.7 J 1.4 J 2.8 J 1.7 J 20 U 1.9 J
Zinc 17 U 20 U 20 U 10 J 20 U 20 U 20 U

Notes:
ug/L = micrograms per liter.
J = Estimated Value.
U = Not Detected.

9SW/SD13 9SW/SD14 9SW/SD15 9SW/SD16 9SW/SD17 9SW/SD18 9SW/SD19
9SW13 9SW14 9SW15 9SW16 9SW17 9SW18 9SW19

12/17/00 12/17/00 12/17/00 12/17/00 12/17/00 12/17/00 12/17/00
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TABLE 4-13 

SUMMARY OF DISSOLVED INORGANIC DETECTIONS IN SURFACE WATER 
SWMU 9 - AREAS A AND B (TANKS 212-215) 

CORRECTIVE MEASURES STUDY INVESTIGATION
NAVAL STATION ROOSEVELT ROADS, CEIBA, PUERTO RICO

Site ID
Sample ID
Sample Date
 
 
 
Inorganics, Dissolved (ug/L)
Arsenic 
Barium 
Chromium 
Cobalt 
Copper 
Zinc

Notes:
ug/L = micrograms per liter.
J = Estimated Value.
U = Not Detected.

Frequency Range Location of
of of Maximum 

Detections Detections Detections
           
           

           
           

10 U 10 U 10 U 4.3 J 2/11 3.2 J - 4.3 J 9SW23
25  22  21  21  11/11 21 - 57  9SW17
10 U 10 U 10 U 1.9 J 3/11 1.9 J - 4.3 J 9SW17
10 U 10 U 10 U 10 U 1/11 7.1 J 9SW17

2.2 J 2.7 J 3.6 J 3.5 J 9/11 1.4 J - 3.6 J 9SW22
20 U 20 U 20 U 20 U 1/11 10 J 9SW16

9SW/SD20 9SW/SD21 9SW/SD22 9SW/SD23
9SW20 9SW21 9SW22 9SW23

12/17/00 12/17/00 12/17/0012/17/00
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TABLE 4-14

SUMMARY OF ORGANIC DETECTIONS IN SURFACE WATER 
SWMU 9 - AREA C (TANKS 216-217)

CORRECTIVE MEASURES STUDY INVESTIGATION
NAVAL STATION ROOSEVELT ROADS, CEIBA, PUERTO RICO

Site ID Frequency Range Location of
Sample ID of of Maximum 
Sample Date Detections Detections Detections
               
               
               
Volatiles (ug/L)               
Methylene chloride 5 U 2.9 J NA  NA  NA  NA  NA  1/2 2.9 J 9SW07

Semivolatiles (ug/L)               
     No detections

Notes:
ug/L = micrograms per Liter.
NA = Not Applicable.
J = Estimated Value.
U = Not Detected.

9SW/SD06 9SW/SD07 9SW/SD24 9SW/SD25 9SW/SD26 9SW/SD27 9SW/SD28
9SW06 9SW07 9SW24 9SW25 9SW26 9SW27 9SW28

12/20/00 12/20/00 12/20/006/29/99 6/29/99 12/20/00 12/20/00

SurfaceWaterTables.xls  4-14  6/11/01 1 of 1



TABLE 4-15

SUMMARY OF TOTAL INORGANICS  IN SURFACE WATER 
SWMU 9 - AREA C (TANKS 216-217)

CORRECTIVE MEASURES STUDY INVESTIGATION
NAVAL STATION ROOSEVELT ROADS, CEIBA, PUERTO RICO

Site ID Frequency Range Location of
Sample ID of of Maximum 
Sample Date Detections Detections Detections
 
 
Inorganics, Total (ug/L)               
Antimony 13.5 U 13.5 U 20 U 5.5 J 20 U 20 U 20 U 1/7 5.5 J 9SW25
Arsenic 60.8 J 8.7 J 10 U 4.7 J 6.1 J 10 U 3.3 J 5/7 3.3 J - 60.8 J 9SW06
Barium 341  274  16  16  18  25  16  7/7 16 - 341  9SW06
Beryllium 2.3  2.4  4 U 4 U 4 U 4 U 4 U 2/7 2.3 - 2.4  9SW07
Cadmium 3.3  2.5 U 5 U 5 U 5 U 5 U 5 U 1/7 3.3 9SW06
Chromium 155  103  2 J 1.9 J 10 U 2.1 J 2.2 J 6/7 1.9 J - 155  9SW06
Cobalt 145  81.6  10 U 1.8 J 10 U 2.3 J 1.5 J 5/7 1.5 J - 145  9SW06
Copper 389  368  2.3 J 3.6 J 2.6 J 4.5 J 2.5 J 7/7 2.5 J - 389  9SW06
Cyanide 10 U 10  NA  NA  NA  NA  NA  1/2 10 9SW07
Lead 130 J 80.9 J 5 U 5 U 5 U 5 U 5 U 2/7 80.9 J - 130 J 9SW06
Mercury 0.59  0.5  0.2 U 0.2 U 0.2 U 0.2 U 0.2 U 2/7 0.5 - 0.59  9SW06
Nickel 63.4  53.5  40 U 40 U 40 U 40 U 40 U 2/7 53.5 - 63.4  9SW06
Selenium 17 U 17 U 10 U 10 U 10 U 10 U 6 J 1/7 6 J 9SW28
Tin 13  11.5  50 U 50 U 50 U 50 U 50 U 2/7 11.5 - 13  9SW06
Vanadium 1,070  660  50 U 50 U 50 U 50 U 50 U 2/7 660 - 1,070  9SW06
Zinc 425  246  20 U 20 U 20 U 6.5 J 20 U 3/7 6.5 J - 425  9SW06

Notes:
ug/L = micrograms per liter.
NA = Not Applicable.
J = Estimated Value.
U = Not Detected.

9SW/SD27

12/20/0012/20/00 12/20/00 12/20/00

9SW/SD24

12/20/00

9SW/SD28
9SW24 9SW25 9SW26 9SW27 9SW28

9SW/SD25 9SW/SD269SW/SD06
9SW06
6/29/99

9SW/SD07
9SW07
6/29/99
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TABLE 4-16

SUMMARY OF DISSOLVED INORGANIC DETECTIONS IN SURFACE WATER 
SWMU 9 - AREA C (TANKS 216-217) 

CORRECTIVE MEASURES STUDY INVESTIGATION
NAVAL STATION ROOSEVELT ROADS, CEIBA, PUERTO RICO

Site ID Frequency Range Location of
Sample ID of of Maximum 
Sample Date Detections Detections Detections
           

Inorganics, Dissolved (ug/L)          
Antimony 20 U 6.1 J 20 U 8.1 J 5.6 J 3/5 5.6 J - 8.1 J 9SW27
Barium 15  15  17  22  16  5/5 15 - 22 9SW27
Copper 20 U 2 J 1.4 J 20 U 1.1 J 3/5 1.1 J - 2 J 9SW25
Mercury 0.2 U 0.11 J 0.2 U 0.2 U 0.2 U 1/5 0.11 J 9SW25
Selenium 10 U 5 J 10 U 7.7 J 7.4 J 3/5 5 J - 7.7 J 9SW27
Zinc 20 U 20 U 14 J 7.6 J 20 U 2/5 7.6 J - 14 J 9SW26

Notes:
ug/L = micrograms per liter.
J = Estimated Value.
U = Not Detected.

9SW/SD28
9SW24 9SW25 9SW26 9SW27 9SW28

9SW/SD24 9SW/SD25 9SW/SD26 9SW/SD27

12/20/0012/20/00 12/20/00 12/20/00 12/20/00

SurfaceWaterTables.xls  4-16  6/11/01 1 of  1



TABLE 4-17

SUMMARY OF TOTAL INORGANIC DETECTIONS IN EQUIPMENT RINSATES
SWMU 9 (TANKS 212-217)

CORRECTIVE MEASURES STUDY INVESTIGATION
NAVAL STATION ROOSEVELT ROADS, CEIBA, PUERTO RICO

Sample ID Frequency Range Location of
Sample Date of of Maximum 
   Detections Detections Detections

Inorganics, Total (mg/L)  
Chromium 0.0073 J 1/1 0.0073 J 9ER01

Notes:
mg/L = milligrams per liter.
J = Estimated Value.

9ER01
12/21/00

QAQCTables.xls  4-17  6/11/01 1 of 1



TABLE 4-18

SUMMARY OF ORGANIC DETECTIONS IN FIELD BLANKS
SWMU 9 (TANKS 212-217)

CORRECTIVE MEASURES STUDY INVESTIGATION
NAVAL STATION ROOSEVELT ROADS, CEIBA, PUERTO RICO

Sample ID Frequency Range Location of
Sample Date of of Maximum 
       Detections Detections Detections

Volatiles (ug/L)       
Chloroform 5 U 5 U 140  1/3 140 2000FB03
Bromodichloromethane 5 U 5 U 14  1/3 14 2000FB03
Dibromochloromethane 5 U 5 U 1.4 J 1/3 1.4 J 2000FB03

Semivolatiles (ug/L)       
1,4-Dichlorobenzene 10 U 12  10 U 1/3 12 2000FB02
Benzo(b)fluoranthene 10 U 10 U 0.81 J 1/3 0.81 J 2000FB03
Benzo(k)fluoranthene 10 U 10 U 1.5 J 1/3 1.5 J 2000FB03
Benzo(a)pyrene 10 U 10 U 1.2 J 1/3 1.2 J 2000FB03
Indeno(1,2,3-cd)pyrene 10 U 10 U 2 J 1/3 2 J 2000FB03
Dibenzo(a,h)anthracene 10 U 10 U 1.4 J 1/3 1.4 J 2000FB03
Benzo(g,h,i)perylene 10 U 10 U 1.7 J 1/3 1.7 J 2000FB03

TPH (mg/L)       
Diesel Range Organics 0.1 U 0.096 J 0.1 U 1/3 0.096 J 2000FB02

Notes:
ug/L =  micrograms per liter.
mg/L =  milligrams per liter.
U =  Not detected.
J =  Estimated value.

2000FB01
12/20/00

2000FB02 2000FB03
12/21/00 12/20/00
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TABLE 4-19  

SUMMARY OF TOTAL INORGANIC DETECTIONS IN FIELD BLANKS
SWMU 9 (TANKS 212-217)

CORRECTIVE MEASURES STUDY INVESTIGATION
NAVAL STATION ROOSEVELT ROADS, CEIBA, PUERTO RICO

Sample ID Frequency Range Location of
Sample Date of of Maximum 
       Detections Detections Detections

Inorganics, Total (mg/L)      
Barium 0.01 U 0.01 U 0.0046 J 1/3 0.0046 J 2000FB03
Chromium 0.01 U 0.014  0.01 U 1/3 0.014 2000FB02
Copper 0.02 U 0.02 U 0.03  1/3 0.03 2000FB03
Lead 0.0021 J 0.005 U 0.011  2/3 0.0021 J - 0.011 2000FB03
Selenium 0.01 U 0.01 U 0.0052 J 1/3 0.0052 J 2000FB03
Zinc 0.02 U 0.0068 J 0.026  2/3 0.0068 J - 0.026 2000FB03

Notes:
mg/L =  milligrams per liter.
U =  Not detected.
J =  Estimated value.

2000FB01
12/20/00

2000FB02 2000FB03
12/21/00 12/20/00

QAQCTables.xls  4-19  6/11/01 1 of  1
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5.0 ECOLOGICAL RISK ASSESSMENT 

 

An ecological risk assessment (ERA) was previously conducted at SWMU 9 using the process 

outlined in the Chief of Naval Operations entitled Navy Policy for Conducting Ecological Risk 

Assessments (CNO 1999).  The Navy ERA process (see Figure 5-1) consists of eight steps 

organized into three tiers that represents a clarification and interpretation of the eight-step ERA 

process outlined in the EPA ERA guidance for the Superfund program (EPA 1997).  The results 

of the ERA, presented in the document entitled Revised Draft RCRA Facility Investigation 

Report for SWMU 9, Naval Station Roosevelt Roads, Ceiba, Puerto Rico (Baker 2000), covered 

Tier 1 (screening-level ERA) of the CNO guidance: 

 

• Screening-level problem formulation and ecological effects evaluation (Step 1) 

• Screening-level exposure estimate and risk calculation (Step 2) 

 

Based on the results of the screening-level ERA, it was concluded that ecological receptors are 

potentially at risk from chemicals in surface water, sediment, and surface soil.  Under Navy 

policy, if the results of Step 1 and Step 2 (Tier 1) indicate that, based on a set of conservative 

exposure assumptions, there are chemicals present in environmental media that may present a risk 

to receptor species/communities, the ERA process proceeds to the baseline ERA.  According to 

Superfund guidance (EPA 1997), Step 3 represents the problem formulation phase of the baseline 

ERA.  Under Navy policy, the baseline ERA is defined as Tier 2, and the first activity under Tier 

2 is Step 3a.  Step 3a precedes the baseline risk assessment problem formulation (Step 3b).  In 

Step 3a, the conservative exposure assumptions applied in Tier I are refined and risk estimates are 

recalculated using the same conceptual site model.  The evaluation of risks in Step 3a may also 

include consideration of background data, chemical bioavailability, and the frequency at which 

chemicals were detected.  The ERA presented in the EPA-approved Revised Draft RFI Report 

also included Step 3a of the CNO guidance. 

 

The results of Step 3a concluded that ecological receptors are potentially at risk from chemicals 

in surface water, sediment, and surface soil.  However, because the uncertainties associated with 

the analytical data used in the ERA were deemed to be unacceptable, a decision was made to 

collect additional surface water, sediment, and surface soil samples and re-evaluate potential risks 

to ecological receptors prior to concluding that SWMU 9 should proceed to Step 3b.  The specific 
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uncertainties associated with the analytical data, which may have resulted in an overestimation or 

underestimation of risks, included the following: 

 

• Although not detected in sediment samples, detection limits for PAHs exceeded 

conservative sediment screening values. 

 

• The number of surface water and sediment samples collected from the marine 

environment (estuarine wetland system) adjacent to SWMU 9 was low, ranging 

from one to three samples per UST area. 

 

• The number of surface soil samples collected from SWMU 9 was low, ranging 

from three to four samples per UST area.  The low number of samples collected 

at Area B prevented a complete characterization of the nature and extent of lead 

contamination in surface soil. 

 

• The surface water analytical data used in the ERA did not include dissolved 

metals data.  As such, an assessment of the bioavailability of metals in surface 

water was not available to assist in risk management decisions. 

 

• The sediment analytical data did not include quality characteristics that can be 

used to assess the bioavailability of organic and inorganic chemicals in sediment 

to ecological receptors.  As such, an assessment of the bioavailability of organic 

and inorganic chemicals was not available to assist in risk management decisions. 

 

A surface water, sediment, and surface soil sampling program, designed in part to address the 

uncertainties listed above, was presented in a document entitled Final Corrective Measures Study 

Work Plan, SWMU 9, Naval Station Roosevelt Roads, Ceiba, Puerto Rico (Baker 2001).  The 

Final CMS Work Plan, which was approved by the EPA Region 2 (EPA 2001), also contained a 

description of the methodology that would be used to re-evaluate risks to ecological receptors 

using the data generated by the CMS field investigation. 

  

The re-evaluation of ecological risks at SWMU 9 is presented in the sections that follow.  As 

proposed in the EPA-approved Final CMS Work Plan, risks were evaluated by (1) combining the 

analytical data from the RFI and CMS field investigations into a unified database, and (2) 
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repeating Step 1 and Step 2 of the Navy ERA guidance and, if necessary, Step 3a using the 

unified analytical database. 

 

5.1 Environmental Setting 

 

The sections that follow provide a brief description of the site history, as well as a general 

description of site habitats and biota.  A habitat characterization has not been conducted at 

SWMU 9; therefore, detailed information regarding SWMU 9 habitat units and the specific 

ecological receptors that may reside or forage within them are not known.  As such, the 

discussion of habitats and biota relies on general, literature-based information for Puerto Rico and 

the entire landmass of NSRR. 

 

A description of regional and, where applicable, area-specific physiographic features, including 

climate, topography, geology, and hydrology was previously presented in the EPA-approved 

Revised Draft RFI Report for SWMU 9.  The reader is referred to this document for a discussion 

of these physiographic features. 

 

5.1.1 Site History 

 

SWMU 9 is comprised of six concrete underground storage tanks (USTs), pipelines, and ancillary 

facilities.  The USTs were constructed in 1948 for the storage of aviation gasoline (AVGAS).  

The SWMU was divided into three separate areas for investigational purposes: 

 

• Area A - Tanks 212 and 213 

• Area B - Tanks 214 and 215 

• Area C - Tanks 216 and 217 

 

Tanks 212 and 213 are currently used for the storage of diesel fuel and unleaded gasoline, 

respectively.  Tanks 214 and 215 were changed from AVGAS storage to diesel fuel marine; 

however, they are currently out of service.  Tank 216 was most recently used for the storage of 

unleaded gasoline.  Identical to Tanks 214 and 215, Tank 216 is currently out of service.  It is not 

clear if Tank 217 was used for the storage of any fuel other than AVGAS.  This tank may have 

been used for the storage of diesel fuel marine and JP-5.  Previous reports indicate that each UST 

was cleaned of petroleum-based sludge every five years until 1978.  Sludge material collected 
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during tank cleaning activities prior to 1978 was reportedly disposed of onsite in unlined earthen 

pits.  Since 1978, any sludge materials generated during tank cleaning activities have been 

removed and disposed off-site by a licensed contractor. 

 

5.1.2 Terrestrial and Marine Habitats 

 

The upland habitat bounded by NSRR is classified as subtropical dry forest (Ewel and Witmore 

1973).  Similar to other forested areas of Puerto Rico, this region was previously clear-cut in the 

early part of the century, primarily for pastureland  (Geo-Marine, Inc. 1998).  After acquisition by 

the Navy, a secondary growth of thick scrub, dominated by leadtree (Leucaena spp.), box briar 

(Randia aculeate), sweet acacia (Acacia famesiana), and Australian corkwood (Sesbania 

grandiflora) grew in the previously grazed sections (Geo-Marine, Inc. 1998).  Secondary growth 

communities (upland coastal forest communities and coastal scrub forest communities) exist 

today throughout the station’s undeveloped upland.  These upland communities are likely present 

at SWMU 9.  It is noted that habitat located in the immediate vicinity of each UST area consists 

of a maintained vegetative ground cover of unknown species composition.  Without maintenance, 

the surrounding secondary growth cover would become established within the UST locations. 

 

Stahlia monosperma, a federally-designated threatened tree, is known to occur in coastal forests 

of southeastern Puerto Rico (Little and Wadsworth 1964). However, this species has not been 

verified as occurring on NSRR (Geo-Marine, Inc. 1998).  

 

The marine environment surrounding NSRR includes mudflats, mangroves (black mangrove and 

red mangrove communities), and seagrass beds (turtle grass and manatee grass).  The total area of 

mudflats, mangroves, and sea grass beds in the offshore environment contiguous to NSRR is 

approximately 161 acres, 2,700 acres, and 1,900 acres, respectively (Geo-Marine, Inc. 1998).  

Seagrass beds are important grazing areas for the green sea turtle (Chelonia mydas) and the West 

Indian manatee (Trichechas manatus).  The green sea turtle is a federally-designated threatened 

species, while the West Indian manatee is a federally-designated endangered species.  Both 

species have been reported in the marine environment surrounding NSRR.  Sea grass beds are not 

contiguous to SWMU 9; however, the site is bordered by an extensive estuarine wetland system 

that includes mud flats and mangroves (black mangrove and red mangrove communities). 
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A map showing the spatial relationship of Areas A, B, and C relative to the estuarine wetland 

system is provided as Figure 5-2.  Included on the map are wetland units delineated by Geo-

Marine, Inc. in December 1999 from 1993 color infrared and 1998 true color aerial photography.  

Twenty percent of the wetlands delineated by aerial photography were field checked to verify the 

accuracy of the delineations.  Field verification was based on the 1987 Corps of Engineers 

wetland delineation manual (USACE 1987).  Based on the Cowardin Wetland Classification 

System (see Figure 5-3), the specific wetland units present within the environment offshore from 

SWMU 9 include the following: 

 

• Estuarine, intertidal, unconsolidated shore, mud (E2US3) 

• Estuarine, intertidal, unconsolidated shore, organic (E2US2) 

• Estuarine, intertidal, scrub-shrub, broad-leaved evergreen (E2SS3) 

• Estuarine, intertidal, scrub-shrub, needle-leaved evergreen (E2SS4) 

• Estuarine, subtidal, open water (E1OW)  

 

5.1.3 Biota 

 

A total of 22 terrestrial mammal species are known historically from Puerto Rico; however, all 

mammals except bats (13 species) have been extirpated (USGS 1999).  None of the bats found on 

Puerto Rico are exclusive to the island.  Although the occurrence of bats at NSRR has not been 

documented, their presence is likely.  The West Indian manatee is known to occur in the marine 

environment surrounding NSRR.  Several mammals have been introduced in Puerto Rico, 

including the black rat (Rattus rattus), Norway rat (Rattus norvegicus), and mongoose (Herpestes 

javanicus).  These nonindigenous mammals have been implicated in the decline of several bird 

and reptile populations (USGS 1999 and USFWS 1996). 

 

A total of 239 bird species are native to Puerto Rico (Raffaele 1989).  This total includes breeding 

permanent residents and non-breeding migrants.  In addition, many nonindigenous bird species 

have been introduced to Puerto Rico, including the shiny cowbird (Molothrus bonariensis) and 

several parrot species, such as the budgerigar (Melopsittacus undulates), orange-fronted parrot 

(Aratinga canicularis), and monk parrot (Myiopsitta monaqchus).  Of the 239 species native to 

Puerto Rico, 12 are endemic to the island (Raffaele 1989). 
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Numerous native and migratory bird species have been reported at NSRR (Geo-Marine, Inc. 

1998).  A list of bird species known to occur at NSRR is summarized in Table 5-1.  The list 

includes the great blue heron (Ardea herodias), snowy egret (Egretta thula), little blue heron 

(Florida caerulea), black-crowned night heron (Nycticorax nycticorax), belted kingfisher (Ceryle 

alcyon), spotted sandpiper (Actitis macularia), greater yellowlegs (Tringa melanoleauca), black-

bellied plover (Squatarola squatarola), clapper rail (Rallus longirostris), Royal tern (Thalasseus 

maximus), sandwich tern (Thalasseus sandvicensis), least tern (Stema albifrons), yellow warbler 

(Dendroica petechia), palm warbler (Dendroica palmarum), prairie warbler (Dendroica 

discolar), magnolia warbler (Dendrocia magnolia), mourning dove (Zenaida macroura), red-

legged thrush (Mimocichla plumbea), common nighthawk (Chordeiles minor), and red-tailed 

hawk (Buteo jamaicensis).  It is noted that the known avian occurrences compiled by Geo-

Marine, Inc. (1998) is based on literature-based information that pre-dated 1990. 

 

Endemic species reported from NSRR include the Puerto Rican lizard cuckoo (Saurothera 

vieilloti), Puerto Rican flycatcher (Myiarchus antillarum), Puerto Rican woodpecker (Malanerpes 

portoricensis), Puerto Rican emerald (Chlorostilbon maugaeus), and yellow-shouldered blackbird 

(Agelaius xanthomus). 

 

The yellow-shouldered blackbird is a federally-designated endangered species.  One of the 

principal reasons for the status of this species is attributed to parasitism by the nonindigenous 

shiny cowbird, which lays its eggs in blackbird nests and sometimes punctures the host’s eggs 

(USFWS 1983).  Other factors contributing to the status of this species include nest predation by 

the introduced black rat, Norway rat, and mongoose, as well as habitat modification and 

destruction (USFWS 1996).  The entire land area of NSRR was declared critical habitat for the 

yellow-shouldered blackbird in 1976; however, a 1980 agreement with the U.S. Fish and Wildlife 

Service exempted certain areas from this categorization (Geo-Marine, Inc. 1998).  A study 

conducted by the Naval Facilities Engineering Command (1996) reported that the mangrove 

forests surrounding NSRR should be considered the most important nesting habitats for the 

yellow-shouldered blackbird.  It is noted that the last reported nesting pair of yellow-shouldered 

blackbirds at NSRR was in 1986 (USFWS 1996).  Other federally-designated bird species that 

have been reported at NSRR or have the potential to occur are the brown pelican (Pelecanus 

occidentalis occidentalis), roseate tern (Sterna dougallii dougallii), and the piping plover 

(Charadrius melodus) (Geo-Marine, Inc. 1998). 
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A total of 23 amphibians and 47 reptiles are known from Puerto Rico and the adjacent waters 

(USGS 1999).  Fifteen of the amphibians and 29 of the reptiles are endemic, while four 

amphibian species and three reptilian species have been introduced (USGS 1999).  Puerto Rico’s 

native amphibian species include 16 species of tiny frogs commonly called coquis.  Only the 

Puerto Rican ridge-headed toad and the golden coqui have been listed as threatened under 

provisions of the Endangered Species Act of 1973.  Their occurrence at NSRR is not known.  

Puerto Rico’s native reptilian species include 31 lizards, 8 snakes, 1 freshwater turtle, and 5 sea 

turtles (USGS 1999).  Of the five sea turtles, only the green sea turtle (Chelonia mydas), 

hawksbill sea turtle (Eretmochelys imbricata), and loggerhead sea turtle (Dermochelys coriacea) 

nest within Puerto Rico.  These three sea turtles, the leatherback sea turtle (Caretta caretta), and 

the Puerto Rican boa (Epicrates inornatus), have been listed under the provisions of the 

Endangered Species Act of 1973 (USGS 1999).  They are known to occur or have the potential to 

occur at NSRR (Geo-Marine, Inc. 1998).  It is noted that a comprehensive list of amphibians and 

reptiles present at NSRR, particularly frogs and lizards, was not available from the literature. 

 

A diverse fish and invertebrate community can be found in the offshore marine environment 

surrounding NSRR.  This can be attributed to the varied habitats that include marine and estuarine 

open water habitat, mud flats, sea grass beds, and mangrove forests.  Although too numerous to 

list individually by species, the fish community is represented by stingrays, herrings, groupers, 

needlefishes, mullets, barracudas, jacks, snappers, grunts, snooks, lizardfishes, parrotfishes, 

gobies, filefishes, wrasses, damselfishes, and butterflyfishes (Geo-Marine, Inc. 1998). The 

invertebrate community includes sponges, corals, anemones, sea cucumbers, urchins, and crabs. 

 

5.2 Analytical Data 

 

The RFI and CMS field investigations associated with the RFI at SWMU 9 was conducted during 

three separate phases.  Phase I was conducted in April 1996, Phase II in September/October 1997, 

and Phase III in June 1999.  In addition to the RFI field activities, a CMS field investigation was 

conducted in December 2000.  A description of the RFI field sampling and analytical program 

was presented in the Revised Draft RFI Report for SWMU 9, while a description of the CMS 

field sampling and analytical program is presented in Section 2.0 of this document.  

Environmental media collected during these investigations is provided in Tables 5-2, 5-3, and 5-4 

for Areas A, B, and C, respectively.  As evidenced by the tables, environmental media sampled 
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during the RFI and/or CMS field investigations included surface and subsurface soil, 

groundwater, surface water, and sediment. 

 

5.2.1 Identification of Data used in the Evaluation of Ecological Risks 

 

All surface soil, surface water, and sediment analytical data collected during the RFI and CMS 

field investigations were used in the evaluation of ecological risks at SWMU 9.  The location of 

the surface soil samples collected during the RFI and CMS field investigations are depicted on 

Figures 2-3, 2-4, and 2-5 for Areas A, B, and C.  The location of surface water and sediment 

samples collected during the RFI and CMS field investigations are depicted on Figures 2-6 (Areas 

A and B) and Figure 2-7 (Area C).  As discussed in the Final CMS Work Plan for SWMU 9, 

surface soil, surface water, and sediment data from each investigation were combined into a 

unified database for evaluation of ecological risks.  The combined database is provided as 

Appendix D. 

 

Although separate screening-level ecological risk assessments are presented in subsequent 

sections for each UST area, the surface water and sediment data collected from the estuarine 

wetland system adjacent to Areas A and B during the RFI and CMS field investigations were 

combined and evaluated as one set of data for the following reasons: 

 

• Area A USTs (Tanks 212 and 213) and Area B USTs (214 and 215) were used as 

storage facilities for similar refined petroleum products (see Section 5.1.1).  

Therefore, chemicals associated with each UST area are likely to be similar. 

 

• Areas A and B are in close proximity to each other (see Figure 5-2). 

 

• The potentially complete exposure pathways at Area A and Area B for aquatic 

receptors are identical (see Section 5.3). 

 

• Groundwater flow from Areas A and B is radial.  As such, chemicals that may be 

migrating with groundwater from Area A could potentially impact surface water 

and sediment quality within the estuarine wetland system adjacent to Area B.  

Conversely, chemicals that may be migrating with groundwater from Area B 
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could potentially impact surface water and sediment quality within the estuarine 

wetland system adjacent to Area A. 

 

Subsurface soil and groundwater analytical data were not use in the screening-level ERA.  

Subsurface soil data were excluded because subsurface soil is not considered a complete exposure 

pathway for the following reasons (Suter II 1995): 

 

• The mass of most root systems is within the surface soil 

• Most soil heterotrophic activity is within the surface organic layer 

• Soil invertebrates occur on the surface or within the oxidized root zone 

 

Groundwater data were excluded since groundwater is not inhabited by ecological receptors.  

While it is acknowledged that chemicals may migrate to surface water and sediment with 

groundwater, this transport pathway was evaluated by collecting surface water and sediment 

samples within the estuarine wetland system adjacent to SWMU 9. 

 

5.2.2 Identification of Chemicals Evaluated for Ecological Risks 

 

As discussed in the EPA-approved CMS Work Plan, the entire Appendix IX chemical list was not 

included in the evaluation of ecological risks.  The chemicals evaluated by this screening-level 

ERA are identified below.  Specific chemicals selected and the rational for their selection is 

provided in Table 5-5.  

 

• Detected and non-detected Appendix IX metals 

 

• Detected and non-detected Appendix IX PAHs 

 

• Detected and non-detected BTEX compounds (benzene, toluene, ethylbenzene, 

and xylenes) 

 

• Appendix IX VOCs and SVOCs not listed above that were detected in 

environmental media (surface and subsurface soil, groundwater, surface water, or 

sediment) collected during Phase I, II, or III of the RFI field investigation or the 

CMS field investigation. 
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• Non-detected Appendix IX VOCs and SVOCs not listed above that are 

components of crude oil or refined petroleum products, used in the refinement of 

crude oil, or used as refined petroleum product additives. 

 

• Non-detected Appendix IX VOCs and SVOCs not listed above for which 

information could not be found from the literature that would eliminate them as a 

components of crude oil or refined petroleum products or chemicals used as a 

refined petroleum product additive. 

 

EPA Region 2 approved the list of chemicals contained in Table 5-5 in a letter dated May 4, 2001 

(EPA 2001).  It is noted that many of the Appendix IX metals are not associated with crude oil or 

refined petroleum products.  Furthermore, many of the Appendix IX PAHs are generated from the 

combustion of refined petroleum products, not their storage.  All Appendix IX metals and PAHs 

have been retained for evaluation as a measure of conservatism.  The Appendix IX chemicals that 

were not evaluated by this screening-level ERA were not detected in any of the surface and 

subsurface soil, groundwater, surface water, and sediment samples collected from SWMU 9.  

Furthermore, they are not known to be associated with activities conducted at SWMU 9.  

Therefore, their exclusion is not believed to introduce an unacceptable level of uncertainty to this 

evaluation. 

 

Appendix IX pesticides have not been analyzed in environmental samples collected from SWMU 

9 during the RFI and CMS field investigations.  As stated in the November 13, 2000 letter from 

the Navy that responded to the September 15, 2000 comment letter from EPA Region 2 regarding 

the Draft Final CMS Work Plan, this ERA includes a discussion of uncertainties associated with 

the exclusion of pesticides from the analytical program (see Section 5.8).  

 

5.3 Screening-Level Problem Formulation 

 

Problem formulation establishes the goals, scope, and focus of the ERA.  As part of problem 

formulation, a preliminary conceptual model is developed for the site that describes potential 

sources, transport pathways, exposure pathways and routes, and receptors, while taking into 

consideration the environmental setting of the site (see Section 5.1) and the types and 

concentrations of chemicals present in ecologically relevant media (see Section 5.2).  Assessment 

endpoints, measurement endpoints, and risk hypotheses are then selected to evaluate those 
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receptors for which complete and potentially significant exposure pathways are likely to exist.  

The fate, transport, and toxicological properties of the chemicals present at a site are also 

considered during this process. 

 

5.3.1 Preliminary Conceptual Model 

 

Figure 5-4 shows a preliminary conceptual model for SWMU 9 (Areas A, B, and C).  The model 

outlines potential sources of contaminants, transport pathways, exposure media, potential 

exposure routes and receptor groups.  Exposure, and thus potential for risk, can only occur if the 

following conditions exist (EPA 1998): 

 

• A source of contamination must be present. 

 

• Release and transport mechanisms must be available to move the contaminants 

from the source to an exposure point. 

 

• An exposure point must exist where ecological receptors could contact the 

affected media. 

 

• An exposure route must exist whereby the contaminant can be taken up by 

ecological receptors. 

 

Components of the conceptual model (transport pathways, exposure pathways and routes, and 

assessment and measurement endpoints) are discussed in the sections that follow. 

 

5.3.1.1 Transport Pathways 

 

A transport pathway describes the mechanisms whereby chemicals may be transported from a 

source of contamination to ecologically relevant media.  As depicted in Figure 5-4, the primary 

mechanisms for contaminant transport from potential source areas at SWMU 9 are believed to 

include the following: 

 

• Overland transport of chemicals with surface soil via surface runoff to 

downgradient surface soil, surface water and sediment. 
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• Leaching of chemicals from surface soil and/or subsurface soil by infiltrating 

precipitation and transport to surface water and sediment with groundwater. 

 

• Uptake by biota from surface soil, sediment, and surface water and trophic 

transfer to upper trophic levels. 

 

5.3.1.2 Exposure Pathways and Routes 

 

An exposure pathway links a source of contamination with one or more receptors via exposure to 

one or more media.  Requirements for a complete exposure pathway were presented in Section 

5.3.1.  As depicted on Figure 5-4, each UST area has potentially complete exposure pathways to 

ecological receptors. 

 

An exposure route describes the specific mechanism(s) by which a receptor is exposed to a 

chemical present in an environmental medium.  The most common exposure routes are dermal 

contact, direct uptake, ingestion, and inhalation.  Terrestrial plants may be exposed to chemicals 

present in surface soils through their root surfaces during water and nutrient uptake.  Unrooted, 

floating aquatic plants, and rooted submerged aquatic plants and algae may be exposed to 

chemicals directly from the water or (for rooted plants) from sediments.  It is noted that floating 

aquatic plants and submergent and emergent vascular aquatic plants were not observed within the 

wetland systems contiguous to SWMU 9 during the RFI and CMS field investigations.  

 

Upper trophic level receptors (i.e., mammals and birds) may be exposed to chemicals through: (1) 

the inhalation of gaseous chemicals or chemicals adhered to particulate matter; (2) the incidental 

ingestion of contaminated abiotic media (e.g., soil or sediment) during feeding or cleaning 

activities; (3) the ingestion of contaminated water; (4) the ingestion of contaminated plant and/or 

animal tissues for chemicals that have entered food webs; and/or (5) dermal contact with 

contaminated abiotic media.  The exposure routes evaluated in this screening-level ERA are as 

follows.  

 

• Ingestion of contaminated plant and/or animal tissues. 

• Incidental ingestion of surface soil and sediment. 

 



 

5-13 

Direct ingestion of drinking water is only considered if the salinity of the drinking water source is 

less than 15 parts per thousand (ppt), the approximate toxic threshold for wildlife receptors 

(Humphreys 1988).  Recent salinity levels measured in the estuarine wetland system offshore 

from Areas A/B and C (48.9 ppt and 44.6 ppt, respectively) indicate that upper trophic level 

receptors can not use the surface water as a drinking water source.  Given that other surface water 

bodies are not present within or contiguous to SWMU 9, drinking water ingestion was not 

considered in the risk calculations for upper trophic level receptors.   

 

Based on the chemicals present at each UST area (primarily metals), their general fate properties 

(e.g., relatively high adsorption to solids), and the protection offered by feathers (birds), dermal 

exposures for upper trophic level receptor avian species are not considered significant relative to 

ingestion exposures.  Furthermore, insufficient data is available in the literature to assess dermal 

exposure (e.g., surface areas of potential receptors); therefore, dermal exposure for upper trophic 

level receptors was not evaluated in the ERA.  Direct contact is considered for the lower trophic 

level receptors (e.g., terrestrial invertebrates, fish, and benthic invertebrates).  In addition to 

dermal contact, inhalation exposures were not evaluated since many of the parameters required to 

determine exposure (e.g., respiration rates) have not been measured for wildlife species. 

 

5.3.1.3. Endpoints and Risk Hypotheses 

 

The conclusion of the screening-level problem formulation includes the selection of ecological 

endpoints.  Two types of endpoints, assessment endpoints and measurement endpoints, are 

defined as part of the ERA process as are risk hypotheses or risk questions (EPA 1997).  An 

assessment endpoint is an explicit expression of the environmental component or value that is to 

be protected.  A measurement endpoint is a measurable ecological characteristic that is related to 

the component or value chosen as the assessment endpoint.  The considerations for selecting 

assessment and measurement endpoints are summarized in EPA (1997) and discussed in detail in 

Suter II (1989, 1990, and 1993).  Risk hypotheses are testable hypotheses about the relationship 

among the assessment endpoints and their predicted responses when exposed to contaminants. 

 

Endpoints in the ERA define ecological attributes that are to be protected (assessment endpoints) 

and a measurable characteristic of those attributes (measurement endpoints) that can be used to 

gauge the degree of impact that has or may occur.  Assessment endpoints most often relate to 

attributes of biological populations or communities, and are intended to focus the risk assessment 
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on particular components of the ecosystem that could be adversely affected by chemicals 

attributable to the site (EPA 1997).  Assessment endpoints contain an entity (e.g., great blue 

heron population) and an attribute of that entity (e.g., survival rate).  Individual assessment 

endpoints usually encompass a group of species or populations (the receptor) with some common 

characteristic, such as specific exposure route or chemical sensitivity, with the receptor then used 

to represent the assessment endpoint in the risk evaluation.  

 

Assessment and measurement endpoints may involve ecological components from any level of 

biological organization, from individual organisms to the ecosystem itself (EPA 1992).  Effects 

on individuals are important for some receptors, such as rare and endangered species.  

Population- and community-level effects are typically more relevant to ecosystems.  Population- 

and community-level effects are usually difficult to evaluate directly without long-term and 

extensive study.  However, measurement endpoint evaluations at the individual level, such as an 

evaluation of the effects of chemical exposure on reproduction, can be used to predict effects on 

an assessment endpoint at the population or community level.  In addition, use of criteria values 

designed to protect the vast majority (e.g., 95 percent) of the components of a community (e.g., 

Ambient Water Quality Criteria for the Protection of Aquatic Life) can be useful in evaluating 

potential community- and/or population-level effects. 

 

Assessment endpoints, risk hypotheses, and measurement endpoints selected for this screening-

level ERA are presented in Table 5-6.  Given the similarity between the UST areas with regard to 

habitat, potential chemical contaminants, and potential complete exposure pathways and 

receptors, identical assessment endpoints were selected for Areas A, B, and C.  As evidenced by 

Table 5-6, the assessment endpoints selected were based on the survival, growth, and 

reproduction of aquatic receptor groups (aquatic plants, benthic invertebrates, and fish) and upper 

trophic level birds (herbivores, omnivores, and carnivores).  The population traits of interest for 

each of the assessment endpoints (survival, growth, and reproduction) represent components of a 

healthy population.  Failure or impairment of survival, growth, or reproduction will adversely 

affect the ability of the population to be healthy and viable and fill its appropriate role in an 

ecosystem. 
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5.3.2 Fate and Transport Mechanisms 

 

Measured surface soil, surface water, and sediment concentrations for chemicals listed in Table 5-

5 reflect the acting fate and transport mechanisms of chemicals at each UST area and provide a 

direct means to characterize exposure to the abiotic media.  In the absence of measured values 

(e.g., for biotic media), the transport and partitioning of constituents into particular environmental 

compartments, and their ultimate fate in those compartments, can be predicted from key physico-

chemical characteristics.  The physico-chemical characteristics that are most relevant for 

exposure modeling in this assessment include water solubility, adsorption to solids, octanol-water 

partitioning, and degradability.  These characteristics are defined below. 

 

The water solubility of a compound influences its partitioning to aqueous media.  Highly water-

soluble constituents, such as most volatile organics, have a tendency to remain dissolved in the 

water column rather than partitioning to soil or sediment (Howard 1991).  Compounds with high 

water solubility (e.g., VOCs) also generally exhibit a lower tendency to bioconcentrate in aquatic 

organisms and a greater likelihood of biodegradation, at least over the short term (Howard 1991). 

 

Adsorption is a measure of a compound’s affinity for binding to solids, such as soil or sediment 

particles. Adsorption is expressed in terms of partitioning, either Kd (adsorption coefficient; a 

unitless expression of the equilibrium concentration in the solid phase versus the water phase) or 

as Koc (Kd normalized to the organic carbon content of the solid phase; again unitless) (Howard 

1991). For a given organic chemical, the higher the Koc or Kd, the greater the tendency for that 

chemical to adhere strongly to soil or sediment particles.  Koc values can be measured directly or 

can be estimated from either water solubility or the octanol-water partition coefficient using one 

of several available regression equations (Howard 1991). 

 

Octanol-water partitioning indicates whether a compound is hydrophilic or hydrophobic.  The 

Kow expresses the relative partitioning of a compound between octanol (lipids) and water.  A high 

affinity for lipids equates to a high Kow and vice versa.  As discussed above, Kow has been shown 

to correlate well with BCFs in aquatic organisms, adsorption to soil or sediment particles, and the 

potential to bioaccumulate in the food chain (Howard 1991).  Typically expressed as log Kow, a 

value of three (3.0) or less generally indicates that the chemical will not bioconcentrate to a 

significant degree (Maki and Duthie 1978).  A log Kow of three equates to an aquatic species BCF 

of about 100, using the equation (Lyman et al. 1990):   
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log BCF = (0.76) (log Kow) - 0.23 (Equation 5-1) 

 

Degradability is an important factor in determining whether there will be significant loss of mass 

or change in the form of a chemical over time in the environment.  The half-life of a compound is 

typically used to describe losses from either degradation (biological or abiotic) or from transfer 

from one compartment to another (e.g., volatilization from soil to air).  The half-life is the time 

required for one-half of the mass of a compound to undergo the loss or degradation process. 

 

5.3.3 Mechanisms of Toxicity for the Preliminary COPCs 

 

Mechanisms of toxicity (if available) for chemicals listed in Table 5-5 are discussed in the 

chemical profiles provided as Appendix F. 

 

5.4 Screening-Level Effects Evaluation 

 

The purpose of the screening-level effects evaluation is to establish chemical exposure levels 

(screening values) that represent conservative thresholds for adverse ecological effects.  One set 

of screening values is typically developed for each selected assessment endpoint.  For this 

evaluation, two types of screening values were developed.  Media-specific screening values were 

developed for surface soil, surface water, and sediment.  As evidenced by Table 5-6, these 

screening values were used as measurement endpoints for terrestrial and/or aquatic receptor 

groups.  Ingestion-based screening values were used as measurement endpoints for upper trophic 

level receptors. 

 

5.4.1 Media-Specific Screening Values 

 

The sections that follow describe the various criteria and toxicological benchmarks used as 

screening values (toxicological thresholds) for chemicals analyzed in surface soil, surface water, 

and sediment.  Chemical-specific surface soil, surface water and sediment screening values, 

summarized in Tables 5-7, 5-8, and 5-9, respectively, represent conservative exposure thresholds 

above which adverse ecological effects may occur.   
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5.4.1.1 Surface Soil Screening Values 

 

The literature-based toxicological benchmarks listed below were preferentially used as surface 

soil screening values. 

 

• Toxicological thresholds for earthworms (Efroymson et al. 1997a) 

• Toxicological thresholds for plants (Efroymson et al. 1997b) 

• Toxicological thresholds for microbial processes (Efroymson et al. 1997a) 

 

For a given chemical, if more than one toxicological threshold was available from the sources 

listed above, the lowest value was selected as the surface soil screening value.  For those 

chemicals lacking a literature-based toxicological threshold, Dutch Ministry of Housing, Spatial 

Planning and Environment soil standards were used to derive screening values (MHSPE 1994).  

Screening values based on MHSPE standards were derived assuming a default soil organic 

carbon content of 2.0 percent  

 

5.4.1.2 Surface Water Screening Values 

 

Chronic saltwater National Ambient Water Quality Criteria (NAWQC) (EPA 1999a) were 

preferentially used as surface water screening values.  The EPA NAWQC for cadmium, copper, 

chromium, lead, mercury, selenium, and zinc) are expressed as dissolved concentrations.  

NAWQC for these metals were converted to total recoverable concentrations prior to use as 

surface water screening values.  For those chemicals lacking a NAWQC, saltwater screening 

values were identified from the following sources: 

 

• Ecotox Thresholds (EPA 1996a) 

 

• National Oceanic and Atmospheric Administration (NOAA) Screening Quick 

Reference Tables (SQUIRT) (Bunchman 1999) 

 

• Ecological Risk Assessment Bulletins - Supplement to RAGS (EPA 2000a) 

 

• Superfund Chemical Matrix Data (EPA 1996b) 
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• ECOTOX Database System (AQUIRE database) (EPA 2000b) 

 

Chronic toxicological benchmarks/toxicity data were given preference over acute values.  When 

chronic benchmarks/toxicity data were unavailable, chronic-based screening values were derived 

or extrapolated from acute Lowest Observable Effects Levels (LOELs) or median lethal 

concentration (LC50) values as follows: 

 

• An uncertainty factor of 10 was used to convert an acute LOEL to chronic-based 

screening value. 

 

• An uncertainty factor of 100 was used to convert an LC50 to a chronic-based 

screening value. 

 

When more than one acute LOEL or LC50 value was available from the literature sources listed 

above, the minimum value was used to estimate a chronic value 

 

5.4.1.3 Sediment Screening Values 

 

The literature-based toxicological benchmarks listed below, expressed as bulk sediment 

concentrations (dry weight), were used as marine sediment screening values. 

 

• Effects-Range low (ER-L) marine and estuarine sediment quality guidelines 

(Long and Morgan 1991 and Long et al. 1995) 

 

• Threshold Effects Level (TEL) sediment quality guidelines (MacDonald 1994) 

 

• Apparent Effects Threshold (AET) sediment quality guidelines (Bunchman 1999) 

 

For a given chemical, when more than one sediment quality guideline was available from the 

sources listed above, the minimum value was selected as the sediment screening value. 

 

For those organic chemicals lacking a literature-based toxicological benchmark, screening values 

were derived using the EPA equilibrium partitioning (EqP) approach (1993a).  A description of 

the procedure used to derive EqP-based sediment screening values is included as Appendix F. 
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5.4.2 Ingestion Screening Values 

 

Ingestion-based screening values for upper trophic level receptors are discussed in Section 5.5.4 

 

5.5 Screening-Level Exposure Estimation 

 

Chemical concentrations in surface soil, surface water, and/or sediment (as appropriate) were 

used to conservatively estimate potential chemical exposures for the terrestrial and aquatic 

ecological receptor groups selected to represent the assessment endpoints at each UST area.  For 

conservatism, the maximum analytical detection limits for non-detected chemicals listed in Table 

5-5 were also compared to medium-specific screening values. 

 

Exposures for upper trophic level receptor species via the food web were determined by 

estimating chemical-specific concentrations in each dietary component using uptake and food 

web models.  Incidental ingestion of soil or sediment was also included when calculating the total 

level of exposure. 

 

5.5.1 Selection Criteria for Surface Soil, Surface Water, and Sediment Analytical Data 

 

As discussed in Section 5.2, surface soil, surface water, and sediment analytical data collected 

during the RFI and CMS field investigations were used in this screening-level ERA.  This section 

outlines the specific considerations and guidelines followed to select data relevant to potential 

ecological exposure pathways.   

 

• Data must have been validated by a qualified data validator using acceptable data 

validation methods.  Data with rejected (R) values were not used in the risk 

assessment.  Unqualified data and data qualified J were treated as detected. Data 

qualified as U or UJ were treated as non-detected. 

 

• For surface soil and sediment, samples collected to a maximum depth of 1 foot 

were used since this depth range is the most active biological zone (Suter II 

1995). 

 

• For surface water screening, total (unfiltered) concentrations were used. 
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• In some instances, duplicate samples were collected in the field.  The maximum 

concentration of each contaminant (or the maximum non-detected value) in the 

original or duplicate sample was used as a conservative estimate of contaminant 

concentration at a particular sampling point.  Results from duplicate samples are 

not evaluated individually. 

 

5.5.2 Selection of Ecological Receptors 

 

Because of the complexity of natural systems, it is generally not possible to directly assess the 

potential impacts to all ecological receptors present within an area.  Therefore, specific receptor 

species (e.g., great blue heron) or species groups (e.g., fish) are often selected as surrogates to 

evaluate potential risks to larger components of the ecological community (e.g., piscivorous 

birds) that were selected to represent the assessment endpoints (e.g., survival, growth, and 

reproduction of piscivorous birds).  Selection criteria typically include those species that:  

 

• Are known to occur, or are likely to occur, at the site 

 

• Have a particular ecological, economic, or aesthetic value 

 

• Are representative of taxonomic groups, life history traits, and/or trophic levels 

in the habitats present at the site for which complete exposure pathways are 

likely to exist 

 

• Can, because of toxicological sensitivity or potential exposure magnitude, be 

expected to represent potentially sensitive populations at the site 

 

• Have sufficient ecotoxicological information available on which to base an 

evaluation 

 

Lower trophic level receptor species are evaluated based on those taxonomic groupings (e.g., 

terrestrial plants and invertebrates, fish, benthic invertebrates, and aquatic plants) for which 

screening values have been developed.  These groupings and screening values are used in most 

ERAs.  As such, specific species of terrestrial and aquatic biota are not chosen as receptor species 

because of the limited information available for specific species and because terrestrial and 
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aquatic biota are dealt with on a community level via a comparison to surface water and sediment 

screening values. 

 

The upper trophic level receptor species listed below have been chosen for dietary exposure 

modeling based on the criteria listed above, the general guidelines presented in USEPA (1991a), 

and the assessment endpoints (see Table 5-6).  Because the assessment endpoints selected for 

each UST area are identical, the receptors listed below were evaluated at Areas A, B, and C.   

 

Terrestrial species: 

 

• American robin (Turdus migratorius) (avian omnivore) 

• Mourning dove (Zenaida macroura) (avian herbivore) 

• Red-tailed hawk (Buteo jamaicensis) (avian carnivore) 

 

Aquatic/Wetland species: 

 

• Great blue heron (Ardea herodias) (avian piscivore/carnivorous omnivore) 

• Belted kingfisher (Ceryle alcyon) (avian piscivore/carnivorous omnivore) 

• Spotted sandpiper (Actitis macularia)  (avian carnivore - invertebrates) 

 

Life history information for each receptor is provided in Appendix G.  With the exception of the 

mourning dove and spotted sandpiper, the avian species listed above were also selected as 

ecological receptors evaluated by the screening-level ERA included as part of the Draft Final RFI 

Report.  The mourning dove and spotted sandpiper were included as ecological receptor species 

in this screening-level ERA for the following reasons: 

 

• Both species are known to occur at NSRR (see Table 5-1). 

 

• Observations made during the December 2000 CMS sampling event at SWMU 9 

identified the presence of suitable foraging habitat for both species.  As such, 

avian herbivores, such as the mourning dove, and avian invertebrate consumers, 

such as the spotted sandpiper, are represented by potential complete and 

significant exposure pathways. 
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A mammal was not selected as an ecological receptor for the following reasons: 

 

• With the exception of bats, all native terrestrial mammals have been extirpated 

from Puerto Rico.  Life history information for Puerto Rico’s native bat species is 

severely limited or lacking altogether. 

 

• The nonindigenous terrestrial mammals present on the island (black rat, Norway 

rat and mongoose) are nuisance species that have been implicated in the decline 

of native reptile and bird populations. 

 

• Marine mammals, such as the West Indian manatee, are not likely to occur in the 

estuarine wetland system adjacent to SWMU 9. 

 

5.5.3 Exposure Estimation 

 

Chemical concentrations in surface soil were used to estimate potential chemical exposures for 

the terrestrial receptor groups selected as assessment endpoints (terrestrial plants and 

invertebrates), while chemical concentrations in surface water and/or sediment were used to 

estimate potential chemical exposures for the aquatic receptor groups selected as assessment 

endpoints (i.e., aquatic plants, benthic invertebrates, and fish).  Upper trophic level receptor 

exposures to chemicals in surface soil, surface water, and/or sediment were determined by 

estimating the concentration of each chemical in each relevant dietary component using uptake 

and food web models.  Incidental ingestion of surface soil or sediment was included when 

calculating the total exposure.  As previously discussed, surface water ingestion was not 

considered an exposure route for chemicals in surface water due to the high salinity of surface 

water in the estuarine wetland system adjacent to SWMU 9.  

 

Not all chemicals listed in Table 5-5 were evaluated for food web exposures.  The organic 

chemicals evaluated for food web exposures were limited to those organic chemicals listed in 

Table 5-5 with the potential to bioaccumulate to a significant extent.  Bioaccumulating organic 

chemicals, identified in Table 5-10, are defined in this evaluation as those with a maximum 

reported log octanol-water partition coefficient (log Kow) greater than or equal to 3.0.  

Justification for the use of a log Kow of 3.0 as a cutoff point for defining bioaccumulating 

chemicals was provided in the EPA-approved Final CMS Work Plan.  For conservatism, all 
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inorganic chemicals listed in Table 5-5 were evaluated for food web exposures.  The exception 

was cyanide, which was excluded from the evaluation of food web exposures because it is readily 

metabolized and does not bioaccumulate (Eisler 1991). 

 

Dietary items for which tissue concentrations were modeled included terrestrial plants, soil 

invertebrates (earthworms are the standard surrogate), small mammals, aquatic invertebrates, and 

fish.  Specific small mammals species were not selected as dietary items for terrestrial avian 

carnivores (i.e., red-tailed hawk).  Instead, a specific trophic level (omnivore) was used to 

represent the small mammals present on Puerto Rico that most likely represent small mammal 

dietary food items for the red-tailed hawk (Norway rat and black rat).  Small mammal herbivores 

and insectivores were excluded as dietary items for terrestrial avian carnivores because they are 

not represented by the Puerto Rican mammalian fauna (see Section 5.1.3). 

 

The methodologies used for estimation of tissue concentrations are outlined in the following 

section.  The uptake of chemicals from the abiotic media into these food items was based (where 

available) on conservative (e.g., maximum or 90th percentile) Bioconcentration Factors (BCFs) 

or Bioaccumulation Factors (BAFs) from the literature.  Default factors of 1.0 were used only 

when data were unavailable for chemicals in the literature. 

 

5.5.3.1 Exposure Point Concentrations 

 

Exposure point concentrations for terrestrial receptor groups were maximum measured surface 

soil concentrations, while maximum surface water and sediment concentrations were used as 

exposure point concentrations for aquatic receptor groups.  Maximum surface soil and sediment 

concentrations were also used as exposure point concentrations for incidental ingestion by upper 

trophic level terrestrial receptors and aquatic/wetland receptors, respectively. 

 

Exposure point concentrations for upper trophic level terrestrial and aquatic dietary items were 

estimated using BAF/BCF models and maximum measured media concentrations.  The 

methodology and models used to derive these estimates are described below.  A BCF indicates 

the degree to which a chemical may accumulate in organisms coincident with the concentration of 

the chemical in the surrounding media.  They are calculated by dividing the concentration of a 

chemical in the tissue of organisms by the concentration in the surrounding media.  In the absence 

of tissue data for aquatic life, BCF values for organic chemicals can be estimated from their Log 
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Kow value.  BCF values do not account for the uptake of chemicals from dietary exposures.  BAF 

values consider both direct exposure to the surrounding media, as well as uptake from dietary 

exposures. 

 

Terrestrial Plants.  Tissue concentrations in the aboveground vegetative portion of terrestrial 

plants were estimated by multiplying the maximum measured surface soil concentration for each 

chemical by chemical-specific soil-to-plant BCFs obtained from the literature.  The BCF values 

used were based on root uptake from soil and on the ratio between dry-weight soil and dry-weight 

plant tissue.  Literature values based on the ratio between dry-weight soil and wet-weight plant 

tissue were converted to a dry-weight basis by dividing the wet-weight BCF by the estimated 

solids content for terrestrial plants (15 percent [0.15]; Sample et al. 1997). 

 

BCFs for terrestrial plants were those reported in Baes et al. (1984) or Bechtel Jacobs (1998a).  

For organic chemicals without literature based BCFs, soil-to-plant BCFs were estimated using the 

algorithm provided in Travis and Arms (1988): 

 

log Bv = 1.588 - (0.578) (log Kow)   (Equation 5-2) 

 

where: 

 Bv = Soil-to-plant BCF (unitless; dry weight basis) 

 Kow = Octanol-water partitioning coefficient (unitless) 

 

The log Kow values used in the calculations were obtained primarily from EPA (1995a and 1996b) 

and are listed in Table 5-10.  The soil-to-plant BCFs used in the screening-level ERA are 

summarized in Table 5-11. 

 

Earthworms.  Tissue concentrations in soil invertebrates (earthworms) were estimated by 

multiplying the maximum measured surface soil concentration for each chemical by chemical-

specific BCFs or BAFs obtained from the literature.  BCFs are calculated by dividing the 

concentration of a chemical in the tissues of an organism by the concentration of that same 

chemical in the surrounding environmental medium (in this case, soil) without accounting for 

uptake via the diet.  BAFs consider both direct exposure to soil and exposure via the diet.  Since 

earthworms consume soil, BAFs are more appropriate values and are used in the food web 

models when available.  BAFs based on depurated analyses (soil was purged from the gut of the 
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earthworm prior to analysis) are given preference over undepurated analyses when selecting BAF 

values since direct ingestion of soil is accounted for separately in the food web model.  BAFs for 

earthworms were those reported in Sample et al. 1998a. 

 

The BCF/BAF values used were based on the ratio between dry-weight soil and dry-weight 

earthworm tissue.  Literature values based on the ratio between dry-weight soil and wet-weight 

earthworm tissue were converted to a dry-weight basis by dividing the wet-weight BCF/BAF by 

the estimated solids content for earthworms (16 percent [0.16]; EPA 1993b).  For inorganic 

chemicals without available measured BAFs or BCFs, an earthworm BAF of 1.0 was assumed.  

The soil-to-earthworm BCFs/BAFs used in the screening-level ERA are summarized in Table 5-

11. 

 

Small Mammals.  Whole-body tissue concentrations in small mammals (omnivores) were 

estimated using one of two methodologies.  For chemicals with literature-based soil-to-small 

mammal BAFs, the small mammal tissue concentration was obtained by multiplying the 

maximum measured surface soil concentration for each chemical by a chemical-specific soil-to-

small mammal BAF.  The BAF values used were based on the ratio between dry-weight soil and 

whole-body dry-weight tissue.  Literature values based on the ratio between dry-weight soil and 

wet-weight tissue were converted to a dry-weight basis by dividing the wet-weight BAF by the 

estimated solids content for small mammals (32 percent [0.32]; EPA 1993b).  BAFs for 

omnivores were those reported in Sample et al. (1998b) for this trophic level (or for general small 

mammals if omnivore values were unavailable).  The soil-to-small mammal BAFs used in the 

screening-level ERA are shown in Table 5-12. 

 

For chemicals without soil-to-small mammal BAF values, an alternate approach was used to 

estimate whole-body tissue concentrations.  Because most chemical exposure for these small 

mammal species is via the diet, it was assumed that the concentration of each chemical in the 

small mammal’s tissues was equal to the chemical concentration in its diet, that is, a diet to 

whole-body BAF (wet-weight basis) of one was assumed.  Resulting tissue concentrations (wet-

weight) were then converted to dry weight using an estimated solids content of 32 percent (see 

above). 

 

The use of a diet to whole-body BAF of one is likely to result in a conservative estimate of 

chemical concentrations for chemicals that are not known to biomagnify in terrestrial food chains 
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(e.g., aluminum).  For chemicals that are known to biomagnify (e.g., PCBs), a diet to whole-body 

BAF value of one will likely result in a realistic estimate of tissue concentrations based on 

reported literature values.  For example, a maximum BAF (wet weight) value of 1.0 was reported 

by Simmons and McKee (1992) for PCBs based on laboratory studies with white-footed mice.  

Menzie et al. (1992) reported BAF values (wet-weight) for dichlorodiphenyltrichloroethane 

(DDT) of 0.3 for voles and 0.2 for short-tailed shrews.  Reported BAF (wet-weight) values for 

dioxin were only slightly above one (1.4) for the deer mouse (USEPA 1990).  Resulting tissue 

concentrations (wet-weight) were then converted to dry weight using an estimated solids content 

of 32 percent (see above). 

 

Aquatic Invertebrates.  Tissue concentrations in aquatic invertebrates were estimated by 

multiplying the maximum measured sediment concentration for each chemical by chemical-

specific sediment-to-invertebrate BAFs obtained from the literature.  The BAF values used were 

based on the ratio between dry-weight sediment and dry-weight invertebrate tissue.  BAFs based 

on depurated analyses (sediment was purged from the gut of the organism prior to analysis) were 

given preference over undepurated analyses when selecting BAF values since direct ingestion of 

sediment is accounted for separately in the food web model. 

 

Literature values based on the ratio between dry-weight sediment and wet-weight invertebrate 

tissue were converted to a dry-weight basis by dividing the wet-weight BAF by the estimated 

solids content for aquatic invertebrates (21 percent [0.21]; EPA 1993b).  For chemicals without 

literature based sediment-to-invertebrate BAFs, a BAF of 1.0 was assumed.  The sediment-to-

invertebrate BAFs used in the screening-level ERA are summarized in Table 5-13. 

 

Fish.  The estimation of tissue concentrations in whole-body fish took into consideration 

bioaccumulation from surface water, as well as bioaccumulation from sediment.  For a given 

chemical, the contribution that surface water bioaccumulation has on whole-body fish tissue 

concentrations was estimated by multiplying the maximum measured surface water concentration 

for each chemical by chemical-specific sediment-to-fish BAFs obtained from the literature.  In 

the absence of surface water-to-fish BAFs, the following equation (Equation 5-3) was used to 

estimate whole body fish tissue concentrations: 

 

)])()([( FCMBCFCC swswxf =  
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where Cfx is the concentration of chemical x in whole-body fish (mg/kg), Csw is the maximum 

surface water concentration (mg/L), BCFsw is the surface water-to-fish BCF (L/kg), and FCM is 

the food chain multiplier (unitless).  For most metals, BCFs and BAFs are assumed to be equal 

(EPA 1991b, EPA 1995b, and Sample et al 1996).  In this instance, an FCM of 1.0 is used to 

convert the surface water-fish BCF to a surface water-to-fish BAF.  In the case of mercury and 

selenium, an FCM may be applicable since their organometallic forms biomagnify (Sample et al 

1996). 

 

The contribution that sediment bioaccumulation has on whole-body fish tissue concentrations was 

estimated by multiplying the maximum measured sediment concentration for each chemical by 

chemical-specific sediment-to-fish BAFs obtained from the literature.  The sediment-fish BAF 

values used were based on the ratio between dry-weight sediment and dry-weight fish tissue.  

Literature values based on the ratio between dry-weight sediment and wet-weight fish tissue were 

converted to a dry-weight basis by dividing the wet-weight BAF by the estimated solids content 

for fish (25 percent [0.25]; USEPA 1993b).  For chemicals without literature based sediment-to-

fish BAFs, a BAF of 1.0 was assumed. 

 

The contribution of surface water-fish bioaccumulation on whole-body fish tissue concentrations 

and the contribution of sediment-fish bioaccumulation on whole-body fish tissue concentrations 

were summed to derive a final whole-body fish tissue concentration (Equation 5-4):  

 

)])(())()([( sedsedsedswf BAFCFCMBAFCC +=  

 

For a given bioaccumulative organic chemical, surface water-to-fish bioaccumulation was only 

considered if that chemical was detected in surface water.  If an organic chemical evaluated for 

food chain exposures was not detected in surface water, the contribution that surface water 

bioaccumulation has on the tissue concentration in whole-body fish was considered to be 

negligible.  In this instance, only sediment bioaccumulation was considered in the estimation of 

whole-body fish tissue concentrations.  Furthermore, the surface water concentration used for 

metals in the estimation of surface water-fish bioaccumulation was based on the dissolved 

(filtered) concentration in the water column.  Dissolved metals data were used in place of total 

recoverable data since the dissolved fraction more closely approximates the bioavailable fraction 

of metals in the water column (EPA 1995b and 1999a).  If a metal was not detected in the 
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dissolved (filtered) fraction, the contribution that surface water bioaccumulation has on the 

whole-body fish tissue concentration of that metal was considered negligible.  

 

The sediment-to-fish BAFs and the surface water-to-fish BAFs used in the screening-level ERA 

are summarized in Table 5-13 and 5-14, respectively.  The BAFs shown for mercury and 

selenium are based on organometalic (methylated) forms.  It is noted that the surface water-to-

fish BAFs listed in Table 5-14 are limited to BAFs for those chemicals detected in one or more 

surface water samples from Areas A/B or C (in the case of metals, those detected in the dissolved 

fraction).  As discussed above, the contribution that surface water bioaccumulation has on whole-

body fish tissue concentrations was assumed to be negligible for non-detected chemicals  

 

5.5.3.2 Dietary Intakes  

 

Dietary intakes for each upper trophic level receptor species were calculated using the following 

formula (Equation 5-5) modified from EPA (1993b). 

 

BW
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where: 

DIx = Dietary intake for chemical x (mg chemical/kg body weight/day) 

FIR = Food ingestion rate (kg/day, dry-weight) 

Cxf = Concentration of chemical x in food item i (mg/kg, dry weight) 

PDFf = Proportion of diet composed of food item i (mg/kg, dry weight basis) 

Cxi = Concentration of chemical x in aquatic invertebrates (mg/kg, dry weight) 

PDIi = Proportion of diet composed of aquatic invertebrates (mg/kg dry weight) 

SCx = Concentration of chemical x in sediment (mg/kg, dry weight) 

PDS = Proportion of diet composed of sediment (dry weight basis) 

BW = Body weight (kg, wet weight) 

 

Conservative receptor-specific exposure parameters (maximum food ingestion rates and 

minimum body weights) are provided in Table 5-15, while dietary compositions are provided in 

Table 5-16.  As previously discussed, receptor exposures via surface water ingestion were not 

included in the estimation of dietary intakes. 
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Although not evaluated for food web exposures, Table 5-16 contains a dietary composition for a 

small mammal omnivore.  As evidenced by Table 5-16, the diet of the red-tailed hawk in this risk 

assessment (excluding surface soil) was assumed to be small mammal omnivores.  This 

assumption was based on likely small mammal prey items present in Puerto Rico (rats).  A 

dietary composition is necessary when estimating small mammal omnivore whole body tissue 

concentrations for those chemicals that lack a literature-based soil-to-small mammal BAF.  An 

assumed diet of 49 percent terrestrial vegetation, 49 percent terrestrial invertebrates, and 2 

percent soil was selected as the diet for a small mammal omnivore. 

 

For the screening-level ERA, an AUF of 1.0 was assumed (i.e., each receptor was assumed to 

spend 100 percent of its time within a given UST area).  As such, receptor-specific home ranges 

were not considered in the estimation of dietary intakes.   

 

5.5.3.3 Ingestion-Based Screening Values 

 

Ingestion-based screening values for dietary exposures were derived for each avian receptor 

species and chemical evaluated for food web exposures.  Toxicological information from the 

literature for wildlife species most closely related to the receptor species was used, where 

available, but was supplemented by laboratory studies of non-wildlife species (e.g., laboratory 

mice) where necessary.  The ingestion-based screening values are expressed as milligrams of the 

chemical per kilogram body weight of the receptor per day (mg/kg-BW/day). 

 

Growth and reproduction were emphasized as assessment endpoints since they are the most 

relevant, ecologically, to maintaining viable populations and because they are generally the most 

studied chronic toxicological endpoints for ecological receptors.  If several chronic toxicity 

studies were available from the literature, the most appropriate study was selected for each 

receptor species based on study design, study methodology, study duration, study endpoint, and 

test species.  No Observed Adverse Effect Levels (NOAELs) based on growth and reproduction 

were utilized, where available, as the screening values.  When chronic NOAEL values were 

unavailable, estimates were derived or extrapolated from chronic Lowest Observed Adverse 

Effect Levels (LOAELs) or acute values as follows: 

 

• When values for chronic toxicity were not available, the median lethal dose 

(LD50) was used. An uncertainty factor of 100 was used to convert the acute LD50 
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to a chronic NOAEL (i.e., the LD50 was multiplied by 0.01 to obtain the chronic 

NOAEL).  

 

• An uncertainty factor of 10 was used to convert a reported LOAEL to a NOAEL 

(USEPA 1997). 

 

Ingestion screening values for birds are summarized in Table 5-17.  It is noted that the ingestion-

based screening values summarized in Table 5-17 are based on toxicological studies with avian 

species other than those selected as receptor species for this screening-level ERA.  Body-weight 

scaling factors are typically used for interspecies extrapolation among mammals (Travis and 

White 1998 and Travis et al. 1990); however, Sample et al. (1996) consider a scaling factor of 1.0 

most appropriate for interspecies extrapolation between birds.  As such, literature-derived 

NOAEL and LOAEL values summarized in Table 5-17 were not adjusted to reflect differences in 

body weights between test species and receptor species. 

 

5.6 Screening-Level Risk Calculation 

 

In the screening-level risk calculation, maximum chemical concentrations in abiotic media or 

maximum exposure doses for upper trophic level receptor species are compared with the 

corresponding screening values to derive screening risk estimates.  The outcome of this step is a 

list of preliminary ecological chemicals of potential concern (COPCs) for each media-pathway-

receptor combination evaluated or a conclusion of negligible risk. 

 

Preliminary ecological COPCs are selected using the hazard quotient (HQ) method.  For a given 

chemical, an HQ is calculated by dividing the maximum chemical concentration in the medium 

being evaluated by the corresponding medium-specific screening value (media-specific 

screening) or, in the case of upper trophic level receptors, by dividing the maximum exposure 

dose by the corresponding ingestion-based screening value. 

 

The following conservative methodology was used when identifying preliminary ecological 

COPCs for abiotic media: 

 

• The maximum detected chemical concentration in each media (surface soil, 

surface water, and sediment) was used to calculate media-specific HQs.  For a 
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given medium, chemicals with HQs greater than or equal to 1.0 based on 

maximum detected concentrations were identified as preliminary ecological 

COPCs for that medium. 

 

• For chemicals not detected in any samples of a particular medium, the maximum 

reporting limit was used to calculate media-specific HQs.  For a given medium, 

non-detected chemicals with HQs greater than or equal to one based on 

maximum reporting limits were identified as preliminary ecological COPCs for 

that medium. 

 

• Chemicals without screening values for a given medium were identified as 

preliminary ecological COPCs for that medium.  

 

To select preliminary ecological COPCs by evaluating food web exposures, maximum chemical 

concentrations in each media (surface soil, sediment, and/or surface water) were used to estimate 

dietary doses for each receptor.  For a given area, all inorganics (excluding cyanide) and all 

organic chemicals with a log Kow greater than or equal to 3.0 were evaluated in the food web 

models (see Section 5.5.3.1 for exceptions related to surface water bioaccumulation in fish).  HQs 

are calculated with NOAELs, LOAELs, and Maximum Acceptable Toxicant Concentrations 

(MATCs) (the geometric mean of the NOAEL and LOAEL).  Calculations with NOAELs provide 

the most conservative risk estimate, while calculations with LOAELs provide the least 

conservative risk estimate.  Calculations with MATCs provide realistic risk estimates since the 

MATC represents an estimation of the threshold concentration (i.e., the concentration above 

which a toxic effect on the test endpoint is produced).  For the screening-level ERA, chemicals 

(detected and non-detected) with NOAEL-based HQs greater than or equal to 1.0 were considered 

ecological COPCs.  Identical to the media-specific screening, chemicals without ingestion-based 

screening values were also retained as ecological COPCs for upper trophic level receptors. 

 

HQs greater than or equal to 1.0 indicate the potential for risk since the chemical concentration or 

dose (exposure) exceeds the screening value (effect).  However, screening values and exposure 

doses are derived using intentionally conservative assumptions (e.g., maximum media 

concentrations, maximum ingestion rates, and minimum body weights) such that HQs greater 

than or equal to one do not necessarily indicate that risks are present or impacts are occurring.  

Rather, they identify chemical-pathway-receptor combinations requiring further evaluation.  
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Following the same reasoning, HQs less than one indicate that risks are very unlikely, enabling a 

conclusion of no unacceptable risk to be reached with high confidence. 

 

It is noted that this risk assessment considers independent effects of chemicals.  However, the 

potential does exist for multiple chemicals in environmental media to interact.  Much uncertainty 

is involved with the interpretation of chemical interactions due to the complexity of potential 

effects (e.g., synergistic, antagonistic, or additive), and due to varying toxicities of compounds in 

different species.  For these reasons, cumulative effects are not addressed in this ERA. 

 

The sections that follow present the results of the screening-level risk calculation for Areas A, B, 

and C.  Included is a discussion of the uncertainties associated with the screening-level ERA at 

SWMU 9. 

 

5.6.1 Screening-Level Risk Calculation for Area A 

 

The screening-level risk calculation for Area A compares the maximum exposure concentrations 

in surface soil, surface water, and sediment, and the maximum exposure doses for upper trophic 

level receptors, with corresponding screening values to derive risk estimates using the HQ 

method (see Section 5.6).  Chemicals with HQs greater than or equal to 1.0 based on maximum 

detected concentrations or maximum reporting limits, as well as chemicals lacking screening 

values, are identified as preliminary ecological COPCs in the screening-level ERA.  As discussed 

in Section 5.2, the surface water and sediment analytical data for Areas A and B were combined 

into a single data set for evaluation of ecological risks.  The surface water, sediment, and aquatic 

food web exposure HQ calculations for the combined data set are presented in this section. 

 

5.6.1.1 Area A Surface Soil 

 

The comparison of maximum surface soil concentrations to surface soil screening values is 

presented in Table 5-18.  Based on this comparison, two inorganics (chromium and selenium) 

have HQs greater than or equal to 1.0 based on maximum detected concentrations and are 

identified as preliminary ecological COPCs for surface soil. 

 

No organic chemicals exceeded their screening values based on maximum detected 

concentrations or maximum reporting limits.  Seven VOCs and twenty-one SVOCs were 
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identified as preliminary ecological COPCs because surface soil screening values were not 

available (see Table 5-18).  Of these twenty-eight organics, two were detected in surface soil 

samples collected from Area A (acetone and benzyl alcohol). 

 

5.6.1.2 Area A/B Surface Water 

 

The comparison of maximum surface water concentrations to surface water screening values is 

presented in Table 5-19.  Based on the comparison, nine detected inorganics (arsenic, cadmium, 

chromium, copper, cyanide, lead, nickel, silver, and zinc) have HQs greater than or equal to 1.0 

and are identified as preliminary ecological COPCs for surface water.  The exceedence for silver 

is based on the maximum reporting limit. 

 

No organic chemicals exceeded screening values based on maximum detected concentrations.  

One VOC (ethylbenzene) and eight SVOCs (2-methylnaphthalene, acenaphthene, anthracene, 

benzo(a)pyrene, butylbenzylphthalate, chrysene, fluorene, and phenanthrene) exceeded screening 

values based on maximum reporting limits and were identified as preliminary ecological COPCs. 

 

Three VOCs, four SVOCs, and four inorganics were identified as preliminary ecological COPCs 

because surface water screening values were not available (see Table 5-19).  Of the eleven 

chemicals lacking a surface water screening value, four were detected in surface water samples 

collected form Area A/B (beryllium, cobalt, tin, and vanadium). 

 

5.6.1.3 Area A/B Sediment 

 

The comparison of maximum sediment concentrations to sediment screening values is presented 

in Table 5-20).  Based on this comparison, eight inorganics (antimony, cobalt, copper, lead, 

selenium, silver, tin, and vanadium) have HQs greater than or equal to 1.0 and are identified as 

preliminary ecological COPCs.  The exceedences for antimony and silver are based on maximum 

reporting limits. 

 

No VOCs exceeded their screening value based on maximum detected concentrations; however, 

three VOCs (benzene, ethylbenzene, and xylenes) had HQs greater than or equal to 1.0 based on 

maximum reporting limits.  Four SVOCs (benzo(a)pyrene, benzo(g,h,i)perylene, chrysene, and 

phenanthrene) have HQ values greater than or equal to 1.0 based on maximum detected 
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concentrations.  Twenty-three additional SVOCs have HQs greater than or equal to 1.0 based on 

maximum reporting limits.  Organic chemicals with HQs greater than or equal to 1.0 based on 

maximum detected concentrations or maximum reporting limits were identified as preliminary 

ecological COPCs for sediment. 

 

Three VOCs, two SVOCs, and three inorganics were identified as preliminary ecological COPCs 

because sediment screening values were not available (see Table 5-20).  Of these eight chemicals, 

three were detected in sediment samples collected from Area A/B (acetone, beryllium, and carbon 

disulfide). 

 

5.6.1.4 Area A Food Web Exposures 

 

Screening-level risk calculation results for upper trophic level terrestrial and aquatic receptor 

species are presented separately below. 

 

5.6.1.4.1 Area A Terrestrial Food Web Exposures 

 

The comparison of maximum exposure doses for each terrestrial receptor species to ingestion-

based screening values is presented in Table 5-21.  Based on the comparison to NOAELs, 

chromium, lead, and mercury had HQs values greater than or equal to 1.0 for the American robin.  

Lead and selenium also had HQs greater than or equal to 1.0 for the mourning dove.  All HQs for 

the red-tailed hawk were less than 1.0.  Chemicals with HQs greater than or equal to 1.0 were 

detected in surface soil collected from Area A and were identified as preliminary ecological 

COPCs for terrestrial food web exposures.  There were three VOCs and seven SVOCs for which 

toxicity values were not available; therefore, these chemicals were also retained as ecological for 

terrestrial food web exposures (see Table 5-21). 

 

5.6.1.4.2 Area A/B Aquatic Food Web Exposures 

 

The comparison of maximum exposure doses for each aquatic receptor species to ingestion-based 

screening values is presented in Table 5-22.  Based on the comparison to NOAELs, chromium, 

cobalt, copper, lead, selenium, vanadium, and zinc had HQs greater than or equal to 1.0 for the 

spotted sandpiper.  These six metals were detected in sediment collected from Area A/B.  
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Thallium, bis(2-ethylhexyl)phthalate, and di-n-butylphthalate also had HQ values greater than or 

equal to 1.0 based on maximum reporting limits. 

 

Cobalt, lead, mercury, and vanadium had HQs greater than or equal to 1.0 for the belted 

kingfisher and great blue heron.  Lead, mercury, and vanadium were detected in sediment 

collected from Area A/B; however, they were not detected in the surface water (dissolved 

fraction).  Therefore, the exceedence of ingestion-based screening values can be attributed solely 

to maximum detected concentrations in sediment.  Cobalt was detected in sediment and surface 

water (dissolved fraction); therefore the exceedence of the ingestion-based screening value for 

this metal can be attributed to maximum detected concentrations in surface water and sediment.  

Thallium and di-n-butylphthtalate had HQ values greater than or equal to 1.0 for the belted 

kingfisher and great blue heron based on maximum reporting limits in sediment.  They were not 

detected in surface water (for thallium, total recoverable or dissolved fraction). 

 

Chemicals with HQ values greater than or equal to 1.0 based on maximum exposure doses were 

identified as preliminary ecological COPCs for aquatic food web exposures.  There were three 

VOCs, five SVOCs, and two metals for which toxicity values were not available (see Table 5-

22); therefore, these chemicals were also identified as preliminary ecological COPCs for aquatic 

food web exposures. 

 

5.6.2 Screening-Level Risk Calculation for Area B 

 

The screening-level risk calculation for Area B compares the maximum exposure concentrations 

in surface soil, surface water, and sediment, and the maximum exposure doses for upper trophic 

level receptors, with corresponding screening values to derive risk estimates using the HQ 

method (see Section 5.6).  Chemicals with HQs greater than or equal to 1.0 based on maximum 

detected concentrations or maximum reporting limits, as well as chemicals lacking screening 

values, are identified as preliminary ecological COPCs in the screening-level ERA. HQ 

calculations for surface water, sediment, and aquatic food web exposures for Area A/B surface 

and sediment were presented and discussed in 5.6.1. 
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5.6.2.1 Area B Surface Soil 

 

The comparison of maximum surface soil concentrations to surface soil screening values is 

presented in Table 5-23.  Based on the comparison, eight inorganics (arsenic, chromium, cobalt, 

lead, selenium, thallium, vanadium, and zinc) had HQs greater than or equal to 1.0, with the 

exceedence for thallium based on the maximum reporting limit.  Chemicals with HQ values 

greater than or equal to 1.0 based on maximum detected concentrations or maximum reporting 

limits were identified as ecological COPCs for Area B surface soil.  Seven VOCs and twenty-one 

SVOCs were also identified as preliminary ecological COPCs because surface soil screening 

values were not available.  Of these twenty-eight chemicals, only acetone was detected in surface 

soil collected from Area B. 

 

5.6.2.2 Area A/B Surface Water 

 

The comparison of Area A/B maximum surface water concentrations to surface water screening 

values was presented and discussed in Section 5.6.1.2 

 

5.6.2.3 Area A/B Sediment 

 

The comparison of Area A/B maximum sediment concentrations to sediment screening values 

was presented and discussed in Section 5.6.1.3 

 

5.6.2.4 Area B Food Web Exposures 

 

The comparison of maximum exposure doses for each terrestrial receptor species to ingestion-

based screening values is presented in Table 5-24.  Based on the comparison to NOAELs, 

cadmium, chromium, cobalt, lead, mercury, and zinc had HQs greater than or equal to 1.0 for the 

American robin, while arsenic, lead, selenium, and zinc had HQs greater than or equal to 1.0 for 

the mourning dove.  Lead and zinc also had a HQ greater than or equal to 1.0 for the red-tailed 

hawk.  Chemicals with HQs greater than or equal to 1.0 were detected in surface soil collected 

from Area B and were identified as preliminary ecological COPCs for food web exposures.  

There where three VOCs, seven SVOCs, and two metals for which toxicity values were not 

available (see Table 5-24); therefore, these chemicals were also retained as ecological COPCs for 
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terrestrial food web exposures.  With the exception of antimony and beryllium, chemicals lacking 

ingestion-based screening values were not detected in surface soil collected from Area B. 

 

The comparison of maximum aquatic receptor exposure doses to ingestion-based screening 

values was presented and discussed in Section 5.6.1.4.2 

 

5.6.3 Screening-Level Risk Calculation for Area C 

 

The screening-level risk calculation for Area C compares the maximum exposure concentrations 

in surface soil, surface water, and sediment, and the maximum exposure doses for upper trophic 

level receptors, with corresponding screening values to derive risk estimates using the HQ 

method (see Section 5.6).  Chemicals with HQs greater than or equal to 1.0 based on maximum 

detected concentrations or maximum reporting limits, as well as chemicals lacking screening 

values, are identified as preliminary ecological COPCs in the screening-level ERA.  

 

5.6.3.1 Area C Surface Soil 

 

Based on the comparison of maximum surface soil concentrations to surface soil screening values 

(see Table 5-25), two inorganics (chromium and lead) have HQs greater than or equal to 1.0 

based on maximum detected concentrations and are identified as preliminary ecological COPCs.  

Seven VOCs and twenty-one SVOCs are identified as preliminary ecological COPCs because 

surface soil screening values were not available (see Table 5-25).  Of the twenty-eight organics 

lacking surface soil screening values, only two were detected in surface soil collected from Area 

C (benzo(b)fluoranthene and pyrene). 

 

5.6.3.2 Area C Surface Water 

 

The comparison of maximum surface water concentrations to surface water screening values is 

presented in Table 5-26.  Based on the comparison, eight inorganics (arsenic, chromium, copper, 

cyanide, lead, nickel, silver, and zinc) had HQs greater than or equal to 1.0 and were identified as 

preliminary ecological COPCs for surface water.  The exceedence for silver was based on the 

maximum reporting limit.  One VOC (ethylbenzene) and nine SVOCs (2-methylnapthalene, 

acenaphthene, anthracene, benzo(a)pyrene, butylbenzylphthalate, chrysene, di-n-butylphthtalate, 

fluorene and phenanthrene) had HQs greater than or equal to 1.0 based on maximum reporting 
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limits.  Chemicals with HQs greater than or equal to 1.0 based on maximum reporting limits were 

also identified as preliminary ecological COPCs. 

 

Three VOCs, four SVOCs, and four metals were identified as preliminary ecological COPCs 

because surface water screening values were not available (se table 5-26).  Of these eleven 

chemicals, only the metals (beryllium, cobalt, tin, and vanadium) were detected in surface water 

collected from Area C. 

 

5.6.3.3 Area C Sediment 

 

The comparison of maximum sediment concentrations to sediment screening values is presented 

in Table 5-27.  Based on the comparison, eleven inorganics (antimony, arsenic, barium, cadmium, 

cobalt, copper, lead, selenium, silver, tin, and vanadium) had HQs greater than or equal to 1.0 and 

were identified as preliminary ecological COPCs.  The exceedences for antimony and silver were 

based on maximum reporting limits.  Two VOCs and twenty-seven SVOCs had HQs greater than 

or equal to 1.0 based on maximum reporting limits and were also identified as preliminary 

ecological COPCs. 

 

An additional three VOCs, two SVOCs, and three inorganics were identified as preliminary 

ecological COPCs because sediment screening values were not available (see Table 5-27).  Of 

these eight chemicals, three were detected in sediment collected from Area C (acetone, beryllium, 

and carbon disulfide). 

 

5.6.3.4 Area C Food Web Exposures 

 

Screening-level risk calculation results for upper trophic level terrestrial and aquatic receptor 

species are presented separately below. 

 

5.6.3.4.1 Terrestrial Food Web Exposures 

 

The comparison of maximum terrestrial exposure doses to ingestion-based screening values is 

presented in Table 5-28.  Based on the comparison to NOAELs, chromium, lead, and mercury 

had HQs values greater than or equal to 1.0 for the American robin.  Lead and selenium had HQs 

greater than or equal to 1.0 for the mourning dove.  All HQs for the red-tailed hawk were less 
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than 1.0.  Chemicals with HQs greater than or equal to 1.0 were detected in surface soil collected 

from Area C and were identified as preliminary ecological COPCs for terrestrial food web 

exposures.  There were three VOCs and seven SVOCs for which toxicity values were not 

available; therefore, these chemicals were also retained as ecological COPCs for terrestrial food 

web exposures (see Table 5-28).  None of the organic chemicals lacking ingestion-based 

screening values were detected in surface soil samples collected from Area C. 

 

5.6.3.4.2 Aquatic Food Web Exposures 

 

The comparison of maximum aquatic exposure doses to ingestion-based screening values is 

presented in Table 5-29.  Based on the comparison to NOAELs, ten inorganics (arsenic, barium, 

chromium, cobalt, copper, lead, selenium, thallium, vanadium, and zinc) and one SVOC (di-n-

butylphthalate) had HQs greater than or equal to 1.0 for the spotted sandpiper.  The exceedences 

for thallium and di-n-butylphthtalate are based on maximum reporting limits. 

 

Five inorganics (cobalt, mercury, selenium, thallium, and vanadium) and one SVOC (di-n-

butylphthtalate) had HQ values greater than or equal to 1.0 for the belted kingfisher and great 

blue heron.  The thallium and di-n-butylphthtalate exceedences are based on maximum reporting 

limits.  Because mercury, selenium, and vanadium were detected in one or more surface water 

(dissolved fraction) and sediment samples collected form Area C, the exceedences can be 

attributed to maximum detected concentrations in both media.  Chemicals with HQ values greater 

than or equal to 1.0 based on maximum detected concentrations and maximum reporting limits 

were identified as preliminary ecological COPCs for aquatic food web exposures. 

 

There where three VOCs, five SVOCs, and two inorganics for which toxicity values were not 

available (see Table 5-29); therefore, these chemicals were also retained as ecological COPCs for 

aquatic food web exposures.  Of these ten chemicals, cobalt was detected in surface water 

(dissolved fraction) and sediment, while antimony and beryllium were detected in sediment.  

Organic chemicals lacking ingestion-based screening values were not detected in surface water or 

sediment.   
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5.6.4 Uncertainties 

 

The procedures used in this evaluation to assess risks to ecological receptors, as in all such 

assessments, are subject to uncertainties because of the limitations of the available data and the 

need to make certain assumptions and extrapolations based on incomplete information.  The 

major sources of uncertainties associated with the screening-level ERA and their effect on risk 

conclusions are presented and discussed below. 

 

• Field sampling.  The RFI and CMS field sampling program may not have 

adequately characterized the extent and nature of contamination at a given UST 

area.  This could result in an underestimation of potential risks, if chemicals are 

present in environmental media at concentrations greater than the maximum 

concentrations used in media screening and food web exposure modeling. 

 

• Analytical data.  A source of uncertainty associated with the analytical data 

applies to detection limits.  For many chemicals, maximum reporting limits 

exceeded screening values in surface soil, surface water and sediment. 

 

• Exposure point concentrations.  As is typical in a screening-level ERA, a finite 

number of samples of environmental media are used to develop the exposure 

estimates.  The maximum measured concentration provides a conservative 

estimate for immobile biota or those with a limited home range.  The most 

realistic exposure estimates for mobile species with relatively large home ranges 

and for species populations (even those that are immobile or have limited home 

ranges) are those based on mean chemical concentrations in each medium to 

which these receptors are exposed.  This is reflected in the wildlife dietary 

exposure models contained in the Wildlife Exposure Factors Handbook (USEPA 

1993b), which specify the use of average media concentrations.  Given the 

mobility of the upper trophic level receptor species used in the screening-level 

ERA, the use of maximum chemical concentrations (rather than mean 

concentrations) to estimate the exposure via food webs is very conservative. 

 

• Selection of preliminary ecological COPCs.  Chemicals without available 

screening values for a particular medium were identified as preliminary 
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ecological COPCs even if they were not detected.  This likely overstates the 

number of actual COPCs. 

 

• A second source of uncertainty associated with the selection of preliminary 

ecological COPCs applies to the use of NOAEL-based screening values in risk 

calculations for upper trophic level receptors.  Use of NOAEL-based screening 

values is extremely conservative since they give no indication as to how much 

higher a concentration must be before adverse effects are observed. 

 

• Media-specific screening values.  The bulk sediment screening values and 

sediment screening values calculated using the USEPA EqP approach assuming 

1.0 percent sediment organic carbon do not reflect the site-specific bioavailability 

of chemicals to ecological receptors.  These factors tend to make the resulting 

benchmark values very conservative and likely overestimates potential risk. 

 

• Current USEPA guidance (USEPA 1995b and 1999a) indicates that the dissolved 

metal fraction more closely estimates the bioavailable fraction.  For 

conservatism, total recoverable surface water concentrations were compared to 

total recoverable surface water screening values.  High levels of suspended solids 

and sediment-adsorbed metals in surface water samples would result in 

overstating bioavailability and thus potential exposures and risks to lower trophic 

level aquatic receptor groups. 

 

• Ingestion-based screening values.  Data on the toxicity of many chemicals to the 

receptor species were sparse or lacking, requiring the extrapolation of data from 

other wildlife species or from laboratory studies with non-wildlife species.  This 

is a typical limitation for ecological risk assessments because so few wildlife 

species have been tested directly for most chemicals.  The uncertainties 

associated with toxicity extrapolation were minimized through the selection of 

the most appropriate test species for which suitable toxicity data were available.  

The factors considered in selecting a test species to represent a receptor species 

included taxonomic relatedness, trophic level, foraging method, and similarity of 

diet. 
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 A second source of uncertainty related to the derivation of ingestion-based 

screening values applies to metals.  Most of the toxicological studies on which 

the ingestion-based screening values for metals were based used forms of the 

metal (such as salts) that have high water solubility and high bioavailability to 

receptors.  Since the analytical samples on which site-specific exposure estimates 

were based measured total metal, regardless of form, and these highly 

bioavailable forms are expected to compose only a fraction of the total metal 

concentration, this is likely to result in an overestimation of potential risks for 

these chemicals. 

 

A third source of uncertainty associated with the derivation of ingestion-based 

screening values concerns the use of uncertainty factors.  For example, LOAELs 

were extrapolated to NOAELs using an uncertainty factor of ten.  This approach 

is likely to be conservative since Dourson and Stara (1983 cited in EPA 1997) 

determined that 96 percent of the chemicals included in a data review had 

LOAEL/ NOAEL ratios of five or less.  The use of an uncertainty factor of 10, 

although potentially conservative, also serves to counter some of the uncertainty 

associated with interspecies extrapolations, for which a specific uncertainty 

factor was not used. 

 

• Selection of Ecological Receptors.  Although exposure pathways to reptiles are 

likely to be complete, a reptilian species was not selected as a receptor species in 

this screening-level ERA because the life history and toxicological database 

concerning the effects of chemicals on reptiles is severely limited.  It was 

assumed that any reptiles present at SWMU 9 are not exposed to significantly 

higher concentrations of COPCs and are not more sensitive to chemicals than the 

other receptor species evaluated in the risk assessment.  This is likely to be a 

reasonable assumption since the limited available data indicate that this group is 

not generally more sensitive than the vertebrate group (aves) addressed in the 

screening-level ERA.  This assumption was, however, a source of uncertainty in 

the screening-level ERA. 

 

• Food Web Exposure Modeling.  In the screening-level ERA, chemical 

concentrations in terrestrial and aquatic food items (plants, earthworms, small 
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mammal omnivores, aquatic invertebrates, and fish) were modeled from 

maximum measured media concentrations and were not directly measured.  The 

use of generic, literature-derived exposure models and bioaccumulation factors 

introduces some uncertainty into the resulting estimates.  The values selected and 

the methodology employed were intended to provide a conservative estimate of 

potential food web exposure concentrations. 

 

A second source of uncertainty associated with the food web models applies to 

the use of default assumptions for exposure parameters such as bioconcentration 

and bioaccumulation factors (BCFs/BAFs).  Although BCFs or BAFs for many 

bioaccumulative chemicals were readily available from the literature and were 

used in the screening-level ERA and refined risk evaluation, the use of a default 

factor of 1.0 to estimate the concentration of some chemicals in receptor prey 

items is a source of uncertainty.  For most chemicals, the assumption that the 

chemical body burden in the prey item is at the same concentration as in soil or 

sediment is conservative, particularly for many metals, which are known not to 

bioaccumulate to any significant degree. 

 

A third source of uncertainty associated with the food web models is the use of 

unrealistically conservative exposure parameters in the screening-level ERA.  

The use of maximum ingestion food rates and minimum body weights result in a 

conservative estimate of exposure.  In addition, AUFs were assumed to equal 

one.  This is a conservative assumption since a significant percentage of each 

receptor species time could be spent foraging off-site or in unimpacted areas. 

 

• Chemical Mixtures.  Information on the ecotoxicological effects of chemical 

interactions is generally lacking.  This could result in an underestimation of risk 

(if there are additive or synergistic effects among chemicals) or an 

overestimation of risks (if there are antagonistic effects among chemicals). 

 

5.6.5 Screening-Level Risk Conclusions 

 

Preliminary ecological COPCs were identified in each media evaluated at Areas A, B, and C (see 

Tables 5-30, 5-31, and 5-32, respectively).  Based on the conservative exposure assumptions used 
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in the screening-level ERA, the majority of the assessment endpoints were not met.  The only 

assessment endpoint met was survival, growth, and reproduction of terrestrial avian carnivores at 

Areas A and C. 

 

In summary, potential risks based on observed surface soil, surface water, and sediment 

concentrations exist at SWMU 9.  Since one or more preliminary ecological COPCs were 

identified in each media evaluated during the screening-level ERA at each UST area, additional 

evaluation is recommended for SWMU 9 (i.e., Step 3a of the baseline ERA). 

 

5.7 Step 3a of the Baseline Risk Assessment (Refinement of Conservative Exposure 

Assumptions) 

 

The results of Steps 1 and 2 of the CNO ERA guidance (i.e., Tier 1 screening-level ERA) for 

Areas A, B, and C indicated that based on a set of conservative exposure assumptions, there are 

multiple chemicals that may present a risk to each of the receptor communities evaluated in the 

screening assessment (terrestrial plants and invertebrates, aquatic plants, benthic invertebrates, 

and fish), as well terrestrial and aquatic upper trophic level receptor species. 

 

According to Superfund guidance (EPA 1997), Step 3 initiates the problem formulation phase of 

the baseline ERA.  Under Navy guidance (CNO 1997), the baseline ERA is defined as Tier 2, and 

the first activity under Tier 2 is Step 3a (see Figure 5-1).  In Step 3a the conservative assumptions 

employed in Tier 1 are refined and risk estimates are recalculated using the same conceptual 

model.  The reevaluation may also include consideration of background data, the frequency at 

which chemicals were detected, and chemical bioavailability. 

 

Assumptions and methods that were modified for the recalculation of media-specific and food 

web exposure HQs are identified below, along with justification for each modification.  These 

refinements and methods were used to weigh the evidence of potential risk for each preliminary 

COPC identified for each media and receptor to assess whether the COPCs should be carried on 

to the baseline ERA. 

 

• Maximum chemical concentrations were replaced by average (arithmetic mean) 

chemical concentrations.  For individual upper trophic level avian receptor 

species, average chemical concentrations provide a better estimate of the likely 



 

5-45 

level of chemical exposure because each of the receptors would be expected to 

forage in several different areas of the site, and, in many cases, off-site.  Average 

concentrations at each UST area are also appropriate for evaluating impacts to 

populations of lower trophic level receptors (i.e., terrestrial invertebrates, 

terrestrial plants, aquatic plants, benthic invertebrates and fish).  Because some of 

these receptors are relatively immobile, individuals are likely to be impacted by 

locations of maximum concentrations.  However, evaluation of the average 

exposure case is more indicative of the level of impact that might be expected at 

the population level. 

 

• Chemicals that were not detected but identified as preliminary ecological COPCs 

because screening values were not available were dropped from consideration in 

Step 3a because it is as likely that the concentration of these chemicals are near 

zero and not present at important concentrations.  Chemicals that were not 

detected but identified as preliminary ecological COPCs based on maximum 

detected concentrations and maximum reporting limits, as well as detected 

chemicals lacking screening values were evaluated in Step 3a. 

 

• Literature-based BCFs and BAFs based on, or modeled from, central tendency 

estimates (e.g., mean, median, midpoint) were used in place of maximum or 

high-end (e.g., 90th percentile) estimates for many chemicals.  An assumed 

BCF/BAF of 1.0 was still used for those chemicals lacking a literature based 

BAF/BCF.  A summary of the surface soil-to-terrestrial plant BCFs and surface 

soil-to-terrestrial invertebrate BAFs, surface soil-to-small mammal omnivore 

BAFs, and sediment-to-benthic invertebrate and sediment-to-fish BAFs used in 

Step 3a are summarized in Tables 5-33, 5-34, and 5-35, respectively.  The 

surface water-to-fish BAFs used in the screening-level ERA (see Table 5-14) 

were also employed in Step 3a. 

 

• Central tendency estimates (e.g., mean, median, midpoint) for body weight and 

food ingestion rate (see Table 5-36) were used to develop exposure estimates for 

upper trophic level receptors, rather than the minimum body weights and 

maximum food ingestion rates used in the screening-level ERA.  The use of 

central tendency exposure parameter estimates is more relevant because they 
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represent the characteristics of a greater proportion of the individuals in the 

population.  As evidenced by Table 5-36, the evaluation of food web exposures 

still assumed an AUF of 1.0. 

 

• In addition to the NOAELs used in the screening-level ERA, consideration is 

also given to food web exposure risk estimates based on LOAELs and MATCs. 

 

• Consideration was given to SWMU 9 surface soil, surface water, and sediment 

background concentrations. 

 

• Consideration was given to site-specific factors that can affect the bioavailability 

of chemicals in surface water and sediment to lower trophic level aquatic 

receptor groups.  For surface water, consideration was given to the concentration 

of metals in the dissolved (unfiltered) fraction.  For sediment, consideration was 

given to the effect TOC and acid volatile sulfide (AVS) has on the bioavailability 

of organic and inorganic chemicals, respectively. 

 

The re-evaluation may also include consideration of the frequency of detection for individual 

chemicals (CNO 1999).  However, given that the sample size for many the media evaluated in the 

screening-level ERA was small, detection frequency was not an important consideration for many 

chemicals. 

 

5.7.1 Refined Screening-Level Risk Calculation for Area A 

 

The Tier 1 screening-level ERA for Area A indicated that based on a set of conservative exposure 

assumptions, there are multiple chemicals that may present a risk to each of the receptor 

communities used in the screening assessment (terrestrial plants and invertebrates, aquatic plants, 

benthic invertebrates, and fish).  The Tier 1 screening-level ERA also indicated that multiple 

chemicals may present risk to upper trophic level terrestrial and aquatic receptors species 

evaluated in Tier 1.  Chemicals identified as preliminary ecological COPCs in Tier 1 of the 

screening-level ERA for Area A are summarized in Table 5-30. 

 

Only those chemicals selected as preliminary ecological COPCs based on maximum detected 

concentrations and maximum reporting limits are presented in the refined media-specific 
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screening tables.  Similarly, only those chemical-receptor combinations with an HQ value greater 

than or equal to 1.0 based on maximum detected concentrations or maximum reporting limits are 

shown in the refined food web exposure HQ summary tables.  Detected chemicals lacking media-

specific and/or ingestion-based screening values are also considered.  A discussion of the results 

of the recalculation of risk estimates for Area A is presented in the sections that follow.  Refined 

risk calculations for Area A/B surface water, sediment, and upper trophic level aquatic receptors 

are presented in this section.  Ecological COPCs retained by the refined risk evaluation for 

surface water, sediment, and aquatic food web exposures apply to both UST areas. 

 

5.7.1.1 Area A Surface Soil 

 

Two inorganics (chromium and selenium) were identified as preliminary ecological COPCs in the 

Tier 1 screening-level ERA based on maximum detected concentrations.  Chromium had an HQ 

of 74.3, while selenium had an HQ of 1.60.  Seven VOCs and twenty-one SVOCs were identified 

as preliminary ecological COPCs because surface soil screening values were not available.  Only 

two of these chemicals were detected in surface soil from Area A (acetone and benzyl alcohol). 

 

The comparison of mean concentrations to surface soil screening values is presented in Table 5-

37.  Based on the comparison, chromium has a HQ greater than or equal to 1.0 and is retained as 

an ecological COPC for Area A surface soil.  The organic chemicals detected in Area A surface 

soil that lack surface soil screening values (acetone and benzyl alcohol) are also retained as 

ecological COPCs. 

 

A comparison of SWMU 9 background surface soil data to Area A surface soil data is presented 

in Table 5-38.  The comparison indicates that chromium is not a site-related chemical.  As 

evidenced by Table 5-38, chromium was detected in all surface soil background samples.  The 

maximum detected and mean background concentrations were 34 mg/kg and 19.5 mg/kg, 

respectively.  This compares to a maximum and mean chromium concentration of 29.7 J mg/kg 

and 15.7 mg/kg, respectively in Area A surface soil.  Based on the comparison to background 

data, chromium is dropped from further consideration. 

 

Two detected organics (acetone and benzyl alcohol) were retained as preliminary ecological 

COPCs because surface soil screening values were not available.  Each chemical was detected in 

a single surface soil sample at a concentration less than the reporting limit (12 J µg/kg for acetone 
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and 440  J µg/kg, for benzyl alcohol).  The detected concentration of acetone, a common 

laboratory contaminant, is less than available surface soil screening values for other VOCs, which 

ranged from approximately 100 to 700,000 µg/kg for (see Table 5-18).  The detected 

concentration of benzyl alcohol is also less than available screening values for other SVOCs, 

which ranged from 4,100 to 200,000 µg/kg (see Table 5-18).  Therefore, it was assumed that the 

potential risk to terrestrial plants and invertebrates from these two chemicals could be dismissed 

and thus they are not retained as ecological COPCs for Area A surface soil. 

 

In summary, based on a comparison of mean concentrations to surface soil screening values, a 

comparison of Area A surface soil data to SWMU 9 background surface soil data, and 

consideration given to screening values for similar chemicals, there are no ecological COPCs 

retained for Area A surface soil. 

 

5.7.1.2 Area A/B Surface Water 

 

The Tier 1 screening-level ERA identified nine inorganic chemicals (arsenic, cadmium, 

chromium, copper, cyanide, lead, nickel, silver, and zinc) as preliminary ecological COPCs for 

surface water.  Silver was identified as an ecological COPC based on the maximum reporting 

limit for this chemical.  All other inorganics were identified as preliminary ecological COPCs 

based on maximum detected concentrations.  One VOC (ethylbenzene) and eight SVOCs (2-

methylnaphthalene, acenaphthene, anthracene, benzo(a)pyrene, butylbenzylphthalate, chrysene, 

fluorene, and phenanthrene) were identified as preliminary ecological COPCs in the Tier 1 

screening-level ERA based on maximum reporting limits.  Seven organics and four inorganics 

(beryllium, cobalt, tin, and vanadium) were also identified as preliminary ecological COPCs and 

retained for evaluation in the Step 3a screen because surface water screening values were not 

available.  Inorganics lacking surface water screening values were detected in surface water 

samples collected from Area A/B. 

 

The comparison of mean surface water concentrations to surface water screening values is 

presented in Table 5-39.  Based on this comparison, five inorganics (chromium, copper, cyanide, 

lead, and zinc) and two organics (anthracene, and butylbenzylphthalate) have HQs greater than or 

equal to 1.0 and are retained as ecological COPCs for surface water.  The anthracene, and 

butylbenzylphthalate exceedences are based on mean reporting limits. 
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Chemicals with HQ values less than or equal to 1.0 based on mean detected concentrations or 

mean reporting limits (arsenic, cadmium, ethylbenzene, 2-methylnaphthalene, acenapthene, 

benzo(a)pyrene, chrysene, fluorene, and phenanthrene) are dropped from further consideration.  

However, chemicals with HQ values greater than or equal to 1.0 based on mean concentrations or 

mean reporting limits, as well as detected chemicals lacking surface water screening values were 

further evaluated by considering background, bioavailability, and/or frequency of detection.  This 

analysis is presented in the sections that follow. 

 

5.7.1.2.1 Background 

 

A comparison of Area A/B total recoverable surface water to total recoverable SWMU 9 

background data is presented in Table 5-40.  With the exception of silver and tin, the mean total 

recoverable concentrations for metals retained as ecological COPCs were lower in the 

background location.  Silver was not detected in background or Area A/B surface water, while the 

mean concentration of tin was higher in background surface water.  This pattern suggests a link to 

SWMU 9 as a source of beryllium, chromium, copper, lead, nickel, vanadium, and zinc 

concentrations in the estuarine wetland system adjacent to Areas A and B.  The total recoverable 

analytical data for Area A/B surface water, presented in Appendix D, show that elevated mean 

total recoverable concentrations can be attributed to high concentrations detected in Samples 

9SW17 and/or 9SW18. 

 

A comparison SWMU 9 background data to Area A/B dissolved (unfiltered) metals data is 

presented in Table 5-41.  This comparison is more relevant since the concentration of metals in 

the dissolved fraction more closely approximates their bioavailability (EPA 1995c and 199a).  As 

evidenced by Table 5-41, arsenic, chromium, cobalt, copper, and zinc were detected in the 

dissolved fraction at similar maximum and mean concentrations, while beryllium, cadmium, lead, 

mercury, nickel, silver, thallium, tin, and vanadium were not detected in the dissolved fraction at 

either location.  As evidenced by Table 5-41, reporting limits for non-detected metals were 

identical in surface water collected at each location.  In summary, the comparison of Area A/B 

and SWMU 9 background dissolved metals data revealed an identical pattern of detection.  

Furthermore, metals detected in the dissolved fraction at Area A/B were also detected in the 

dissolved fraction at the background location at similar concentrations.  Thus, they pose similar 

potentials risk to ecological receptors at both locations. 
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A possible explanation for the high total recoverable metals concentrations that were detected in 

the 9SW17 and 9SW18 surface water samples may be that significant sediment and/or suspended 

solids were included with these two samples. This possibility is supported by the dissolved metals 

data that was presented in Table 5-41. 

 

5.7.1.2.2 Bioavailability 

 

The mean concentrations and surface water screening values (EPA chronic saltwater NAWQC) 

used for arsenic, cadmium, chromium, copper, lead, mercury, nickel, selenium, and zinc in the 

Tier 1 screening-level ERA and the Step 3a screen are expressed as total recoverable 

concentrations.  The USEPA has developed chronic saltwater NAWQC based on dissolved 

concentrations for these nine metals.  Given that the dissolved (filtered) fraction more closely 

approximates the bioavailable fraction of metals in the water column (USEPA 1995c and 1999a), 

a comparison of dissolved mean concentrations to screening values expressed as dissolved 

concentrations would reflect their bioavailability in surface water and thus the potential for 

exposure and risk. 

 

A comparison of dissolved (filtered) concentrations to surface water screening values expressed 

as dissolved concentrations is presented in Table 5-42.  As evidenced by Table 5-42, the mean 

dissolved concentrations of arsenic, cadmium, chromium, copper, lead, mercury, selenium, and 

zinc were less than surface water screening values, while the mean dissolved concentration for 

nickel was greater than the surface water screening value.  The exceedence for nickel is based on 

the mean reporting limit. 

 

Based on the comparison of Area A/B dissolved metals data to SWMU 9 background data and the 

comparison of Area A/B dissolved metals data to screening values expressed as dissolved 

concentrations, metals retained as ecological COPCs in the Step 3a screen are dropped from 

further consideration.  Although the mean reporting limit for nickel exceeded the surface water 

screening value (see Table 5-42), nickel is not retained as an ecological COPC since it is likely 

that the concentration of this chemical in the dissolved phase is near zero and not present at 

ecologically important concentrations. 
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5.7.1.2.3 Frequency of Detection 

 

Cyanide was detected in a single surface water sample collected from Area A/B.  Although the 

total number of samples collected and analyzed for cyanide was low (four), the single detection 

likely does not pose a significant risk to aquatic receptor groups at the population level.  The non-

detected organics retained as ecological COPCs for Area A/B surface water based on mean 

reporting limits (anthracene and butylbenzylphthtalate) are also dropped from further 

consideration since it is as likely that the concentration of these chemicals are near zero and not 

present at ecologically important concentrations. 

 

In summary, there are no ecological COPCs retained for Area A/B surface water.  Chemicals 

were dropped from further consideration based on the weight of evidence provided by: 

 

• Comparison of mean chemical concentrations to surface water screening values. 

 

• Comparison of Area A surface water data to SWMU 9 background surface water 

data (dissolved fraction). 

 

• A comparison of mean dissolved metals data to surface water screening values 

expressed as dissolved concentrations. 

 

In addition to the above, frequency of detection was considered for cyanide.  There is uncertainty 

related to using frequency of detection given the small number of surface water samples collected 

and analyzed for this chemical. 

 

5.7.1.3 Area A/B Sediment 

 

Eight inorganic chemicals (antimony, cobalt, copper, lead, selenium, silver, tin and vanadium), 

and thirty organics were identified as preliminary ecological COPCs in the Tier 1 screening-level 

ERA based on maximum detected concentrations or maximum reporting limits.  The chemicals 

identified as preliminary ecological COPCs based on maximum detected concentrations were 

cobalt, copper, lead, selenium, tin vanadium, benzo(a)pyrene, benzo(g,h,i)perylene, chrysene, and 

phenanthrene.  Three VOCs, two SVOCs and three metals were also identified as preliminary 

ecological COPCs because sediment screening values were not available.  Three chemicals 
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lacking surface water screening values (acetone, carbon disulfide, and beryllium) were detected in 

sediment collected from Area A/B. 

 

The comparison of mean sediment concentrations to sediment screening values is presented in 

Table 5-43.  As evidenced by the comparison, seven metals (antimony, copper, lead, selenium 

silver, tin, and vanadium) have HQ values greater than or equal to 1.0 and are retained as 

ecological COPCs.  The antimony and silver exceedences are based on mean reporting limits.  

Beryllium is also retained as an ecological COPC because this detected metal lacks a sediment 

screening value.  For detected metals, copper has the largest HQ (4.36).  HQs for lead, selenium, 

tin, and vanadium are less than 3.0 (1.11, 1.09. 1.54, and 2.53, respectively).  The lead 

exceedence can be attributed to the concentration detected in sample 9SD19 (250 mg/kg). 

 

Two VOCs and twenty-six SVOCs have HQ values greater than or equal to 1.0 based on mean 

concentrations or mean reporting limits and are retained as ecological COPCs.  With the 

exception of benzo(a)pyrene, chrysene, and phenanthrene, organics are retained based on 

maximum reporting limits.  HQ values for detected organics range from 2.63 for chrysene to 4.28 

for benzo(a)pyrene.  Detected organics without sediment screening values are also retained as 

ecological COPCs (acetone and carbon disulfide). 

 

Preliminary ecological COPCs with HQ values less than 1.0 based on mean concentrations 

(cobalt and benzo(g,h,i)perylene) are dropped from further consideration.  However, chemicals 

retained as ecological COPCs following the comparison of mean concentrations to sediment 

screening values, as well as detected chemicals retained as ecological COPCs because sediment 

screening values were not available were further evaluated by considering background and 

bioavailibility.  This analysis is presented below. 

 

5.7.1.3.1 Background 

 

A comparison of Area A/B sediment data to SWMU 9 background data is presented in Table 5-

44.  The comparison reveals that the maximum and mean concentration (based on detected 

concentrations and/or one-half reporting limits) of antimony, beryllium, selenium, silver, tin, and 

vanadium in Area A/B sediment are similar to background concentrations.  For this reason,  

metals are dropped from further consideration. 
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The maximum and mean concentrations of copper and lead were lower in samples collected from 

the background location, suggesting a possible link to SWMU 9 as a source of these 

concentrations in the estuarine wetland sediments adjacent to Areas A and B.  An evaluation of 

the potential bioavailability of these two metals is presented in Section 5.7.1.3.2.  It is noted that 

the mean background concentration for copper (59.5 mg/kg) is greater than the sediment 

screening value for this metal (18.7 mg/kg).  Based on a mean concentration of 59.5, the HQ for 

copper at the background location (3.24) is slightly below the Area A/B HQ of 4.36. 

 

Benzo(a)pyrene, chrysene, and naphthalene, chemicals retained as ecological COPCs based on 

mean detected concentrations, were not detected in SWMU 9 background samples.  Acetone was 

detected in a single sediment sample collected during the RFI Phase III field investigation (140 

µg/kg).  Based on this background detection, this common laboratory contaminant is dropped 

from further consideration. 

 

5.7.1.3.2 Bioavailability of Ecological COPCs 

 

As discussed in Section 5.4.1.3, sediment screening values used for inorganic and organic 

chemicals were either bulk sediment quality guidelines (TELs, ER-Ls, or AETs) or EqP-based 

screening values based on an assumed sediment foc of 0.01 (1.0 percent organic carbon).  These 

screening values are considered conservative because they do not reflect site-specific sediment 

characteristics that can affect bioavailability and thus potential for exposure and risk. 

 

Bioavailability of organics.  Table 5-45 compares mean sediment concentrations for organic 

chemicals retained as ecological COPCs in the Step 3a screen to EqP-based sediment screening 

values.  EqP-based screening values were derived using the procedure presented in Appendix F 

and the mean organic carbon content of sediment collected from Areas A/B during the CMS field 

investigation (6.4 percent).  The use of an average TOC concentration is appropriate for 

evaluating the level of impact that might be expected at the population level. 

 

With the exception of 2,4-dimethylphenol, butylbenzylphthtalate, and phenol, organic chemicals 

retained as ecological COPCs in the Step 3a screen have HQ values less than 1.0 when mean 

concentrations are compared to EqP-based sediment screening values.  The exceedences for 2,4-

dimethylphenol, butylbenzylphthalate, and phenol are based on mean reporting limits.  Organic 
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chemicals with HQ values less than 1.0 based on the comparison of mean chemical 

concentrations to EqP-based sediment screening values are dropped from further consideration. 

 

Although an EqP-based sediment screening value could not be calculated for carbon disulfide, 

this chemical is dropped from further consideration since the mean concentration of this chemical 

(8.1 µg/kg, respectively) is well below EqP-based sediment screening values for other similar 

chemicals (see Table 5-45).  2,4-Dimethylphenol, butylbenzylphthalate, and phenol are dropped 

from further consideration since it is as likely that the concentration of these chemicals are near 

zero and not present at ecologically important concentrations. 

 

The results of a comparison of maximum PAH sediment concentrations to EqP-based 

benchmarks developed by Di Toro and McGrath (2000) are consistent with Table 5-45.  As 

evidenced by Table 5-45a, maximum PAH sediment concentrations are less than the Di Toro and 

McGrath (2000) EqP-based benchmarks.  The EqP-based benchmarks presented in Table 5-45a 

are considered conservative because they are based on a default TOC content of one percent, not 

site-specific TOC content (6.4 percent). 

 

Bioavailability of Inorganics.  Total sediment concentrations are usually not predictive of the 

bioavailability and toxicity of metals (Luoma 1983).  However, similar to nonionic chemicals, 

metal concentrations in sediment pore water have been correlated with toxicity (Adams et al. 

1985, Swartz et al. 1985, and Kemp and Swartz 1988).  An important partitioning phase 

controlling the bioavailability and toxicity of cadmium, copper, lead, nickel, and zinc is acid 

volatile sulfide (AVS).  AVS represents a reactive pool of solid-phase sulfide that is available to 

bind these metals, rendering them biologically unavailable and nontoxic to sediment-associated 

biota.  Cadmium, copper, lead, nickel, and zinc, collectively termed simultaneously extracted 

metals (SEM), represent those metals that form a more stable complex with sulfide than does 

iron.  Theoretically, mercury is also an SEM.  However, the bioavailability of mercury appears to 

be controlled more by methylation than be AVS (USEPA 2000c). 

 

SEM and AVS measurements were made on sediments collected from Area A/B during the CMS 

field investigation to assess the potential bioavailability of the SEM.  The SEM/AVS model states 

that if the AVS concentration is less than the concentration of SEM, toxicity will be observed.  

That is, if the ratio SEM/AVS is greater than 1.0, sufficient AVS is not available to bind all the 

SEM and sediment-associated biota may be exposed to toxic concentrations of these metals in the 

sediment pore water.  Conversely, if the ratio SEM/AVS is less than 1.0, sufficient AVS is 
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present to bind all SEM.  The SEM theory has successfully predicted the toxicity of sediments 

containing cadmium and nickel (Ankley et al. 1991, Carlson et al. 1991, and Di Toro et al. 1992) 

and zinc and lead (Cases and Crecelius 1994).  Results with copper have been mixed (Ankley et 

al. 1993).  It is noted that the SEM/AVS theory can only be used to predict if sediments are or are 

not acutely toxic.  The SEM/AVS theory has not been adapted to predict chronic toxicity.
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Based on the comparison of mean sediment concentrations to bulk sediment screening values, 

two SEM (copper and lead) were retained as ecological COPCs.  The exceedence of bulk 

sediment screening values suggest that lead and copper may be impacting benthic invertebrates in 

the estuarine wetland system adjacent to Areas A and B.  A comparison of total SEM 

concentrations to AVS concentrations for each individual sample collected from Area A/B during 

the CMS investigation is presented in Table 5-46.  Samples collected during the RFI investigation 

are not shown since SEM/AVS measurements were not conducted on these samples.  Although 

not identified as preliminary ecological COPCs by the Tier 1 screening-level ERA or retained as 

ecological COPCs in the Step 3a screen, total SEM concentrations shown in Table 5-46 include 

contributions from cadmium, nickel, and zinc.  If an individual SEM was not detected in a given 

sample, the total SEM concentration for that sample was calculated assuming one-half the 

reporting limit for that metal.  If AVS was not detected in a sample, one-half the reporting limit 

was assumed when calculating the sample’s SEM/AVS ratio. 

 

As evidenced by Table 5-46, only one sediment sample (9SD23) had a total SEM concentration 

(umole/g) that exceeded the AVS concentration (umole/g).  The SEM/AVS ratio for this sample 

was 1.029.  The metal with the greatest contribution to the total SEM concentration in 9SD23 was 

copper; however, this contribution by itself does not exceed the AVS concentration.  The copper 

concentration in the SEM 9SD23 extract was 0.22 umole/g.  This compares to an AVS 

concentration of 0.35 umole/g (minimum AVS concentration measured in sediment collected 

from Area A/B).  These data suggest that the SEM/AVS ratio for the 9SD23 samples is a function 

of low AVS.  The sample that exhibited the maximum lead concentration in bulk sediment 

(9SD19) had a SEM/AVS ratio of 0.591. 

 

The ratio SEM/AVS based on mean total SEM and AVS concentrations (0.31 umole/g SEM and 

7.91 umole/g AVS respectively), for the eleven sediment samples collected during the CMS field 

investigations indicates that SEM metals have little potential for impact at the population level 

(See Table 5-46). 

 

The evaluation presented in the preceding paragraphs indicates that, with the exception of a single 

sample, the bioavailability of SEM metals in sediment collected from Areas A/B is low.  

However, ecological COPCs cannot be eliminated from further evaluation based solely on 

SEM/AVS ratios because the SEM/AVS model is a predictive tool for acute toxicity only.  As 

such, other factors must be considered, such as background. 
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Using a weight of evidence that includes background and SEM/AVS ratios, copper is not retained 

as an ecological COPC for Area A/B sediment and is dropped from further evaluation.  As 

discussed in Section 5.7.1.3.1, the potential risk posed by copper at Area A/B (HQ = 4.36) and 

the background location (HQ = 3.24) are similar.  Furthermore, AVS/SEM ratios do not indicate 

that copper is impacting benthic invertebrates at the population level.  Lead is retained as an 

ecological COPC for Area A/B sediment for the following reasons: 

 

• Maximum and mean lead concentrations (250 mg/kg and 33.6 mg/kg, 

respectively) were substantially higher than background maximum and mean 

values (13.0 mg/kg and 6.1 mg/kg, respectively). 

 

• Based on activities conducted at SWMU 9 (storage of refined petroleum 

products), lead is a potential site-related chemical. 

 

• Although the HQ for lead based on mean concentrations was low (1.11), this 

metals was detected in three sediment samples collected in relatively close 

proximity to one another at concentrations greater than the bulk sediment 

screening value (31 mg/kg in 9SD18, 250 mg/kg in 9SD19, and 69 mg/kg in 

9SD20).  This cluster of detections greater than bulk sediment screening values 

may have been collected from an area of potential contamination. 

 

5.7.1.4 Food Web Exposures 

 

The refined risk calculations for upper trophic level terrestrial and aquatic receptor species are 

presented separately in the sections that follow.  

 

5.7.1.4.1 Area A Terrestrial Food Web Exposures 

 

The Tier I screening-level ERA identified four metals (chromium, lead, mercury, and selenium) 

as preliminary ecological COPCs for terrestrial food web exposures at Area A based on 

maximum detected concentrations.  Chromium, lead and mercury were identified as preliminary 

ecological COPC for the American robin, while lead and selenium were identified as preliminary 

ecological COPCs for the mourning dove.  Chemicals were not retained as preliminary ecological 

COPC for the red-tailed hawk based on maximum detected concentrations or maximum reporting 
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limits.  Ten organics were retained as ecological COPCs for each receptor species because 

ingestion-based screening values were not available.  None of these organics were detected in 

surface soil from Area A. 

 

The comparison of mean exposure doses to ingestion-based screening values for chromium, lead, 

mercury, and selenium is presented in Table 5-47.  As evidenced by Table 5-47, HQs based on 

NOAELs are less than 1.0 for the American robin and mourning dove.  Therefore, chromium, 

lead, mercury, and selenium are not retained as ecological COPCs for terrestrial food web 

exposures. 

 

5.7.1.4.2 Area A/B Aquatic Food Web Exposures 

 

Chromium, cobalt, copper, lead, selenium, vanadium, and zinc were identified as preliminary 

ecological COPCs for the spotted sandpiper based on maximum detected concentrations in 

sediment. Cobalt, lead, mercury, and vanadium were also identified as preliminary ecological 

COPCs for the belted kingfisher and great blue heron based on maximum detected concentrations 

in surface water (dissolved fraction) and/or sediment.  Thallium, bis(2-ethylhezyl)phthalate, and 

di-n-butyphthalate were identified as preliminary ecological COPCs for each aquatic receptor 

based on maximum reporting limits. 

 

The comparison of mean exposure doses to ingestion-based screening values is presented in 

Table 5-48.  Based on the comparison to NOAELs, lead, vanadium, and di-n-butylphtalate have 

HQ values greater than or equal to one and are retained as ecological COPCs for the spotted 

sandpiper.  Mercury and vanadium have HQ values greater than or equal to 1.0 for the belted 

kingfisher and great blue heron and are retained as ecological COPCs for both species.  Cobalt 

and di-n-butylphthtalate have HQ values greater than or equal to 1.0 for the great blue heron and 

are also retained as ecological COPCs for this species.  Beryllium, detected in sediment collected 

from Area A/B, is also retained as an ecological COPC because an ingestion-based screening 

value is not available. 

 

The food web model for the spotted sandpiper, belted kingfisher, and great blue heron considered 

incidental ingestion of sediment and ingestion of prey (fish and benthic invertebrates) that have 

potentially bioaccumulated chemicals in sediment (fish and benthic invertebrates).  The food web 

model for the belted kingfisher and great blue heron also considered ingestion of prey (fish) that 
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have potentially bioaccumulated chemicals in surface water (in the case of metals, only if 

detected in the dissolved fraction).  Given that mercury and vanadium were not detected in 

filtered surface water, HQ values for these metals can be attributed to mean concentrations in 

sediment.  However, because cobalt was detected in filtered surface water collected from Area 

A/B, as well as sediment, HQ value for this metal can be attributed to mean concentrations in 

surface water (dissolved fraction) and sediment. 

 

Chemicals with HQs less than or equal to 1.0 based on mean exposure doses for each aquatic 

receptor species (i.e., arsenic, chromium, copper, selenium, thallium, zinc, and bis(2-

ethylhezyl)phthalate) are dropped from further consideration.  However, chemicals with HQ 

values greater than or equal to 1.0 based on mean exposure doses, as well as detected chemicals 

lacking ingestion-based screening values were further evaluated by considering background and 

HQs based on LOAELa and MATCs.  This evaluation is presented below 

 

Background.  The comparison of SWMU 9 surface water data to Area A/B surface water data is 

presented in Table 5-41 (filtered concentrations), while a comparison of SWMU 9 background 

sediment data to Area A/B sediment data is presented in Table 5-43.  The comparison reveals that 

the maximum and mean concentration of cobalt in background surface water and sediment and 

maximum and mean concentrations of beryllium, mercury, and vanadium in background 

sediment are similar to those detected in Area A/B surface water and sediment.  The maximum 

and mean lead sediment concentration was substantially lower in samples collected from the 

background location, suggesting a possible link to SWMU 9 as the source of lead concentrations 

in the estuarine wetland system adjacent to Area A/B. 

 

LOAEL and MATC-based screening values.  As evidenced by Table 5-48, HQs based on 

LOAELs were less than 1.0 for each receptor-chemical combination.  Cobalt, lead, vanadium, and 

di-n-butylphthtalate also had MATC-based HQs less than 1.0.  The only chemical with a MATC-

based HQ greater than or equal to 1.0 was mercury (1.59 for the belted kingfisher and 2.28 for the 

great blue heron. 

 

Based on the weight of evidence provided by the comparison of Area A/B surface water and 

sediment data to background data and HQs based on LOAELs and MATCs, beryllium, cobalt 

mercury, and vanadium are dropped from further consideration for Area A/B aquatic food web 

exposures.  Lead is retained as an ecological COPC for sediment based on the comparison of 
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Area A/B sediment data to SWMU 9 background.  As discussed in Section 5.7.1.3, lead was also 

retained as an ecological COPC for Area A/B sediment based on potential risks to lower trophic 

level receptor groups (i.e., benthic invertebrates). 

 

5.7.2 Refined Screening-Level Risk Calculation for Area B 

 

The Tier 1 screening-level ERA for Area B indicated that based on a set of conservative exposure 

assumptions, there are multiple chemicals that may present a risk to terrestrial receptor 

communities and upper trophic level terrestrial receptor species.  Chemicals identified as 

preliminary ecological COPCs in Tier 1 of the screening-level ERA for Area B are summarized 

in Table 5-31. 

 

Only those chemicals selected as preliminary ecological COPCs based on maximum detected 

concentrations and maximum reporting limits are presented in the refined media-specific 

screening tables.  Similarly, only those chemical-receptor combinations with an HQ value greater 

than or equal to 1.0 based on maximum detected concentrations or maximum reporting limits are 

shown in the refined food web exposure HQ summary tables.  Detected chemicals lacking media-

specific and/or ingestion-based screening values are also considered.  A discussion of the results 

of the recalculation of risk estimates for Area B is presented in the sections that follow.  The 

refined risk calculations for Area A/B surface water, sediment, and aquatic receptor groups was 

presented and discussed in Section 5.7.1. 

 

5.7.2.1 Area B Surface Soil 

 

Eight inorganics (arsenic, chromium, cobalt, lead, selenium, thallium, vanadium, and zinc) were 

identified as preliminary ecological COPCs in the Tier 1 screening-level ERA based on 

maximum concentrations.  With the exception of thallium, the inorganics were identified as 

ecological COPCs based on maximum detected concentrations.  Thallium was identified as an 

ecological COPC based on the maximum reporting limit.  Seven VOCs and twenty-one SVOCs 

were also identified as preliminary ecological COPCs because surface soil screening values were 

not available.  Acetone was the only chemical detected in Area B surface soil lacking a surface 

soil screening value. 
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The comparison of mean concentrations to surface soil screening values is presented in Table 5-

49.  Based on the comparison, chromium, cobalt, lead, vanadium, and zinc have refined HQs 

greater than or equal to 1.0 and are retained as ecological COPCs. 

 

Chemicals with HQs less than 1.0 based on mean concentrations (i.e., arsenic, selenium, and 

thallium) are dropped from further consideration.  However, chemicals with HQs greater than or 

equal to 1.0 based on mean concentrations, as well as detected chemicals that lack a surface soil 

screening value were further evaluated by considering background data. 

 

A comparison of SWMU 9 background surface soil data to Area B is presented in Table 5-50.  As 

evidenced by the background comparison table, the mean and maximum SWMU background 

concentrations for cobalt and vanadium exceeded Area B mean and maximum concentrations.  

While the Area B maximum concentration for chromium (37 J mg/kg) was slightly higher than 

the SWMU 9 background maximum (34 mg/kg), the mean SWMU 9 background concentration 

was higher (19.5 mg/kg versus 16.9 mg/kg).  These data indicate that based on mean 

concentrations, cobalt, chromium, and vanadium pose a greater potential risk to ecological 

receptors at the background location.  For this reason, cobalt, chromium, and vanadium are 

dropped from further consideration. 

 

Mean and maximum concentrations for lead and zinc were substantially higher in Area B surface 

soil samples.  The mean and maximum Area B surface soil concentration for lead was 229 mg/kg 

and 910 J mg/kg, respectively.  This compares to a mean and maximum SWMU 9 background 

surface soil concentration of 10.5 mg/kg and 21 J mg/kg, respectively.  The mean and maximum 

Area B surface soil concentration for zinc was 245 mg/kg and 520 J mg/kg, respectively.  This 

compares to a mean and maximum SWMU 9 background concentration of 52.6 mg/kg and 67 J 

mg/kg, respectively. 

 

Acetone was retained as an ecological COPCs because a surface soil screening value was not 

available.  This chemical was detected in two surface soil samples collected from Area B at 

concentrations (14 J µg/kg and 22 J µg/kg).  The detected concentrations of this common 

laboratory contaminant are less than available surface soil screening values for other VOCs, 

which range from approximately 100 to 700,000 µg/kg for (see Table 5-23).  Therefore, it was 

assumed that the potential risk to terrestrial plants and invertebrates from this chemical could be 

dismissed and thus is not retained as an ecological COPC for Area B surface soil. 



 

5-61 

In summary, based a comparison of mean concentrations to surface soil screening values and the 

comparison of Area B surface soil data to SWMU 9 background data, lead and zinc are retained 

as ecological COPCs for Area B surface soil. 

 

5.7.2.2 Area A/B Surface Water 

 

The refined risk evaluation for Area A/B surface water was presented and discussed in Section 

5.7.1.2.  Based on the evaluation, no chemical was retained as an ecological COPC for Area A/B 

surface water. 

 

5.7.2.3 Area A/B Sediment 

 

The refined risk evaluation for Area A/B sediment was presented and discussed in Section 

5.7.1.2.  Based on the evaluation, lead was retained as an ecological COPC for Area A/B 

sediment. 

 

5.7.2.4  Area B Food Web Exposures 

 

The Tier 1 screening-level ERA identified eight inorganics as preliminary ecological COPCs 

based on a comparison of maximum exposure doses to NOAEL-based screening values.  

Cadmium, chromium, cobalt, lead, mercury, and zinc had HQs greater than or equal to 1.0 for the 

American robin, while arsenic, lead, selenium, and zinc had HQs greater than or equal to 1.0 for 

the mourning dove.  Lead and zinc had NOAEL-based HQ greater than or equal to 1.0 for the 

red-tailed hawk.  Two inorganics (antimony and beryllium) and ten organics were identified as 

preliminary ecological COPCs because ingestion-based screening values were not available.  

Antimony and beryllium were detected in surface soil from Area B. 

 

The comparison of mean exposure doses to ingestion based screening values is presented in Table 

5-51.  As evidenced by Table 5-51, arsenic, cobalt, cadmium, chromium, mercury, and selenium 

HQ values are less than 1.0 for each terrestrial receptors.  Therefore, these chemicals were 

dropped from further consideration.  Lead has a NOAEL-based HQ of 3.77 for the American 

robin and 2.09 for the mourning dove.  Zinc has a NOAEL-based HQ value of 1.95 for the 

American robin. Although HQs based on LOAELs were less than 1.0 for these two metals, they 
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are retained as ecological COPCs for Area B terrestrial food web exposures based on the 

background comparison presented in Section 5.7.2.2. 

 

Beryllium and antimony were detected in Area B surface soil and retained as ecological COPCs 

because ingestion-based screening values are not available.  The mean and maximum beryllium 

concentration in SWMU 9 background surface soil were comparable to the Area B mean and 

maximum concentrations.  As such, beryllium is dropped from further consideration.  A 

comparison of Area B antimony data to background could not be conducted since all background 

antimony data were rejected.  Because the mean concentration of this metal is as likely not to 

represent an ecologically important concentration, antimony is also dropped from further 

consideration.   

 

In summary, based on the comparison of mean exposure doses to ingestion-based screening 

values and the comparison of Area B surface soil data to SWMU 9 background data, lead and 

zinc are retained as ecological COPCs for upper trophic level food web exposures. 

 

5.7.3 Refined Screening-Level Risk Calculation for Area C 

 

The Tier 1 screening-level ERA for Area C indicated that based on a set of conservative exposure 

assumptions, there are multiple chemicals that may present a risk to terrestrial and aquatic 

receptor communities and upper trophic level terrestrial aquatic receptor species.  Chemicals 

identified as preliminary ecological COPCs in the Tier 1 screening-level ERA for Area C are 

summarized in Table 5-32. 

 

Only those chemicals selected as preliminary ecological COPCs based on maximum detected 

concentrations and maximum reporting limits are presented in the refined media-specific 

screening tables.  Similarly, only those chemical-receptor combinations with an HQ value greater 

than or equal to 1.0 based on maximum exposure doses are shown in the refined food web 

exposure HQ summary tables.  Detected chemicals lacking media-specific and/or ingestion-based 

screening values are also considered.  A discussion of the results of the recalculation of risk 

estimates for Area C is presented in the sections that follow. 
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5.7.3.1 Area C Surface Soil 

 

The comparison of maximum surface soil concentrations to surface soil screening values 

presented in the Tier 1 screening-level ERA identified two inorganics (chromium and lead) as 

preliminary ecological COPCs for surface soil based on maximum detected concentrations.  

Seven VOCs and twenty-one SVOCs were identified as preliminary ecological COPCs because 

surface soil screening values were not available (see Table 5-25).  Of the twenty-eight organics 

lacking surface soil screening values, only two were detected in surface soil collected from Area 

C (benzo(b)fluoranthene and pyrene). 

 

The comparison of mean chemical concentrations to surface soil screening values is presented in 

Table 5-52.  Based on the comparison, chromium is retained as an ecological COPC for Area C 

surface soil.  Benzo(b)fluoranthene and pyrene are also retained as ecological COPCs because 

they were detected in surface soil collected from Area C and they lack surface soil screening 

values. 

 

A comparison of SWMU 9 background surface soil data to Area C surface soil data is presented 

in Table 5-53.  As evidenced by the table, mean and maximum surface soil concentrations for 

chromium at Area C (24.4 mg/kg and 30.4 mg/kg, respectively) were similar to mean and 

maximum chromium concentrations at the SWMU 9 background location (19.5 mg/kg and 34 

mg/kg, respectively).  Based on this comparison to background data, chromium is dropped from 

further consideration. 

 

The organics retained as ecological COPCs because surface soil screening values were not 

available were each detected in a single sample below reporting limits (reporting limits ranged 

from 340 to 350 µg/kg.  The detected concentrations (59 J µg/kg for benzo(b)fluoranthene and 56 

J µg/kg for pyrene) are less than available screening values for other SVOCs, which ranged from 

4,100 to 200,000 µg/kg (see Table 5-25).  Therefore, it was assumed that the potential risk to 

terrestrial plants and invertebrates from these two chemicals could be dismissed and thus they are 

not retained as ecological COPCs for Area C surface soil. 

 

In summary, based on a comparison of mean chemical concentrations to surface soil screening 

values, a comparison of Area C surface soil data to background data, and consideration given to 
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screening values for similar chemicals, there are no chemicals retained as ecological COPCs for 

Area C surface soil. 

 

5.7.3.2 Area C Surface Water 

 

The Tier 1 screening level ERA for Area C surface water identified eight inorganics (arsenic, 

chromium, copper, cyanide, lead, nickel, silver, and zinc) as preliminary ecological COPCs based 

on a comparison of maximum concentrations to surface water screening values.  The exceedence 

for silver was based on the maximum reporting limit.  One VOC (ethylbenzene) and nine SVOCs 

(2-methylnapthalene, acenaphthene, anthracene, benzo(a)pyrene, butylbenzylphthalate, chrysene, 

di-n-butylphthtalate, fluorene and phenanthrene) were also identified as preliminary COPCs 

based on maximum reporting limits.  Three VOCs, four SVOCs, and four metals were identified 

as preliminary ecological COPCs because surface water screening values were not available.  Of 

these eleven chemicals lacking surface water screening values, beryllium, cobalt, tin, and 

vanadium were detected in surface water collected from Area C. 

 

The comparison of mean chemical concentrations to surface water screening values is presented 

in Table 5-54.  Based on the comparison, copper, cyanide, lead, nickel, silver, and zinc have HQs 

greater than or equal to 1.0 based on mean concentrations and are retained as ecological COPCs.  

The exceedence for silver is based on a mean reporting limit.  Three organic chemicals 

(anthracene, butylbenzylphthtalate, and di-n-butylphthlate) have HQs greater than or equal to 1.0 

based on mean reporting limits and are also retained as ecological COPCs.  Four detected 

inorganics (beryllium, cobalt, tin, and vanadium) are also retained as ecological COPCs because 

surface water screening values were not available. 

 

Chemicals with HQ values less than or equal to 1.0 based on mean detected concentrations or 

mean reporting limits (arsenic, chromium, ethylbenzene, 2-methylnaphthalene, acenaphthene, 

benzo(a)pyrene, chrysene, fluorene, and phenanthrene) are dropped from further consideration.  

However, chemicals with HQ values greater than or equal to 1.0 based on mean concentrations or 

mean reporting limits, as well as detected chemicals lacking surface water screening values were 

further evaluated by considering background, bioavailability, and/or frequency of detection.  This 

analysis is presented in the sections that follow. 
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5.7.3.2.1 Background 

 

A comparison of Area C total recoverable surface water data to SWMU 9 background data is 

presented in Table 5-55.  Similar to the comparison of Area A/B total recoverable surface water 

data to total recoverable background data (see Section 5.7.1.2.1), mean and maximum total 

recoverable concentrations for inorganics retained as ecological COPCs at Area C were lower in 

the background location.  The exception was silver, which was not detected in the total 

recoverable fraction for Area C and background surface water samples.  The comparison to 

background suggests a link to SWMU 9 as a source of beryllium, copper, lead, nickel, tin, 

vanadium, and zinc concentrations in the estuarine wetland system adjacent to Areas A and B. 

 

A comparison SWMU 9 background and Area C dissolved (unfiltered) metals data is presented in 

Table 5-56.  This comparison is more relevant since the concentration of metals in the dissolved 

fraction more closely approximated their bioavailability (EPA 1995c and 199a).  As evidenced by 

Table 5-56, beryllium, lead, nickel, silver, tin, and vanadium were not detected in filtered surface 

water collected from Area C or the background location.  Reporting limits for these metals were 

identical for each location.  Dissolved cobalt was detected in background surface water; however, 

this metal was not detected in filtered surface water collected at Area C.  Dissolved copper and 

zinc were detected in filtered background and Area C surface water.  Mean and maximum 

concentrations were comparable at each location (see Table 5-56). 

 

5.7.3.2.2 Bioavailability 

 

The mean concentrations and surface water screening values (EPA chronic saltwater NAWQC) 

for arsenic, cadmium, chromium, copper, lead, mercury, nickel, selenium, and zinc are expressed 

as total recoverable concentrations.  The USEPA has developed chronic saltwater NAWQC based 

on dissolved concentrations for these metals.  Given that the dissolved (filtered) fraction more 

closely approximates the bioavailable fraction of metals in the water column (USEPA 1995c and 

1999a), a comparison of dissolved mean concentrations to screening values expressed as 

dissolved concentrations would reflect their bioavailability in surface water and thus the potential 

for exposure and risk. 

 

A comparison of dissolved (filtered) concentrations to surface water screening values expressed 

as dissolved concentrations is presented in Table 5-57.  As evidenced by the table, the mean 
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dissolved concentrations of arsenic, cadmium, chromium, copper, lead, mercury, selenium, and 

zinc were less than surface water screening values, while the mean dissolved concentration for 

nickel was greater than the surface water screening value.  The exceedence for nickel is based on 

the mean reporting limit. 

 

Total cyanide was detected in a single surface water sample collected from Area C at the 

reporting limit (10 µg/L).  This detected concentration exceeds the surface water screening value 

for this inorganic (1 µg/L), which is expressed as free cyanide.  The comparison of total cyanide 

concentrations to screening values expressed as free cyanide is very conservative.   

 

Based on the comparison of Area C dissolved metals data to SWMU 9 background dissolved 

metals data and the comparison of Area C dissolved metals data to surface water screening values 

expressed as dissolved concentrations, copper, lead, nickel, and zinc are dropped from further 

consideration.  Although the mean reporting limit for nickel exceeded the surface water screening 

value, nickel is not retained as an ecological COPC since it is as likely that the concentration of 

this chemical in the dissolved phase is near zero and not present at ecologically important 

concentrations. 

 

5.7.3.3 Area C Sediment 

 

The Tier 1 screening level ERA for Area C sediment identified eleven inorganics (antimony, 

arsenic, barium, cadmium, cobalt, copper, lead, selenium, silver, tin, and vanadium) as 

preliminary ecological COPCs.  The exceedences for antimony and silver were based on 

maximum reporting limits.  Two VOCs and twenty-five SVOCs had HQs greater than or equal to 

1.0 based on maximum reporting limits and were also identified as preliminary ecological 

COPCs.  Two VOCs, three SVOCs, and three inorganics were identified as preliminary 

ecological COPCs because sediment screening values were not available.  Of these eight 

chemicals, three were detected in sediment collected from Area C (acetone, beryllium, and carbon 

disulfide). 

 

A comparison of mean sediment concentrations to sediment screening values in presented in 

Table 5-58.  Based on the comparison, eight inorganics (antimony, arsenic, cobalt, copper, 

selenium, silver, tin, and vanadium) had HQs greater than or equal to 1.0 and are retained as 

ecological COPCs for Area C sediment.  The antimony and silver exceedences are based on a 
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mean reporting limits.  Two VOCs and twenty-six SVOCs have HQs greater than or equal to 1.0 

based on mean reporting limits and are also retained as ecological COPCs.  Two detected VOCs 

(acetone and carbon disulfide) and one detected inorganic (beryllium) are also retained as 

ecological COPCs because sediment screening values are not available. 

 

Chemicals with HQ values less than or equal to 1.0 based on mean detected concentrations or 

mean reporting limits (barium, cadmium, lead, benzo(g,h,i)perylene, and indeno(1,2,3-cd)pyrene) 

are dropped from further consideration.  However, chemicals with HQ values greater than or 

equal to 1.0 based on mean concentrations or mean reporting limits, as well as detected chemicals 

lacking surface water screening values were further evaluated by considering background, 

bioavailability, and/or frequency of detection.  This analysis is presented in the sections that 

follow. 

 

5.7.3.3.1 Background 

 

A comparison of Area C surface soil data to SWMU 9 background data is presented in Table 5-

59.  As evidenced by the table, antimony, silver, and thallium were not detected in sediment 

samples collected from either location.  The mean and maximum concentrations for cobalt, 

copper, selenium, tin and vanadium were similar at each location.  The mean and maximum 

arsenic concentration in Area C sediment was slightly elevated above background concentrations.  

It is noted that this metal was detected in each Area C and background sediment sample.  This 

suggests that arsenic is a naturally occurring metal.  Based on the comparison of Area C sediment 

data to background data, antimony, arsenic, silver, thallium, cobalt, copper, selenium, tin, and 

vanadium are dropped from further consideration.  Although background data show that copper is 

not site-related, the bioavailability of this metal is addressed in Section 5.7.3.3.3. 

 

5.7.3.3.2 Bioavailability of Organics 

 

Table 5-60 compares mean sediment concentrations for organic chemicals retained as ecological 

COPCs in the Step 3a screen to EqP-based sediment screening values.  EqP-based screening 

values were derived using the procedure presented in Appendix F and a mean organic carbon 

content of sediment collected from Area C during the CMS field investigation (13.14 percent).  

The use of an average TOC concentration is appropriate for evaluating the level of impact that 

might be expected at the population level. 
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With the exception of phenol, organic chemicals retained as ecological COPCs in the Step 3a 

screen have HQ values less than 1.0 when mean concentrations are compared to EqP-based 

sediment screening values.  The exceedence for phenol is based on mean reporting limit.  Organic 

chemicals with HQ values less than 1.0 based on a comparison of mean concentrations to EqP-

based screening values are dropped from further consideration. 

 

EqP-based screening values could not be calculated for acetone and carbon disulfide because 

surface water screening values were not available.  Although an EqP-based sediment screening 

values could not be calculated for these two organics, they are dropped from further consideration 

because their mean and maximum concentrations are below EqP-based sediment screening values 

for other similar chemicals (see Table 5-60).  Phenol is also dropped from further consideration 

since it is as likely that the concentration of this chemical is near zero and not present at 

ecologically important concentrations. 

 

The results of a comparison of maximum PAH sediment concentrations to EqP-based 

benchmarks developed by Di Toro and McGrath (2000) are consistent with Table 5-60.  As 

evidenced by Table 5-60a, maximum PAH sediment concentrations in Area C sediment are less 

than the Di Toro and McGrath (2000) EqP-based benchmarks.  The EqP-based benchmarks 

presented in Table 5-60a are considered conservative because they are based on a default TOC 

content of one percent, not site-specific TOC content (13.4 percent). 

 

5.7.3.3.3 Bioavailability of Inorganics 

 

Based on the comparison of mean chemical concentrations to sediment screening values, one 

SEM (copper) was retained as an ecological COPC for Area C sediment.  The exceedence of the 

bulk sediment screening value suggests that copper may be impacting benthic invertebrates in the 

estuarine wetland system adjacent to Area C.  To assess the bioavailability of copper to benthic 

invertebrates, SEM/AVS ratios were calculated for each of the sediment samples collected from 

Area C during the CMS investigation (see Table 5-61).  As discussed in Section 5.7.1.3.2, a 

SEM/AVS ratio greater than 1.0 indicates that sufficient AVS is not available to bind all the SEM 

and sediment-associated biota may be exposed to toxic concentrations of these metals in the 

sediment pore water.  Conversely, if the ratio SEM/AVS is less than 1.0, sufficient AVS is 

present to bind all SEM.  
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Based on the comparison presented in Table 5-61, all sediment samples had SEM/AVS ratios less 

than 1.0.  These data indicate that the bioavailability of SEM metals is low. The evaluation of the 

bioavailability of copper supports the decision to drop this metal from further consideration based 

on background data. 
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5.7.3.4 Food Web Exposures 

 

The refined risk calculations for upper trophic level terrestrial and aquatic receptor species are 

presented separately in the sections that follow. 

 

5.7.3.4.1 Area C  Terrestrial Food Web Exposures 

 

Four metals (chromium, lead, mercury, and selenium) were identified as preliminary ecological 

COPCs for terrestrial food web exposures at Area C by the Tier I screening-Level ERA based on 

maximum detected concentrations.  Chromium, lead and mercury were identified as preliminary 

ecological COPC for the American robin, while lead and selenium were identified as preliminary 

ecological COPCs for the mourning dove.  A chemical was not retained as an ecological COPC 

for the red-tailed hawk based on maximum exposure doses.  Ten non-detected organics were 

retained as ecological COPCs because ingestion-based screening values were not available.  As 

discussed in Section 5.7, non-detected chemicals lacking screening values are not considered in 

the refined risk evaluation. 

 

The comparison of mean exposure doses to ingestion-based screening values for chromium, lead, 

mercury, and selenium is presented in Table 5-62.  As evidenced by Table 5-62, HQs based on 

NOAELs are less than 1.0 for the American robin and mourning dove.  Therefore, chromium, 

lead, mercury, and selenium are not retained as ecological COPCs for terrestrial food web 

exposures. 

 

5.7.3.4.2 Area C Aquatic Food Web Exposures 

 

Arsenic, barium, chromium, cobalt, copper, lead, selenium,  thallium, vanadium, zinc, and di-n-

butylphthalate were identified as preliminary ecological COPCs for the spotted sandpiper based 

on maximum detected concentrations in sediment.  Cobalt, mercury, selenium, thallium, 

vanadium, and di-n-butylphthalate were also identified as preliminary ecological COPCs for the 

belted kingfisher and great blue heron based on maximum detected concentrations in surface 

water (dissolved fraction) and/or sediment.  Thallium and di-n-butyphthalate were identified as 

preliminary ecological COPCs for each aquatic receptor based on maximum reporting limits.  

Two inorganics (antimony and beryllium) and eight organics were retained as ecological COPCs 

for aquatic food web exposures because ingestion-based screening values were not available.  
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Antimony was detected in surface water (dissolved fraction), while beryllium was detected in 

sediment. 

 

The comparison of mean exposure doses to ingestion-based screening values is presented in 

Table 5-63.  Based on the comparison to NOAELs, cobalt, lead, and vanadium have HQ values 

greater than or equal to 1.0 for the spotted sandpiper and are retained as ecological COPCs.  

Cobalt, mercury, selenium, and vanadium have NOAEL-based HQs greater than or equal to 1.0 

for cobalt, mercury, selenium, and vanadium and are retained as ecological COPCs for the belted 

kingfisher and the great blue heron. 

 

The food web model for the spotted sandpiper, belted kingfisher, and great blue heron considered 

incidental ingestion of sediment and ingestion of prey (fish and benthic invertebrates) that have 

potentially bioaccumulated chemicals in sediment (fish and benthic invertebrates).  The food web 

model for the belted kingfisher and great blue heron also considered ingestion of prey (fish) that 

have potentially bioaccumulated chemicals in surface water (in the case of metals, only if 

detected in the dissolved fraction).  Given that vanadium was not detected in the filtered surface 

water samples collected from Area C, belted kingfisher and great blue heron HQ values for this 

metal can be attributed to mean concentrations in sediment.  Cobalt, selenium, and mercury were 

detected in surface water (filtered) and sediment from Area C.  As such belted kingfisher and 

great blue heron HQ values for these metals can be attributed to mean concentrations in surface 

water and sediment.  Given the high mercury and selenium surface water-to-fish BAFs used in 

this evaluation (2,600 L/kg and 27,900 L/kg), the surface water component of the belted 

kingfisher and great blue heron food web model was the primary contributor to selenium and 

mercury HQ values.  

 

Chemicals with HQs less than or equal to 1.0 based on mean exposure doses for each aquatic 

receptor species (i.e., arsenic, barium, copper, chromium, thallium, zinc, and di-n-butylphthalate) 

are dropped from further consideration.  However, chemicals with HQ values greater than or 

equal to 1.0 based on mean exposure doses, as well as detected chemicals lacking ingestion-based 

screening values were further evaluated by considering background and HQs based on LOAELa 

and MATCs.  This evaluation is presented below 

 

Background.  The comparison of SWMU 9 background surface water data to Area C surface 

water data is presented in Table 5-64 (filtered concentrations), while a comparison of SWMU 9 
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background sediment data to Area C sediment data is presented in Table 5-59.  The comparison 

reveals that the maximum and mean concentration of cobalt and selenium in background surface 

water and sediment and maximum and mean concentrations of beryllium, lead, mercury, and 

vanadium in background sediment are similar to those detected in Area C surface water and 

sediment.  The maximum and mean lead sediment concentration was substantially lower in 

samples collected from the background location, suggesting a possible link to SWMU 9 as the 

source of lead concentrations in the estuarine wetland system adjacent to Area C. 

 

LOAEL and MATC-based screening values.  As evidenced by Table 5-63, HQs based on 

LOAELs and MATCs were less than 1.0 for cobalt, lead, and vanadium.  Selenium LOAEL and 

NOAEL-based HQs values for the great blue heron were also less than 1.0. 

 

Based on the weight of evidence provided by the comparison to background and consideration 

given to LOAEL and MATC-based screening values, cobalt and vanadium are dropped from 

further consideration for each aquatic receptor species.  Lead is dropped from further 

consideration for the spotted sandpiper, and selenium is dropped from further consideration for 

the belted kingfisher and the great blue heron.  Because mercury was not detected in surface 

water collected from the background location, background can not be considered in any decisions 

regarding this metal.  However, based on the following factors, mercury is dropped from further 

consideration for aquatic food web exposures at Area C: 

 

• Out of a total of twenty-one surface water samples collected during the CMS 

field investigation, dissolved mercury was detected in only a single sample.  The 

detected concentration was less than the reporting limit (0.11 J µg/L). 

 

• Total recoverable mercury was detected at similar detection frequencies in 

surface water samples collected from Area A/B (5/15), Area C (2/7), and the 

background location (2/6). 

 

• Mercury was detected in each sediment sample collected during the CMS field 

investigation.  Sample detections ranged from 0.041 J µg/kg to 0.14 µg/kg at the 

background location, 0.046 µg/kg to 0.11 µg/kg at Area A/B, and 0.015 J to 0.1 

µg/kg at Area C.  The evenness of detections within each sample and at each 
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location does not indicate that a release related to SWMU 9 has occurred.  The 

evenness of detections suggests anthropogenic source unrelated to SWMU 9 

 

Based on the weight of evidence provided by the comparison of Area C surface water and 

sediment data to background data,  HQs based on LOAELs and MATCs, and the pattern of 

detections (for mercury), there are no ecological COPCs retained for Area C aquatic food web 

exposures. 

 

5.7.4 Ecological Risk Assessment Conclusions 

 

Based on the results of the assessment, no further evaluation of ecological risk is recommended 

for Areas A and C surface soil, Areas A/B and C surface water, and Area C sediment.  However, 

there appears to be a potential risk to both soil invertebrates and upper trophic level receptors at 

Area B from lead and zinc in surface soil.  There also appears to be a potential risk to benthic 

invertebrates and upper trophic level receptors from lead detected in Area A/B sediment.  These 

metals represent those chemicals that could not be dismissed from posing potential risk to 

ecological receptors after evaluating the weight of evidence for each chemical.  

Recommendations for further evaluation are presented in Section 6.0.  



SECTION 5.0
TABLES























































































TABLE 5-19

SURFACE WATER ANALYTICAL DATA (MAXIMUM CONCENTRATIONS) COMPARED TO MARINE SURFACE WATER SCREENING VALUES 
SWMU 9 - AREAS A/B (TANKS 212-215)

NAVAL STATION ROOSEVELT ROADS, CEIBA, PUERTO RICO

Contaminant Frequency/Range Surface  
 Arithmetic Water  

Frequency Range of  Mean  Screening  
of Positive Range of (Half Value used Levels  Max.

Analyte (1) Detection Detections Non-Detects Non-Detects) in Screen (2) (SWSL) Reference HQ (3) COPC? Comments

Volatile Organics (ug/L):  
1,1-Dichloroethane  0/4 NA 5U 2.50 5 -- -- NA Yes No SWSL
1,2-Dibromoethane Not Analyzed
1,2-Dichloroethane  0/4 NA 5U 2.50 5 1130 EPA 2000a 0.00 No HQ < 1.0
1,2-Dichloropropane  0/4 NA 5U 2.50 5 2400 EPA 2000a 0.00 No HQ < 1.0
Acetone  0/4 NA 50U 25.00 50 -- -- NA Yes No SWSL
Benzene  0/15 NA 5U 2.50 5 109 EPA 2000a 0.05 No HQ < 1.0
Bromodichloromethane  0/4 NA 5U 2.50 5 6,400 Buchman 1999 0.00 No HQ < 1.0
Bromoform  0/4 NA 5U 2.50 5 640 EPA 2000a 0.01 No HQ < 1.0
Carbon disulfide  0/4 NA 5U 2.50 5 -- -- NA Yes No SWSL
Chloroform  0/4 NA 5U 2.50 5 815 EPA 2000a 0.01 No HQ < 1.0
Dibromochloromethane  0/4 NA 5U 2.50 5 6,400 Buchman 1999 0.00 No HQ < 1.0
Ethylbenzene  0/15 NA 5U 2.50 5 4.3 EPA 2000a 1.16 Yes HQ > 1.0
Toluene  0/15 NA 5U 2.50 5 37 EPA 2000a 0.14 No HQ < 1.0
Xylene, Total  0/15 NA 10U 5.00 10 60 EPA 1996b 0.17 No HQ < 1.0
Semi-Volatile Organics (ug/L):
2,4-Dimethylphenol  0/4 NA 10U 5.00 10 37 EPA 2000b 0.27 No HQ < 1.0
2-Methylnaphthalene  0/4 NA 10U 5.00 10 6.0 EPA 2000b 1.67 Yes HQ > 1.0
3-Nitroaniline  0/4 NA 50U 25.0 50 -- -- NA Yes No SWSL
4-Chlorophenyl phenyl ether  0/4 NA 10U 5.00 10 -- -- NA Yes No SWSL
4-Nitroquinoline-1-oxide Not Analyzed
7,12-Dimethyl benz(a)anthracene Not Analyzed
a,a-Dimethylphenethylamine Not Analyzed
Acenaphthene  0/4 NA 10U 5.00 10 9.7 EPA 2000b 1.03 Yes HQ > 1.0
Acenaphthylene  0/4 NA 10U 5.00 10 30 Buchman 1999 0.33 No HQ < 1.0
Acetophenone Not Analyzed

SWMU 9 Screen.xls, SW-AB 1 of 3



TABLE 5-19

SURFACE WATER ANALYTICAL DATA (MAXIMUM CONCENTRATIONS) COMPARED TO MARINE SURFACE WATER SCREENING VALUES 
SWMU 9 - AREAS A/B (TANKS 212-215)

NAVAL STATION ROOSEVELT ROADS, CEIBA, PUERTO RICO

Contaminant Frequency/Range Surface  
 Arithmetic Water  

Frequency Range of  Mean  Screening  
of Positive Range of (Half Value used Levels  Max.

Analyte (1) Detection Detections Non-Detects Non-Detects) in Screen (2) (SWSL) Reference HQ (3) COPC? Comments
Semi-Volatile Organics (ug/L) (cont.):
Anthracene 0/4 NA 10U 5.00 10 5 EPA 1996b 2.00 Yes HQ > 1.0
Benzo(a)anthracene  0/4 NA 10U 5.00 10 30 Buchman 1999 0.33 No HQ < 1.0
Benzo(a)pyrene  0/4 NA 10U 5.00 10 10 EPA 1996b 1.00 Yes HQ > 1.0
Benzo(b)fluoranthene  0/4 NA 10U 5.00 10 30 Buchman 1999 0.33 No HQ < 1.0
Benzo(g,h,i)perylene  0/4 NA 10U 5.00 10 30 Buchman 1999 0.33 No HQ < 1.0
Benzo(k)fluoranthene  0/4 NA 10U 5.00 10 30 Buchman 1999 0.33 No HQ < 1.0
Benzoic acid  0/4 NA 50U 25.0 50 -- -- NA Yes No SWSL
Benzyl alcohol  0/4 NA 10U 5.00 10 -- -- NA Yes No SWSL
Bis(2-ethylhexyl)phthalate  0/4 NA 10U 5.00 10 360 Buchman 1999 0.03 No HQ < 1.0
Butylbenzylphthalate  0/4 NA 10U 5.00 10 0.111 EPA 1996b 90.09 Yes HQ > 1.0
Chrysene  0/4 NA 10U 5.00 10 10 EPA 1996b 1.00 Yes HQ > 1.0
Dibenzo(a,h)anthracene  0/4 NA 10U 5.00 10 30 Buchman 1999 0.33 No HQ < 1.0
Dibenzofuran  0/4 NA 10U 5.00 10 18 EPA 1996b 0.56 No HQ < 1.0
Diethylphthalate  0/4 NA 10U 5.00 10 75.9 EPA 2000a 0.13 No HQ < 1.0
Di-n-butylphthalate Not Analyzed
Dimethylphthalate  0/4 NA 10U 5.00 10 580 EPA 2000a 0.02 No HQ < 1.0
Fluoranthene 0/4 NA 10U 5.00 10 11 EPA 1996a 0.91 No HQ < 1.0
Fluorene  0/4 NA 10U 5.00 10 10 EPA 1996b 1.00 Yes HQ > 1.0
Indeno(1,2,3-cd)pyrene  0/4 NA 10U 5.00 10 30 Buchman 1999 0.33 No HQ < 1.0
N-Nitrosodiethylamine Not Analyzed
N-Nitrosodi-n-butylamine Not Analyzed
N-Nitrosodiphenylamine Not Analyzed
N-Nitrosopyrrolidine Not Analyzed
Naphthalene  0/4 NA 10U 5.00 10 23.5 EPA 2000a 0.43 No HQ < 1.0
Phenanthrene  0/4 NA 10U 5.00 10 8.3 EPA 1996a 1.20 Yes HQ > 1.0
Phenol  0/4 NA 10U 5.00 10 52.0 EPA 1996b 0.19 No HQ < 1.0
Pyrene  0/4 NA 10U 5.00 10 30 Buchman 1999 0.33 No HQ < 1.0
m,p-Cresol  0/4 NA 10U 5.00 10 500 EPA 2000b 0.02 No HQ < 1.0
o-Cresol  0/4 NA 10U 5.00 10 300 EPA 2000b 0.03 No HQ < 1.0
p-Phenylenediamine Not Analyzed
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TABLE 5-19

SURFACE WATER ANALYTICAL DATA (MAXIMUM CONCENTRATIONS) COMPARED TO MARINE SURFACE WATER SCREENING VALUES 
SWMU 9 - AREAS A/B (TANKS 212-215)

NAVAL STATION ROOSEVELT ROADS, CEIBA, PUERTO RICO

Contaminant Frequency/Range Surface  
 Arithmetic Water  

Frequency Range of  Mean  Screening  
of Positive Range of (Half Value used Levels  Max.

Analyte (1) Detection Detections Non-Detects Non-Detects) in Screen (2) (SWSL) Reference HQ (3) COPC? Comments
Inorganics (ug/L):
Antimony  3/15 6.5J - 16.5 2.7U - 20U 8.87 16.5 500 Buchman 1999 0.03 No HQ < 1.0
Arsenic  7/15 3.7J - 110 10U 20.3 110 36.0 EPA 1999a 3.06 Yes HQ > 1.0
Barium  15/15 25  - 450 NA 86.6 450 5,000 EPA 1996b 0.09 No HQ < 1.0
Beryllium  4/15 0.12J - 6.6 0.1U - 4U 1.89 6.60 -- -- NA Yes No SWSL
Cadmium  7/15 0.7J - 38 2.5U - 5U 4.87 38 9.36 EPA 1999a 4.06 Yes HQ > 1.0
Chromium  12/15 4.3J - 540 2.7U - 10U 54.9 540 50.4 EPA 1999a 10.71 Yes HQ > 1.0
Cobalt  11/15 0.96J - 220 10U 25.3 220 -- -- NA Yes No SWSL
Copper  13/15 8.1J - 3100 25.6U - 41.4U 337 3100 3.70 EPA 1999a 837.84 Yes HQ > 1.0
Lead  11/15 1.7J - 1100 4.5UJ - 5U 83.1767 1100.0 8.50 EPA 1999a 129.41 Yes HQ > 1.0
Mercury  5/15 0.08J - 0.78 0.1U - 0.2U 0.1 0.78 1.1 EPA 1999a 0.71 No HQ < 1.0
Nickel  7/15 4.4J - 200 2.7U - 40U 30.02 200 8.30 EPA 1999a 24.10 Yes HQ > 1.0
Selenium  4/15 5J - 26 10U - 17UJ 8.8 26 71.10 EPA 1999a 0.37 No HQ < 1.0
Silver  0/15 NA 0.6U - 10U 3.83 10.0 0.25 EPA 1996b 40.00 Yes HQ > 1.0
Tin  6/15 2.7J - 25J 50U 18.57 25.0 -- -- NA Yes No SWSL
Vanadium  14/15 23J - 4700 50U 478.3 4700.0 -- -- NA Yes No SWSL
Zinc  14/15 6.3J - 1300 20U 135 1300 85.6 EPA 1999a 15.19 Yes HQ > 1.0
Cyanide  1/4 61  - 61 10U 19 61 1 EPA 1999a 61.00 Yes HQ > 1.0

Notes:

HQ = Hazard Quotient J = Value is estimated
COPC = Ecological Chemical of Potential Concern U = Not detected
NA = Not Applicable UJ = Not detected, value is estimated

(1)  Chemicals screened are those listed in Table 5-5.
(2)  Maximum detected concentration (or maximum reporting limit for non-detected chemicals).
(3)  For a given chemical, the Hazard Quotient (HQ) is the maximum detected concentration (or maximum reporting limit for non-detected chemicals) divided by the surface water
    screening value.
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TABLE 5-43

SEDIMENT ANALYTICAL DATA (MEAN CONCENTRATIONS) COMPARED TO MARINE SEDIMENT  SCREENING VALUES 
SWMU 9 - AREAS A/B (TANKS 212-215)

NAVAL STATION ROOSEVELT ROADS, CEIBA, PUERTO RICO

Contaminant Frequency/Range   
 Arithmetic Sediment  

Frequency Range of  Mean  Screening  
of Positive Range of (Half Maximum Levels  Mean

Analyte (1) Detection Detections Non-Detects Non-Detects) Value (SSL) Reference HQ (2) COPC? Comments

Volatile Organics (ug/kg):  
Acetone  4/4 52  - 200 -- 128 200 -- -- NA Yes No SSL
Carbon disulfide  2/4 8.9J - 10J 12U - 15U 8.1 10 -- -- NA Yes No SSL
Ethylbenzene  0/4 NA 10UJ - 15U 6.125 15 4.00 Buchman 1999 1.53 Yes HQ > 1.0
Xylene, Total  0/4 NA 21UJ - 29U 12.375 29 4 Buchman 1999 3.09 Yes HQ > 1.0
Semi-Volatile Organics (ug/kg):
2,4-Dimethylphenol  0/4 NA 820U - 3600U 848.75 3600 18 Buchman 1999 47.15 Yes HQ > 1.0
2-Methylnaphthalene  0/15 NA 25U - 3600U 355.9667 3600 20.2 MacDonald 1994 17.62 Yes HQ > 1.0
Acenaphthene  0/15 NA 25U - 3600U 355.9667 3600 6.71 MacDonald 1994 53.05 Yes HQ > 1.0
Acenaphthylene  0/15 NA 25U - 3600U 355.9667 3600 5.87 MacDonald 1994 60.64 Yes HQ > 1.0
Anthracene  0/15 NA 25U - 3600U 355.9667 3600 46.9 MacDonald 1994 7.59 Yes HQ > 1.0
Benzo(a)anthracene  0/15 NA 25U - 3600U 355.9667 3600 74.8 MacDonald 1994 4.76 Yes HQ > 1.0
Benzo(a)pyrene  2/15 120J - 1300J 25U - 3600U 380.3 1300 88.8 MacDonald 1994 4.28 Yes HQ > 1.0
Benzo(g,h,i)perylene  2/15 160J - 1300J 25U - 3600U 382.9667 1300 670 Buchman 1999 0.57 No HQ < 1.0
Benzoic acid  0/4 NA 4200U - 18000U 4287.5 18000 65 Buchman 1999 65.96 Yes HQ > 1.0
Benzyl alcohol  0/4 NA 820U - 3600U 848.75 3600 52 Buchman 1999 16.32 Yes HQ > 1.0
Bis(2-ethylhexyl)phthalate  0/4 NA 820U - 3600U 848.75 3600 182 MacDonald 1994 4.66 Yes HQ > 1.0
Butylbenzylphthalate  0/4 NA 820U - 3600U 848.75 3600 63 Buchman 1999 13.47 Yes HQ > 1.0
Chrysene  1/15 560J - 560J 25U - 3600U 284.1333 560 108 MacDonald 1994 2.63 Yes HQ > 1.0
Di-n-butyl phthalate  0/4 NA 820U - 3600U 848.75 3600 58 Buchman 1999 14.63 Yes HQ > 1.0
Dibenzo(a,h)anthracene  0/15 NA 25U - 3600U 306.8 3600 6.22 MacDonald 1994 49.32 Yes HQ > 1.0
Dibenzofuran  0/4 NA 820U - 3600U 848.75 3600 110 Buchman 1999 7.72 Yes HQ > 1.0
Diethylphthalate  0/4 NA 820U - 3600U 848.75 3600 6 Buchman 1999 141.46 Yes HQ > 1.0
Dimethylphthalate  0/4 NA 820U - 3600U 848.75 3600 6 Buchman 1999 141.46 Yes HQ > 1.0
Fluoranthene  0/15 NA 25U - 3600U 306.8 3600 113 MacDonald 1994 2.72 Yes HQ > 1.0
Fluorene  0/15 NA 25U - 3600U 306.8 3600 21.2 MacDonald 1994 14.47 Yes HQ > 1.0
Indeno(1,2,3-cd)pyrene  0/4 NA 820U - 3600U 848.75 3600 600 Buchman 1999 1.41 Yes HQ > 1.0
Naphthalene  0/15 NA 25U - 3600U 355.9667 3600 35 MacDonald 1994 10.29 Yes HQ > 1.0
Phenanthrene  2/15 71J - 360J 25U - 3600U 314.3667 360 86.7 MacDonald 1994 3.63 Yes HQ > 1.0
Phenol  0/4 NA 820U - 3600U 848.75 3600 130 Buchman 1999 6.53 Yes HQ > 1.0
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TABLE 5-43

SEDIMENT ANALYTICAL DATA (MEAN CONCENTRATIONS) COMPARED TO MARINE SEDIMENT  SCREENING VALUES 
SWMU 9 - AREAS A/B (TANKS 212-215)

NAVAL STATION ROOSEVELT ROADS, CEIBA, PUERTO RICO

Contaminant Frequency/Range   
 Arithmetic Sediment  

Frequency Range of  Mean  Screening  
of Positive Range of (Half Maximum Levels  Mean

Analyte (1) Detection Detections Non-Detects Non-Detects) Value (SSL) Reference HQ (2) COPC? Comments
Semi-Volatile Organics (ug/kg) (cont.):
Pyrene  0/15 NA 25U - 3600U 355.9667 3600 153 MacDonald 1994 2.33 Yes HQ > 1.0
m,p-Cresol 0/4 NA 820U - 3600U 848.75 3600 100 Buchman 1999 8.49 Yes HQ > 1.0
o-Cresol 0/4 NA 820U - 3600U 848.75 3600 8 Buchman 1999 106.09 Yes HQ > 1.0
Inorganics (mg/kg):
Antimony  0/11 NA 3.8UJ - 5.9UJ 2.2318 5.9 2 Long and Morgan 1991 1.12 Yes HQ > 1.0
Beryllium  14/15 0.12J - 0.29J 1.2U 0.2153 0.29 -- -- NA Yes No SSL
Cobalt  15/15 5  - 12 NA 7.6467 12 10 Buchman 1999 0.76 No HQ < 1.0
Copper  15/15 52J - 120J NA 81.6 120 18.7 MacDonald 1994 4.36 Yes HQ > 1.0
Lead  15/15 3.2  - 250 00 33.5867 250 30.2 MacDonald 1994 1.11 Yes HQ > 1.0
Selenium  2/15 0.98J - 1.5J NA 1.0887 1.5 1 Buchman 1999 1.09 Yes HQ > 1.0
Silver  0/15 NA 0.11U - 2.9U 0.8317 2.9 0.73 MacDonald 1994 1.14 Yes HQ > 1.0
Tin  4/15 3.6J - 4.7 9.6U - 15U 5.24 4.7 3.4 Buchman 1999 1.54 Yes HQ > 1.0
Vanadium  15/15 110  - 180 00 144 180 57 Buchman 1999 2.53 Yes HQ > 1.0

Notes:

HQ = Hazard Quotient U = Not detected
COPC = Ecological Chemical of Potential Concern UJ = Not detected, value is estimated
NA = Not Applicable J = Estimated value

EqP = Sediment screening value is calculated based on sediment equilibrium partitioning assuming 1.0% total organic carbon.

(1)  Chemicals screened are those identified as preliminary ecological COPCs by the screening-level ERA based on maximum detected concentrations or maximum reporting
      limits.  Detected chemicals identified as preliminary ecological COPCs because sediment screening values were not available are also shown in the table.
(2)  The mean HQ value is the mean (half non-detects) divided by the screening value.  If the mean concentration exceeds the maximum concentration, the maximum concentration is used.  
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Table 5-45a
COMPARISON OF MAXIMUM PAH SEDIMENT CONCENTRATIONS TO EqP-BASED

SEDIMENT BENCHMARKS DEVELOPED USING A TARGET LIPID MODEL
SWMU 9 - AREAS A/B (TANKS 212-215)

CORRECTIVE MEASURES STUDY INVESTIGATION
NAVAL STATION ROOSEVELT ROADS, CEIBA, PUERTO RICO

Maximum EqP-Based

Concentration Benchmark (1)

PAH Compound (ug/kg) (ug/kg)
1-Methylnaphthalene 1,800 U 7,551
2-Methylnaphthalene 3,600 U 7,565
Acenaphthene 3,600 U 8,312
Acenaphthylene 3,600 U 7,656
Anthracene 3,600 U 10,050
Benzo(a)anthracene 3,600 U 14,222
Benzo(a)pyrene 1,300 J 16,324
Benzo(b)fluoranthene 840 J 16,552
Benzo(g,h,i)perylene 1,300 J 18,515
Benzo(k)fluoranthene 820 J 16,603
Chrysene 560 J 14,268
Dibenz(a,h)anthracene 3,600 U 18,983
Fluoranthene 3,600 U 11,974
Fluorene 3,600 U 9,108
Indeno(1,2,3-cd)pyrene 1,100 J 18,874
Naphthalene 3,600 U 6,525
Phenanthrene 360 J 10,086
Pyrene 3,600 U 11,792

Notes:

(1)  The EqP-based benchmarks were derived by Di Toro and McGrath (2000) assuming one
     percent organic carbon.
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TABLE 5-46

COMPARISON OF SIMULTANEOUSLY EXTRACTED METAL AND ACID VOLATILE
SULFIDE CONCENTRATIONS

SWMU 9 - AREA A/B (TANKS 212-215)
NAVAL STATION ROOSEVELT ROADS, CEIBA, PUERTO RICO

Acid 

Total SEM Volatile Sulfide SEM/AVS Acute
Concentration (1) Concentration Ratio Toxicity (2)

Location Sampling Station (umol/g) (umol/g) (unitless) (Yes/No)
Area A/B 9SW/SD13 0.27 37.43 0.007 No

9SW/SD14 0.14 1.15 0.122 No
9SW/SD15 0.13 1.43 0.091 No
9SW/SD16 0.09 0.44 0.205 No
9SW/SD17 0.28 0.345 0.812 No
9SW/SD18 0.22 19.34 0.011 No
9SW/SD19 1.20 2.03 0.591 No
9SW/SD20 0.27 13.10 0.021 No
9SW/SD21 0.17 1.37 0.124 No
9SW/SD22 0.29 9.98 0.029 No
9SW/SD23 0.35 0.34 1.029 Yes

Average concentrations: 0.31 7.91 0.039 NO

Bolded and shaded value indicates that the ratio SEM/AVS is greater than 1.0.

Notes:

SEM = Simultaneously Extracted Metals (cadmium, copper, lead, nickel, and zinc)
AVS = Acid Volatile Sulfide

(1)  The total SEM concentration represents the sum of the individual SEM concentrations:
     [SEM]total = [SEM]Cd + [SEM]Cu + [SEM]Pb + [SEM]Ni + [SEM]Zn.
(2)  Acute toxicity is predicted when the ratio SEM/AVS is greater than 1.0.
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TABLE 5-58

SEDIMENT ANALYTICAL DATA (MEAN CONCENTRATIONS) COMPARED TO MARINE SEDIMENT  SCREENING VALUES 
SWMU 9 - AREA C (TANKS 216-217)

NAVAL STATION ROOSEVELT ROADS, CEIBA, PUERTO RICO

Contaminant Frequency/Range   
 Arithmetic Sediment  

Frequency Range of  Mean  Screening  
of Positive Range of (Half Value used Levels  Mean

Analyte Detection Detections Non-Detects Non-Detects) in Screen (1) (SSL) Reference HQ (2) COPC? Comments

Volatile Organics (ug/kg):  
Acetone  2/2 74J - 290 NA 182 290 -- -- NA Yes No SSL
Carbon disulfide  1/2 16  - 16 20U 13 16 -- -- NA Yes No SSL
Ethylbenzene  0/2 NA 13U - 20U 8.25 20 4.00 Buchman 1999 2.06 Yes HQ > 1.0
Xylene, Total  0/2 NA 25U - 40U 16.25 40 4 Buchman 1999 4.06 Yes HQ > 1.0
Semi-Volatile Organics (ug/kg)
2,4-Dimethylphenol  0/2 NA 750U - 1300U 512.5 1300 18 Buchman 1999 28.47 Yes HQ > 1.0
2-Methylnaphthalene  0/7 NA 98U - 1300U 200.5714 1300 20.2 MacDonald 1994 9.93 Yes HQ > 1.0
Acenaphthene  0/7 NA 98U - 1300U 200.5714 1300 6.71 MacDonald 1994 29.89 Yes HQ > 1.0
Acenaphthylene  0/7 NA 98U - 1300U 200.5714 1300 5.87 MacDonald 1994 34.17 Yes HQ > 1.0
Anthracene  0/7 NA 98U - 1300U 200.5714 1300 46.9 MacDonald 1994 4.28 Yes HQ > 1.0
Benzo(a)anthracene  0/7 NA 98U - 1300U 200.5714 1300 74.8 MacDonald 1994 2.68 Yes HQ > 1.0
Benzo(a)pyrene  0/7 NA 98U - 1300U 200.5714 1300 88.8 MacDonald 1994 2.26 Yes HQ > 1.0
Benzo(g,h,i)perylene  0/7 NA 98U - 1300U 200.5714 1300 670 Buchman 1999 0.30 No HQ < 1.0
Benzoic acid  0/2 NA 3900U - 6800U 2675 6800 65 Buchman 1999 41.15 Yes HQ > 1.0
Benzyl alcohol  0/2 NA 750U - 1300U 512.5 1300 52 Buchman 1999 9.86 Yes HQ > 1.0
Bis(2-ethylhexyl)phthalate  0/2 NA 750U - 1300U 512.5 1300 182 MacDonald 1994 2.82 Yes HQ > 1.0
Butylbenzylphthalate  0/2 NA 750U - 1300U 512.5 1300 63 Buchman 1999 8.13 Yes HQ > 1.0
Chrysene  0/7 NA 98U - 1300U 200.5714 1300 108 MacDonald 1994 1.86 Yes HQ > 1.0
Di-n-butyl phthalate  0/2 NA 750U - 1300U 512.5 1300 58 Buchman 1999 8.84 Yes HQ > 1.0
Dibenzo(a,h)anthracene  0/7 NA 98U - 1300U 200.5714 1300 6.22 MacDonald 1994 32.25 Yes HQ > 1.0
Dibenzofuran  0/2 NA 750U - 1300U 512.5 1300 110 Buchman 1999 4.66 Yes HQ > 1.0
Diethylphthalate  0/2 NA 750U - 1300U 512.5 1300 6 Buchman 1999 85.42 Yes HQ > 1.0
Dimethylphthalate  0/2 NA 750U - 1300U 512.5 1300 6 Buchman 1999 85.42 Yes HQ > 1.0
Fluoranthene  0/7 NA 98U - 1300U 200.5714 1300 113 MacDonald 1994 1.77 Yes HQ > 1.0
Fluorene  0/7 NA 98U - 1300U 200.5714 1300 21.2 MacDonald 1994 9.46 Yes HQ > 1.0
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TABLE 5-58

SEDIMENT ANALYTICAL DATA (MEAN CONCENTRATIONS) COMPARED TO MARINE SEDIMENT  SCREENING VALUES 
SWMU 9 - AREA C (TANKS 216-217)

NAVAL STATION ROOSEVELT ROADS, CEIBA, PUERTO RICO

Contaminant Frequency/Range   
 Arithmetic Sediment  

Frequency Range of  Mean  Screening  
of Positive Range of (Half Value used Levels  Mean

Analyte Detection Detections Non-Detects Non-Detects) in Screen (1) (SSL) Reference HQ (2) COPC? Comments
Semi-Volatile Organics (ug/kg) (cont.):
Indeno(1,2,3-cd)pyrene  0/7 NA 98U - 1300U 200.5714 1300 600 Buchman 1999 0.33 No HQ < 1.0
Naphthalene  0/7 NA 98U - 1300U 200.5714 1300 35 MacDonald 1994 5.80 Yes HQ > 1.0
Phenanthrene  0/7 NA 98U - 1300U 200.5714 1300 86.7 MacDonald 1994 2.31 Yes HQ > 1.0
Phenol  0/2 NA 750U - 1300U 512.5 1300 130 Buchman 1999 3.94 Yes HQ > 1.0
Pyrene  0/7 NA 98U - 1300U 200.5714 1300 153 MacDonald 1994 1.31 Yes HQ > 1.0
m,p-Cresol 0/2 NA 750U - 1300U 512.5 1300 100 Buchman 1999 5.13 Yes HQ > 1.0
o-Cresol 0/2 NA 750U - 1300U 512.5 1300 8 Buchman 1999 64.06 Yes HQ > 1.0
Inorganics (mg/kg):
Antimony  0/5 NA 4.4UJ - 9.1UJ 3.72 9.1 2 Long and Morgan 1991 1.86 Yes HQ > 1.0
Arsenic  7/7 2.3J - 15 NA 8.6286 15 7.24 MacDonald 1994 1.19 Yes HQ > 1.0
Barium  7/7 5.9  - 80 NA 21.0857 80 48 Buchman 1999 0.44 No HQ < 1.0
Beryllium  4/7 0.076J - 0.35J 1.6U - 1.8U 0.4776 0.35 -- -- NA Yes No SSL
Cadmium  4/7 0.44J - 0.78J 0.1U - 2.3U 0.5086 0.78 0.68 MacDonald 1994 0.75 No HQ < 1.0
Cobalt  7/7 7.6  - 24 NA 17.6571 24 10 Buchman 1999 1.77 Yes HQ > 1.0
Copper  7/7 28J - 71 NA 55.1429 71 18.7 MacDonald 1994 2.95 Yes HQ > 1.0
Lead  7/7 8.1J - 46 NA 22.5857 46 30.2 MacDonald 1994 0.75 No HQ < 1.0
Selenium  3/7 0.68J - 2J 0.39UJ - 4.5U 1.4607 2 1 Buchman 1999 1.46 Yes HQ > 1.0
Silver  0/7 NA 0.12U - 4.5U 1.3529 4.5 0.73 MacDonald 1994 1.85 Yes HQ > 1.0
Tin  2/7 3.5J - 6J 11U - 23U 8.0714 6 3.4 Buchman 1999 1.76 Yes HQ > 1.0
Vanadium  7/7 66  - 180 NA 104.1429 180 57 Buchman 1999 1.83 Yes HQ > 1.0

Notes:

HQ = Hazard Quotient NA = Not Applicable UJ = Not detected, estimated value
COPC = Ecological Chemical of Potential Concern U = Not detected J = Estimated value

(1)  Chemicals screened are those identified as preliminary ecological COPCs by the screening-level ERA based on maximum detected concentrations and/or maximum reporting
      limits, and those deleted in sediment and identified as preliminary ecological COPCs because sediment screening values were not available.
(2)  The mean HQ value is the mean (half non-detects) divided by the screening value.  If the mean concentration exceeds the maximum concentration, the maximum concentration is used.  
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Table 5-60a
COMPARISON OF MAXIMUM PAH SEDIMENT CONCENTRATIONS TO EqP-BASED

SEDIMENT BENCHMARKS DEVELOPED USING A TARGET LIPID MODEL
SWMU 9 - AREAS C (TANKS 216-217)

CORRECTIVE MEASURES STUDY INVESTIGATION
NAVAL STATION ROOSEVELT ROADS, CEIBA, PUERTO RICO

Maximum EqP-Based

Concentration Benchmark (1)

PAH Compound (ug/kg) (ug/kg)
1-Methylnaphthalene 180 U 7,551
2-Methylnaphthalene 1,300 U 7,565
Acenaphthene 1,300 U 8,312
Acenaphthylene 1,300 U 7,656
Anthracene 1,300 U 10,050
Benzo(a)anthracene 1,300 U 14,222
Benzo(a)pyrene 1,300 U 16,324
Benzo(b)fluoranthene 1,300 U 16,552
Benzo(g,h,i)perylene 1,300 U 18,515
Benzo(k)fluoranthene 1,300 U 16,603
Chrysene 1,300 U 14,268
Dibenz(a,h)anthracene 1,300 U 18,983
Fluoranthene 1,300 U 11,974
Fluorene 1,300 U 9,108
Indeno(1,2,3-cd)pyrene 1,300 U 18,874
Naphthalene 1,300 U 6,525
Phenanthrene 1,300 U 10,086
Pyrene 1,300 U 11,792

Notes:

(1)  The EqP-based benchmarks were derived by Di Toro and McGrath (2000) assuming one
     percent organic carbon.



TABLE 5-61

COMPARISON OF SIMULTANEOUSLY EXTRACTED METAL AND ACID VOLATILE
SULFIDE CONCENTRATIONS

SWMU 9 - AREA C (TANKS 216-217)
NAVAL STATION ROOSEVELT ROADS, CEIBA, PUERTO RICO

Acid 

Total SEM Volatile Sulfide SEM/AVS Acute
Concentration (1) Concentration Ratio Toxicity (2)

Location Sampling Station (umol/g) (umol/g) (unitless) (Yes/No)

Area C 9SW/SD24 0.23 3.43 0.07 No

9SW/SD25 0.19 14.35 0.01 No

9SW/SD26 0.31 2.74 0.11 No

9SW/SD27 0.39 1.47 0.27 No
9SW/SD28 0.22 1.53 0.14 No
Average Concentrations: 0.27 4.70 0.06 No

Bolded and shaded value indicates that the ratio SEM/AVS is greater than 1.0.

Notes:

SEM = Simultaneously Extracted Metals (cadmium, copper, lead, nickel, and zinc)
AVS = Acid Volatile Sulfide

(1)  The total SEM concentration represents the sum of the individual SEM concentrations:
     [SEM]total = [SEM]Cd + [SEM]Cu + [SEM]Pb + [SEM]Ni + [SEM]Zn.
(2)  Acute toxicity is predicted when the ratio SEM/AVS is greater than 1.0.
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6.0 CONCLUSIONS AND RECOMMENDATIONS

Based on the results of the assessment, no further evaluation of ecological risk is recommended

for Areas A and C surface soil, Areas A/B and C surface water, and Area C sediment.  However,

there appears to be a potential risk to both soil invertebrates and upper trophic level receptors at

Area B from lead and zinc in surface soil.  There also appears to be a potential risk to benthic

invertebrates and upper trophic level receptors from lead detected in Area A/B sediment.  These

metals represent those chemicals that could not be dismissed from posing potential risk to

ecological receptors after evaluating the weight of evidence for each chemical.

Due to the potential risks to invertebrates and upper trophic level receptors from the surface soils

at Area B it is recommended that additional sampling be conducted in the vicinity of Tank 214 to

characterize the extent of lead and zinc contamination.  This can be accomplished with field

screening kits for lead and confirmatory samples being submitted to a fixed base analytical

laboratory.  Once the characterization is completed Step 3A of the Ecological Risk Assessment

should be re-evaluated before making a decision of whether or not this site should move forward

to Step 3B or move into the CMS stage.

Due to the potential risk to benthic invertebrates and upper trophic level receptors from lead

detected in Area A/B sediment it is recommended that additional characterization be performed.

The additional characterization needs to occur in the vicinity of samples 9SD19 and 9SD20. Once

the characterization is completed Step 3A of the Ecological Risk Assessment should be re-

evaluated before making a decision of whether or not this site should move forward to Step 3B or

move into the CMS stage.



 

7-1 

7.0 REFERENCES 

 

Adams, W.J., R.A. Kimerle, and R.G. Mosher. 1985. p. 429 In Aquatic toxicology and hazard 

assessment: Seventh symposium. Cardwell, R.D. , R Purdy, R.C. Bahner, Eds. American Society 

of Testing and Materials, Philadelphia, PA. 

 

Ankley, G.T., G.L. Phipps, E.N. Leonard, D.A. Benoit, V.R. Mattson, P.A. Kosian, A.M. Cotter, 

J.R. Dierkes, D.J. Hansen, and J.D. Mahony. 1991. Acid-volatile sulfide as a factor mediating 

cadmium and nickel bioavailability in contaminated sediments. Environ. Toxicol. and Chem. 

10:1299-1307. 

 

Ankley, G.T., V.R. Mattson, E.N. Leonard, C.W. West, and J.L. Bennett. 1993. Predicting the 

acute toxicity of copper in freshwater sediments: Evaluation of the role of acid-volatile sulfide. 

Environ. Toxicol. Chem. 12:315-320. 

 

Baes, C.F., III, R.D. Scharp, A.L. Sjoreen, and R.W. Shor. 1984. A review and analysis of 

parameters for assessing transport of environmentally released radionuclides through agriculture. 

ORNL 5786. Oak Ridge National Laboratory, Oak Ridge, TN. 

 

Baker, 1995, Final RCRA Facility Investigation, Naval Station Roosevelt Roads, Puerto Rico.  

Baker Environmental, Inc., September 14, 1995. 

 

Baker, 1996, Draft RCRA Facility Investigation Report for Operable Unit 2, Naval Station 

Roosevelt Roads, Puerto Rico,  Baker Environmental, Inc., September, 1996.   

 

Baker, 1997, Work Plan Addendum for SWMU 9, Naval Station Roosevelt Roads, Puerto Rico, 

Baker Environmental, Inc., September, 1997. 

 

Baker, 1998a, Draft RCRA Facility Investigation for SWMU 9, Naval Station Roosevelt Roads, 

Puerto Rico, Baker Environmental, Inc., March, 1998. 

 

Baker, 1998b, Work Plan for SWMU 9, Naval Station Roosevelt Roads, Puerto Rico, Baker 

Environmental, Inc., September, 1998. 

 



 

7-2 

Baker, 2000, Revised Draft RCRA Facility Investigation Report for SWMU 9 Naval Station 

Roosevelt Roads, Puerto Rico. Baker Environmental, Inc., March 10, 2000. 

 

Baker 2001, Final CMS Work Plan for SWMU 9, Naval Station Roosevelt Roads, Puerto Rico. 

Baker Environmental, Inc., January 15, 2001. 

 

Bechtel Jacobs. 1998a. Empirical models for the uptake of inorganic chemicals from soil by 

plants.  Prepared for U.S. Department of Energy.  BJC/OR-133.  September 1998. 

 

Bechtel Jacobs. 1998b. Biota sediment accumulation factors for invertebrates: review and 

recommendations for Oak Ridge Reservation. Prepared for U.S. Department of Energy.  BJC/OR-

112. August 1998. 

 

Beyer, N., E. Connor, and S. Gerould. 1994. Estimates of Soil Ingestion by Wildlife. Patuxent 

Wildlife Research Center, Laurel, MD. 

 

Beyer, W. N. and C. Stafford. 1993. Survey and evaluation of contaminants in earthworms and in 

soils derived from dredged material at confined disposal facilities in the Great Lakes region. 

Environmental Monitoring and Assessment 24: 151-165. 

 

Buchman, M.F. 1999. NOAA screening quick reference tables. NOAA HAZMAT Report 99-1. 

National Ocenaic and Atmospheric Administration, Seattle, WA. 12 pp. 

 

Butler, R.W. 1992. Great blue heron (Ardea herodias). Birds of North America. No. 25. The 

Academy of Natural Sciences, Philadelphia, PA and the American Ornithologists’ Union, 

Washington, D.C. 

 

Calder, W.A. and E.J. Braun. 1983. Scaling of osmotic regulation in mammals and birds. 

American Journal of Physiology. 224: 8601-8606. 

 

Carlson, A.R., G.L. Phipps, V.R. Mattson, P.A. Kosian, and A.M.Cotter. 1991. The role of acid-

volatile sulfide in determining cadmium bioavailability and toxicity in freshwater sediments. 

Environ. Toxicol. Chem. 10:1309-1319. 



Revised: April 25, 2003 

7-3 

Casas, A.M. and E.A. Crecelius. 1994. Relationship between acid volatile sulfide and the toxicity 

of zinc, lead, and copper in marine sediments. Environ. Toxicol. Chem. 13:529-536. 

 

Chief of Naval Operations (CNO). 1999. Navy policy for conducting ecological risk assessments. 

Memorandum from Chief of Naval Operations to Commander, Naval Facilities Engineering  

Command.  Ser. N453E/9U595355.  April 5, 1999. 

 

Cope, W.G., J.G. Wiener, and R.G. Rada. 1990. Mercury accumulation in yellow perch in 

Wisconsin seepage lakes: relation to lake characteristics. Environ. Toxicol. Chem.  9:931-940. 

 

Cowardin, L.M., V. Carter, F.C. Golet, and E.T. LaRoe. 1979. Classification of wetlands and 

deepwater habitats of the United States. FWS/OBS-79-31. Office of Biological Services, Fish and 

Wildlife Service, U.S. Department of the Interior, Washington, DC. 

 

Di Toro, D.M., J.D. Mahony, D.J. Hansen, K.J. Scott, A.R. Carlson, and G.T. Ankley. 1992. Acid 

volatile sulfide predicts the acute toxicity of cadmium and nickel in sediments. Environ. Sci. 

Technol. 26:96-101. 

 

Di Toro, D.M. and J.A. McGrath. 2000. Technical basis for narcotic chemicals and polycyclic 

aromatic hydrocarbon criteria. II. Mixtures and sediments. Environ. Toxicol. Chem. 19:1971-

1982. 

 

Dunning, J.B., Jr. (editor). 1993. CRC handbook of avian body masses. CRC Press, Boca Raton, 

FL. 371 pp. 

 

Efroymson, R.A., Will, M.E., and Suter II, G.W. (1997a). Toxicological benchmarks for 

screening contaminants of potential concern for effects on soil and litter invertebrates and 

heterotrophic process: 1997 revision. Oak Ridge National Laboratory, Oak Ridge, TN. 

(ES/ER/TM-126/R2). 

 

Efroymson, R.A., Will, M.E., Suter II, G.W., and Wooten, A.C. (1997b). Toxicological 

benchmarks for screening contaminants of potential concern for effects on terrestrial plants: 1997 

revision. Oak Ridge National Laboratory. Oak Ridge, TN. (ES/ER/TM-85/R3).



Revised: April 25, 2003 

7-3a 

Eisler, R. 1991. Cyanide hazards to fish, wildlife, and invertebrates: a synoptic review. U.S. Fish 

and Wildlife Service Biological Report 85(1.23), Contaminant Hazard Reviews Report No. 23.  

55 pp. 

 



 

7-4 

EPA. 2001. Comment Letter on Final CMS Work Plan for SWMU #9 to Mr. Christopher Penny, 

LANTDIV.  May 4, 2001. 

  

EPA. 2000a. Region 4 ecological risk assessment bulletins – Supplement to RAGS. Waste 

Management Division, Atlanta, GA. http://www.epa.gov/region4/waste/ots/ecolbul.htm 

 

EPA. 2000b. ECOTOX Database System, Aquatic Toxicity Information Retrieval (AQUIRE) 

Database. Mid-Continent Ecology Division (MED), Duluth, MN. http://www.epa.gov/ecotox/ 

 

EPA. 2000c. Bioaccumulation testing and interpretation for the purpose of sediment quality 

assessment: Status and needs. Bioaccumulation Analysis Workgroup, Washington, D.C.(EPA-

823-R-00-001). 

 

EPA. 1999a. National Recommended Water Quality Criteria-Correction - 1999. Office of Water. 

EPA 822-Z-99-001. 

 

EPA. 1999b. Screening level ecological risk assessment protocol for hazardous waste combustion 

facilities. EPA/530/D-99/001A. 

 

EPA. 1998. Guidelines for Ecological Risk Assessment. Risk Assessment Forum, Washington, 

DC. EPA/630/R-95/002B. 

 

EPA. 1997. Ecological Risk Assessment Guidance for Superfund: Process for Designing and 

Conducting Ecological Risk Assessments (Interim Final). Office of Solid Waste and Emergency 

Response. EPA/540/R-97-006. 

 

EPA. 1996a. Ecotox thresholds. Eco Update, Volume 3, Number 2. Office of Solid Waste and 

Emergency Response, Washington, D.C. EPA 540/F-95/038. 

 

EPA. 1996b. Superfund chemical data matrix. EPA/540/R-96/028. 

 

EPA. 1995a. Internal report on summary of measured, calculated and recommended log Kow 

values.  Environmental Research Laboratory, Athens, GA.  April 10, 1995. 

 



 

7-5 

EPA. 1995b. Final water quality guidance for the Great Lakes system. Fed. Reg. March 23, 1995 

(Volume 60, Number 56). 

 

EPA. 1994. Great Lakes water quality initiative technical support document for the procedure to 

determine bioaccumulation factors. Office of Water and Office of Science and Technology, 

Washington, DC. (EPA-822-R-94-002). 

 

EPA. 1993a. Technical basis for deriving sediment quality criteria for nonionic organic 

contaminants for the protection of benthic organisms by using equilibrium partitioning. Office of 

Water, Washington, D.C. EPA-822-R-93-011. 

 

EPA. 1993b. Wildlife Exposure Factors Handbook. Office of Research and Development.  

Washington, D.C. EPA/600/R-93/187a. 

 

EPA. 1992. Framework for ecological risk assessment. Environmental Protection Agency, Risk 

Assessment Forum, Washington, DC. EPA/630/R92/001. 

 

EPA. 1991a. Criteria for choosing indicator species for ecological risk assessments at Superfund 

sites. EPA/101/F-90/051. 

 

EPA. 1991b. Assessment and control of bioconcentratable contaminants in surface waters (draft). 

Regulations and Standards, Criteria and Standards Division, Office of Water, Washington, D.C. 

 

EPA. 1990.  Assessment of risks from exposure of humans, terrestrial and avian wildlife, and 

aquatic life to dioxins and furans from disposal and use of sludge from bleached kraft and sulfite 

pulp and paper mills.  EPA/560/5-90/013. 

 

EPA. 1985. Ambient Water Quality Criteria for Arsenic – 1984. Office of Water Regulations and 

Standards, Criteria and Standards Division, Washington, D.C. EPA440/5-84-033. 

 

Ewel, J.J., and Whitmore, J.L. 1973. The ecological life zones of Puerto Rico and the U.S. Virgin 

Islands. Institute of Tropical Forestry, Rio Piedras, PR. (U.S. Forest Service Research Paper ITF-

18). 



 

7-6 

Geo-Marine, Inc. 1998. Integrated natural resource management plan for U.S. Naval Station 

Roosevelt Roads: Plan years 1998-2007. Geo-Marine, Inc., Plano, TX. 

 

Hill, E.F. and M.B. Camardese. 1986. Lethal dietary toxicities of environmental contaminants 

and pesticides to Coturnix. U.S. Fish and Wildlife Service Technical Report 2. U.S. Fish and 

Wildlife Service, Washington, DC. 

 

Hirsch, M.P. 1998. Bioaccumulation of silver from laboratory-spiked sediments in the 

oligochaete (Lumbriculus variegatus). Environ. Toxicol. Chem. 17:605-609. 

 

Howard, P.H. 1991. Handbook of environmental fate and exposure data for organic chemicals,  

Volume III. Lewis Publishers, Chelsea, MI. 

 

Humphreys, D.J. 1988. Veterinary toxicology, 3rd Edition. B. Tindall, London, England. 356 p. 

(ISBN 0702012491). 

 

Kemp, P.F. and R.C. Swartz. 1988. Acute Toxicity of interstitial and particle-bound cadmium to a 

marine infaunal amphipod. Mar. Environ. Res. 26:135-153. 

 

Kushlan, J.R. 1978. The feeding ecology of wading birds. In: A. Sprunt, J. Ogden, and S. 

Winekler (eds.), Wading birds. National Audubon Society Research Report 7. 

 

Levey, D.J. and W.H. Karasov. 1989. Digestive responses of temperate birds switched to fruit or 

insect diets. Auk. 106:675-686. 

 

Little, E.L., and F.H. Wadsworth. 1964. Trees of Puerto Rico and the Virgin Islands. Vol 2. 

Agriculture Handbook No. 249. U.S. Department of Agriculture, Forest Service, Washington, 

D.C. Agriculture Handbook No. 249. 

 

Long, E.R., D.D. MacDonald, S.L. Smith, and F.D. Calder. 1995. Incidence of Adverse 

Biological Effects Within Ranges of Chemical Concentrations in Marine and Estuarine 

Sediments. Environ. Management. 19(1):81-97. 

 



 

7-7 

Long, E.R. and L.G. Morgan. 1991. The potential for biological effects of sediment-sorbed 

contaminants tested in the national status and trends program. National Oceanic and Atmospheric 

Administration, Seattle, WA. NOAA Technical memorandum NOS OMA 52. 

 

Long, E.R., MacDonald, D.D., Smith, S.L., and Calder, F.D. 1995. Incidence of adverse effects 

within ranges of chemical concentrations in marine and estuarine sediments. Environ. 

Management. 19(1):81-97. 

 

Luoma, S.N. 1983. Bioavailability of trace metals – a review. Science of the Total Environment. 

28:1. 

 

Lyman, W.J., W.F. Reehl, and D.H. Rosenblatt. 1990. Handbook of chemical property estimation 

methods. American Chemical Society, Washington D.C. 

 

MacDonald, D.D. 1994. Approach to the assessment of sediment quality in Florida coastal 

waters: Volume 1 – Development and evaluation of sediment quality assessment guidelines. 

Florida Department of Environmental Protection, Tallahassee, Fl. 

 

Maki, A.W. and J.R. Duthie. 1978. Summary of proposed procedures for the evaluation of 

aquatic hazard. Pages 153-163 IN Cairns, J., Jr., K.L. Dickson, and A.W. Maki (eds). Estimating 

the hazard of chemical substances to aquatic life. ASTM STP 657. 

 

Martin, A.C., H.S. Zim, and A.L. Nelson. 1951. American wildlife and plants: a guide to wildlife 

food habits. Dover Publications, Inc. New York, NY. 500 pp. 

 

Maruya, K.A., R.W. Risebrough, and A.J. Horne. 1997. The bioaccumulation of polynuclear 

aromatic hydrocarbons by benthic invertebrates in an intertidal marsh. Environ. Toxicol. and 

Chem. 16:1087-1097. 

 

Menzie, C.A., D.E. Burmaster, J.S. Freshman, and C.A. Callahan. 1992. Assessment of Methods 

for estimating ecological risk in the terrestrial component: a case study at the Baird & McGuire 

Superfund Site in Holbrook, Massachusetts. Environmental Toxicology and Chemistry. 11:245-

260. 

 



 

7-8 

Ministry of Housing, Spatial Planning and Environment (MHSPE). 1994. Intervention values.  

Directorate-General for Environmental Protection, Department of Soil Protection, The Hague, 

Netherlands.  May 9 1994.  DBO/07494013. 

 

Motooka, J.M., 1988, A exploration geochemical technique for the determination of 

preconcentrated orgnometallic halides by Icp-AES:  Applied Spectroscopy, 42, p. 1293-1296. 

 

Nagy, K. A. 1987. Field metabolic rate and food requirement scaling in mammals and birds.  

Ecol. Monogr. 57: 111-128.  

 

Naval Facilities Engineering Command. 1996. Survey of potential habitat for yellow-shouldered 

blackbird on U.S. Naval Station Roosevelt Road, Puerto Rico. Naval Facilities Engineering 

Command, Atlantic Division, Norfolk, VA. 

   

O’Leary, R.M. and Meier, A.L., 1986, Analytical precision of one-sixth order semiqualitative 

spectographic analyses: U.S. geological Survey Circular, 738, 25 p. 

 

Pascoe, G.A., R.J. Blanchet, and G. Linder. 1996. Food chain analysis of exposures and risks to 

wildlife at a metals-contaminated wetland. Archives of Environmental Contamination and 

Toxicology.  30:306-318. 

 

Patton, J.F. and M.P. Dieter. 1980. Effects of petroleum hydrocarbons on hepatic function in the 

duck. Comp. Biochem. Physiol.  65C:33-36. 

 

Personal phone conversation with Joe Torester, U.S. Geological Survey, November 11, 2000.  

 

Raffaele, H.A. 1989. A guide to the birds of Puerto Rico and the Virgin Islands.  Princeton 

University Press, Princeton, N.J. 254pp. 

 

Rigdon, R.H. and J. Neal. 1963. Fluorescence of chickens and eggs following the feeding of 

benzpyrene crystals. Texas Reports on Biology and Medicine.  21(4):558-566. 

 



 

7-9 

Sample, B.E., M.S. Aplin, R.A. Efroymson, G.W. Suter, II and C.J.E. Welsh. 1997. Methods and 

tools for estimation of the exposure of terrestrial wildlife to contaminants. Oak Ridge National 

laboratory, Oak Ridge TN. ORNL/TM-13391.   

 

Sample, B.E., J.J. Beauchamp, R.A. Efroymson, G.W. Suter II, and T.L. Ashwood. 1998a. 

Development and validation of bioaccumulation models for earthworms. Oak Ridge National 

Laboratory, Environmental Restoration Division, ORNL Environmental Restoration Program. 

ES/ER/TM-220. 

 

Sample, B.E., J.J. Beauchamp, R.A. Efroymson, and G.W. Suter II. 1998b. Development and 

validation of bioaccumulation models for small mammals. Oak Ridge National Laboratory, 

Environmental Restoration Division, ORNL Environmental Restoration Program. ES/ER/TM-

219. 

 

Sample, B.E., D.M. Opresko and W. Suter. 1996. Toxicological Benchmarks for Wildlife: 1996 

Revision. Oak Ridge National Laboratory, Health Sciences Research Division, Oak Ridge, 

Tennessee. 

 

Sample, B.E. and G.W. Suter II. 1994. Estimating exposure of terrestrial wildlife to contaminants. 

Environmental Restoration Division, ORNL Environmental Restoration Program. ES/ER/TM-

125. 

 

Simmons, G.J. and M.J. McKee. 1992. Alkoxyresorufin metabolism in white-footed mice at 

relevant environmental concentrations of Aroclor 1254. Fundamental and Applied Toxicology.  

19:446-452. 

 

Silva, M. and J.A. Downing. 1995. CRC handbook of mammalian body masses. CRC Press, Boca 

Raton, FL. 359 pp. 

 

Southwest Division Naval Facilities Engineering Command (SWDIV), 1988.  Procedural 

Guidance for Statistically Analyzing Environmental Background Data, SWDIV, September 1998. 

 

Spectrum Laboratories. (2001a). Chemical Fact Sheet - CAS # 78933.  

http://www.speclab.com/compound/C50293.htm.  Accessed 5/2001.  



 

7-10 

Spectrum Laboratories. (2001b). Chemical Fact Sheet - CAS # 67641.  

http://www.speclab.com/compound/C50293.htm.  Accessed 5/2001.   

 

Spectrum Laboratories. (2001c). Chemical Fact Sheet - CAS #  75150.  

http://www.speclab.com/compound/C50293.htm.  Accessed 5/2001.   

 

Spectrum Laboratories. (2001d). Chemical Fact Sheet - CAS # 100516.  

http://www.speclab.com/compound/C100516.htm.  Accessed 5/2001. 

 

Spectrum Laboratories. (2001e). Chemical Fact Sheet - CAS # 84662.  

http://www.speclab.com/compound/C84662.htm.  Accessed 5/2001. 

 

Spectrum Laboratories. (2001f). Chemical Fact Sheet - CAS # 84742.  

http://www.speclab.com/compound/C84742.htm.  Accessed 5/2001. 

 

Suter, G.W. II. 1989. Ecological endpoints. Chapter 2 IN Warren-Hicks, W., B.R. Parkhurst, and 

S.S. Baker, Jr. (eds). Ecological assessment of hazardous waste sites:  a field and laboratory 

reference. EPA/600/3-89/013. 

 

Suter, G.W. II. 1990. Endpoints for regional ecological risk assessment. Environmental 

Management. 14:9-23. 

 

Suter, G.W. II. 1993. Ecological risk assessment. Lewis Publishers, Chelsea, MI. 538 pp. 

 

Suter, G.W. II. 1995. Guide for Performing Screening Ecological Risk Assessments at DOE 

Facilities. Oak Ridge National Laboratory, Environmental Restoration Division, ORNL 

Environmental Restoration Program. ES/ER/TM-153. 

 

Swartz, R.C., G.R. Didtsworth, D.W. Schults, and J.O. Lamberson. 1985. Sediment toxicity to a 

marine infaunal amphipod: Cadmium and its interaction with sewage sludge. Mar. Environ. Res. 

18:133-153. 

 

Syracuse Research Corporation (SRC). 1998. Experimental octanol/water partition coefficient 

(Log P) database. http://esc.syrres.com/~esc1/srckowdb.htm. 



 

7-11 

SRC. 2000. Environmental Fate Database. http://esc-plaza.syrres.com/efdb.htm. 

 

Thompson, C.E., Nakgagawa, H.M. and Van Siclke, G.H., 1968, Rapid analysis for gold in 

geologicmaterials, in geological Survey Research, 1968: U.S. Geological Survey Professional 

Parper, 600-B, p. B130-B132. 

 

Tomlinson, R.E., D.D. Dolton, R.R. George, and R.R. Mirarchi. 1994. Mourning Dove. Pages 1-

26 in T.C. Tacha and C.E. Braun (eds). Migratory shore and upland game bird management in 

North America. Int. Assoc. Fish and Wildlife Agencies, Washington, D.C. 

 

Travis, C.C. and White, R.K. (1988).  Interspecific scaling of toxicity data.  Risk Analysis. 8:119-

125. 

 

Travis, C.C., White, R.K., and Wards, R.C. 1990. Interspecies extrapolation of pharmacokinetics. 

J. Theor. Biol.  142:285-304. 

 

Travis, C.C. and A.D. Arms. 1988. Bioconcentration of organics in beef, milk, and vegetation. 

Environ. Science and Technology.  22:271-274. 

 

U.S. Army Corps of Engineers (USACE). 1987. Corps of Engineers Wetlands delineation 

manual. Technical Report Y-87-1. U.S. Army Corps of Engineers, Waterways Experiment 

Station, Vicksburg, MS. 

 

U.S. Geological Survey (USGS). 1999. Status and trends of the nation’s biological resources.  

http://biology.usgs.gov/s+t/SNT/index.htm 

 

USGS.  Analytical results for stream sediment and soil samples from the commonwealth of 

Puerto Rico, Isla de Culebra, and Isla de Vieques, U.S. Department of the Interior Geological 

Survey, 1992. 

 

U.S. Fish and Wildlife Service (USFWS). 1983. Yellow-shouldered blackbird recovery plan. 

USFWS, Southeast Region, Atlanta, GA. 

 



 

7-12 

USFWS. 1996. Recovery plan for the yellow-shouldered blackbird (Agelaius xanthomus). 

USFWS, Southeast Region, Atlanta, GA. 

 

Ward, F.N., Nakagawa, H.M., Harms, T.F., and Van Sickle, 1969, Atomic-absorbtion methods 

useful in geochemical exploration: U.S. Geological Survey Bulletin, 1289, 45 p. 



APPENDIX A
Chain of Custody Records

























APPENDIX B
Field Notes from the SWMU 9 Field Investigation



Only field notes applicable to this investigation are included in this
Appendix.

SWMU 9 was part of a multi-site field effort undertaken in December of
2000.



APPENDIX B.1
Field Notes from Jon Edel - Environmental Scientist/

Site Manager

















APPENDIX B.2
Field Notes from Sarah Wellar - Environmental Scientist

























APPENDIX B.3
Field Notes from Mark DeJohn - Field Geologist/Site Manager































APPENDIX C
Data Validation Report Narratives



































































































































































































APPENDIX D
Analytical Laboratory Results



Data qualifiers:

U- Not Detected
UJ - Reported quantitation limit is qualified as estimated
J- Estimated Value
R- Result is rejected and unusable
NA – Not Analyzed

Notes:

ft/bgs - feet below ground surface
mg/kg - milligrams per kilograms
ug/L - micrograms per kilogram
mg/l - milligrams per liter



APPENDIX D.1
Summary of Analytical Results, Background Surface Soil - Inorganics



APPENDIX D.1 

SUMMARY OF  ANALYTICAL RESULTS, BACKGROUND SURFACE SOIL - INORGANICS
SWMU 9 (TANKS 212-217) 

NAVAL STATION ROOSEVELT ROADS, CEIBA, PUERTO RICO

Site ID
Sample ID
Sample Date
Sample Depth (ft bgs)

Inorganics, Total (mg/kg)
Antimony 0.33 R 0.33 R 0.66 R 0.32 R 0.3 R 0.33 R
Arsenic 2.2 J 0.8 J 2.5 J 2.3 J 2.1 J 0.21 J
Barium 91 75 53 110 62 66
Beryllium 0.36 J 0.34 J 0.17 J 0.18 J 0.15 J 0.32 J
Cadmium 0.061 U 0.062 U 0.92 J 0.059 U 0.18 J 0.061 U
Chromium 9.6 9.5 17 10 27 34
Cobalt 64 48 29 25 16 33
Copper 78 J 78 J 67 J 100 J 67 J 66 J
Cyanide, total 1.2 U 1.2 U 1.2 U 1.2 U 1.1 U 1.2 U
Lead 3.9 J 3 J 8.3 J 3.5 J 16 J 21 J
Mercury 0.058 J 0.037 J 0.12 J 0.032 J 0.03 J 0.071 J
Nickel 5.5 5.3 4.6 J 6.6 15 17
Selenium 2.1 UJ 2.1 UJ 0.41 UJ 1 UJ 0.86 UJ 1 UJ
Silver 0.073 U 0.074 U 0.15 U 0.071 U 0.067 U 0.073 U
Sulfide 30 U 31 U 30 U 29 U 39 44
Thallium 0.22 UJ 0.22 UJ 0.22 UJ 0.21 UJ 0.36 UJ 0.22 UJ
Tin 1.9 J 2.3 J 1.4 J 2.1 J 2 J 2.3 J
Vanadium 250 270 230 180 120 180
Zinc 36 J 36 J 49 J 67 J 50 J 61 J

6/27/99
0 - 0.5 0 - 0.5 0 - 0.5 0 - 0.5 0 - 0.5
6/26/99 6/26/99 6/26/99 6/26/99

9BGSB05
9BGSS01D 9BGSS02 9BGSS03 9BGSS04 9BGSS05
9BGSB01 9BGSB02 9BGSB03 9BGSB049BGSB01

9BGSS01
6/26/99
0 - 0.5
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APPENDIX D.2
Summary of Analytical Results, Background Sediment Samples -

Organics



APPENDIX D.2 (Continued) 

SUMMARY OF ANALTYICAL RESULTS, BACKGROUND SEDIMENT - ORGANICS
SWMU 9 (TANKS 212-217)

NAVAL STATION ROOSEVELT ROADS, CEIBA, PUERTO RICO

Site ID
Sample ID
Sample Date
Sample Depth (ft bgs)

Volatiles (ug/kg)
1,1,1-Trichloroethane 12 U NA NA NA NA NA NA
1,1,2,2-Tetrachloroethane 12 U NA NA NA NA NA NA
1,1,2-Trichloroethane 12 U NA NA NA NA NA NA
1,1-Dichloroethane 12 U NA NA NA NA NA NA
1,1-Dichloroethene 12 U NA NA NA NA NA NA
1,2-Dichloroethane 12 U NA NA NA NA NA NA
1,2-Dichloropropane 12 U NA NA NA NA NA NA
2-Butanone 61 U NA NA NA NA NA NA
2-Hexanone 61 U NA NA NA NA NA NA
Acetone 140 NA NA NA NA NA NA
Benzene 12 U NA NA NA NA NA NA
Bromodichloromethane 12 U NA NA NA NA NA NA
Bromoform 12 U NA NA NA NA NA NA
Carbon disulfide 12 U NA NA NA NA NA NA
Carbon tetrachloride 12 U NA NA NA NA NA NA
Chlorobenzene 12 U NA NA NA NA NA NA
Chloroethane 24 U NA NA NA NA NA NA
Chloroform 12 U NA NA NA NA NA NA
Chloromethane 24 U NA NA NA NA NA NA
Dibromochloromethane 12 U NA NA NA NA NA NA
Ethylbenzene 12 U NA NA NA NA NA NA
Methyl bromide 24 U NA NA NA NA NA NA
Methyl isobutyl ketone 61 U NA NA NA NA NA NA
Methylene chloride 12 U NA NA NA NA NA NA
Styrene 12 U NA NA NA NA NA NA
Tetrachloroethene 12 U NA NA NA NA NA NA
Toluene 12 U NA NA NA NA NA NA
Trichloroethene 12 U NA NA NA NA NA NA
Vinyl chloride 24 U NA NA NA NA NA NA
Xylene, Total 24 U NA NA NA NA NA NA
cis-1,2-Dichloroethene 12 U NA NA NA NA NA NA
cis-1,3-Dichloropropene 12 U NA NA NA NA NA NA
trans-1,2-Dichloroethene 12 U NA NA NA NA NA NA
trans-1,3-Dichloropropene 12 U NA NA NA NA NA NA

12/20/00 12/20/00 12/20/00
0 - 0.5 0 - 0.5 0 - 0.5 0 - 0.5 0 - 0.5 0 - 0.5 0 - 0.5
6/29/99 12/20/00 12/20/00 12/20/00

9SW/SD10 9SW/SD11 9SW/SD12
9SD05 9SD08 9SD08D 9SD09 9SD10 9SD11 9SD12
9SD05 9SW/SD08 9SW/SD08 9SW/SD09
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APPENDIX D.2 (Continued) 

SUMMARY OF ANALTYICAL RESULTS, BACKGROUND SEDIMENT - ORGANICS
SWMU 9 (TANKS 212-217)

NAVAL STATION ROOSEVELT ROADS, CEIBA, PUERTO RICO

Site ID
Sample ID
Sample Date
Sample Depth (ft bgs)

12/20/00 12/20/00 12/20/00
0 - 0.5 0 - 0.5 0 - 0.5 0 - 0.5 0 - 0.5 0 - 0.5 0 - 0.5
6/29/99 12/20/00 12/20/00 12/20/00

9SW/SD10 9SW/SD11 9SW/SD12
9SD05 9SD08 9SD08D 9SD09 9SD10 9SD11 9SD12
9SD05 9SW/SD08 9SW/SD08 9SW/SD09

Semivolatiles (ug/kg)
1,2,4-Trichlorobenzene 800 U NA NA NA NA NA NA
1,2-Dichlorobenzene 800 U NA NA NA NA NA NA
1,3-Dichlorobenzene 800 U NA NA NA NA NA NA
1,4-Dichlorobenzene 800 U NA NA NA NA NA NA
2,2'-Oxybis(1-Chloropropane) 800 U NA NA NA NA NA NA
1-Methylnaphthalene NA 93 U 93 U 130 U 180 U 91 U 72 U
2,4,5-Trichlorophenol 800 U NA NA NA NA NA NA
2,4,6-Trichlorophenol 800 U NA NA NA NA NA NA
2,4-Dichlorophenol 800 U NA NA NA NA NA NA
2,4-Dimethylphenol 800 U NA NA NA NA NA NA
2,4-Dinitrophenol 4,100 U NA NA NA NA NA NA
2,4-Dinitrotoluene 800 U NA NA NA NA NA NA
2,6-Dinitrotoluene 800 U NA NA NA NA NA NA
2-Chloronaphthalene 800 U NA NA NA NA NA NA
2-Chlorophenol 800 U NA NA NA NA NA NA
2-Methylnaphthalene 800 U 93 U 93 U 130 U 180 U 91 U 72 U
2-Nitroaniline 4,100 U NA NA NA NA NA NA
2-Nitrophenol 800 U NA NA NA NA NA NA
3,3'-Dichlorobenzidine 1,600 U NA NA NA NA NA NA
3-Nitroaniline 4,100 U NA NA NA NA NA NA
4,6-Dinitro-2-methylphenol 4,100 U NA NA NA NA NA NA
4-Bromophenyl phenyl ether 800 U NA NA NA NA NA NA
4-Chloro-3-methylphenol 800 U NA NA NA NA NA NA
4-Chloroaniline 1,600 U NA NA NA NA NA NA
4-Chlorophenyl phenyl ether 800 U NA NA NA NA NA NA
4-Nitroaniline 4,100 U NA NA NA NA NA NA
4-Nitrophenol 4,100 U NA NA NA NA NA NA
Acenaphthene 800 U 93 U 93 U 130 U 180 U 91 U 72 U
Acenaphthylene 800 U 93 U 93 U 130 U 180 U 91 U 72 U
Anthracene 800 U 93 U 93 U 130 U 180 U 91 U 72 U
Benzidine 6,600 U NA NA NA NA NA NA
Benzo(a)anthracene 800 U 93 U 93 U 130 U 180 U 91 U 72 U
Benzo(a)pyrene 800 U 93 U 93 U 130 U 180 U 91 U 72 U
Benzo(b)fluoranthene 800 U 93 U 93 U 130 U 180 U 91 U 72 U
Benzo(g,h,i)perylene 800 U 93 U 93 U 130 U 180 U 91 U 72 U
Benzo(k)fluoranthene 800 U 93 U 93 U 130 U 180 U 91 U 72 U
Benzoic acid 4,100 U NA NA NA NA NA NA
Benzyl alcohol 800 U NA NA NA NA NA NA
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APPENDIX D.2 (Continued) 

SUMMARY OF ANALTYICAL RESULTS, BACKGROUND SEDIMENT - ORGANICS
SWMU 9 (TANKS 212-217)

NAVAL STATION ROOSEVELT ROADS, CEIBA, PUERTO RICO

Site ID
Sample ID
Sample Date
Sample Depth (ft bgs)

12/20/00 12/20/00 12/20/00
0 - 0.5 0 - 0.5 0 - 0.5 0 - 0.5 0 - 0.5 0 - 0.5 0 - 0.5
6/29/99 12/20/00 12/20/00 12/20/00

9SW/SD10 9SW/SD11 9SW/SD12
9SD05 9SD08 9SD08D 9SD09 9SD10 9SD11 9SD12
9SD05 9SW/SD08 9SW/SD08 9SW/SD09

Semivolatiles (Cont.) (ug/kg)
Bis(2-chloroethoxy)methane 800 U NA NA NA NA NA NA
Bis(2-chloroethyl)ether 800 U NA NA NA NA NA NA
Bis(2-ethylhexyl)phthalate 800 U NA NA NA NA NA NA
Butylbenzylphthalate 800 U NA NA NA NA NA NA
Chrysene 800 U 93 U 93 U 130 U 180 U 91 U 72 U
Di-n-butyl phthalate 800 U NA NA NA NA NA NA
Di-n-octyl phthalate 800 U NA NA NA NA NA NA
Dibenzo(a,h)anthracene 800 U 93 U 93 U 130 U 180 U 91 U 72 U
Dibenzofuran 800 U NA NA NA NA NA NA
Diethylphthalate 800 U NA NA NA NA NA NA
Dimethylphthalate 800 U NA NA NA NA NA NA
Diphenylamine 800 U NA NA NA NA NA NA
Fluoranthene 800 U 93 U 93 U 130 U 180 U 91 U 72 U
Fluorene 800 U 93 U 93 U 130 U 180 U 91 U 72 U
Hexachlorobenzene 800 U NA NA NA NA NA NA
Hexachlorobutadiene 800 U NA NA NA NA NA NA
Hexachlorocyclopentadiene 800 U NA NA NA NA NA NA
Hexachloroethane 800 U NA NA NA NA NA NA
Indeno(1,2,3-cd)pyrene 800 U 93 U 93 U 130 U 180 U 91 U 72 U
Isophorone 800 U NA NA NA NA NA NA
N-Nitroso-di-n-propylamine 800 U NA NA NA NA NA NA
N-Nitrosodimethylamine 800 U NA NA NA NA NA NA
Naphthalene 800 U 93 U 93 U 130 U 180 U 91 U 72 U
Nitrobenzene 800 U NA NA NA NA NA NA
Pentachlorophenol 4,100 U NA NA NA NA NA NA
Phenanthrene 800 U 93 U 93 U 130 U 180 U 91 U 72 U
Phenol 800 U NA NA NA NA NA NA
Pyrene 800 U 93 U 93 U 130 U 180 U 91 U 72 U
m,p-Cresol 800 U NA NA NA NA NA NA
o-Cresol 800 U NA NA NA NA NA NA
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APPENDIX D.3
Summary of Analytical Results, Background Sediment Samples -

Inorganics



APPENDIX D.3 

SUMMARY OF  ANALYTICAL RESULTS, BACKGROUND SEDIMENT - INORGANICS
SWMU 9 (TANKS 212-217)

NAVAL STATION ROOSEVELT ROADS, CEIBA, PUERTO RICO

Site ID
Sample ID
Sample Date
Sample Depth (ft bgs)

Inorganics, Total (mg/kg)
Antimony 0.66 UJ 4.2 UJ 4.2 UJ 6.7 UJ 7.6 UJ 4.1 UJ 3.2 UJ
Arsenic 1.3 J 4 3.3 4.8 3.8 J 4.8 5
Barium 8.1 6.9 6.5 4.6 5.7 11 15
Beryllium 0.047 J 0.18 J 0.14 J 1.3 U 1.5 U 0.16 J 0.25 J
Cadmium 0.12 U 0.32 J 0.27 J 1.7 U 1.9 U 0.55 J 0.69 J
Chromium 16 13 J 11 J 11 J 13 J 25 J 33 J
Cobalt 4.7 18 16 6.4 3.1 J 23 27
Copper 58 J 78 68 56 39 73 53
Cyanide, total 2.4 U NA NA NA NA NA NA
Lead 4.6 J 5.5 5 1.7 1.8 J 10 13
Mercury 0.041 J 0.072 0.08 0.12 0.14 0.066 0.057
Nickel 4.8 J 7.2 J 6.5 J 4 J 3.9 J 9.8 10
Selenium 0.75 UJ 0.93 J 2.1 U 2 J 2.1 J 1.4 J 1.6 U
Silver 0.15 U 2.1 U 2.1 U 3.3 U 3.8 U 2.1 U 1.6 U
Sulfide 61 U NA NA NA NA NA NA
Thallium 0.4 UJ 2.1 UJ 2.1 UJ 3.3 UJ 3.8 UJ 2.1 UJ 1.6 UJ
Tin 4.2 J 11 U 11 U 17 U 19 U 10 U 8.1 U
Vanadium 110 140 J 120 J 150 J 120 J 200 J 220 J
Zinc 29 U 43 37 21 20 63 62

12/20/00 12/20/00 12/20/00
0 - 0.5 0 - 0.5 0 - 0.5 0 - 0.5 0 - 0.5 0 - 0.5 0 - 0.5
6/29/99 12/20/00 12/20/00 12/20/00

9SW/SD10 9SW/SD11 9SW/SD12
9SD05 9SD08 9SD08D 9SD09 9SD10 9SD11 9SD12
9SD05 9SW/SD08 9SW/SD08 9SW/SD09
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APPENDIX D.4
Summary of Analytical Results, Background Surface Water - Organics



APPENDIX D.4 (Continued)

SUMMARY OF  ANALTYICAL RESULTS, BACKGROUND SURFACE WATER - ORGANICS
SWMU 9 (TANKS 212-217)

NAVAL STATION ROOSEVELT ROADS, CEIBA, PUERTO RICO

Site ID
Sample ID
Sample Date

Volatiles (ug/L)
1,1,1-Trichloroethane 5 U NA NA NA NA NA NA
1,1,2,2-Tetrachloroethane 5 U NA NA NA NA NA NA
1,1,2-Trichloroethane 5 U NA NA NA NA NA NA
1,1-Dichloroethane 5 U NA NA NA NA NA NA
1,1-Dichloroethene 5 U NA NA NA NA NA NA
1,2-Dichloroethane 5 U NA NA NA NA NA NA
1,2-Dichloropropane 5 U NA NA NA NA NA NA
2-Butanone 25 U NA NA NA NA NA NA
2-Hexanone 25 U NA NA NA NA NA NA
Acetone 50 U NA NA NA NA NA NA
Benzene 5 U 5 U 5 U 5 U 5 U 5 U 5 U
Bromodichloromethane 5 U NA NA NA NA NA NA
Bromoform 5 U NA NA NA NA NA NA
Carbon disulfide 5 U NA NA NA NA NA NA
Carbon tetrachloride 5 U NA NA NA NA NA NA
Chlorobenzene 5 U NA NA NA NA NA NA
Chloroethane 10 U NA NA NA NA NA NA
Chloroform 5 U NA NA NA NA NA NA
Chloromethane 10 U NA NA NA NA NA NA
Dibromochloromethane 5 U NA NA NA NA NA NA
Ethylbenzene 5 U 5 U 5 U 5 U 5 U 5 U 5 U
Methyl bromide 10 U NA NA NA NA NA NA
Methyl isobutyl ketone 25 U NA NA NA NA NA NA
Methylene chloride 5 U NA NA NA NA NA NA
Styrene 5 U NA NA NA NA NA NA
Tetrachloroethene 5 U NA NA NA NA NA NA
Toluene 5 U 5 U 5 U 5 U 5 U 5 U 5 U
Trichloroethene 5 U NA NA NA NA NA NA
Vinyl chloride 10 U NA NA NA NA NA NA
Xylene, Total 10 U 10 U 10 U 10 U 10 U 10 U 10 U
cis-1,2-Dichloroethene 5 U NA NA NA NA NA NA
cis-1,3-Dichloropropene 5 U NA NA NA NA NA NA
trans-1,2-Dichloroethene 5 U NA NA NA NA NA NA
trans-1,3-Dichloropropene 5 U NA NA NA NA NA NA

12/20/00 12/20/00 12/20/006/29/99 12/20/00 12/20/00 12/20/00

9SW/SD10 9SW/SD11 9SW/SD12
9SW05 9SW08 9SW08D 9SW09 9SW10 9SW11 9SW12
9SW05 9SW/SD08 9SW/SD08 9SW/SD09
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APPENDIX D.4 (Continued)

SUMMARY OF  ANALTYICAL RESULTS, BACKGROUND SURFACE WATER - ORGANICS
SWMU 9 (TANKS 212-217)

NAVAL STATION ROOSEVELT ROADS, CEIBA, PUERTO RICO

Site ID
Sample ID
Sample Date 12/20/00 12/20/00 12/20/006/29/99 12/20/00 12/20/00 12/20/00

9SW/SD10 9SW/SD11 9SW/SD12
9SW05 9SW08 9SW08D 9SW09 9SW10 9SW11 9SW12
9SW05 9SW/SD08 9SW/SD08 9SW/SD09

Semivolatiles (ug/L)
1,2,4-Trichlorobenzene 10 U NA NA NA NA NA NA
1,2-Dichlorobenzene 10 U NA NA NA NA NA NA
1,3-Dichlorobenzene 10 U NA NA NA NA NA NA
1,4-Dichlorobenzene 10 U NA NA NA NA NA NA
2,2'-Oxybis(1-Chloropropane) 10 U NA NA NA NA NA NA
2,4,5-Trichlorophenol 10 U NA NA NA NA NA NA
2,4,6-Trichlorophenol 10 U NA NA NA NA NA NA
2,4-Dichlorophenol 10 U NA NA NA NA NA NA
2,4-Dimethylphenol 10 U NA NA NA NA NA NA
2,4-Dinitrophenol 50 U NA NA NA NA NA NA
2,4-Dinitrotoluene 10 U NA NA NA NA NA NA
2,6-Dinitrotoluene 10 U NA NA NA NA NA NA
2-Chloronaphthalene 10 U NA NA NA NA NA NA
2-Chlorophenol 10 U NA NA NA NA NA NA
2-Methylnaphthalene 10 U NA NA NA NA NA NA
2-Nitroaniline 50 U NA NA NA NA NA NA
2-Nitrophenol 10 U NA NA NA NA NA NA
3,3'-Dichlorobenzidine 20 U NA NA NA NA NA NA
3-Nitroaniline 50 U NA NA NA NA NA NA
4,6-Dinitro-2-methylphenol 50 U NA NA NA NA NA NA
4-Bromophenyl phenyl ether 10 U NA NA NA NA NA NA
4-Chloro-3-methylphenol 10 U NA NA NA NA NA NA
4-Chloroaniline 20 U NA NA NA NA NA NA
4-Chlorophenyl phenyl ether 10 U NA NA NA NA NA NA
4-Nitroaniline 50 U NA NA NA NA NA NA
4-Nitrophenol 50 U NA NA NA NA NA NA
Acenaphthene 10 U NA NA NA NA NA NA
Acenaphthylene 10 U NA NA NA NA NA NA
Anthracene 10 U NA NA NA NA NA NA
Benzidine 80 U NA NA NA NA NA NA
Benzo(a)anthracene 10 U NA NA NA NA NA NA
Benzo(a)pyrene 10 U NA NA NA NA NA NA
Benzo(b)fluoranthene 10 U NA NA NA NA NA NA
Benzo(g,h,i)perylene 10 U NA NA NA NA NA NA
Benzo(k)fluoranthene 10 U NA NA NA NA NA NA
Benzoic acid 50 U NA NA NA NA NA NA
Benzyl alcohol 10 U NA NA NA NA NA NA
Bis(2-chloroethoxy)methane 10 U NA NA NA NA NA NA
Bis(2-chloroethyl)ether 10 U NA NA NA NA NA NA
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APPENDIX D.4 (Continued)

SUMMARY OF  ANALTYICAL RESULTS, BACKGROUND SURFACE WATER - ORGANICS
SWMU 9 (TANKS 212-217)

NAVAL STATION ROOSEVELT ROADS, CEIBA, PUERTO RICO

Site ID
Sample ID
Sample Date 12/20/00 12/20/00 12/20/006/29/99 12/20/00 12/20/00 12/20/00

9SW/SD10 9SW/SD11 9SW/SD12
9SW05 9SW08 9SW08D 9SW09 9SW10 9SW11 9SW12
9SW05 9SW/SD08 9SW/SD08 9SW/SD09

Semivolatiles (Cont.) (ug/L)
Bis(2-ethylhexyl)phthalate 10 U NA NA NA NA NA NA
Butylbenzylphthalate 10 U NA NA NA NA NA NA
Chrysene 10 U NA NA NA NA NA NA
Di-n-butyl phthalate 10 U NA NA NA NA NA NA
Di-n-octyl phthalate 10 U NA NA NA NA NA NA
Dibenzo(a,h)anthracene 10 U NA NA NA NA NA NA
Dibenzofuran 10 U NA NA NA NA NA NA
Diethylphthalate 10 U NA NA NA NA NA NA
Dimethylphthalate 10 U NA NA NA NA NA NA
Diphenylamine 10 U NA NA NA NA NA NA
Fluoranthene 10 U NA NA NA NA NA NA
Fluorene 10 U NA NA NA NA NA NA
Hexachlorobenzene 10 U NA NA NA NA NA NA
Hexachlorobutadiene 10 U NA NA NA NA NA NA
Hexachlorocyclopentadiene 10 U NA NA NA NA NA NA
Hexachloroethane 10 U NA NA NA NA NA NA
Indeno(1,2,3-cd)pyrene 10 U NA NA NA NA NA NA
Isophorone 10 U NA NA NA NA NA NA
N-Nitroso-di-n-propylamine 10 U NA NA NA NA NA NA
N-Nitrosodimethylamine 10 U NA NA NA NA NA NA
Naphthalene 10 U NA NA NA NA NA NA
Nitrobenzene 10 U NA NA NA NA NA NA
Pentachlorophenol 50 U NA NA NA NA NA NA
Phenanthrene 10 U NA NA NA NA NA NA
Phenol 10 U NA NA NA NA NA NA
Pyrene 10 U NA NA NA NA NA NA
m,p-Cresol 10 U NA NA NA NA NA NA
o-Cresol 10 U NA NA NA NA NA NA
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APPENDIX D.5
Summary of Analytical Results, Background Surface Water Samples –

Total Inorganics



APPENDIX D.5 

SUMMARY OF ANALYTICAL RESULTS, BACKGROUND SURFACE WATER - TOTAL INORGANICS
SWMU 9 (TANKS 212-217)

NAVAL STATION ROOSEVELT ROADS, CEIBA, PUERTO RICO

Site ID
Sample ID
Sample Date

Inorganics, Total  (ug/L)
Antimony 2.7 U 20 U 20 U 20 U 20 U 20 U 6 J
Arsenic 35.1 J 10 U 10 U 3.3 J 4.2 J 4.5 J 10 U
Barium 55.9 27 27 32 22 23 24
Beryllium 0.1 U 4 U 4 U 4 U 4 U 4 U 4 U
Cadmium 0.5 U 5 U 5 U 5 U 5 U 5 U 5 U
Chromium 9.1 J 2.2 J 3.8 J 4.4 J 2.6 J 5 J 3.2 J
Cobalt 3.2 J 5.6 J 6.3 J 4.9 J 10 U 2.8 J 7.1 J
Copper 42.3 U 14 J 17 J 7.9 J 7.1 J 12 J 6.4 J
Cyanide, Total 10 U NA NA NA NA NA NA
Lead 4.5 UJ 5 U 5 U 5 U 2 J 5 U 5 U
Mercury 0.1 U 0.2 U 0.2 U 0.09 J 0.2 U 0.2 U 0.09 J
Nickel 1.4 U 40 U 40 U 40 U 40 U 40 U 40 U
Selenium 17 UJ 5.7 J 4.6 J 10 U 7.5 J 5.5 J 10 U
Silver 0.6 U 10 U 10 U 10 U 10 U 10 U 10 U
Sulfide 100 U NA NA NA NA NA NA
Thallium 180 R 10 U 10 U 10 U 10 U 10 U 10 U
Tin 2.7 J 50 U 50 U 50 U 50 U 50 U 50 U
Vanadium 48.4 J 12 J 21 J 14 J 24 J 23 J 50 U
Zinc 11.9 J 8.1 J 8.6 J 6 J 20 U 7.3 J 6.2 J

12/20/00 12/20/00 12/20/006/29/99 12/20/00 12/20/00 12/20/00

9SW/SD10 9SW/SD11 9SW/SD12
9SW05 9SW08 9SW08D 9SW09 9SW10 9SW11 9SW12
9SW05 9SW/SD08 9SW/SD08 9SW/SD09
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Summary of Analytical Results, Background Surface Water –

Dissolved Inorganics



APPENDIX D.6 

SUMMARY OF ANALYTICAL RESULTS, BACKGROUND SURFACE WATER - DISSOLVED INORGANICS
SWMU 9 (TANKS 212-217)

NAVAL STATION ROOSEVELT ROADS, CEIBA, PUERTO RICO

Site ID
Sample ID
Sample Date

Inorganics, Dissolved  (ug/L)
Antimony 7.4 J 20 U 20 U 5.5 J 10 J
Arsenic 10 U 10 U 10 U 10 U 3.8 J
Barium 25 27 21 22 24
Beryllium 4 U 4 U 4 U 4 U 4 U
Cadmium 5 U 5 U 5 U 5 U 5 U
Chromium 2.2 J 10 U 10 U 2.2 J 10 U
Cobalt 3 J 2.2 J 10 U 1.9 J 4.6 J
Copper 2 J 20 U 2.9 J 2.9 J 2.4 J
Lead 5 U 5 U 5 U 5 U 5 U
Mercury 0.2 U 0.2 U 0.2 U 0.2 U 0.2 U
Nickel 40 U 40 U 40 U 40 U 40 U
Selenium 7.7 J 10 U 10 U 4.3 J 5.2 J
Silver 10 U 10 U 10 U 10 U 10 U
Thallium 10 U 10 U 10 U 10 U 10 U
Tin 50 U 50 U 50 U 50 U 50 U
Vanadium 50 U 50 U 50 U 50 U 50 U
Zinc 8.6 J 20 U 14 J 20 U 21

12/20/0012/20/00 12/20/00 12/20/00 12/20/00

9SW/SD12
9SW08 9SW09 9SW10 9SW11 9SW12

9SW/SD08 9SW/SD09 9SW/SD10 9SW/SD11
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APPENDIX D.7 (Continued) 

SUMMARY OF ANALYTICAL RESULTS, SURFACE SOILS - ORGANICS
SWMU 9 - AREA  A (TANKS 212-213)

NAVAL STATION ROOSEVELT ROADS, CEIBA, PUERTO RICO

Site ID
Sample ID
Sample Date
Sample Depth (ft bgs)

Volatiles (ug/kg)
1,1,1,2-Tetrachloroethane 11 U 11 U 12 U 11 U
1,1,1-Trichloroethane 6 U 6 U 6 U 6 U
1,1,2,2-Tetrachloroethane 6 U 6 U 6 U 6 U
1,1,2-Trichloroethane 6 U 6 U 6 U 6 U
1,1-Dichloroethane 6 U 6 U 6 U 6 U
1,1-Dichloroethene 6 U 6 U 6 U 6 U
1,2,3-Trichloropropane 11 U 11 U 12 U 11 U
1,2-Dibromo-3-chloropropane 23 U 23 U 25 U 22 U
1,2-Dibromoethane 23 U 23 U 25 U 22 U
1,2-Dichloroethane 6 U 6 UJ 6 UJ 6 UJ
1,2-Dichloroethene (Total) 6 U 6 U 6 U 6 U
1,2-Dichloropropane 6 U 6 U 6 U 6 U
2-Butanone 11 UJ 11 U 12 U 11 U
2-Chloro-1,3-butadiene 110 U 110 U 120 U 110 U
2-Hexanone 11 UJ 11 U 12 U 11 U
3-Chloropropene 23 U 23 U 25 U 22 U
Acetone 11 UJ 12 J 12 UJ 11 UJ
Acetonitrile 110 U 110 U 120 U 110 U
Acrolein 570 UJ 570 U 620 U 560 U
Acrylonitrile 110 U 110 U 120 U 110 U
Benzene 6 U 6 U 6 U 6 U
Bromodichloromethane 6 U 6 U 6 U 6 U
Bromoform 6 U 6 U 6 U 6 U
Bromomethane 11 U 11 U 12 U 11 U
Carbon disulfide 6 U 6 U 6 U 6 U
Carbon tetrachloride 6 U 6 UJ 6 UJ 6 UJ
Chlorobenzene 6 U 6 U 6 U 6 U
Chloroethane 11 U 11 U 12 U 11 U
Chloroform 6 U 6 U 6 U 6 U
Chloromethane 11 U 11 UJ 12 UJ 11 UJ
Dibromochloromethane 6 U 6 U 6 U 6 U
Dibromomethane 11 U 11 U 12 U 11 U
Dichlorodifluoromethane 23 UJ 23 UJ 25 UJ 22 UJ
Ethyl cyanide 57 UJ 57 R 62 R 56 R
Ethyl methacrylate 23 U 23 U 25 U 22 U
Ethylbenzene 6 U 6 U 6 U 6 U
Iodomethane 11 U 11 U 12 U 11 U
Isobutyl alcohol 2,300 R 2,300 R 2,500 R 2,200 R

0 - 1.0 0 - 1.0 0 - 1.00 - 1.0
3/20/96 3/20/96 3/20/963/20/96
9SS01 9SS02 9MW02-009MW01-00
9SS01 9SS02 9MW029MW01
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APPENDIX D.7 (Continued) 

SUMMARY OF ANALYTICAL RESULTS, SURFACE SOILS - ORGANICS
SWMU 9 - AREA  A (TANKS 212-213)

NAVAL STATION ROOSEVELT ROADS, CEIBA, PUERTO RICO

Site ID
Sample ID
Sample Date
Sample Depth (ft bgs) 0 - 1.0 0 - 1.0 0 - 1.00 - 1.0

3/20/96 3/20/96 3/20/963/20/96
9SS01 9SS02 9MW02-009MW01-00
9SS01 9SS02 9MW029MW01

Volatiles (Cont.) (ug/kg)
Methacrylonitrile 23 U 23 U 25 U 22 U
Methyl isobutyl ketone 11 UJ 11 U 12 U 11 U
Methylene chloride 6 U 6 UJ 6 UJ 6 UJ
Pentachloroethane 23 U 23 U 25 U 22 U
Styrene 6 U 6 U 6 U 6 U
Tetrachloroethene 6 U 6 U 6 U 6 U
Toluene 6 U 6 U 6 U 6 U
Trichloroethene 6 U 6 U 6 U 6 U
Trichlorofluoromethane 11 UJ 11 U 12 U 11 U
Vinyl acetate 11 U 11 U 12 U 11 U
Vinyl chloride 11 U 11 UJ 12 UJ 11 UJ
Xylene, Total 6 U 6 U 6 U 6 U
cis-1,3-Dichloropropene 6 U 6 U 6 U 6 U
trans-1,3-Dichloropropene 6 U 6 U 6 U 6 U
trans-1,4-Dichloro-2-butene 23 U 23 U 25 U 22 U

Semivolatiles (ug/kg)
1,2,4,5-Tetrachlorobenzene 370 R 380 U 410 R 370 R
1,2,4-Trichlorobenzene 370 U 380 U 410 U 370 U
1,2-Dichlorobenzene 370 U 380 U 410 U 370 U
1,2-Diphenylhydrazine 370 U 380 U 410 U 370 U
1,3,5-Trinitrobenzene 3,700 UJ 3,800 U 4,100 UJ 3,700 U
1,3-Dichlorobenzene 370 U 380 U 410 U 370 U
1,3-Dinitrobenzene 740 U 750 U 820 U 730 U
1,4-Dichlorobenzene 370 U 380 U 410 U 370 U
1,4-Dioxane 740 U 750 U 820 U 730 U
1,4-Naphthoquinone 1,900 UJ 1,900 UJ 2,100 UJ 1,800 UJ
1-Naphthylamine 740 U 750 U 820 U 730 U
2,2'-Oxybis(1-Chloropropane) 370 U 380 U 410 U 370 U
2,3,4,6-Tetrachlorophenol 370 U 380 UJ 410 U 370 U
2,4,5-Trichlorophenol 1,900 U 1,900 U 2,100 U 1,800 U
2,4,6-Trichlorophenol 370 U 380 U 410 U 370 U
2,4-Dichlorophenol 370 U 380 U 410 U 370 U
2,4-Dimethylphenol 370 U 380 U 410 U 370 U
2,4-Dinitrophenol 1,900 UJ 1,900 UJ 2,100 UJ 1,800 U
2,4-Dinitrotoluene 370 U 380 U 410 U 370 U
2,6-Dichlorophenol 370 U 380 U 410 U 370 UJ
2,6-Dinitrotoluene 370 U 380 U 410 U 370 U
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APPENDIX D.7 (Continued) 

SUMMARY OF ANALYTICAL RESULTS, SURFACE SOILS - ORGANICS
SWMU 9 - AREA  A (TANKS 212-213)

NAVAL STATION ROOSEVELT ROADS, CEIBA, PUERTO RICO

Site ID
Sample ID
Sample Date
Sample Depth (ft bgs) 0 - 1.0 0 - 1.0 0 - 1.00 - 1.0

3/20/96 3/20/96 3/20/963/20/96
9SS01 9SS02 9MW02-009MW01-00
9SS01 9SS02 9MW029MW01

Semivolatiles (Cont.) (ug/kg)
2-Acetylaminofluorene 740 U 750 U 820 U 730 U
2-Chloronaphthalene 370 U 380 U 410 U 370 U
2-Chlorophenol 370 U 380 U 410 U 370 U
2-Methylnaphthalene 370 UJ 380 U 410 UJ 370 UJ
2-Naphthylamine 930 U 940 UJ 1,000 U 920 U
2-Nitroaniline 1,900 U 1,900 U 2,100 U 1,800 U
2-Nitrophenol 370 U 380 U 410 U 370 U
2-Picoline 370 U 380 UJ 410 U 370 U
2-sec-butyl-4,6-dinitrophenol 740 U 750 UJ 820 U 730 U
3,3'-Dichlorobenzidine 740 U 750 U 820 U 730 U
3,3'-Dimethylbenzidine 1,900 U 1,900 U 2,100 U 1,800 U
3-Methylcholanthrene 370 U 380 UJ 410 U 370 U
3-Nitroaniline 1,900 U 1,900 U 2,100 U 1,800 U
4,6-Dinitro-2-methylphenol 1,900 UJ 1,900 U 2,100 UJ 1,800 U
4-Aminobiphenyl 740 U 750 U 820 U 730 U
4-Bromophenyl phenyl ether 370 U 380 U 410 U 370 UJ
4-Chloro-3-methylphenol 740 U 750 U 820 U 730 U
4-Chloroaniline 740 U 750 U 820 U 730 U
4-Chlorophenyl phenyl ether 370 U 380 U 410 U 370 U
4-Nitroaniline 1,900 U 1,900 U 2,100 U 1,800 U
4-Nitrophenol 1,900 U 1,900 U 2,100 U 1,800 U
4-Nitroquinoline-1-oxide 1,900 UJ 1,900 UJ 2,100 UJ 1,800 R
5-Nitro-o-toluidine 740 UJ 750 U 820 UJ 730 U
7,12-Dimethylbenz(a)anthracene 740 U 750 UJ 820 U 730 U
A,A-Dimethylphenethylamine 1,900 U 1,900 UJ 2,100 U 1,800 UJ
Acenaphthene 370 U 380 U 410 U 370 U
Acenaphthylene 370 U 380 U 410 U 370 U
Acetophenone 370 U 380 U 410 U 370 U
Aniline 1,900 U 1,900 UJ 2,100 U 1,800 U
Anthracene 370 U 380 U 410 U 370 U
Aramite 740 R 750 UJ 820 R 730 U
Benzidine 3,700 UJ 3,800 UJ 4,100 UJ 3,700 UJ
Benzo(a)anthracene 370 U 380 U 410 U 370 U
Benzo(a)pyrene 370 U 380 U 410 U 370 U
Benzo(b)fluoranthene 370 U 380 U 410 U 370 U
Benzo(g,h,i)perylene 370 U 380 U 410 U 370 U
Benzo(k)fluoranthene 370 U 380 U 410 U 370 U
Benzoic acid 1,900 UJ 1,900 U 2,100 UJ 1,800 UJ
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APPENDIX D.7 (Continued) 

SUMMARY OF ANALYTICAL RESULTS, SURFACE SOILS - ORGANICS
SWMU 9 - AREA  A (TANKS 212-213)

NAVAL STATION ROOSEVELT ROADS, CEIBA, PUERTO RICO

Site ID
Sample ID
Sample Date
Sample Depth (ft bgs) 0 - 1.0 0 - 1.0 0 - 1.00 - 1.0

3/20/96 3/20/96 3/20/963/20/96
9SS01 9SS02 9MW02-009MW01-00
9SS01 9SS02 9MW029MW01

Semivolatiles (Cont.) (ug/kg)
Benzyl alcohol 370 UJ 380 U 440 J 370 UJ
Bis(2-chloroethoxy)methane 370 U 380 U 410 U 370 U
Bis(2-chloroethyl)ether 370 U 380 U 410 U 370 U
Bis(2-ethylhexyl)phthalate 370 U 380 U 410 U 370 U
Butylbenzylphthalate 370 U 380 U 410 U 370 U
Carbazole 370 U 380 U 410 U 370 U
Chlorobenzilate 370 U 380 UJ 410 U 370 U
Chrysene 370 U 380 U 410 U 370 U
Di-n-butyl phthalate 370 U 380 U 410 U 370 U
Di-n-octyl phthalate 370 U 380 U 410 U 370 U
Diallate (Total) 370 UJ 380 U 410 UJ 370 U
Dibenzo(a,h)anthracene 370 U 380 U 410 U 370 U
Dibenzofuran 370 U 380 U 410 U 370 U
Diethylphthalate 370 U 380 U 410 U 40 J
Dimethylphthalate 370 U 380 U 410 U 370 U
Diphenylamine 370 U 380 U 410 U 370 U
Ethyl methanesulfonate 370 U 380 U 410 U 370 U
Fluoranthene 370 U 380 U 410 U 370 U
Fluorene 370 U 380 U 410 U 370 U
Hexachlorobenzene 370 U 380 U 410 U 370 U
Hexachlorobutadiene 370 U 380 U 410 U 370 U
Hexachlorocyclopentadiene 370 U 380 U 410 U 370 U
Hexachloroethane 370 U 380 U 410 U 370 U
Hexachlorophene 3,700 R 3,800 R 4,100 R 3,700 R
Hexachloropropene 1,900 U 1,900 U 2,100 U 1,800 U
Indeno(1,2,3-cd)pyrene 370 U 380 U 410 U 370 U
Isophorone 370 U 380 U 410 U 370 U
Isosafrole 370 U 380 U 410 U 370 U
Methapyrilene 930 UJ 940 UJ 1,000 UJ 920 UJ
Methyl methanesulfonate 370 U 380 U 410 U 370 U
N-Nitroso-di-n-butylamine 370 U 380 U 410 U 370 U
N-Nitroso-di-n-propylamine 370 U 380 U 410 U 370 U
N-Nitrosodiethylamine 370 U 380 U 410 U 370 U
N-Nitrosodimethylamine 370 UJ 380 UJ 410 UJ 370 U
N-Nitrosodiphenylamine 370 U 380 U 410 U 370 U
N-Nitrosomethylethylamine 370 U 380 U 410 U 370 U
N-Nitrosomorpholine 740 U 750 U 820 U 730 U
N-Nitrosopiperidine 370 UJ 380 U 410 UJ 370 U
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APPENDIX D.7 (Continued) 

SUMMARY OF ANALYTICAL RESULTS, SURFACE SOILS - ORGANICS
SWMU 9 - AREA  A (TANKS 212-213)

NAVAL STATION ROOSEVELT ROADS, CEIBA, PUERTO RICO

Site ID
Sample ID
Sample Date
Sample Depth (ft bgs) 0 - 1.0 0 - 1.0 0 - 1.00 - 1.0

3/20/96 3/20/96 3/20/963/20/96
9SS01 9SS02 9MW02-009MW01-00
9SS01 9SS02 9MW029MW01

Semivolatiles (Cont.) (ug/kg)
N-Nitrosopyrrolidine 1,900 U 1,900 U 2,100 U 1,800 U
Naphthalene 370 U 380 U 410 U 370 U
Nitrobenzene 370 U 380 U 410 U 370 U
Pentachlorobenzene 370 U 380 U 410 U 370 U
Pentachloronitrobenzene 370 U 380 U 410 U 370 R
Pentachlorophenol 1,900 U 1,900 U 2,100 U 1,800 U
Phenacetin 370 U 380 U 410 U 370 U
Phenanthrene 370 U 380 U 410 U 370 U
Phenol 370 U 380 U 410 U 370 U
Pronamide 370 U 380 U 410 U 370 U
Pyrene 370 U 380 U 410 U 370 U
Pyridine 740 U 750 U 820 U 730 UJ
Safrole 370 U 380 U 410 U 370 U
m,p-Cresol 370 U 380 U 410 U 370 U
o-Cresol 370 U 380 U 410 U 370 U
o-Toluidine 370 U 380 R 410 U 370 U
p-Dimethylaminoazobenzene 740 UJ 750 U 820 UJ 730 U
p-Phenylenediamine 740 UJ 750 UJ 820 UJ 730 U

TPH (mg/kg)         
Diesel Range Organics 4.7 U 4.7 U 5.2 U 4.6 U
Gasoline Range Organics 0.034 U 0.034 U 0.037 U 0.033 U
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APPENDIX D.8
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APPENDIX D.8 

SUMMARY OF ANALYTICAL RESULTS, SURFACE SOIL - RCRA METALS
SWMU 9 - AREA A (TANKS 212-213)

NAVAL STATION ROOSEVELT ROADS, CEIBA, PUERTO RICO

Site ID
Sample ID
Sample Date
Sample Depth (ft bgs)

RCRA Metals (mg/kg)
Arsenic 1.6 1.1 0.93 3.7
Barium 93.1 81.6 66.2 232
Cadmium 0.2 U 0.24 U 0.26 U 0.19 U
Chromium 17.6 J 7.7 J 7.6 J 29.7 J
Lead 15.6 6 4.2 10.7
Mercury 0.06 U 0.04 U 0.05 U 0.05 U
Selenium 0.18 UJ 0.18 UJ 0.87 J 1.6 J
Silver 0.28 U 0.33 U 0.37 U 0.35

0 - 1.0 0 - 1.0 0 - 1.00 - 1.0
3/20/96 3/20/96 3/20/963/20/96
9SS01 9SS02 9MW02-009MW01-00
9SS01 9SS02 9MW029MW01
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APPENDIX D.9
Summary of Analytical Results, Surface Soil, Area B - Organics



APPENDIX D.9 

SUMMARY OF ANALYTICAL RESULTS, SURFACE SOIL - ORGANICS
SWMU 9 - AREA B (TANKS 214-215)

NAVAL STATION ROOSEVELT ROADS, CEIBA, PUERTO RICO

Site ID
Sample ID
Sample Date
Sample Depth (ft bgs)
               
Volatiles (ug/kg)               
1,1,1,2-Tetrachloroethane 12 U 11 U 11 U NA  NA  NA  NA  
1,1,1-Trichloroethane 6 U 6 U 5 U NA  NA  NA  NA  
1,1,2,2-Tetrachloroethane 6 U 6 U 5 U NA  NA  NA  NA  
1,1,2-Trichloroethane 6 U 6 U 5 U NA  NA  NA  NA  
1,1-Dichloroethane 6 U 6 U 5 U NA  NA  NA  NA  
1,1-Dichloroethene 6 U 6 U 5 U NA  NA  NA  NA  
1,2,3-Trichloropropane 12 U 11 U 11 U NA  NA  NA  NA  
1,2-Dibromo-3-chloropropane 23 U 22 U 21 U NA  NA  NA  NA  
1,2-Dibromoethane 23 U 22 U 21 U NA  NA  NA  NA  
1,2-Dichloroethane 6 U 6 U 5 UJ NA  NA  NA  NA  
1,2-Dichloroethene (Total) 6 U 6 U 5 U NA  NA  NA  NA  
1,2-Dichloropropane 6 U 6 U 5 U NA  NA  NA  NA  
2-Butanone 12 UJ 11 UJ 11 U NA  NA  NA  NA  
2-Chloro-1,3-butadiene 120 U 110 U 110 U NA  NA  NA  NA  
2-Hexanone 12 UJ 11 UJ 11 U NA  NA  NA  NA  
3-Chloropropene 23 U 22 U 21 U NA  NA  NA  NA  
Acetone 22 J 11 UJ 14 J NA  NA  NA  NA  
Acetonitrile 120 U 110 U 110 U NA  NA  NA  NA  
Acrolein 580 UJ 550 UJ 530 U NA  NA  NA  NA  
Acrylonitrile 120 U 110 U 110 U NA  NA  NA  NA  
Benzene 6 U 6 U 5 U NA  NA  NA  NA  
Bromodichloromethane 6 U 6 U 5 U NA  NA  NA  NA  
Bromoform 6 U 6 U 5 U NA  NA  NA  NA  
Bromomethane 12 U 11 U 11 U NA  NA  NA  NA  
Carbon disulfide 6 U 6 U 5 U NA  NA  NA  NA  
Carbon tetrachloride 6 U 6 U 5 UJ NA  NA  NA  NA  
Chlorobenzene 6 U 6 U 5 U NA  NA  NA  NA  
Chloroethane 12 U 11 U 11 U NA  NA  NA  NA  
Chloroform 6 U 6 U 5 U NA  NA  NA  NA  
Chloromethane 12 U 11 U 11 UJ NA  NA  NA  NA  
Dibromochloromethane 6 U 6 U 5 U NA  NA  NA  NA  
Dibromomethane 12 U 11 U 11 U NA  NA  NA  NA  
Dichlorodifluoromethane 23 UJ 22 UJ 21 UJ NA  NA  NA  NA  
Ethyl cyanide 58 UJ 55 UJ 53 R NA  NA  NA  NA  
Ethyl methacrylate 23 U 22 U 21 U NA  NA  NA  NA  
Ethylbenzene 6 U 6 U 5 U NA  NA  NA  NA  
Iodomethane 12 U 11 U 11 U NA  NA  NA  NA  
Isobutyl alcohol 2,300 R 2,200 R 2,100 R NA  NA  NA  NA  

12/16/00 12/16/00 12/16/00
0 - 1.0 0 - 1.0 0 - 1.0 0 - 1.0 0 - 1.0 0 - 1.0 0 - 1.0
3/20/96 3/20/96 3/20/96 12/16/00

9SS07 9SS08 9SS09
9SS03 9SS04 9MW03-00 9SS07 9SS07D 9SS08 9SS09
9SS03 9SS04 9MW03 9SS07
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APPENDIX D.9 

SUMMARY OF ANALYTICAL RESULTS, SURFACE SOIL - ORGANICS
SWMU 9 - AREA B (TANKS 214-215)

NAVAL STATION ROOSEVELT ROADS, CEIBA, PUERTO RICO

Site ID
Sample ID
Sample Date
Sample Depth (ft bgs)
               

12/16/00 12/16/00 12/16/00
0 - 1.0 0 - 1.0 0 - 1.0 0 - 1.0 0 - 1.0 0 - 1.0 0 - 1.0
3/20/96 3/20/96 3/20/96 12/16/00

9SS07 9SS08 9SS09
9SS03 9SS04 9MW03-00 9SS07 9SS07D 9SS08 9SS09
9SS03 9SS04 9MW03 9SS07

Volatiles (Cont.) (ug/kg)
Methacrylonitrile 23 U 22 U 21 U NA  NA  NA  NA  
Methyl isobutyl ketone 12 UJ 11 UJ 11 U NA  NA  NA  NA  
Methylene chloride 6 U 6 U 5 UJ NA  NA  NA  NA  
Pentachloroethane 23 U 22 U 21 U NA  NA  NA  NA  
Styrene 6 U 6 U 5 U NA  NA  NA  NA  
Tetrachloroethene 6 U 6 U 5 U NA  NA  NA  NA  
Toluene 6 U 6 U 5 U NA  NA  NA  NA  
Trichloroethene 6 U 6 U 5 U NA  NA  NA  NA  
Trichlorofluoromethane 12 UJ 11 UJ 11 U NA  NA  NA  NA  
Vinyl acetate 12 U 11 U 11 U NA  NA  NA  NA  
Vinyl chloride 12 U 11 U 11 UJ NA  NA  NA  NA  
Xylene, Total 6 U 6 U 5 U NA  NA  NA  NA  
cis-1,3-Dichloropropene 6 U 6 U 5 U NA  NA  NA  NA  
trans-1,3-Dichloropropene 6 U 6 U 5 U NA  NA  NA  NA  
trans-1,4-Dichloro-2-butene 23 U 22 U 21 U NA  NA  NA  NA  

Semivolatiles (ug/kg)               
1,2,4,5-Tetrachlorobenzene 380 R 360 U 350 R NA  NA  NA  NA  
1,2,4-Trichlorobenzene 380 U 360 U 350 U NA  NA  NA  NA  
1,2-Dichlorobenzene 380 U 360 U 350 U NA  NA  NA  NA  
1,2-Diphenylhydrazine 380 U 360 U 350 U NA  NA  NA  NA  
1,3,5-Trinitrobenzene 3,800 UJ 3,600 U 3,500 U NA  NA  NA  NA  
1,3-Dichlorobenzene 380 U 360 U 350 U NA  NA  NA  NA  
1,3-Dinitrobenzene 760 U 730 U 700 U NA  NA  NA  NA  
1,4-Dichlorobenzene 380 U 360 U 350 U NA  NA  NA  NA  
1,4-Dioxane 760 U 730 U 700 U NA  NA  NA  NA  
1,4-Naphthoquinone 1,900 UJ 1,800 UJ 1,700 UJ NA  NA  NA  NA  
1-Naphthylamine 760 U 730 U 700 U NA  NA  NA  NA  
1-Methylnaphthalene NA  NA  NA  17 U 18 U 44 UJ 99 U
2,2'-Oxybis(1-Chloropropane) 380 U 360 U 350 U NA  NA  NA  NA  
2,3,4,6-Tetrachlorophenol 380 U 360 UJ 350 U NA  NA  NA  NA  
2,4,5-Trichlorophenol 1,900 U 1,800 U 1,700 U NA  NA  NA  NA  
2,4,6-Trichlorophenol 380 U 360 U 350 U NA  NA  NA  NA  
2,4-Dichlorophenol 380 U 360 U 350 U NA  NA  NA  NA  
2,4-Dimethylphenol 380 U 360 U 350 U NA  NA  NA  NA  
2,4-Dinitrophenol 1,900 UJ 1,800 UJ 1,700 U NA  NA  NA  NA  
2,4-Dinitrotoluene 380 U 360 U 350 U NA  NA  NA  NA  
2,6-Dichlorophenol 380 U 360 U 350 UJ NA  NA  NA  NA  
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APPENDIX D.9 

SUMMARY OF ANALYTICAL RESULTS, SURFACE SOIL - ORGANICS
SWMU 9 - AREA B (TANKS 214-215)

NAVAL STATION ROOSEVELT ROADS, CEIBA, PUERTO RICO

Site ID
Sample ID
Sample Date
Sample Depth (ft bgs)
               

12/16/00 12/16/00 12/16/00
0 - 1.0 0 - 1.0 0 - 1.0 0 - 1.0 0 - 1.0 0 - 1.0 0 - 1.0
3/20/96 3/20/96 3/20/96 12/16/00

9SS07 9SS08 9SS09
9SS03 9SS04 9MW03-00 9SS07 9SS07D 9SS08 9SS09
9SS03 9SS04 9MW03 9SS07

Semivolatiles (Cont.) (ug/kg)
2,6-Dinitrotoluene 380 U 360 U 350 U NA  NA  NA  NA  
2-Acetylaminofluorene 760 U 730 U 700 U NA  NA  NA  NA  
2-Chloronaphthalene 380 U 360 U 350 U NA  NA  NA  NA  
2-Chlorophenol 380 U 360 U 350 U NA  NA  NA  NA  
2-Methylnaphthalene 380 UJ 360 U 350 UJ 17 U 18 U 44 U 99 U
2-Naphthylamine 960 U 910 UJ 870 U NA  NA  NA  NA  
2-Nitroaniline 1,900 U 1,800 U 1,700 U NA  NA  NA  NA  
2-Nitrophenol 380 U 360 U 350 U NA  NA  NA  NA  
2-Picoline 380 U 360 UJ 350 U NA  NA  NA  NA  
2-sec-butyl-4,6-dinitrophenol 760 U 730 UJ 700 U NA  NA  NA  NA  
3,3'-Dichlorobenzidine 760 U 730 U 700 U NA  NA  NA  NA  
3,3'-Dimethylbenzidine 1,900 U 1,800 U 1,700 U NA  NA  NA  NA  
3-Methylcholanthrene 380 U 360 UJ 350 U NA  NA  NA  NA  
3-Nitroaniline 1,900 U 1,800 U 1,700 U NA  NA  NA  NA  
4,6-Dinitro-2-methylphenol 1,900 UJ 1,800 U 1,700 U NA  NA  NA  NA  
4-Aminobiphenyl 760 U 730 U 700 U NA  NA  NA  NA  
4-Bromophenyl phenyl ether 380 U 360 U 350 UJ NA  NA  NA  NA  
4-Chloro-3-methylphenol 760 U 730 U 700 U NA  NA  NA  NA  
4-Chloroaniline 760 U 730 U 700 U NA  NA  NA  NA  
4-Chlorophenyl phenyl ether 380 U 360 U 350 U NA  NA  NA  NA  
4-Nitroaniline 1,900 U 1,800 U 1,700 U NA  NA  NA  NA  
4-Nitrophenol 1,900 U 1,800 U 1,700 U NA  NA  NA  NA  
4-Nitroquinoline-1-oxide 1,900 UJ 1,800 R 1,700 R NA  NA  NA  NA  
5-Nitro-o-toluidine 760 UJ 730 U 700 U NA  NA  NA  NA  
7,12-Dimethylbenz(a)anthracene 760 U 730 UJ 700 U NA  NA  NA  NA  
A,A-Dimethylphenethylamine 1,900 U 1,800 UJ 1,700 UJ NA  NA  NA  NA  
Acenaphthene 380 U 360 U 350 U 17 U 18 U 44 U 99 U
Acenaphthylene 380 U 360 U 350 U 17 U 18 U 44 U 99 U
Acetophenone 380 U 360 U 350 U 17 U 18 U 44 U 99 U
Aniline 1,900 U 1,800 UJ 1,700 U NA  NA  NA  NA  
Anthracene 380 U 360 U 350 U NA  NA  NA  NA  
Aramite 760 R 730 UJ 700 U NA  NA  NA  NA  
Benzidine 3,800 UJ 3,600 UJ 3,500 UJ NA  NA  NA  NA  
Benzo(a)anthracene 380 U 360 U 350 U 17 U 18 U 44 U 99 U
Benzo(a)pyrene 380 U 360 U 350 U 17 U 18 U 44 UJ 99 U
Benzo(b)fluoranthene 380 U 360 U 350 U 17 U 18 U 44 UJ 99 U
Benzo(g,h,i)perylene 380 U 360 U 350 U 17 U 18 U 44 UJ 99 U
Benzo(k)fluoranthene 380 U 360 U 350 U 17 U 18 U 44 UJ 99 U
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APPENDIX D.9 

SUMMARY OF ANALYTICAL RESULTS, SURFACE SOIL - ORGANICS
SWMU 9 - AREA B (TANKS 214-215)

NAVAL STATION ROOSEVELT ROADS, CEIBA, PUERTO RICO

Site ID
Sample ID
Sample Date
Sample Depth (ft bgs)
               

12/16/00 12/16/00 12/16/00
0 - 1.0 0 - 1.0 0 - 1.0 0 - 1.0 0 - 1.0 0 - 1.0 0 - 1.0
3/20/96 3/20/96 3/20/96 12/16/00

9SS07 9SS08 9SS09
9SS03 9SS04 9MW03-00 9SS07 9SS07D 9SS08 9SS09
9SS03 9SS04 9MW03 9SS07

Semivolatiles (Cont.) (ug/kg)
Benzoic acid 1,900 UJ 1,800 U 1,700 UJ NA  NA  NA  NA  
Benzyl alcohol 380 UJ 360 U 350 UJ NA  NA  NA  NA  
Bis(2-chloroethoxy)methane 380 U 360 U 350 U NA  NA  NA  NA  
Bis(2-chloroethyl)ether 380 U 360 U 350 U NA  NA  NA  NA  
Bis(2-ethylhexyl)phthalate 380 U 360 U 350 U NA  NA  NA  NA  
Butylbenzylphthalate 380 U 360 U 350 U NA  NA  NA  NA  
Carbazole 380 U 360 U 350 U NA  NA  NA  NA  
Chlorobenzilate 380 U 360 UJ 350 U NA  NA  NA  NA  
Chrysene 380 U 360 U 350 U 17 U 18 U 44 U 99 U
Cresols 380 U 360 U 350 U NA  NA  NA  NA  
Di-n-butyl phthalate 40 J 360 U 350 U NA  NA  NA  NA  
Di-n-octyl phthalate 380 U 360 U 350 U NA  NA  NA  NA  
Diallate (Total) 380 UJ 360 U 350 U NA  NA  NA  NA  
Dibenzo(a,h)anthracene 380 U 360 U 350 U 17 U 18 U 44 UJ 99 U
Dibenzofuran 380 U 360 U 350 U NA  NA  NA  NA  
Diethylphthalate 380 U 360 U 350 U NA  NA  NA  NA  
Dimethylphthalate 380 U 360 U 350 U NA  NA  NA  NA  
Diphenylamine 380 U 360 U 350 U NA  NA  NA  NA  
Ethyl methanesulfonate 380 U 360 U 350 U NA  NA  NA  NA  
Fluoranthene 380 U 360 U 350 U 17 U 18 U 44 U 99 U
Fluorene 380 U 360 U 350 U 17 U 18 U 44 U 99 U
Hexachlorobenzene 380 U 360 U 350 U NA  NA  NA  NA  
Hexachlorobutadiene 380 U 360 U 350 U NA  NA  NA  NA  
Hexachlorocyclopentadiene 380 U 360 U 350 U NA  NA  NA  NA  
Hexachloroethane 380 U 360 U 350 U NA  NA  NA  NA  
Hexachlorophene 3,800 R 3,600 R 3,500 R NA  NA  NA  NA  
Hexachloropropene 1,900 U 1,800 U 1,700 U NA  NA  NA  NA  
Indeno(1,2,3-cd)pyrene 380 U 360 U 350 U 17 U 18 U 44 UJ 99 U
Isophorone 380 U 360 U 350 U NA  NA  NA  NA  
Isosafrole 380 U 360 U 350 U NA  NA  NA  NA  
Methapyrilene 960 UJ 910 UJ 870 UJ NA  NA  NA  NA  
Methyl methanesulfonate 380 U 360 U 350 U NA  NA  NA  NA  
N-Nitroso-di-n-butylamine 380 U 360 U 350 U NA  NA  NA  NA  
N-Nitroso-di-n-propylamine 380 U 360 U 350 U NA  NA  NA  NA  
N-Nitrosodiethylamine 380 U 360 U 350 U NA  NA  NA  NA  
N-Nitrosodimethylamine 380 UJ 360 UJ 350 U NA  NA  NA  NA  
N-Nitrosodiphenylamine 380 U 360 U 350 U NA  NA  NA  NA  
N-Nitrosomethylethylamine 380 U 360 U 350 U NA  NA  NA  NA  
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APPENDIX D.9 

SUMMARY OF ANALYTICAL RESULTS, SURFACE SOIL - ORGANICS
SWMU 9 - AREA B (TANKS 214-215)

NAVAL STATION ROOSEVELT ROADS, CEIBA, PUERTO RICO

Site ID
Sample ID
Sample Date
Sample Depth (ft bgs)
               

12/16/00 12/16/00 12/16/00
0 - 1.0 0 - 1.0 0 - 1.0 0 - 1.0 0 - 1.0 0 - 1.0 0 - 1.0
3/20/96 3/20/96 3/20/96 12/16/00

9SS07 9SS08 9SS09
9SS03 9SS04 9MW03-00 9SS07 9SS07D 9SS08 9SS09
9SS03 9SS04 9MW03 9SS07

Semivolatiles (Cont.) (ug/kg)
N-Nitrosomorpholine 760 U 730 U 700 U NA  NA  NA  NA  
N-Nitrosopiperidine 380 UJ 360 U 350 U NA  NA  NA  NA  
N-Nitrosopyrrolidine 1,900 U 1,800 U 1,700 U NA  NA  NA  NA  
Naphthalene 380 U 360 U 350 U 17 U 18 U 44 U 99 U
Nitrobenzene 380 U 360 U 350 U NA  NA  NA  NA  
Pentachlorobenzene 380 U 360 U 350 U NA  NA  NA  NA  
Pentachloronitrobenzene 380 U 360 U 350 R NA  NA  NA  NA  
Pentachlorophenol 1,900 U 1,800 U 1,700 U NA  NA  NA  NA  
Phenacetin 380 U 360 U 350 U NA  NA  NA  NA  
Phenanthrene 380 U 360 U 350 U 17 U 18 U 44 U 99 U
Phenol 380 U 360 U 350 U NA  NA  NA  NA  
Pronamide 380 U 360 U 350 U NA  NA  NA  NA  
Pyrene 380 U 360 U 350 U 17 U 18 U 44 U 99 U
Pyridine 760 U 730 U 700 UJ NA  NA  NA  NA  
Safrole 380 U 360 U 350 U NA  NA  NA  NA  
o-Cresol 380 U 360 U 350 U NA  NA  NA  NA  
o-Toluidine 380 U 360 R 350 U NA  NA  NA  NA  
p-Dimethylaminoazobenzene 760 UJ 730 U 700 U NA  NA  NA  NA  
p-Phenylenediamine 760 UJ 730 UJ 700 U NA  NA  NA  NA  
               
TPH (mg/kg)               
Diesel Range Organics 4.8 U 4.6 U 4.4 U 4.2 U 5 U 15  4.6 U
Gasoline Range Organics 0.035 U 0.033 U 0.032 U 0.3 U 0.33 U 0.32 U 0.31 U
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APPENDIX D.10 

SUMMARY OF ANALYTICAL RESULTS, SURFACE SOIL - INORGANICS
SWMU 9 - AREA B (TANKS 214-215)

NAVAL STATION ROOSEVELT ROADS, CEIBA, PUERTO RICO

Site ID
Sample ID
Sample Date
Sample Depth (ft bgs)
             
             
Inorganics, Total (mg/kg)             
Antimony NA  NA  NA  2.7 UJ 2.7 UJ 2.4 UJ 3.4 J
Arsenic 2  1.7 J 1.3  23  1.5 2.4  0.92 J
Barium 115  84.7  56.5  50  150 93  89  
Beryllium NA  NA  NA  0.32 J 0.24 J 0.26 J 0.19 J
Cadmium 0.2 U 0.22 U 0.42  1.4  1.8 0.63  0.76  
Chromium 9.3 J 9.5 J 13.2 J 37 J 16 J 23 J 9.4 J
Cobalt NA  NA  NA  11  28 23  19  
Copper NA  NA  NA  410 R 100 R 110 R 81 R
Lead 30  258  15.1  13 J 140 R 150 J 910 J
Mercury 0.04 U 0.06 U 0.05 U 0.014 J 0.017 J 0.019 J 0.009 J
Nickel NA  NA  NA  7.7  7.3 6.4  5.8  
Selenium 1.1 J 0.88 UJ 0.62 J 1.3 U 1.3 U 0.57 J 1.2 U
Silver 0.28 U 0.3 U 0.26 U 1.3 U 1.3 U 1.2 U 1.2 U
Thallium NA  NA  NA  1.3 U 1.3 U 1.2 U 1.2 U
Tin NA  NA  NA  6.3 U 6.7 U 5.9 U 13  
Vanadium NA  NA  NA  50  160 120  110  
Zinc NA  NA  NA  520 J 210 J 96 J 120 J

0 - 1.0 0 - 1.0
12/16/00 12/16/003/20/96 3/20/96

0 - 1.0 0 - 1.0

9SS09
9SS08 9SS09

0 - 1.0 0 - 1.0

9SS07
9SS07D
12/16/00 12/16/00

9SS08

0 - 1.0

9SS03 9SS04 9MW03 9SS07
9SS03 9SS04 9MW03-00 9SS07

3/20/96
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APPENDIX D.11 

SUMMARY OF ANALYTICAL RESULTS, SURFACE SOIL - ORGANICS 
SWMU 9 - AREA C (TANKS 216-217)

NAVAL STATION ROOSEVELT ROADS, CEIBA, PUERTO RICO

Site ID
Sample ID
Sample Date
Sample Depth (ft bgs)

Volatiles (ug/kg)
1,1,1,2-Tetrachloroethane 11 U 10 U 11 U
1,1,1-Trichloroethane 5 U 5 U 6 U
1,1,2,2-Tetrachloroethane 5 U 5 U 6 U
1,1,2-Trichloroethane 5 U 5 U 6 U
1,1-Dichloroethane 5 U 5 U 6 U
1,1-Dichloroethene 5 U 5 U 6 U
1,2,3-Trichloropropane 11 U 10 U 11 U
1,2-Dibromo-3-chloropropane 21 U 21 U 23 U
1,2-Dibromoethane 21 U 21 U 23 U
1,2-Dichloroethane 5 U 5 U 6 UJ
1,2-Dichloroethene (Total) 5 U 5 U 6 U
1,2-Dichloropropane 5 U 5 U 6 U
2-Butanone 11 UJ 10 UJ 11 U
2-Chloro-1,3-butadiene 110 U 100 U 110 U
2-Hexanone 11 UJ 10 UJ 11 U
3-Chloropropene 21 U 21 U 23 U
Acetone 11 UJ 10 UJ 11 UJ
Acetonitrile 110 U 100 U 110 U
Acrolein 530 UJ 530 UJ 570 U
Acrylonitrile 110 U 100 U 110 U
Benzene 5 U 5 U 6 U
Bromodichloromethane 5 U 5 U 6 U
Bromoform 5 U 5 U 6 U
Bromomethane 11 U 10 U 11 U
Carbon disulfide 5 U 5 U 6 U
Carbon tetrachloride 5 U 5 U 6 UJ
Chlorobenzene 5 U 5 U 6 U
Chloroethane 11 U 10 U 11 U
Chloroform 5 U 5 U 6 U
Chloromethane 11 U 10 U 11 UJ
Dibromochloromethane 5 U 5 U 6 U
Dibromomethane 11 U 10 U 11 U
Dichlorodifluoromethane 21 UJ 21 UJ 23 UJ
Ethyl cyanide 53 UJ 53 UJ 57 R
Ethyl methacrylate 21 U 21 U 23 U
Ethylbenzene 5 U 5 U 6 U
Iodomethane 11 U 10 U 11 U
Isobutyl alcohol 2,100 R 2,100 R 2,300 R

3/20/96 3/20/96 3/20/96
0 - 1.0 0 - 1.0 0 - 1.0

9SS05 9SS06 9MW04
9SS05 9SS06 9MW04-00
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APPENDIX D.11 

SUMMARY OF ANALYTICAL RESULTS, SURFACE SOIL - ORGANICS 
SWMU 9 - AREA C (TANKS 216-217)

NAVAL STATION ROOSEVELT ROADS, CEIBA, PUERTO RICO

Site ID
Sample ID
Sample Date
Sample Depth (ft bgs)

3/20/96 3/20/96 3/20/96
0 - 1.0 0 - 1.0 0 - 1.0

9SS05 9SS06 9MW04
9SS05 9SS06 9MW04-00

Volatiles (Cont.) (ug/kg)
Methacrylonitrile 21 U 21 U 23 U
Methyl isobutyl ketone 11 UJ 10 UJ 11 U
Methylene chloride 5 U 5 U 6 UJ
Pentachloroethane 21 U 21 U 23 U
Styrene 5 U 5 U 6 U
Tetrachloroethene 5 U 5 U 6 U
Toluene 5 U 5 U 6 U
Trichloroethene 5 U 5 U 6 U
Trichlorofluoromethane 11 UJ 10 UJ 11 U
Vinyl acetate 11 U 10 U 11 U
Vinyl chloride 11 U 10 U 11 UJ
Xylene, Total 5 U 5 U 6 U
cis-1,3-Dichloropropene 5 U 5 U 6 U
trans-1,3-Dichloropropene 5 U 5 U 6 U
trans-1,4-Dichloro-2-butene 21 U 21 U 23 U

Semivolatiles (ug/kg)
1,2,4,5-Tetrachlorobenzene 350 R 340 R 380 R
1,2,4-Trichlorobenzene 350 U 340 U 380 U
1,2-Dichlorobenzene 350 U 340 U 380 U
1,2-Diphenylhydrazine 350 U 340 U 380 U
1,3,5-Trinitrobenzene 3,500 UJ 3,400 UJ 3,800 U
1,3-Dichlorobenzene 350 U 340 U 380 U
1,3-Dinitrobenzene 700 U 690 U 760 U
1,4-Dichlorobenzene 350 U 340 U 380 U
1,4-Dioxane 700 U 690 U 760 U
1,4-Naphthoquinone 1,700 UJ 1,700 UJ 1,900 UJ
1-Naphthylamine 700 U 690 U 760 U
2,2'-Oxybis(1-Chloropropane) 350 U 340 U 380 U
2,3,4,6-Tetrachlorophenol 350 U 340 U 380 U
2,4,5-Trichlorophenol 1,700 U 1,700 U 1,900 U
2,4,6-Trichlorophenol 350 U 340 U 380 U
2,4-Dichlorophenol 350 U 340 U 380 U
2,4-Dimethylphenol 350 U 340 U 380 U
2,4-Dinitrophenol 1,700 UJ 1,700 UJ 1,900 U
2,4-Dinitrotoluene 350 U 340 U 380 U
2,6-Dichlorophenol 350 U 340 U 380 UJ
2,6-Dinitrotoluene 350 U 340 U 380 U
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APPENDIX D.11 

SUMMARY OF ANALYTICAL RESULTS, SURFACE SOIL - ORGANICS 
SWMU 9 - AREA C (TANKS 216-217)

NAVAL STATION ROOSEVELT ROADS, CEIBA, PUERTO RICO

Site ID
Sample ID
Sample Date
Sample Depth (ft bgs)

3/20/96 3/20/96 3/20/96
0 - 1.0 0 - 1.0 0 - 1.0

9SS05 9SS06 9MW04
9SS05 9SS06 9MW04-00

Semivolatiles (Cont.) (ug/kg)
2-Acetylaminofluorene 700 U 690 U 760 U
2-Chloronaphthalene 350 U 340 U 380 U
2-Chlorophenol 350 U 340 U 380 U
2-Methylnaphthalene 350 UJ 340 UJ 380 UJ
2-Naphthylamine 870 U 860 U 950 U
2-Nitroaniline 1,700 U 1,700 U 1,900 U
2-Nitrophenol 350 U 340 U 380 U
2-Picoline 350 U 340 U 380 U
2-sec-butyl-4,6-dinitrophenol 700 U 690 U 760 U
3,3'-Dichlorobenzidine 700 U 690 U 760 U
3,3'-Dimethylbenzidine 1,700 U 1,700 U 1,900 U
3-Methylcholanthrene 350 U 340 U 380 U
3-Nitroaniline 1,700 U 1,700 U 1,900 U
4,6-Dinitro-2-methylphenol 1,700 UJ 1,700 UJ 1,900 U
4-Aminobiphenyl 700 U 690 U 760 U
4-Bromophenyl phenyl ether 350 U 340 U 380 UJ
4-Chloro-3-methylphenol 700 U 690 U 760 U
4-Chloroaniline 700 U 690 U 760 U
4-Chlorophenyl phenyl ether 350 U 340 U 380 U
4-Nitroaniline 1,700 U 1,700 U 1,900 U
4-Nitrophenol 1,700 U 1,700 U 1,900 U
4-Nitroquinoline-1-oxide 1,700 UJ 1,700 UJ 1,900 R
5-Nitro-o-toluidine 700 UJ 690 UJ 760 U
7,12-Dimethylbenz(a)anthracene 700 U 690 U 760 U
A,A-Dimethylphenethylamine 1,700 U 1,700 U 1,900 UJ
Acenaphthene 350 U 340 U 380 U
Acenaphthylene 350 U 340 U 380 U
Acetophenone 350 U 340 U 380 U
Aniline 1,700 U 1,700 U 1,900 U
Anthracene 350 U 340 U 380 U
Aramite 700 R 690 R 760 U
Benzidine 3,500 UJ 3,400 UJ 3,800 UJ
Benzo(a)anthracene 350 U 340 U 380 U
Benzo(a)pyrene 350 U 340 U 380 U
Benzo(b)fluoranthene 350 U 340 U 59 J
Benzo(g,h,i)perylene 350 U 340 U 380 U
Benzo(k)fluoranthene 350 U 340 U 380 U
Benzoic acid 1,700 UJ 1,700 UJ 1,900 UJ

appendicies D SWMU 9.xls  Appendix D.11  6/11/01 3 of 5



APPENDIX D.11 

SUMMARY OF ANALYTICAL RESULTS, SURFACE SOIL - ORGANICS 
SWMU 9 - AREA C (TANKS 216-217)

NAVAL STATION ROOSEVELT ROADS, CEIBA, PUERTO RICO

Site ID
Sample ID
Sample Date
Sample Depth (ft bgs)

3/20/96 3/20/96 3/20/96
0 - 1.0 0 - 1.0 0 - 1.0

9SS05 9SS06 9MW04
9SS05 9SS06 9MW04-00

Semivolatiles (Cont.) (ug/kg)
Benzyl alcohol 350 UJ 340 UJ 380 UJ
Bis(2-chloroethoxy)methane 350 U 340 U 380 U
Bis(2-chloroethyl)ether 350 U 340 U 380 U
Bis(2-ethylhexyl)phthalate 350 U 340 U 380 U
Butylbenzylphthalate 350 U 340 U 380 U
Carbazole 350 U 340 U 380 U
Chlorobenzilate 350 U 340 U 380 U
Chrysene 350 U 340 U 45 J
Cresols 350 U 340 U 380 U
Di-n-butyl phthalate 350 U 340 U 100 J
Di-n-octyl phthalate 350 U 340 U 380 U
Diallate (Total) 350 UJ 340 UJ 380 U
Dibenzo(a,h)anthracene 350 U 340 U 380 U
Dibenzofuran 350 U 340 U 380 U
Diethylphthalate 350 U 340 U 380 U
Dimethylphthalate 350 U 340 U 380 U
Diphenylamine 350 U 340 U 380 U
Ethyl methanesulfonate 350 U 340 U 380 U
Fluoranthene 350 U 340 U 380 U
Fluorene 350 U 340 U 380 U
Hexachlorobenzene 350 U 340 U 380 U
Hexachlorobutadiene 350 U 340 U 380 U
Hexachlorocyclopentadiene 350 U 340 U 380 U
Hexachloroethane 350 U 340 U 380 U
Hexachlorophene 3,500 R 3,400 R 3,800 R
Hexachloropropene 1,700 U 1,700 U 1,900 U
Indeno(1,2,3-cd)pyrene 350 U 340 U 380 U
Isophorone 350 U 340 U 380 U
Isosafrole 350 U 340 U 380 U
Methapyrilene 870 UJ 860 UJ 950 UJ
Methyl methanesulfonate 350 U 340 U 380 U
N-Nitroso-di-n-butylamine 350 U 340 U 380 U
N-Nitroso-di-n-propylamine 350 U 340 U 380 U
N-Nitrosodiethylamine 350 U 340 U 380 U
N-Nitrosodimethylamine 350 UJ 340 UJ 380 U
N-Nitrosodiphenylamine 350 U 340 U 380 U
N-Nitrosomethylethylamine 350 U 340 U 380 U
N-Nitrosomorpholine 700 U 690 U 760 U
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APPENDIX D.11 

SUMMARY OF ANALYTICAL RESULTS, SURFACE SOIL - ORGANICS 
SWMU 9 - AREA C (TANKS 216-217)

NAVAL STATION ROOSEVELT ROADS, CEIBA, PUERTO RICO

Site ID
Sample ID
Sample Date
Sample Depth (ft bgs)

3/20/96 3/20/96 3/20/96
0 - 1.0 0 - 1.0 0 - 1.0

9SS05 9SS06 9MW04
9SS05 9SS06 9MW04-00

Semivolatiles (Cont.) (ug/kg)
N-Nitrosopiperidine 350 UJ 340 UJ 380 U
N-Nitrosopyrrolidine 1,700 U 1,700 U 1,900 U
Naphthalene 350 U 340 U 380 U
Nitrobenzene 350 U 340 U 380 U
Pentachlorobenzene 350 U 340 U 380 U
Pentachloronitrobenzene 350 U 340 U 380 R
Pentachlorophenol 1,700 U 1,700 U 1,900 U
Phenacetin 350 U 340 U 380 U
Phenanthrene 350 U 340 U 380 U
Phenol 350 U 340 U 380 U
Pronamide 350 U 340 U 380 U
Pyrene 350 U 340 U 56 J
Pyridine 700 U 690 U 760 UJ
Safrole 350 U 340 U 380 U
o-Cresol 350 U 340 U 380 U
o-Toluidine 350 U 340 U 380 U
p-Dimethylaminoazobenzene 700 UJ 690 UJ 760 U
p-Phenylenediamine 700 UJ 690 UJ 760 U

TPH (mg/kg)
Diesel Range Organics 4.4 U 4.4 U 4.8 U
Gasoline Range Organics 0.032 U 0.027 J 0.034 U
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APPENDIX D.12 

SUMMARY OF ANALYTICAL RESULTS, SURFACE SOIL - RCRA METALS
SWMU 9 - AREA C (TANKS 216 - 217)

NAVAL STATION ROOSEVELT ROADS, CEIBA, PUERTO RICO

Site ID
Sample ID
Sample Date
Sample Depth (ft bgs)

RCRA Metals (mg/kg)
Arsenic 0.56 U 0.68 U 0.7 U
Barium 110 52.6 59.6
Cadmium 0.21 U 0.23 U 0.25 U
Chromium 17.6 J 30.4 J 25.1 J
Lead 14.5 52.5 9.3
Mercury 0.05 U 0.05 U 0.06 U
Selenium 0.16 UJ 0.19 UJ 0.97 UJ
Silver 0.3 U 0.32 U 0.35 U

3/20/96 3/20/96 3/20/96
0 - 1.0 0 - 1.0 0 - 1.0

9SS05 9SS06 9MW04
9SS05 9SS06 9MW04-00
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APPENDIX D.13 (Continued) 

SUMMARY OF ANALYTICAL RESULTS, SEDIMENT - ORGANICS
SWMU 9 - AREAS A AND B (TANKS 212-215) 

NAVAL STATION ROOSEVELT ROADS, CEIBA, PUERTO RICO

Site ID
Sample ID
Sample Date
Sample Depth (ft bgs)

Volatiles (ug/kg)
1,1,1-Trichloroethane 12 U 12 U 15 U 10 U 12 U NA NA NA NA
1,1,2,2-Tetrachloroethane 12 U 12 UJ 15 U 10 UJ 12 UJ NA NA NA NA
1,1,2-Trichloroethane 12 U 12 U 15 U 10 U 12 U NA NA NA NA
1,1-Dichloroethane 12 U 12 U 15 U 10 U 12 U NA NA NA NA
1,1-Dichloroethene 12 U 12 U 15 U 10 U 12 U NA NA NA NA
1,2-Dichloroethane 12 U 12 U 15 U 10 U 12 U NA NA NA NA
1,2-Dichloropropane 12 U 12 U 15 U 10 U 12 U NA NA NA NA
2-Butanone 58 U 62 U 74 U 28 J 39 J NA NA NA NA
2-Hexanone 58 U 62 U 74 U 52 U 59 U NA NA NA NA
Acetone 87 J 130 130 J 140 200 NA NA NA NA
Benzene 12 U 12 U 15 U 10 U 12 U NA NA NA NA
Bromodichloromethane 12 U 12 U 15 U 10 U 12 U NA NA NA NA
Bromoform 12 U 12 UJ 15 U 10 UJ 12 UJ NA NA NA NA
Carbon disulfide 12 U 12 U 15 U 5.3 J 8.9 J NA NA NA NA
Carbon tetrachloride 12 U 12 U 15 U 10 U 12 U NA NA NA NA
Chlorobenzene 12 U 12 UJ 15 U 10 UJ 12 UJ NA NA NA NA
Chloroethane 23 U 25 U 29 U 21 U 24 U NA NA NA NA
Chloroform 12 U 12 U 15 U 10 U 12 U NA NA NA NA
Chloromethane 23 U 25 U 29 U 21 U 24 U NA NA NA NA
Dibromochloromethane 12 U 12 U 15 U 10 U 12 U NA NA NA NA
Ethylbenzene 12 U 12 UJ 15 U 10 UJ 12 UJ NA NA NA NA
Methyl bromide 23 U 25 U 29 U 21 U 24 U NA NA NA NA
Methyl isobutyl ketone 58 U 62 U 74 U 52 U 59 U NA NA NA NA
Methylene chloride 12 U 12 U 15 U 10 U 12 U NA NA NA NA
Styrene 12 U 12 UJ 15 U 10 UJ 12 UJ NA NA NA NA

0.0 - 0.5 0.0 - 0.50.0 - 0.5 0.0 - 0.5 0.0 - 0.5 0.0 - 0.5 0.0 - 0.5 0.0 - 0.5 0.0 - 0.5
12/17/006/29/99 12/17/00 12/17/00 12/17/006/29/99 6/29/99 6/29/99 6/29/99

9SD14 9SD159SD01 9SD01D 9SD02 9SD03 9SD04 9SD13 9SD13D
9SW/SD159SW/SD04 9SW/SD13 9SW/SD13 9SW/SD149SW/SD01 9SW/SD01 9SW/SD02 9SW/SD03
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APPENDIX D.13 (Continued) 

SUMMARY OF ANALYTICAL RESULTS, SEDIMENT - ORGANICS
SWMU 9 - AREAS A AND B (TANKS 212-215) 

NAVAL STATION ROOSEVELT ROADS, CEIBA, PUERTO RICO

Site ID
Sample ID
Sample Date
Sample Depth (ft bgs) 0.0 - 0.5 0.0 - 0.50.0 - 0.5 0.0 - 0.5 0.0 - 0.5 0.0 - 0.5 0.0 - 0.5 0.0 - 0.5 0.0 - 0.5

12/17/006/29/99 12/17/00 12/17/00 12/17/006/29/99 6/29/99 6/29/99 6/29/99
9SD14 9SD159SD01 9SD01D 9SD02 9SD03 9SD04 9SD13 9SD13D

9SW/SD159SW/SD04 9SW/SD13 9SW/SD13 9SW/SD149SW/SD01 9SW/SD01 9SW/SD02 9SW/SD03

Volatiles (Cont.) (ug/kg)
Tetrachloroethene 12 U 12 U 15 U 10 U 12 U NA NA NA NA
Toluene 12 U 12 U 15 U 10 U 12 U NA NA NA NA
Trichloroethene 12 U 12 U 15 U 10 U 12 U NA NA NA NA
Vinyl chloride 23 U 25 U 29 U 21 U 24 U NA NA NA NA
Xylene, Total 23 U 25 U 29 U 21 UJ 24 U NA NA NA NA
cis-1,2-Dichloroethene 12 U 12 U 15 U 10 U 12 U NA NA NA NA
cis-1,3-Dichloropropene 12 U 12 U 15 U 10 U 12 U NA NA NA NA
trans-1,2-Dichloroethene 12 U 12 U 15 U 10 U 12 U NA NA NA NA
trans-1,3-Dichloropropene 12 U 12 U 15 U 10 U 12 U NA NA NA NA
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APPENDIX D.13 (Continued) 

SUMMARY OF ANALYTICAL RESULTS, SEDIMENT - ORGANICS
SWMU 9 - AREAS A AND B (TANKS 212-215) 

NAVAL STATION ROOSEVELT ROADS, CEIBA, PUERTO RICO

Site ID
Sample ID
Sample Date
Sample Depth (ft bgs) 0.0 - 0.5 0.0 - 0.50.0 - 0.5 0.0 - 0.5 0.0 - 0.5 0.0 - 0.5 0.0 - 0.5 0.0 - 0.5 0.0 - 0.5

12/17/006/29/99 12/17/00 12/17/00 12/17/006/29/99 6/29/99 6/29/99 6/29/99
9SD14 9SD159SD01 9SD01D 9SD02 9SD03 9SD04 9SD13 9SD13D

9SW/SD159SW/SD04 9SW/SD13 9SW/SD13 9SW/SD149SW/SD01 9SW/SD01 9SW/SD02 9SW/SD03

Semivolatiles (ug/kg)
1,2,4-Trichlorobenzene 720 U 820 U 970 U 1,400 U 3,600 U NA NA NA NA
1,2-Dichlorobenzene 720 U 820 U 970 U 1,400 U 3,600 U NA NA NA NA
1,3-Dichlorobenzene 720 U 820 U 970 U 1,400 U 3,600 U NA NA NA NA
1,4-Dichlorobenzene 720 U 820 U 970 U 1,400 U 3,600 U NA NA NA NA
1-Methylnaphthalene NA NA NA NA NA 39 U 31 U 27 U 29 U
2,2'-Oxybis(1-Chloropropane) 720 U 820 U 970 U 1,400 U 3,600 U NA NA NA NA
2,4,5-Trichlorophenol 720 U 820 U 970 U 1,400 U 3,600 U NA NA NA NA
2,4,6-Trichlorophenol 720 U 820 U 970 U 1,400 U 3,600 U NA NA NA NA
2,4-Dichlorophenol 720 U 820 U 970 U 1,400 U 3,600 U NA NA NA NA
2,4-Dimethylphenol 720 U 820 U 970 U 1,400 U 3,600 U NA NA NA NA
2,4-Dinitrophenol 3,700 U 4,200 U 5,000 U 7,100 U 18,000 U NA NA NA NA
2,4-Dinitrotoluene 720 U 820 U 970 U 1,400 U 3,600 U NA NA NA NA
2,6-Dinitrotoluene 720 U 820 U 970 U 1,400 U 3,600 U NA NA NA NA
2-Chloronaphthalene 720 U 820 U 970 U 1,400 U 3,600 U NA NA NA NA
2-Chlorophenol 720 U 820 U 970 U 1,400 U 3,600 U NA NA NA NA
2-Methylnaphthalene 720 U 820 U 970 U 1,400 U 3,600 U 39 U 31 U 27 U 29 U
2-Nitroaniline 3,700 U 4,200 U 5,000 U 7,100 U 18,000 U NA NA NA NA
2-Nitrophenol 720 U 820 U 970 U 1,400 U 3,600 U NA NA NA NA
3,3'-Dichlorobenzidine 1,400 U 1,600 U 1,900 U 2,800 U 7,200 U NA NA NA NA
3-Nitroaniline 3,700 U 4,200 U 5,000 U 7,100 U 18,000 U NA NA NA NA
4,6-Dinitro-2-methylphenol 3,700 U 4,200 U 5,000 U 7,100 U 18,000 U NA NA NA NA
4-Bromophenyl phenyl ether 720 U 820 U 970 U 1,400 U 3,600 U NA NA NA NA
4-Chloro-3-methylphenol 720 U 820 U 970 U 1,400 U 3,600 U NA NA NA NA
4-Chloroaniline 1,400 U 1,600 U 1,900 U 2,800 U 7,200 U NA NA NA NA
4-Chlorophenyl phenyl ether 720 U 820 U 970 U 1,400 U 3,600 U NA NA NA NA
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APPENDIX D.13 (Continued) 

SUMMARY OF ANALYTICAL RESULTS, SEDIMENT - ORGANICS
SWMU 9 - AREAS A AND B (TANKS 212-215) 

NAVAL STATION ROOSEVELT ROADS, CEIBA, PUERTO RICO

Site ID
Sample ID
Sample Date
Sample Depth (ft bgs) 0.0 - 0.5 0.0 - 0.50.0 - 0.5 0.0 - 0.5 0.0 - 0.5 0.0 - 0.5 0.0 - 0.5 0.0 - 0.5 0.0 - 0.5

12/17/006/29/99 12/17/00 12/17/00 12/17/006/29/99 6/29/99 6/29/99 6/29/99
9SD14 9SD159SD01 9SD01D 9SD02 9SD03 9SD04 9SD13 9SD13D

9SW/SD159SW/SD04 9SW/SD13 9SW/SD13 9SW/SD149SW/SD01 9SW/SD01 9SW/SD02 9SW/SD03

Semivolatiles (Cont.) (ug/kg)
4-Nitroaniline 3,700 U 4,200 U 5,000 U 7,100 U 18,000 U NA NA NA NA
4-Nitrophenol 3,700 U 4,200 U 5,000 U 7,100 U 18,000 U NA NA NA NA
Acenaphthene 720 U 820 U 970 U 1,400 U 3,600 U 39 U 31 U 27 U 29 U
Acenaphthylene 720 U 820 U 970 U 1,400 U 3,600 U 39 U 31 U 27 U 29 U
Anthracene 720 U 820 U 970 U 1,400 U 3,600 U 39 U 31 U 27 U 29 U
Benzidine 5,900 U 6,700 U 7,900 U 11,000 U 29,000 U NA NA NA NA
Benzo(a)anthracene 720 U 820 U 970 U 1,400 U 3,600 U 39 U 31 U 27 U 29 U
Benzo(a)pyrene 720 U 820 U 970 U 1,400 U 3,600 U 39 U 31 U 27 U 29 U
Benzo(b)fluoranthene 720 U 820 U 970 U 1,400 U 3,600 U 39 U 31 U 27 U 29 U
Benzo(g,h,i)perylene 720 U 820 U 970 U 1,400 U 3,600 U 39 U 31 U 27 U 29 U
Benzo(k)fluoranthene 720 U 820 U 970 U 1,400 U 3,600 U 39 U 31 U 27 U 29 U
Benzoic acid 3,700 U 4,200 U 5,000 U 7,100 U 18,000 U NA NA NA NA
Benzyl alcohol 720 U 820 U 970 U 1,400 U 3,600 U NA NA NA NA
Bis(2-chloroethoxy)methane 720 U 820 U 970 U 1,400 U 3,600 U NA NA NA NA
Bis(2-chloroethyl)ether 720 U 820 U 970 U 1,400 U 3,600 U NA NA NA NA
Bis(2-ethylhexyl)phthalate 720 U 820 U 970 U 1,400 U 3,600 U NA NA NA NA
Butylbenzylphthalate 720 U 820 U 970 U 1,400 U 3,600 U NA NA NA NA
Chrysene 720 U 820 U 970 U 1,400 U 3,600 U 39 U 31 U 27 U 29 U
Di-n-butyl phthalate 720 U 820 U 970 U 1,400 U 3,600 U NA NA NA NA
Di-n-octyl phthalate 720 U 820 U 970 U 1,400 U 3,600 U NA NA NA NA
Dibenzo(a,h)anthracene 720 U 820 U 970 U 1,400 U 3,600 U 39 U 31 U 27 U 29 U
Dibenzofuran 720 U 820 U 970 U 1,400 U 3,600 U NA NA NA NA
Diethylphthalate 720 U 820 U 970 U 1,400 U 3,600 U NA NA NA NA
Dimethylphthalate 720 U 820 U 970 U 1,400 U 3,600 U NA NA NA NA
Diphenylamine 720 U 820 U 970 U 1,400 U 3,600 U NA NA NA NA
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APPENDIX D.13 (Continued) 

SUMMARY OF ANALYTICAL RESULTS, SEDIMENT - ORGANICS
SWMU 9 - AREAS A AND B (TANKS 212-215) 

NAVAL STATION ROOSEVELT ROADS, CEIBA, PUERTO RICO

Site ID
Sample ID
Sample Date
Sample Depth (ft bgs) 0.0 - 0.5 0.0 - 0.50.0 - 0.5 0.0 - 0.5 0.0 - 0.5 0.0 - 0.5 0.0 - 0.5 0.0 - 0.5 0.0 - 0.5

12/17/006/29/99 12/17/00 12/17/00 12/17/006/29/99 6/29/99 6/29/99 6/29/99
9SD14 9SD159SD01 9SD01D 9SD02 9SD03 9SD04 9SD13 9SD13D

9SW/SD159SW/SD04 9SW/SD13 9SW/SD13 9SW/SD149SW/SD01 9SW/SD01 9SW/SD02 9SW/SD03

Semivolatiles (Cont.) (ug/kg)
Fluoranthene 720 U 820 U 970 U 1,400 U 3,600 U NA NA NA NA
Fluorene 720 U 820 U 970 U 1,400 U 3,600 U 39 U 31 U 27 U 29 U
Hexachlorobenzene 720 U 820 U 970 U 1,400 U 3,600 U 39 U 31 U 27 U 29 U
Hexachlorobutadiene 720 U 820 U 970 U 1,400 U 3,600 U NA NA NA NA
Hexachlorocyclopentadiene 720 U 820 U 970 U 1,400 U 3,600 U NA NA NA NA
Hexachloroethane 720 U 820 U 970 U 1,400 U 3,600 U NA NA NA NA
Indeno(1,2,3-cd)pyrene 720 U 820 U 970 U 1,400 U 3,600 U 39 U 31 U 27 U 29 U
Isophorone 720 U 820 U 970 U 1,400 U 3,600 U NA NA NA NA
N-Nitroso-di-n-propylamine 720 U 820 U 970 U 1,400 U 3,600 U NA NA NA NA
N-Nitrosodimethylamine 720 U 820 U 970 U 1,400 U 3,600 U NA NA NA NA
Naphthalene 720 U 820 U 970 U 1,400 U 3,600 U 39 U 31 U 27 U 29 U
Nitrobenzene 720 U 820 U 970 U 1,400 U 3,600 U NA NA NA NA
Pentachlorophenol 3,700 U 4,200 U 5,000 U 7,100 U 18,000 U NA NA NA NA
Phenanthrene 720 U 820 U 970 U 1,400 U 3,600 U 39 U 31 U 27 U 29 U
Phenol 720 U 820 U 970 U 1,400 U 3,600 U NA NA NA NA
Pyrene 720 U 820 U 970 U 1,400 U 3,600 U 39 U 31 U 27 U 29 U
m,p-Cresol 720 U 820 U 970 U 1,400 U 3,600 U NA NA NA NA
o-Cresol 720 U 820 U 970 U 1,400 U 3,600 U NA NA NA NA
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APPENDIX D.13 (Continued) 

SUMMARY OF ANALYTICAL RESULTS, SEDIMENT - ORGANICS
SWMU 9 - AREAS A AND B (TANKS 212-215) 

NAVAL STATION ROOSEVELT ROADS, CEIBA, PUERTO RICO

Site ID
Sample ID
Sample Date
Sample Depth (ft bgs)

Volatiles (ug/kg)
1,1,1-Trichloroethane
1,1,2,2-Tetrachloroethane
1,1,2-Trichloroethane
1,1-Dichloroethane
1,1-Dichloroethene
1,2-Dichloroethane
1,2-Dichloropropane
2-Butanone
2-Hexanone
Acetone
Benzene
Bromodichloromethane
Bromoform
Carbon disulfide
Carbon tetrachloride
Chlorobenzene
Chloroethane
Chloroform
Chloromethane
Dibromochloromethane
Ethylbenzene
Methyl bromide
Methyl isobutyl ketone
Methylene chloride
Styrene

NA NA NA NA NA NA NA NA NA NA
NA NA NA NA NA NA NA NA NA NA
NA NA NA NA NA NA NA NA NA NA
NA NA NA NA NA NA NA NA NA NA
NA NA NA NA NA NA NA NA NA NA
NA NA NA NA NA NA NA NA NA NA
NA NA NA NA NA NA NA NA NA NA
NA NA NA NA NA NA NA NA NA NA
NA NA NA NA NA NA NA NA NA NA
NA NA NA NA NA NA NA NA NA NA
NA NA NA NA NA NA NA NA NA NA
NA NA NA NA NA NA NA NA NA NA
NA NA NA NA NA NA NA NA NA NA
NA NA NA NA NA NA NA NA NA NA
NA NA NA NA NA NA NA NA NA NA
NA NA NA NA NA NA NA NA NA NA
NA NA NA NA NA NA NA NA NA NA
NA NA NA NA NA NA NA NA NA NA
NA NA NA NA NA NA NA NA NA NA
NA NA NA NA NA NA NA NA NA NA
NA NA NA NA NA NA NA NA NA NA
NA NA NA NA NA NA NA NA NA NA
NA NA NA NA NA NA NA NA NA NA
NA NA NA NA NA NA NA NA NA NA
NA NA NA NA NA NA NA NA NA NA

0.0 - 0.5 0.0 - 0.5 0.0 - 0.5 0.0 - 0.50.0 - 0.5 0.0 - 0.5 0.0 - 0.5 0.0 - 0.50.0 - 0.5 0.0 - 0.5
12/17/00 12/17/00 12/17/0012/17/00 12/17/00 12/17/00 12/17/0012/17/00 12/17/00 12/17/00

9SD21 9SD22 9SD22D 9SD239SD18 9SD18D 9SD19 9SD209SD16 9SD17
9SW/SD22 9SW/SD22 9SW/SD239SW/SD18 9SW/SD19 9SW/SD20 9SW/SD219SW/SD16 9SW/SD17 9SW/SD18
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APPENDIX D.13 (Continued) 

SUMMARY OF ANALYTICAL RESULTS, SEDIMENT - ORGANICS
SWMU 9 - AREAS A AND B (TANKS 212-215) 

NAVAL STATION ROOSEVELT ROADS, CEIBA, PUERTO RICO

Site ID
Sample ID
Sample Date
Sample Depth (ft bgs)

Volatiles (Cont.) (ug/kg)
Tetrachloroethene
Toluene
Trichloroethene
Vinyl chloride
Xylene, Total
cis-1,2-Dichloroethene
cis-1,3-Dichloropropene
trans-1,2-Dichloroethene
trans-1,3-Dichloropropene

0.0 - 0.5 0.0 - 0.5 0.0 - 0.5 0.0 - 0.50.0 - 0.5 0.0 - 0.5 0.0 - 0.5 0.0 - 0.50.0 - 0.5 0.0 - 0.5
12/17/00 12/17/00 12/17/0012/17/00 12/17/00 12/17/00 12/17/0012/17/00 12/17/00 12/17/00

9SD21 9SD22 9SD22D 9SD239SD18 9SD18D 9SD19 9SD209SD16 9SD17
9SW/SD22 9SW/SD22 9SW/SD239SW/SD18 9SW/SD19 9SW/SD20 9SW/SD219SW/SD16 9SW/SD17 9SW/SD18

NA NA NA NA NA NA NA NA NA NA
NA NA NA NA NA NA NA NA NA NA
NA NA NA NA NA NA NA NA NA NA
NA NA NA NA NA NA NA NA NA NA
NA NA NA NA NA NA NA NA NA NA
NA NA NA NA NA NA NA NA NA NA
NA NA NA NA NA NA NA NA NA NA
NA NA NA NA NA NA NA NA NA NA
NA NA NA NA NA NA NA NA NA NA
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APPENDIX D.13 (Continued) 

SUMMARY OF ANALYTICAL RESULTS, SEDIMENT - ORGANICS
SWMU 9 - AREAS A AND B (TANKS 212-215) 

NAVAL STATION ROOSEVELT ROADS, CEIBA, PUERTO RICO

Site ID
Sample ID
Sample Date
Sample Depth (ft bgs)

Semivolatiles (ug/kg)
1,2,4-Trichlorobenzene
1,2-Dichlorobenzene
1,3-Dichlorobenzene
1,4-Dichlorobenzene
1-Methylnaphthalene
2,2'-Oxybis(1-Chloropropane)
2,4,5-Trichlorophenol
2,4,6-Trichlorophenol
2,4-Dichlorophenol
2,4-Dimethylphenol
2,4-Dinitrophenol
2,4-Dinitrotoluene
2,6-Dinitrotoluene
2-Chloronaphthalene
2-Chlorophenol
2-Methylnaphthalene
2-Nitroaniline
2-Nitrophenol
3,3'-Dichlorobenzidine
3-Nitroaniline
4,6-Dinitro-2-methylphenol
4-Bromophenyl phenyl ether
4-Chloro-3-methylphenol
4-Chloroaniline
4-Chlorophenyl phenyl ether

0.0 - 0.5 0.0 - 0.5 0.0 - 0.5 0.0 - 0.50.0 - 0.5 0.0 - 0.5 0.0 - 0.5 0.0 - 0.50.0 - 0.5 0.0 - 0.5
12/17/00 12/17/00 12/17/0012/17/00 12/17/00 12/17/00 12/17/0012/17/00 12/17/00 12/17/00

9SD21 9SD22 9SD22D 9SD239SD18 9SD18D 9SD19 9SD209SD16 9SD17
9SW/SD22 9SW/SD22 9SW/SD239SW/SD18 9SW/SD19 9SW/SD20 9SW/SD219SW/SD16 9SW/SD17 9SW/SD18

NA NA NA NA NA NA NA NA NA NA
NA NA NA NA NA NA NA NA NA NA
NA NA NA NA NA NA NA NA NA NA
NA NA NA NA NA NA NA NA NA NA
28 U 73 U 130 U NA 1,500 U 1,800 U 310 U 27 U 88 U 31 U

NA NA NA NA NA NA NA NA NA NA
NA NA NA NA NA NA NA NA NA NA
NA NA NA NA NA NA NA NA NA NA
NA NA NA NA NA NA NA NA NA NA
NA NA NA NA NA NA NA NA NA NA
NA NA NA NA NA NA NA NA NA NA
NA NA NA NA NA NA NA NA NA NA
NA NA NA NA NA NA NA NA NA NA
NA NA NA NA NA NA NA NA NA NA
NA NA NA NA NA NA NA NA NA NA
28 U 73 U 130 U NA 1,500 U 1,800 U 310 U 27 U 88 U 31 U

NA NA NA NA NA NA NA NA NA NA
NA NA NA NA NA NA NA NA NA NA
NA NA NA NA NA NA NA NA NA NA
NA NA NA NA NA NA NA NA NA NA
NA NA NA NA NA NA NA NA NA NA
NA NA NA NA NA NA NA NA NA NA
NA NA NA NA NA NA NA NA NA NA
NA NA NA NA NA NA NA NA NA NA
NA NA NA NA NA NA NA NA NA NA
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APPENDIX D.13 (Continued) 

SUMMARY OF ANALYTICAL RESULTS, SEDIMENT - ORGANICS
SWMU 9 - AREAS A AND B (TANKS 212-215) 

NAVAL STATION ROOSEVELT ROADS, CEIBA, PUERTO RICO

Site ID
Sample ID
Sample Date
Sample Depth (ft bgs)

Semivolatiles (Cont.) (ug/kg)
4-Nitroaniline
4-Nitrophenol
Acenaphthene
Acenaphthylene
Anthracene
Benzidine
Benzo(a)anthracene
Benzo(a)pyrene
Benzo(b)fluoranthene
Benzo(g,h,i)perylene
Benzo(k)fluoranthene
Benzoic acid
Benzyl alcohol
Bis(2-chloroethoxy)methane
Bis(2-chloroethyl)ether
Bis(2-ethylhexyl)phthalate
Butylbenzylphthalate
Chrysene
Di-n-butyl phthalate
Di-n-octyl phthalate
Dibenzo(a,h)anthracene
Dibenzofuran
Diethylphthalate
Dimethylphthalate
Diphenylamine

0.0 - 0.5 0.0 - 0.5 0.0 - 0.5 0.0 - 0.50.0 - 0.5 0.0 - 0.5 0.0 - 0.5 0.0 - 0.50.0 - 0.5 0.0 - 0.5
12/17/00 12/17/00 12/17/0012/17/00 12/17/00 12/17/00 12/17/0012/17/00 12/17/00 12/17/00

9SD21 9SD22 9SD22D 9SD239SD18 9SD18D 9SD19 9SD209SD16 9SD17
9SW/SD22 9SW/SD22 9SW/SD239SW/SD18 9SW/SD19 9SW/SD20 9SW/SD219SW/SD16 9SW/SD17 9SW/SD18

NA NA NA NA NA NA NA NA NA NA
NA NA NA NA NA NA NA NA NA NA
28 U 73 U 130 U NA 1,500 U 1,800 U 310 U 27 U 88 U 31 U
28 U 73 U 130 U NA 1,500 U 1,800 U 310 U 27 U 88 U 31 U
28 U 73 U 130 U NA 1,500 U 1,800 U 310 U 27 U 88 U 31 U

NA NA NA NA NA NA NA NA NA NA
28 U 73 U 130 U NA 1,500 U 1,800 U 310 U 27 U 88 U 31 U
28 U 73 U 130 U 250 U 1,500 U 1,300 J 120 J 27 U 88 U 31 UJ
28 U 73 U 130 U NA 1,500 U 840 J 310 U 27 U 88 U 31 UJ
28 U 73 U 130 U NA 1,500 U 1,300 J 160 J 27 U 88 U 31 UJ
28 U 73 U 130 U NA 1,500 U 820 J 310 U 27 U 88 U 31 UJ

NA NA NA NA NA NA NA NA NA NA
NA NA NA NA NA NA NA NA NA NA
NA NA NA NA NA NA NA NA NA NA
NA NA NA NA NA NA NA NA NA NA
NA NA NA NA NA NA NA NA NA NA
NA NA NA NA NA NA NA NA NA NA
28 U 73 U 130 U NA 1,500 U 560 J 310 U 27 U 88 U 31 U

NA NA NA NA NA NA NA NA NA NA
NA NA NA NA NA NA NA NA NA NA
28 U 73 U 130 U NA 1,500 U 1,800 U 310 U 27 U 88 U 31 UJ

NA NA NA NA NA NA NA NA NA NA
NA NA NA NA NA NA NA NA NA NA
NA NA NA NA NA NA NA NA NA NA
NA NA NA NA NA NA NA NA NA NA
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APPENDIX D.13 (Continued) 

SUMMARY OF ANALYTICAL RESULTS, SEDIMENT - ORGANICS
SWMU 9 - AREAS A AND B (TANKS 212-215) 

NAVAL STATION ROOSEVELT ROADS, CEIBA, PUERTO RICO

Site ID
Sample ID
Sample Date
Sample Depth (ft bgs)

Semivolatiles (Cont.) (ug/kg)
Fluoranthene
Fluorene
Hexachlorobenzene
Hexachlorobutadiene
Hexachlorocyclopentadiene
Hexachloroethane
Indeno(1,2,3-cd)pyrene
Isophorone
N-Nitroso-di-n-propylamine
N-Nitrosodimethylamine
Naphthalene
Nitrobenzene
Pentachlorophenol
Phenanthrene
Phenol
Pyrene
m,p-Cresol
o-Cresol

0.0 - 0.5 0.0 - 0.5 0.0 - 0.5 0.0 - 0.50.0 - 0.5 0.0 - 0.5 0.0 - 0.5 0.0 - 0.50.0 - 0.5 0.0 - 0.5
12/17/00 12/17/00 12/17/0012/17/00 12/17/00 12/17/00 12/17/0012/17/00 12/17/00 12/17/00

9SD21 9SD22 9SD22D 9SD239SD18 9SD18D 9SD19 9SD209SD16 9SD17
9SW/SD22 9SW/SD22 9SW/SD239SW/SD18 9SW/SD19 9SW/SD20 9SW/SD219SW/SD16 9SW/SD17 9SW/SD18

NA NA NA NA NA NA NA NA NA NA
28 U 73 U 130 U NA 1,500 U 1,800 U 310 U 27 U 88 U 31 U
28 U 73 U 130 U NA 1,500 U 1,800 U 310 U 27 U 88 U 31 U

NA NA NA NA NA NA NA NA NA NA
NA NA NA NA NA NA NA NA NA NA
NA NA NA NA NA NA NA NA NA NA
28 U 73 U 130 U NA 1,500 U 1,100 J 50 J 27 U 88 U 31 UJ

NA NA NA NA NA NA NA NA NA NA
NA NA NA NA NA NA NA NA NA NA
NA NA NA NA NA NA NA NA NA NA
28 U 73 U 130 U NA 1,500 U 1,800 U 310 U 27 U 88 U 31 U

NA NA NA NA NA NA NA NA NA NA
NA NA NA NA NA NA NA NA NA NA
28 U 73 U 130 U NA 1,500 U 360 J 71 J 27 U 88 U 31 U

NA NA NA NA NA NA NA NA NA NA
28 U 73 U 130 U NA 1,500 U 1,800 U 310 U 27 U 88 U 31 U

NA NA NA NA NA NA NA NA NA NA
NA NA NA NA NA NA NA NA NA NA
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APPENDIX D.14 

SUMMARY OF ANALYTICAL RESULTS, SEDIMENT - INORGANICS
SWMU 9 - AREAS A AND B (TANKS 212-215) 

NAVAL STATION ROOSEVELT ROADS, CEIBA, PUERTO RICO

Site ID
Sample ID
Sample Date
Sample Depth (ft bgs)

Inorganics, Total (mg/kg)
Antimony 0.59 R 0.68 R 0.72 R 0.51 R 0.59 R 5.9 UJ 4.7 UJ 4 UJ 4 UJ
Arsenic 1 J 0.8 J 1.8 J 1.2 J 1.3 J 1.4 J 1.2 J 2 U 1.2 J
Barium 13 14 14 15 20 26 16 28 21
Beryllium 0.13 J 0.15 J 0.29 J 0.12 J 0.16 J 1.2 U 0.93 U 0.22 J 0.2 J
Cadmium 0.11 U 0.13 U 0.13 U 0.14 J 0.12 J 1.5 U 1.2 U 1 U 0.99 U
Chromium 22 23 21 28 26 20 13 19 16
Cobalt 7.9 5.4 6.9 8.3 12 9 5.9 6.1 5.8
Copper 98 J 70 J 63 J 83 J 120 J 85 J 61 J 85 J 87 J
Cyanide, total 2.2 U 2.5 U 2.9 U 2.1 U 2.2 U NA NA NA NA
Lead 5 J 5.4 J 12 J 47 J 24 J 4.2 2 3.2 5.3
Mercury 0.07 J 0.085 J 0.078 J 0.084 J 0.1 J 0.093 0.041 J 0.083 0.11
Nickel 7.7 J 6.7 6.6 J 7.2 J 9.8 6.8 J 4.5 J 6.5 J 5.9 J
Selenium 1.8 UJ 2.1 UJ 2.3 UJ 1.8 UJ 1.8 UJ 2.9 U 2.3 U 2 U 2 U
Silver 0.13 U 0.15 U 0.16 U 0.11 U 0.13 U 2.9 U 2.3 U 2 U 2 U
Sulfide 54 U 62 U 74 U 210 250 NA NA NA NA
Thallium 0.39 UJ 0.45 UJ 0.48 UJ 0.38 UJ 0.39 UJ 2.9 U 2.3 U 2 U 2 U
Tin 4.5 J 4.7 4.3 J 3.6 J 4.3 J 15 U 12 U 10 U 9.9 U
Vanadium 160 150 180 130 180 170 110 130 140
Zinc 49 J 49 J 64 J 49 J 63 J 63 40 54 47

0-0.50-0.5 0-0.5 0-0.5 0-0.5 0-0.5 0-0.5 0-0.5 0-0.5
12/17/006/29/99 6/29/99 6/29/99 6/29/99 6/29/99 12/17/00 12/17/00 12/17/00
9SD159SD01 9SD01D 9SD02 9SD03 9SD04 9SD13 9SD13D 9SD14

9SW/SD159SW/SD04 9SW/SD13 9SW/SD13 9SW/SD149SW/SD01 9SW/SD01 9SW/SD02 9SW/SD03
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APPENDIX D.14 

SUMMARY OF ANALYTICAL RESULTS, SEDIMENT - INORGANICS
SWMU 9 - AREAS A AND B (TANKS 212-215) 

NAVAL STATION ROOSEVELT ROADS, CEIBA, PUERTO RICO

Site ID
Sample ID
Sample Date
Sample Depth (ft bgs)

Inorganics, Total (mg/kg)
Antimony
Arsenic
Barium
Beryllium
Cadmium
Chromium
Cobalt
Copper
Cyanide, total
Lead
Mercury
Nickel
Selenium
Silver
Sulfide
Thallium
Tin
Vanadium
Zinc

4.3 UJ 4 UJ 3.8 UJ 4.1 UJ 4.8 UJ 4.7 UJ 3.7 UJ 5.3 UJ 4.2 UJ
2.9 2 U 1.5 J 1.4 J 2.6 1.5 J 2.2 3.2 1.3 J
22 33 12 19 12 15 11 12 14

0.14 J 0.24 J 0.21 J 0.15 J 0.14 J 0.21 J 0.2 J 0.2 J 0.2 J
1.1 U 0.99 U 0.17 J 1 U 1.2 U 1.2 U 0.93 U 1.3 U 1.1 U
20 16 13 10 17 21 17 17 20

8.2 9.3 7.8 5.8 8.7 6 6.7 7.9 5
120 J 87 J 65 J 52 J 77 J 67 J 67 J 75 J 60 J
NA NA NA NA NA NA NA NA NA
3.9 4.6 31 250 69 23 12 14 7.2
0.1 0.046 0.058 0.058 0.1 0.091 0.1 0.1 0.077
7.3 J 5.4 J 4.8 J 6 J 6.2 J 6.8 J 5.2 J 5.9 J 5.7 J
1.5 J 2 U 1.9 U 2.1 U 2.4 U 2.3 U 0.98 J 2.6 U 2.1 U
2.1 U 2 U 1.9 U 2.1 U 2.4 U 2.3 U 1.9 U 2.6 U 2.1 U
NA NA NA NA NA NA NA NA NA
2.1 U 2 U 1.9 U 2.1 U 2.4 U 2.3 U 1.9 U 2.6 U 2.1 U
11 U 9.9 U 9.6 U 10 U 12 U 12 U 9.3 U 13 U 11 U

160 140 130 120 110 150 130 130 130
52 42 38 39 36 47 41 44 42

0-0.5 0-0.50-0.5 0-0.5 0-0.5 0-0.50-0.5 0-0.5 0-0.5
12/17/00 12/17/0012/17/00 12/17/00 12/17/00 12/17/0012/17/00 12/17/00 12/17/00
9SD22D 9SD239SD19 9SD20 9SD21 9SD229SD16 9SD17 9SD18

9SW/SD22 9SW/SD239SW/SD19 9SW/SD20 9SW/SD21 9SW/SD229SW/SD16 9SW/SD17 9SW/SD18
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APPENDIX D.15  

SUMMARY OF ANALYTICAL RESULTS, SEDIMENT - ORGANICS
SWMU 9 - AREA C (TANKS 216-217)

NAVAL STATION ROOSEVELT ROADS, CEIBA, PUERTO RICO

Site ID
Sample ID
Sample Date
Sample Depth (ft bgs)

Volatiles (ug/kg)
1,1,1-Trichloroethane 20 U 13 U NA NA NA NA NA NA
1,1,2,2-Tetrachloroethane 20 U 13 U NA NA NA NA NA NA
1,1,2-Trichloroethane 20 U 13 U NA NA NA NA NA NA
1,1-Dichloroethane 20 U 13 U NA NA NA NA NA NA
1,1-Dichloroethene 20 U 13 U NA NA NA NA NA NA
1,2-Dichloroethane 20 U 13 U NA NA NA NA NA NA
1,2-Dichloropropane 20 U 13 U NA NA NA NA NA NA
2-Butanone 68 J 63 U NA NA NA NA NA NA
2-Hexanone 100 U 63 U NA NA NA NA NA NA
Acetone 290 74 J NA NA NA NA NA NA
Benzene 20 U 13 U NA NA NA NA NA NA
Bromodichloromethane 20 U 13 U NA NA NA NA NA NA
Bromoform 20 U 13 U NA NA NA NA NA NA
Carbon disulfide 20 U 16 NA NA NA NA NA NA
Carbon tetrachloride 20 U 13 U NA NA NA NA NA NA
Chlorobenzene 20 U 13 U NA NA NA NA NA NA
Chloroethane 40 U 25 U NA NA NA NA NA NA
Chloroform 20 U 13 U NA NA NA NA NA NA
Chloromethane 40 U 25 U NA NA NA NA NA NA
Dibromochloromethane 20 U 13 U NA NA NA NA NA NA
Ethylbenzene 20 U 13 U NA NA NA NA NA NA
Methyl bromide 40 U 25 U NA NA NA NA NA NA
Methyl isobutyl ketone 100 U 63 U NA NA NA NA NA NA
Methylene chloride 20 U 13 U NA NA NA NA NA NA
Styrene 20 U 13 U NA NA NA NA NA NA

0.0 - 0.5 0.0 - 0.5 0.0 - 0.5 0.0 - 0.50.0 - 0.5 0.0 - 0.5 0.0 - 0.5 0.0 - 0.5
12/20/00 12/20/00 12/20/00 12/20/006/29/99 6/29/99 12/20/00 12/20/00
9SD25 9SD26 9SD27 9SD289SD06 9SD07 9SD24 9SD24D

9SW/SD25 9SW/SD26 9SW/SD27 9SW/SD289SW/SD06 9SW/SD07 9SW/SD24 9SW/SD24
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APPENDIX D.15  

SUMMARY OF ANALYTICAL RESULTS, SEDIMENT - ORGANICS
SWMU 9 - AREA C (TANKS 216-217)

NAVAL STATION ROOSEVELT ROADS, CEIBA, PUERTO RICO

Site ID
Sample ID
Sample Date
Sample Depth (ft bgs) 0.0 - 0.5 0.0 - 0.5 0.0 - 0.5 0.0 - 0.50.0 - 0.5 0.0 - 0.5 0.0 - 0.5 0.0 - 0.5

12/20/00 12/20/00 12/20/00 12/20/006/29/99 6/29/99 12/20/00 12/20/00
9SD25 9SD26 9SD27 9SD289SD06 9SD07 9SD24 9SD24D

9SW/SD25 9SW/SD26 9SW/SD27 9SW/SD289SW/SD06 9SW/SD07 9SW/SD24 9SW/SD24

Volatiles (Cont.) (ug/kg)
Tetrachloroethene 20 U 13 U NA NA NA NA NA NA
Toluene 20 U 13 U NA NA NA NA NA NA
Trichloroethene 20 U 13 U NA NA NA NA NA NA
Vinyl chloride 40 U 25 U NA NA NA NA NA NA
Xylene, Total 40 U 25 U NA NA NA NA NA NA
cis-1,2-Dichloroethene 20 U 13 U NA NA NA NA NA NA
cis-1,3-Dichloropropene 20 U 13 U NA NA NA NA NA NA
trans-1,2-Dichloroethene 20 U 13 U NA NA NA NA NA NA
trans-1,3-Dichloropropene 20 U 13 U NA NA NA NA NA NA
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APPENDIX D.15  

SUMMARY OF ANALYTICAL RESULTS, SEDIMENT - ORGANICS
SWMU 9 - AREA C (TANKS 216-217)

NAVAL STATION ROOSEVELT ROADS, CEIBA, PUERTO RICO

Site ID
Sample ID
Sample Date
Sample Depth (ft bgs) 0.0 - 0.5 0.0 - 0.5 0.0 - 0.5 0.0 - 0.50.0 - 0.5 0.0 - 0.5 0.0 - 0.5 0.0 - 0.5

12/20/00 12/20/00 12/20/00 12/20/006/29/99 6/29/99 12/20/00 12/20/00
9SD25 9SD26 9SD27 9SD289SD06 9SD07 9SD24 9SD24D

9SW/SD25 9SW/SD26 9SW/SD27 9SW/SD289SW/SD06 9SW/SD07 9SW/SD24 9SW/SD24

Semivolatiles (ug/kg)
1,2,4-Trichlorobenzene 1,300 U 750 U NA NA NA NA NA NA
1,2-Dichlorobenzene 1,300 U 750 U NA NA NA NA NA NA
1,3-Dichlorobenzene 1,300 U 750 U NA NA NA NA NA NA
1,4-Dichlorobenzene 1,300 U 750 U NA NA NA NA NA NA
1-Methylnaphthalene NA NA 180 U 150 U 170 U 150 U 160 U 98 U
2,2'-Oxybis(1-Chloropropane) 1,300 U 750 U NA NA NA NA NA NA
2,4,5-Trichlorophenol 1,300 U 750 U NA NA NA NA NA NA
2,4,6-Trichlorophenol 1,300 U 750 U NA NA NA NA NA NA
2,4-Dichlorophenol 1,300 U 750 U NA NA NA NA NA NA
2,4-Dimethylphenol 1,300 U 750 U NA NA NA NA NA NA
2,4-Dinitrophenol 6,800 U 3,900 U NA NA NA NA NA NA
2,4-Dinitrotoluene 1,300 U 750 U NA NA NA NA NA NA
2,6-Dinitrotoluene 1,300 U 750 U NA NA NA NA NA NA
2-Chloronaphthalene 1,300 U 750 U NA NA NA NA NA NA
2-Chlorophenol 1,300 U 750 U NA NA NA NA NA NA
2-Methylnaphthalene 1,300 U 750 U 180 U 150 U 170 U 150 U 160 U 98 U
2-Nitroaniline 6,800 U 3,900 U NA NA NA NA NA NA
2-Nitrophenol 1,300 U 750 U NA NA NA NA NA NA
3,3'-Dichlorobenzidine 2,600 U 1,500 U NA NA NA NA NA NA
3-Nitroaniline 6,800 U 3,900 U NA NA NA NA NA NA
4,6-Dinitro-2-methylphenol 6,800 U 3,900 U NA NA NA NA NA NA
4-Bromophenyl phenyl ether 1,300 U 750 U NA NA NA NA NA NA
4-Chloro-3-methylphenol 1,300 U 750 U NA NA NA NA NA NA
4-Chloroaniline 2,600 U 1,500 U NA NA NA NA NA NA
4-Chlorophenyl phenyl ether 1,300 U 750 U NA NA NA NA NA NA
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APPENDIX D.15  

SUMMARY OF ANALYTICAL RESULTS, SEDIMENT - ORGANICS
SWMU 9 - AREA C (TANKS 216-217)

NAVAL STATION ROOSEVELT ROADS, CEIBA, PUERTO RICO

Site ID
Sample ID
Sample Date
Sample Depth (ft bgs) 0.0 - 0.5 0.0 - 0.5 0.0 - 0.5 0.0 - 0.50.0 - 0.5 0.0 - 0.5 0.0 - 0.5 0.0 - 0.5

12/20/00 12/20/00 12/20/00 12/20/006/29/99 6/29/99 12/20/00 12/20/00
9SD25 9SD26 9SD27 9SD289SD06 9SD07 9SD24 9SD24D

9SW/SD25 9SW/SD26 9SW/SD27 9SW/SD289SW/SD06 9SW/SD07 9SW/SD24 9SW/SD24

Semivolatiles (Cont.) (ug/kg)
4-Nitroaniline 6,800 U 3,900 U NA NA NA NA NA NA
4-Nitrophenol 6,800 U 3,900 U NA NA NA NA NA NA
Acenaphthene 1,300 U 750 U 180 U 150 U 170 U 150 U 160 U 98 U
Acenaphthylene 1,300 U 750 U 180 U 150 U 170 U 150 U 160 U 98 U
Anthracene 1,300 U 750 U 180 U 150 U 170 U 150 U 160 U 98 U
Benzidine 11,000 U 6,100 U NA NA NA NA NA NA
Benzo(a)anthracene 1,300 U 750 U 180 U 150 U 170 U 150 U 160 U 98 U
Benzo(a)pyrene 1,300 U 750 U 180 U 150 U 170 U 150 U 160 U 98 U
Benzo(b)fluoranthene 1,300 U 750 U 180 U 150 U 170 U 150 U 160 U 98 U
Benzo(g,h,i)perylene 1,300 U 750 U 180 U 150 U 170 U 150 U 160 U 98 U
Benzo(k)fluoranthene 1,300 U 750 U 180 U 150 U 170 U 150 U 160 U 98 U
Benzoic acid 6,800 U 3,900 U NA NA NA NA NA NA
Benzyl alcohol 1,300 U 750 U NA NA NA NA NA NA
Bis(2-chloroethoxy)methane 1,300 U 750 U NA NA NA NA NA NA
Bis(2-chloroethyl)ether 1,300 U 750 U NA NA NA NA NA NA
Bis(2-ethylhexyl)phthalate 1,300 U 750 U NA NA NA NA NA NA
Butylbenzylphthalate 1,300 U 750 U NA NA NA NA NA NA
Chrysene 1,300 U 750 U 180 U 150 U 170 U 150 U 160 U 98 U
Di-n-butyl phthalate 1,300 U 750 U NA NA NA NA NA NA
Di-n-octyl phthalate 1,300 U 750 U NA NA NA NA NA NA
Dibenzo(a,h)anthracene 1,300 U 750 U 180 U 150 U 170 U 150 U 160 U 98 U
Dibenzofuran 1,300 U 750 U NA NA NA NA NA NA
Diethylphthalate 1,300 U 750 U NA NA NA NA NA NA
Dimethylphthalate 1,300 U 750 U NA NA NA NA NA NA
Diphenylamine 1,300 U 750 U NA NA NA NA NA NA
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APPENDIX D.15  

SUMMARY OF ANALYTICAL RESULTS, SEDIMENT - ORGANICS
SWMU 9 - AREA C (TANKS 216-217)

NAVAL STATION ROOSEVELT ROADS, CEIBA, PUERTO RICO

Site ID
Sample ID
Sample Date
Sample Depth (ft bgs) 0.0 - 0.5 0.0 - 0.5 0.0 - 0.5 0.0 - 0.50.0 - 0.5 0.0 - 0.5 0.0 - 0.5 0.0 - 0.5

12/20/00 12/20/00 12/20/00 12/20/006/29/99 6/29/99 12/20/00 12/20/00
9SD25 9SD26 9SD27 9SD289SD06 9SD07 9SD24 9SD24D

9SW/SD25 9SW/SD26 9SW/SD27 9SW/SD289SW/SD06 9SW/SD07 9SW/SD24 9SW/SD24

Semivolatiles (Cont.) (ug/kg)
Fluoranthene 1,300 U 750 U 180 U 150 U 170 U 150 U 160 U 98 U
Fluorene 1,300 U 750 U 180 U 150 U 170 U 150 U 160 U 98 U
Hexachlorobenzene 1,300 U 750 U NA NA NA NA NA NA
Hexachlorobutadiene 1,300 U 750 U NA NA NA NA NA NA
Hexachlorocyclopentadiene 1,300 U 750 U NA NA NA NA NA NA
Hexachloroethane 1,300 U 750 U NA NA NA NA NA NA
Indeno(1,2,3-cd)pyrene 1,300 U 750 U 180 U 150 U 170 U 150 U 160 U 98 U
Isophorone 1,300 U 750 U NA NA NA NA NA NA
N-Nitroso-di-n-propylamine 1,300 U 750 U NA NA NA NA NA NA
N-Nitrosodimethylamine 1,300 U 750 U NA NA NA NA NA NA
Naphthalene 1,300 U 750 U 180 U 150 U 170 U 150 U 160 U 98 U
Nitrobenzene 1,300 U 750 U NA NA NA NA NA NA
Pentachlorophenol 6,800 U 3,900 U NA NA NA NA NA NA
Phenanthrene 1,300 U 750 U 180 U 150 U 170 U 150 U 160 U 98 U
Phenol 1,300 U 750 U NA NA NA NA NA NA
Pyrene 1,300 U 750 U 180 U 150 U 170 U 150 U 160 U 98 U
m,p-Cresol 1,300 U 750 U NA NA NA NA NA NA
o-Cresol 1,300 U 750 U NA NA NA NA NA NA
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APPENDIX D.16 

SUMMARY OF ANALYTICAL RESULTS, SEDIMENT - INORGANICS
SWMU 9 - AREA C (TANKS 216-217)

NAVAL STATION ROOSEVELT ROADS, CEIBA, PUERTO RICO

Site ID
Sample ID
Sample Date
Sample Depth (ft bgs)

Inorganics, Total (mg/kg)
Antimony 0.98 R 0.56 R 9.1 UJ 7.7 UJ 8.3 UJ 7.4 UJ 8 UJ 4.4 UJ
Arsenic 4.6 J 2.3 J 6.6 10 12 15 8.7 7.8
Barium 80 29 5.5 5.9 6.6 9.1 9.7 7.3
Beryllium 0.097 J 0.076 J 1.8 U 1.5 U 1.7 U 0.35 J 1.6 U 0.27 J
Cadmium 0.18 U 0.1 U 2.3 U 0.65 J 0.44 J 0.78 J 0.52 J 0.53 J
Chromium 30 9.1 17 J 18 J 20 J 27 J 16 J 20 J
Cobalt 22 7.6 8.7 19 13 24 16 22
Copper 49 J 28 J 38 60 55 67 56 71
Cyanide, total 4.0 U 2.3 U NA NA NA NA NA NA
Lead 22 J 8.1 J 7.4 24 16 46 17 25
Mercury 0.049 J 0.015 J 0.088 0.1 0.1 0.098 0.1 0.062
Nickel 7.0 J 4.4 J 7 J 9.4 J 8.2 J 12 J 7.6 J 13
Selenium 0.68 J 0.39 UJ 4.5 U 2.1 J 4.2 U 2 J 4 U 1 J
Silver 0.22 U 0.12 U 4.5 U 3.8 U 4.2 U 3.7 U 4 U 2.2 U
Sulfide 290 57 U NA NA NA NA NA NA
Thallium 0.72 UJ 0.41 UJ 4.5 UJ 3.8 UJ 4.2 UJ 3.7 UJ 4 UJ 2.2 UJ
Tin 6.0 J 3.5 J 23 U 19 U 21 U 19 U 20 U 11 U
Vanadium 180 66 78 J 89 J 100 J 120 J 86 J 88 J
Zinc 52 J 20 U 33 55 38 72 47 48

0.0 - 0.5 0.0 - 0.5 0.0 - 0.5 0.0 - 0.50.0 - 0.5 0.0 - 0.5 0.0 - 0.5 0.0 - 0.5
12/20/00 12/20/00 12/20/00 12/20/006/29/99 6/29/99 12/20/00 12/20/00
9SD25 9SD26 9SD27 9SD289SD06 9SD07 9SD24 9SD24D

9SW/SD25 9SW/SD26 9SW/SD27 9SW/SD289SW/SD06 9SW/SD07 9SW/SD24 9SW/SD24
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APPENDIX D.17 

SUMMARY OF ANALYTICAL RESULTS, SURFACE WATER - ORGANICS
SWMU 9 - AREAS A AND B (TANKS 212-215) 

NAVAL STATION ROOSEVELT ROADS, CEIBA, PUERTO RICO

Site ID
Sample ID
Sample Date

Volatiles (ug/L)
1,1,1-Trichloroethane 5.0 U 5.0 U 5.0 U 5.0 U 5.0 U NA NA NA NA
1,1,2,2-Tetrachloroethane 5.0 U 5.0 U 5.0 U 5.0 U 5.0 U NA NA NA NA
1,1,2-Trichloroethane 5.0 U 5.0 U 5.0 U 5.0 U 5.0 U NA NA NA NA
1,1-Dichloroethane 5.0 U 5.0 U 5.0 U 5.0 U 5.0 U NA NA NA NA
1,1-Dichloroethene 5.0 U 5.0 U 5.0 U 5.0 U 5.0 U NA NA NA NA
1,2-Dichloroethane 5.0 U 5.0 U 5.0 U 5.0 U 5.0 U NA NA NA NA
1,2-Dichloropropane 5.0 U 5.0 U 5.0 U 5.0 U 5.0 U NA NA NA NA
2-Butanone 25 U 25 U 25 U 25 U 25 U NA NA NA NA
2-Hexanone 25 U 25 U 25 U 25 U 25 U NA NA NA NA
Acetone 50 U 50 U 50 U 50 U 50 U NA NA NA NA
Benzene 5.0 U 5.0 U 5.0 U 5.0 U 5.0 U 5 U 5 U 5 U 5 U
Bromodichloromethane 5.0 U 5.0 U 5.0 U 5.0 U 5.0 U NA NA NA NA
Bromoform 5.0 U 5.0 U 5.0 U 5.0 U 5.0 U NA NA NA NA
Carbon disulfide 5.0 U 5.0 U 5.0 U 5.0 U 5.0 U NA NA NA NA
Carbon tetrachloride 5.0 U 5.0 U 5.0 U 5.0 U 5.0 U NA NA NA NA
Chlorobenzene 5.0 U 5.0 U 5.0 U 5.0 U 5.0 U NA NA NA NA
Chloroethane 10 U 10 U 10 U 10 U 10 U NA NA NA NA
Chloroform 5.0 U 5.0 U 5.0 U 5.0 U 5.0 U NA NA NA NA
Chloromethane 10 U 10 U 10 U 10 U 10 U NA NA NA NA
Dibromochloromethane 5.0 U 5.0 U 5.0 U 5.0 U 5.0 U NA NA NA NA
Ethylbenzene 5.0 U 5.0 U 5.0 U 5.0 U 5.0 U 5 U 5 U 5 U 5 U
Methyl bromide 10 U 10 U 10 U 10 U 10 U NA NA NA NA
Methyl isobutyl ketone 25 U 25 U 25 U 25 U 25 U NA NA NA NA
Methylene chloride 5.0 U 2.7 J 5.0 U 5.0 U 5.0 U NA NA NA NA
Styrene 5.0 U 5.0 U 5.0 U 5.0 U 5.0 U NA NA NA NA
Tetrachloroethene 5.0 U 5.0 U 5.0 U 5.0 U 5.0 U NA NA NA NA

9SW/SD04 9SW/SD13 9SW/SD139SW/SD01 9SW/SD01 9SW/SD02 9SW/SD03

12/17/00 12/17/006/29/99 6/29/99 6/29/99 6/29/99 6/29/99 12/17/00 12/17/00
9SW159SW04 9SW13 9SW13D 9SW149SW01 9SW01D 9SW02 9SW03

9SW/SD14 9SW/SD15
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APPENDIX D.17 

SUMMARY OF ANALYTICAL RESULTS, SURFACE WATER - ORGANICS
SWMU 9 - AREAS A AND B (TANKS 212-215) 

NAVAL STATION ROOSEVELT ROADS, CEIBA, PUERTO RICO

Site ID
Sample ID
Sample Date

9SW/SD04 9SW/SD13 9SW/SD139SW/SD01 9SW/SD01 9SW/SD02 9SW/SD03

12/17/00 12/17/006/29/99 6/29/99 6/29/99 6/29/99 6/29/99 12/17/00 12/17/00
9SW159SW04 9SW13 9SW13D 9SW149SW01 9SW01D 9SW02 9SW03

9SW/SD14 9SW/SD15

Volatiles (Cont.) (ug/L)
Toluene 5.0 U 5.0 U 5.0 U 5.0 U 5.0 U 5 U 5 U 5 U 5 U
Trichloroethene 5.0 U 5.0 U 5.0 U 5.0 U 5.0 U NA NA NA NA
Vinyl chloride 10 U 10 U 10 U 10 U 10 U NA NA NA NA
Xylene, Total 10 U 10 U 10 U 10 U 10 U 10 U 10 U 10 U 10 U
cis-1,2-Dichloroethene 5.0 U 5.0 U 5.0 U 5.0 U 5.0 U NA NA NA NA
cis-1,3-Dichloropropene 5.0 U 5.0 U 5.0 U 5.0 U 5.0 U NA NA NA NA
trans-1,2-Dichloroethene 5.0 U 5.0 U 5.0 U 5.0 U 5.0 U NA NA NA NA
trans-1,3-Dichloropropene 5.0 U 5.0 U 5.0 U 5.0 U 5.0 U NA NA NA NA
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APPENDIX D.17 

SUMMARY OF ANALYTICAL RESULTS, SURFACE WATER - ORGANICS
SWMU 9 - AREAS A AND B (TANKS 212-215) 

NAVAL STATION ROOSEVELT ROADS, CEIBA, PUERTO RICO

Site ID
Sample ID
Sample Date

9SW/SD04 9SW/SD13 9SW/SD139SW/SD01 9SW/SD01 9SW/SD02 9SW/SD03

12/17/00 12/17/006/29/99 6/29/99 6/29/99 6/29/99 6/29/99 12/17/00 12/17/00
9SW159SW04 9SW13 9SW13D 9SW149SW01 9SW01D 9SW02 9SW03

9SW/SD14 9SW/SD15

Semivolatiles (ug/L)
1,2,4-Trichlorobenzene 10 U 10 U 10 U 10 U 10 U NA NA NA NA
1,2-Dichlorobenzene 10 U 10 U 10 U 10 U 10 U NA NA NA NA
1,3-Dichlorobenzene 10 U 10 U 10 U 10 U 10 U NA NA NA NA
1,4-Dichlorobenzene 10 U 10 U 10 U 10 U 10 U NA NA NA NA
2,2'-Oxybis(1-Chloropropane) 10 U 10 U 10 U 10 U 10 U NA NA NA NA
2,4,5-Trichlorophenol 10 U 10 U 10 U 10 U 10 U NA NA NA NA
2,4,6-Trichlorophenol 10 U 10 U 10 U 10 U 10 U NA NA NA NA
2,4-Dichlorophenol 10 U 10 U 10 U 10 U 10 U NA NA NA NA
2,4-Dimethylphenol 10 U 10 U 10 U 10 U 10 U NA NA NA NA
2,4-Dinitrophenol 50 U 50 U 50 U 50 U 50 U NA NA NA NA
2,4-Dinitrotoluene 10 U 10 U 10 U 10 U 10 U NA NA NA NA
2,6-Dinitrotoluene 10 U 10 U 10 U 10 U 10 U NA NA NA NA
2-Chloronaphthalene 10 U 10 U 10 U 10 U 10 U NA NA NA NA
2-Chlorophenol 10 U 10 U 10 U 10 U 10 U NA NA NA NA
2-Methylnaphthalene 10 U 10 U 10 U 10 U 10 U NA NA NA NA
2-Nitroaniline 50 U 50 U 50 U 50 U 50 U NA NA NA NA
2-Nitrophenol 10 U 10 U 10 U 10 U 10 U NA NA NA NA
3,3'-Dichlorobenzidine 20 U 20 U 20 U 20 U 20 U NA NA NA NA
3-Nitroaniline 50 U 50 U 50 U 50 U 50 U NA NA NA NA
4,6-Dinitro-2-methylphenol 50 U 50 U 50 U 50 U 50 U NA NA NA NA
4-Bromophenyl phenyl ether 10 U 10 U 10 U 10 U 10 U NA NA NA NA
4-Chloro-3-methylphenol 10 U 10 U 10 U 10 U 10 U NA NA NA NA
4-Chloroaniline 20 U 20 U 20 U 20 U 20 U NA NA NA NA
4-Chlorophenyl phenyl ether 10 U 10 U 10 U 10 U 10 U NA NA NA NA
4-Nitroaniline 50 U 50 U 50 U 50 U 50 U NA NA NA NA
4-Nitrophenol 50 U 50 U 50 U 50 U 50 U NA NA NA NA
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APPENDIX D.17 

SUMMARY OF ANALYTICAL RESULTS, SURFACE WATER - ORGANICS
SWMU 9 - AREAS A AND B (TANKS 212-215) 

NAVAL STATION ROOSEVELT ROADS, CEIBA, PUERTO RICO

Site ID
Sample ID
Sample Date

9SW/SD04 9SW/SD13 9SW/SD139SW/SD01 9SW/SD01 9SW/SD02 9SW/SD03

12/17/00 12/17/006/29/99 6/29/99 6/29/99 6/29/99 6/29/99 12/17/00 12/17/00
9SW159SW04 9SW13 9SW13D 9SW149SW01 9SW01D 9SW02 9SW03

9SW/SD14 9SW/SD15

Semivolatiles (Cont.) (ug/L)
Acenaphthene 10 U 10 U 10 U 10 U 10 U NA NA NA NA
Acenaphthylene 10 U 10 U 10 U 10 U 10 U NA NA NA NA
Anthracene 10 U 10 U 10 U 10 U 10 U NA NA NA NA
Benzidine 80 U 80 U 80 U 80 U 80 U NA NA NA NA
Benzo(a)anthracene 10 U 10 U 10 U 10 U 10 U NA NA NA NA
Benzo(a)pyrene 10 U 10 U 10 U 10 U 10 U NA NA NA NA
Benzo(b)fluoranthene 10 U 10 U 10 U 10 U 10 U NA NA NA NA
Benzo(g,h,i)perylene 10 U 10 U 10 U 10 U 10 U NA NA NA NA
Benzo(k)fluoranthene 10 U 10 U 10 U 10 U 10 U NA NA NA NA
Benzoic acid 50 U 50 U 50 U 50 U 50 U NA NA NA NA
Benzyl alcohol 10 U 10 U 10 U 10 U 10 U NA NA NA NA
Bis(2-chloroethoxy)methane 10 U 10 U 10 U 10 U 10 U NA NA NA NA
Bis(2-chloroethyl)ether 10 U 10 U 10 U 10 U 10 U NA NA NA NA
Bis(2-ethylhexyl)phthalate 10 U 10 U 10 U 10 U 10 U NA NA NA NA
Butylbenzylphthalate 10 U 10 U 10 U 10 U 10 U NA NA NA NA
Chrysene 10 U 10 U 10 U 10 U 10 U NA NA NA NA
Di-n-butyl phthalate 10 U 10 U 10 U 10 U 10 U NA NA NA NA
Di-n-octyl phthalate 10 U 10 U 10 U 10 U 10 U NA NA NA NA
Dibenzo(a,h)anthracene 10 U 10 U 10 U 10 U 10 U NA NA NA NA
Dibenzofuran 10 U 10 U 10 U 10 U 10 U NA NA NA NA
Diethylphthalate 10 U 10 U 10 U 10 U 10 U NA NA NA NA
Dimethylphthalate 10 U 10 U 10 U 10 U 10 U NA NA NA NA
Diphenylamine 10 U 10 U 10 U 10 U 10 U NA NA NA NA
Fluoranthene 10 U 10 U 10 U 10 U 10 U NA NA NA NA
Fluorene 10 U 10 U 10 U 10 U 10 U NA NA NA NA
Hexachlorobenzene 10 U 10 U 10 U 10 U 10 U NA NA NA NA
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APPENDIX D.17 

SUMMARY OF ANALYTICAL RESULTS, SURFACE WATER - ORGANICS
SWMU 9 - AREAS A AND B (TANKS 212-215) 

NAVAL STATION ROOSEVELT ROADS, CEIBA, PUERTO RICO

Site ID
Sample ID
Sample Date

9SW/SD04 9SW/SD13 9SW/SD139SW/SD01 9SW/SD01 9SW/SD02 9SW/SD03

12/17/00 12/17/006/29/99 6/29/99 6/29/99 6/29/99 6/29/99 12/17/00 12/17/00
9SW159SW04 9SW13 9SW13D 9SW149SW01 9SW01D 9SW02 9SW03

9SW/SD14 9SW/SD15

Semivolatiles (Cont.) (ug/L)
Hexachlorobutadiene 10 U 10 U 10 U 10 U 10 U NA NA NA NA
Hexachlorocyclopentadiene 10 U 10 U 10 U 10 U 10 U NA NA NA NA
Hexachloroethane 10 U 10 U 10 U 10 U 10 U NA NA NA NA
Indeno(1,2,3-cd)pyrene 10 U 10 U 10 U 10 U 10 U NA NA NA NA
Isophorone 10 U 10 U 10 U 10 U 10 U NA NA NA NA
N-Nitroso-di-n-propylamine 10 U 10 U 10 U 10 U 10 U NA NA NA NA
N-Nitrosodimethylamine 10 U 10 U 10 U 10 U 10 U NA NA NA NA
Naphthalene 10 U 10 U 10 U 10 U 10 U NA NA NA NA
Nitrobenzene 10 U 10 U 10 U 10 U 10 U NA NA NA NA
Pentachlorophenol 50 U 50 U 50 U 50 U 50 U NA NA NA NA
Phenanthrene 10 U 10 U 10 U 10 U 10 U NA NA NA NA
Phenol 10 U 10 U 10 U 10 U 10 U NA NA NA NA
Pyrene 10 U 10 U 10 U 10 U 10 U NA NA NA NA
m,p-Cresol 10 U 10 U 10 U 10 U 10 U NA NA NA NA
o-Cresol 10 U 10 U 10 U 10 U 10 U NA NA NA NA
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APPENDIX D.17 

SUMMARY OF ANALYTICAL RESULTS, SURFACE WATER - ORGANICS
SWMU 9 - AREAS A AND B (TANKS 212-215) 

NAVAL STATION ROOSEVELT ROADS, CEIBA, PUERTO RICO

Site ID
Sample ID
Sample Date

Volatiles (ug/L)
1,1,1-Trichloroethane
1,1,2,2-Tetrachloroethane
1,1,2-Trichloroethane
1,1-Dichloroethane
1,1-Dichloroethene
1,2-Dichloroethane
1,2-Dichloropropane
2-Butanone
2-Hexanone
Acetone
Benzene
Bromodichloromethane
Bromoform
Carbon disulfide
Carbon tetrachloride
Chlorobenzene
Chloroethane
Chloroform
Chloromethane
Dibromochloromethane
Ethylbenzene
Methyl bromide
Methyl isobutyl ketone
Methylene chloride
Styrene
Tetrachloroethene

NA NA NA NA NA NA NA NA NA NA
NA NA NA NA NA NA NA NA NA NA
NA NA NA NA NA NA NA NA NA NA
NA NA NA NA NA NA NA NA NA NA
NA NA NA NA NA NA NA NA NA NA
NA NA NA NA NA NA NA NA NA NA
NA NA NA NA NA NA NA NA NA NA
NA NA NA NA NA NA NA NA NA NA
NA NA NA NA NA NA NA NA NA NA
NA NA NA NA NA NA NA NA NA NA

5 U 5 U 5 U 5 U 5 U 5 U 5 U 5 U 5 U 5 U
NA NA NA NA NA NA NA NA NA NA
NA NA NA NA NA NA NA NA NA NA
NA NA NA NA NA NA NA NA NA NA
NA NA NA NA NA NA NA NA NA NA
NA NA NA NA NA NA NA NA NA NA
NA NA NA NA NA NA NA NA NA NA
NA NA NA NA NA NA NA NA NA NA
NA NA NA NA NA NA NA NA NA NA
NA NA NA NA NA NA NA NA NA NA

5 U 5 U 5 U 5 U 5 U 5 U 5 U 5 U 5 U 5 U
NA NA NA NA NA NA NA NA NA NA
NA NA NA NA NA NA NA NA NA NA
NA NA NA NA NA NA NA NA NA NA
NA NA NA NA NA NA NA NA NA NA
NA NA NA NA NA NA NA NA NA NA

12/17/00 12/17/00 12/17/00 12/17/0012/17/00 12/17/00 12/17/00 12/17/0012/17/00 12/17/00
9SW22 9SW22D 9SW239SW18D 9SW19 9SW20 9SW219SW16 9SW17 9SW18

9SW/SD21 9SW/SD22 9SW/SD22 9SW/SD239SW/SD18 9SW/SD18 9SW/SD19 9SW/SD209SW/SD16 9SW/SD17
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APPENDIX D.17 

SUMMARY OF ANALYTICAL RESULTS, SURFACE WATER - ORGANICS
SWMU 9 - AREAS A AND B (TANKS 212-215) 

NAVAL STATION ROOSEVELT ROADS, CEIBA, PUERTO RICO

Site ID
Sample ID
Sample Date

Volatiles (Cont.) (ug/L)
Toluene
Trichloroethene
Vinyl chloride
Xylene, Total
cis-1,2-Dichloroethene
cis-1,3-Dichloropropene
trans-1,2-Dichloroethene
trans-1,3-Dichloropropene

12/17/00 12/17/00 12/17/00 12/17/0012/17/00 12/17/00 12/17/00 12/17/0012/17/00 12/17/00
9SW22 9SW22D 9SW239SW18D 9SW19 9SW20 9SW219SW16 9SW17 9SW18

9SW/SD21 9SW/SD22 9SW/SD22 9SW/SD239SW/SD18 9SW/SD18 9SW/SD19 9SW/SD209SW/SD16 9SW/SD17

5 U 5 U 5 U 5 U 5 U 5 U 5 U 5 U 5 U 5 U
NA NA NA NA NA NA NA NA NA NA
NA NA NA NA NA NA NA NA NA NA
10 U 10 U 10 U 10 U 10 U 10 U 10 U 10 U 10 U 10 U

NA NA NA NA NA NA NA NA NA NA
NA NA NA NA NA NA NA NA NA NA
NA NA NA NA NA NA NA NA NA NA
NA NA NA NA NA NA NA NA NA NA
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APPENDIX D.17 

SUMMARY OF ANALYTICAL RESULTS, SURFACE WATER - ORGANICS
SWMU 9 - AREAS A AND B (TANKS 212-215) 

NAVAL STATION ROOSEVELT ROADS, CEIBA, PUERTO RICO

Site ID
Sample ID
Sample Date

Semivolatiles (ug/L)
1,2,4-Trichlorobenzene
1,2-Dichlorobenzene
1,3-Dichlorobenzene
1,4-Dichlorobenzene
2,2'-Oxybis(1-Chloropropane)
2,4,5-Trichlorophenol
2,4,6-Trichlorophenol
2,4-Dichlorophenol
2,4-Dimethylphenol
2,4-Dinitrophenol
2,4-Dinitrotoluene
2,6-Dinitrotoluene
2-Chloronaphthalene
2-Chlorophenol
2-Methylnaphthalene
2-Nitroaniline
2-Nitrophenol
3,3'-Dichlorobenzidine
3-Nitroaniline
4,6-Dinitro-2-methylphenol
4-Bromophenyl phenyl ether
4-Chloro-3-methylphenol
4-Chloroaniline
4-Chlorophenyl phenyl ether
4-Nitroaniline
4-Nitrophenol

12/17/00 12/17/00 12/17/00 12/17/0012/17/00 12/17/00 12/17/00 12/17/0012/17/00 12/17/00
9SW22 9SW22D 9SW239SW18D 9SW19 9SW20 9SW219SW16 9SW17 9SW18

9SW/SD21 9SW/SD22 9SW/SD22 9SW/SD239SW/SD18 9SW/SD18 9SW/SD19 9SW/SD209SW/SD16 9SW/SD17

NA NA NA NA NA NA NA NA NA NA
NA NA NA NA NA NA NA NA NA NA
NA NA NA NA NA NA NA NA NA NA
NA NA NA NA NA NA NA NA NA NA
NA NA NA NA NA NA NA NA NA NA
NA NA NA NA NA NA NA NA NA NA
NA NA NA NA NA NA NA NA NA NA
NA NA NA NA NA NA NA NA NA NA
NA NA NA NA NA NA NA NA NA NA
NA NA NA NA NA NA NA NA NA NA
NA NA NA NA NA NA NA NA NA NA
NA NA NA NA NA NA NA NA NA NA
NA NA NA NA NA NA NA NA NA NA
NA NA NA NA NA NA NA NA NA NA
NA NA NA NA NA NA NA NA NA NA
NA NA NA NA NA NA NA NA NA NA
NA NA NA NA NA NA NA NA NA NA
NA NA NA NA NA NA NA NA NA NA
NA NA NA NA NA NA NA NA NA NA
NA NA NA NA NA NA NA NA NA NA
NA NA NA NA NA NA NA NA NA NA
NA NA NA NA NA NA NA NA NA NA
NA NA NA NA NA NA NA NA NA NA
NA NA NA NA NA NA NA NA NA NA
NA NA NA NA NA NA NA NA NA NA
NA NA NA NA NA NA NA NA NA NA
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APPENDIX D.17 

SUMMARY OF ANALYTICAL RESULTS, SURFACE WATER - ORGANICS
SWMU 9 - AREAS A AND B (TANKS 212-215) 

NAVAL STATION ROOSEVELT ROADS, CEIBA, PUERTO RICO

Site ID
Sample ID
Sample Date

Semivolatiles (Cont.) (ug/L)
Acenaphthene
Acenaphthylene
Anthracene
Benzidine
Benzo(a)anthracene
Benzo(a)pyrene
Benzo(b)fluoranthene
Benzo(g,h,i)perylene
Benzo(k)fluoranthene
Benzoic acid
Benzyl alcohol
Bis(2-chloroethoxy)methane
Bis(2-chloroethyl)ether
Bis(2-ethylhexyl)phthalate
Butylbenzylphthalate
Chrysene
Di-n-butyl phthalate
Di-n-octyl phthalate
Dibenzo(a,h)anthracene
Dibenzofuran
Diethylphthalate
Dimethylphthalate
Diphenylamine
Fluoranthene
Fluorene
Hexachlorobenzene

12/17/00 12/17/00 12/17/00 12/17/0012/17/00 12/17/00 12/17/00 12/17/0012/17/00 12/17/00
9SW22 9SW22D 9SW239SW18D 9SW19 9SW20 9SW219SW16 9SW17 9SW18

9SW/SD21 9SW/SD22 9SW/SD22 9SW/SD239SW/SD18 9SW/SD18 9SW/SD19 9SW/SD209SW/SD16 9SW/SD17

NA NA NA NA NA NA NA NA NA NA
NA NA NA NA NA NA NA NA NA NA
NA NA NA NA NA NA NA NA NA NA
NA NA NA NA NA NA NA NA NA NA
NA NA NA NA NA NA NA NA NA NA
NA NA NA NA NA NA NA NA NA NA
NA NA NA NA NA NA NA NA NA NA
NA NA NA NA NA NA NA NA NA NA
NA NA NA NA NA NA NA NA NA NA
NA NA NA NA NA NA NA NA NA NA
NA NA NA NA NA NA NA NA NA NA
NA NA NA NA NA NA NA NA NA NA
NA NA NA NA NA NA NA NA NA NA
NA NA NA NA NA NA NA NA NA NA
NA NA NA NA NA NA NA NA NA NA
NA NA NA NA NA NA NA NA NA NA
NA NA NA NA NA NA NA NA NA NA
NA NA NA NA NA NA NA NA NA NA
NA NA NA NA NA NA NA NA NA NA
NA NA NA NA NA NA NA NA NA NA
NA NA NA NA NA NA NA NA NA NA
NA NA NA NA NA NA NA NA NA NA
NA NA NA NA NA NA NA NA NA NA
NA NA NA NA NA NA NA NA NA NA
NA NA NA NA NA NA NA NA NA NA
NA NA NA NA NA NA NA NA NA NA
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APPENDIX D.17 

SUMMARY OF ANALYTICAL RESULTS, SURFACE WATER - ORGANICS
SWMU 9 - AREAS A AND B (TANKS 212-215) 

NAVAL STATION ROOSEVELT ROADS, CEIBA, PUERTO RICO

Site ID
Sample ID
Sample Date

Semivolatiles (Cont.) (ug/L)
Hexachlorobutadiene
Hexachlorocyclopentadiene
Hexachloroethane
Indeno(1,2,3-cd)pyrene
Isophorone
N-Nitroso-di-n-propylamine
N-Nitrosodimethylamine
Naphthalene
Nitrobenzene
Pentachlorophenol
Phenanthrene
Phenol
Pyrene
m,p-Cresol
o-Cresol

12/17/00 12/17/00 12/17/00 12/17/0012/17/00 12/17/00 12/17/00 12/17/0012/17/00 12/17/00
9SW22 9SW22D 9SW239SW18D 9SW19 9SW20 9SW219SW16 9SW17 9SW18

9SW/SD21 9SW/SD22 9SW/SD22 9SW/SD239SW/SD18 9SW/SD18 9SW/SD19 9SW/SD209SW/SD16 9SW/SD17

NA NA NA NA NA NA NA NA NA NA
NA NA NA NA NA NA NA NA NA NA
NA NA NA NA NA NA NA NA NA NA
NA NA NA NA NA NA NA NA NA NA
NA NA NA NA NA NA NA NA NA NA
NA NA NA NA NA NA NA NA NA NA
NA NA NA NA NA NA NA NA NA NA
NA NA NA NA NA NA NA NA NA NA
NA NA NA NA NA NA NA NA NA NA
NA NA NA NA NA NA NA NA NA NA
NA NA NA NA NA NA NA NA NA NA
NA NA NA NA NA NA NA NA NA NA
NA NA NA NA NA NA NA NA NA NA
NA NA NA NA NA NA NA NA NA NA
NA NA NA NA NA NA NA NA NA NA
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APPENDIX D.18
Summary of Analytical Results, Surface Water Samples,

Areas A and B – Total Inorganics



APPENDIX D.18 (Continued)  

SUMMARY OF ANALTYCIAL RESULTS, SURFACE WATER - TOTAL INORGANICS
SWMU 9 - AREAS A and B (TANKS 212-215) 

NAVAL STATION ROOSEVELT ROADS, CEIBA, PUERTO RICO

Site ID
Sample ID
Sample Date

Inorganics, Total (ug/L)
Antimony 13.5 U 16.5 2.7 U 2.7 U 2.7 U 20 U 20 U 20 U 20 U
Arsenic 17.8 J 10 J 38.3 J 33.5 J 39.7 J 10 U 10 U 10 U 10 U
Barium 54.2 51.7 50.5 54.9 61.1 73 73 59 34
Beryllium 0.73 0.57 0.1 U 0.1 U 0.12 J 4 U 4 U 4 U 4 U
Cadmium 2.5 U 2.5 U 0.7 J 0.94 J 1.5 J 2.9 U 2.9 J 5 U 5 U
Chromium 8.5 5 U 2.7 U 8 J 7.7 U 13 J 13 8.1 J 10 U
Cobalt 4.1 3.5 0.96 J 3.6 J 4.4 J 6.2 J 6.2 J 3 J 10 U
Copper 50.4 35.7 25.6 U 41.4 U 55.6 J 73 73 65 8.1 J
Cyanide 61 10 U 10 U 10 U 10 U NA NA NA NA
Lead 4.5 UJ 4.5 UJ 4.5 UJ 4.5 UJ 5.4 J 2.4 U 2.4 J 2.3 J 5 U
Mercury 0.1 U 0.1 U 0.1 U 0.1 U 0.1 U 0.2 U 0.2 U 0.2 U 0.2 U
Nickel 10.1 9.7 2.7 U 4.5 J 4.4 J 5.2 U 5.2 J 40 U 40 U
Selenium 17 U 17 U 22.3 J 17 UJ 17 UJ 10 U 10 U 10 U 10 U
Silver 3 U 3 U 0.6 U 0.6 U 0.6 U 10 U 10 U 10 U 10 U
Sulfide 10 U 10 U 10 U 10 U 10 U NA NA NA NA
Thallium 180 R 180 R 900 R 900 R 900 R 10 U 10 U 10 U 10 U
Tin 8.5 U 9.2 2.7 J 5 J 3.8 J 50 U 50 U 50 U 50 U
Vanadium 70.9 49.6 88.5 134 72.3 58 78 66 50 U
Zinc 27.4 18.7 6.3 J 14.5 J 19.9 J 33 33 23 20 U

12/17/006/29/99 12/17/00 12/17/00 12/17/006/29/99 6/29/99 6/29/99 6/29/99
9SW14 9SW159SW01 9SW01D 9SW02 9SW03 9SW04 9SW13 9SW13D

9SW/SD159SW/SD04 9SW/SD13 9SW/SD13 9SW/SD149SW/SD01 9SW/SD01 9SW/SD02 9SW/SD03
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APPENDIX D.18 (Continued)  

SUMMARY OF ANALTYCIAL RESULTS, SURFACE WATER - TOTAL INORGANICS
SWMU 9 - AREAS A and B (TANKS 212-215) 

NAVAL STATION ROOSEVELT ROADS, CEIBA, PUERTO RICO

Site ID
Sample ID
Sample Date

Inorganics, Total (ug/L)
Antimony
Arsenic
Barium
Beryllium
Cadmium
Chromium
Cobalt
Copper
Cyanide
Lead
Mercury
Nickel
Selenium
Silver
Sulfide
Thallium
Tin
Vanadium
Zinc

20 U 6.5 J 16 U 16 J 20 U 20 U 20 U 20 U 20 U 20 U
3.7 J 21 110 110 10 U 10 U 10 U 10 U 10 U 10 U
30 290 450 450 31 27 25 27 27 32

4 U 2.8 J 6.6 J 6.6 4 U 4 U 4 U 4 U 4 U 4 U
5 U 9.3 38 38 5 U 5 U 5 U 5 U 5 U 0.91 J

4.7 J 190 540 540 5.8 J 4.3 J 4.9 J 5.7 J 5.1 J 20
1.5 J 110 220 220 2 J 10 U 10 U 10 U 10 U 3.8 J
20 J 1500 3,100 3,100 24 16 J 17 J 26 23 64

NA NA NA NA NA NA NA NA NA NA
1.7 J 84 1,100 1,100 29 3.5 J 2.4 J 2.5 J 2.5 J 5.2
0.2 U 0.78 0.22 0.22 0.11 J 0.1 J 0.08 J 0.2 U 0.2 U 0.2 U
40 U 77 200 200 40 U 40 U 40 U 40 U 40 U 7.7 J

5 J 13 26 J 26 10 U 10 U 10 U 10 U 10 U 10 U
10 U 10 U 10 U 10 U 10 U 10 U 10 U 10 U 10 U 10 U

NA NA NA NA NA NA NA NA NA NA
10 U 10 U 50 U 50 U 10 U 10 U 10 U 10 U 10 U 10 U
50 U 7.9 J 25 J 25 J 50 U 50 U 50 U 50 U 50 U 50 U
25 J 1,700 4,700 4,700 35 J 23 J 27 J 40 J 40 J 110
12 J 480 1,300 1,300 13 J 13 J 19 J 13 J 13 J 37

12/17/00 12/17/00 12/17/0012/17/00 12/17/00 12/17/00 12/17/0012/17/00 12/17/00 12/17/00
9SW21 9SW22 9SW22D 9SW239SW18 9SW18D 9SW19 9SW209SW16 9SW17

9SW/SD22 9SW/SD22 9SW/SD239SW/SD18 9SW/SD19 9SW/SD20 9SW/SD219SW/SD16 9SW/SD17 9SW/SD18
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APPENDIX D.19
Summary of Analytical Results, Surface Water Samples,

Areas A and B – Dissolved Inorganics



APPENDIX D.19 

SUMMARY OF ANALYTICAL RESULTS, SURFACE WATER - DISSOLVED INORGANICS
SWMU 9 - AREAS A and B (TANKS 212-215) 

NAVAL STATION ROOSEVELT ROADS, CEIBA, PUERTO RICO

Site ID
Sample ID
Sample Date

Inorganics, Dissolved (ug/L)
Antimony 20 U 20 U 20 U 20 U 20 U 20 U 20 U
Arsenic 10 U 3.3 J 10 U 10 U 10 U 10 U 3.2 J
Barium 56 54 39 33 28 57 31
Beryllium 4 U 4 U 4 U 4 U 4 U 4 U 4 U
Cadmium 5 U 5 U 5 U 5 U 5 U 5 U 5 U
Chromium 10 U 10 U 10 U 10 U 1.9 J 4.3 J 10 U
Cobalt 10 U 10 U 10 U 10 U 10 U 7.1 J 10 U
Copper 1.9 U 1.9 J 1.7 J 1.4 J 2.8 J 1.7 J 20 U
Lead 5 U 5 U 5 U 5 U 5 U 5 U 5 U
Mercury 0.2 U 0.2 U 0.2 U 0.2 U 0.2 U 0.2 U 0.2 U
Nickel 40 U 40 U 40 U 40 U 40 U 40 U 40 U
Selenium 10 U 10 U 10 U 10 U 10 U 10 U 10 U
Silver 10 U 10 U 10 U 10 U 10 U 10 U 10 U
Thallium 10 U 10 U 10 U 10 U 10 U 10 U 10 U
Tin 50 U 50 U 50 U 50 U 50 U 50 U 50 U
Vanadium 50 U 50 U 50 U 50 U 50 U 50 U 50 U
Zinc 17 U 17 J 20 U 20 U 10 J 20 U 20 U

12/17/00 12/17/00 12/17/00 12/17/00 12/17/00 12/17/00 12/17/00
9SW13 9SW13D 9SW14 9SW15 9SW16 9SW17 9SW18

9SW/SD16 9SW/SD17 9SW/SD189SW/SD13 9SW/SD13 9SW/SD14 9SW/SD15
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APPENDIX D.19 

SUMMARY OF ANALYTICAL RESULTS, SURFACE WATER - DISSOLVED INORGANICS
SWMU 9 - AREAS A and B (TANKS 212-215) 

NAVAL STATION ROOSEVELT ROADS, CEIBA, PUERTO RICO

Site ID
Sample ID
Sample Date

Inorganics, Dissolved (ug/L)
Antimony 
Arsenic 
Barium 
Beryllium 
Cadmium 
Chromium 
Cobalt 
Copper 
Lead 
Mercury 
Nickel 
Selenium 
Silver 
Thallium 
Tin 
Vanadium 
Zinc 

20 U 20 U 20 U 20 U 20 U 20 U 20 U
10 U 10 U 10 U 10 U 10 U 10 U 4.3 J
31 25 25 22 21 20 21

4 U 4 U 4 U 4 U 4 U 4 U 4 U
5 U 5 U 5 U 5 U 5 U 5 U 5 U

10 U 10 U 10 U 10 U 10 U 10 U 1.9 J
10 U 10 U 10 U 10 U 10 U 10 U 10 U
20 U 1.9 J 2.2 J 2.7 J 3.6 J 2.2 J 3.5 J

5 U 5 U 5 U 5 U 5 U 5 U 5 U
0.2 U 0.2 U 0.2 U 0.2 U 0.2 U 0.2 U 0.2 U
40 U 40 U 40 U 40 U 40 U 40 U 40 U
10 U 10 U 10 U 10 U 10 U 10 U 10 U
10 U 10 U 10 U 10 U 10 U 10 U 10 U
10 U 10 U 10 U 10 U 10 U 10 U 10 U
50 U 50 U 50 U 50 U 50 U 50 U 50 U
50 U 50 U 50 U 50 U 50 U 50 U 50 U
20 U 20 U 20 U 20 U 20 U 20 U 20 U

12/17/00 12/17/0012/17/00 12/17/00 12/17/00 12/17/00
9SW22D 9SW23

12/17/00
9SW19 9SW20 9SW21 9SW22

9SW/SD22 9SW/SD23
9SW18D

9SW/SD19 9SW/SD20 9SW/SD21 9SW/SD229SW/SD18
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Summary of Analytical Results, Surface Water, Area C - Organics



APPENDIX D.20

SUMMARY OF ANALYTICAL RESULTS, SURFACE WATER - ORGANICS
SWMU 9 - AREA C (TANKS 216-217)

NAVAL STATION ROOSEVELT ROADS, CEIBA, PUERTO RICO

Site ID
Sample ID
Sample Date

Volatiles (ug/L)
1,1,1-Trichloroethane 5 U 5 U NA NA NA NA NA NA
1,1,2,2-Tetrachloroethane 5 U 5 U NA NA NA NA NA NA
1,1,2-Trichloroethane 5 U 5 U NA NA NA NA NA NA
1,1-Dichloroethane 5 U 5 U NA NA NA NA NA NA
1,1-Dichloroethene 5 U 5 U NA NA NA NA NA NA
1,2-Dichloroethane 5 U 5 U NA NA NA NA NA NA
1,2-Dichloropropane 5 U 5 U NA NA NA NA NA NA
2-Butanone 25 U 25 U NA NA NA NA NA NA
2-Hexanone 25 U 25 U NA NA NA NA NA NA
Acetone 50 U 50 U NA NA NA NA NA NA
Benzene 5 U 5 U 5 U 5 U 5 U 5 U 5 U 5 U
Bromodichloromethane 5 U 5 U NA NA NA NA NA NA
Bromoform 5 U 5 U NA NA NA NA NA NA
Carbon disulfide 5 U 5 U NA NA NA NA NA NA
Carbon tetrachloride 5 U 5 U NA NA NA NA NA NA
Chlorobenzene 5 U 5 U NA NA NA NA NA NA
Chloroethane 10 U 10 U NA NA NA NA NA NA
Chloroform 5 U 5 U NA NA NA NA NA NA
Chloromethane 10 U 10 U NA NA NA NA NA NA
Dibromochloromethane 5 U 5 U NA NA NA NA NA NA
Ethylbenzene 5 U 5 U 5 U 5 U 5 U 5 U 5 U 5 U
Methyl bromide 10 U 10 U NA NA NA NA NA NA
Methyl isobutyl ketone 25 U 25 U NA NA NA NA NA NA
Methylene chloride 5 U 2.9 J NA NA NA NA NA NA
Styrene 5 U 5 U NA NA NA NA NA NA
Tetrachloroethene 5 U 5 U NA NA NA NA NA NA
Toluene 5 U 5 U 5 U 5 U 5 U 5 U 5 U 5 U
Trichloroethene 5 U 5 U NA NA NA NA NA NA
Vinyl chloride 10 U 10 U NA NA NA NA NA NA
Xylene, Total 10 U 10 U 10 U 10 U 10 U 10 U 10 U 10 U
cis-1,2-Dichloroethene 5 U 5 U NA NA NA NA NA NA
cis-1,3-Dichloropropene 5 U 5 U NA NA NA NA NA NA
trans-1,2-Dichloroethene 5 U 5 U NA NA NA NA NA NA
trans-1,3-Dichloropropene 5 U 5 U NA NA NA NA NA NA

9SW/SD06 9SW/SD07 9SW/SD24 9SW/SD24 9SW/SD25 9SW/SD26 9SW/SD27 9SW/SD28
9SW06 9SW07 9SW24 9SW24D 9SW25 9SW26 9SW27 9SW28
6/29/99 6/29/99 12/20/00 12/20/00 12/20/00 12/20/00 12/20/00 12/20/00
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APPENDIX D.20

SUMMARY OF ANALYTICAL RESULTS, SURFACE WATER - ORGANICS
SWMU 9 - AREA C (TANKS 216-217)

NAVAL STATION ROOSEVELT ROADS, CEIBA, PUERTO RICO

Site ID
Sample ID
Sample Date

9SW/SD06 9SW/SD07 9SW/SD24 9SW/SD24 9SW/SD25 9SW/SD26 9SW/SD27 9SW/SD28
9SW06 9SW07 9SW24 9SW24D 9SW25 9SW26 9SW27 9SW28
6/29/99 6/29/99 12/20/00 12/20/00 12/20/00 12/20/00 12/20/00 12/20/00

Semivolatiles (ug/L)
1,2,4-Trichlorobenzene 10 U 10 U NA NA NA NA NA NA
1,2-Dichlorobenzene 10 U 10 U NA NA NA NA NA NA
1,3-Dichlorobenzene 10 U 10 U NA NA NA NA NA NA
1,4-Dichlorobenzene 10 U 10 U NA NA NA NA NA NA
2,2'-Oxybis(1-Chloropropane) 10 U 10 U NA NA NA NA NA NA
2,4,5-Trichlorophenol 10 U 10 U NA NA NA NA NA NA
2,4,6-Trichlorophenol 10 U 10 U NA NA NA NA NA NA
2,4-Dichlorophenol 10 U 10 U NA NA NA NA NA NA
2,4-Dimethylphenol 10 U 10 U NA NA NA NA NA NA
2,4-Dinitrophenol 50 U 50 U NA NA NA NA NA NA
2,4-Dinitrotoluene 10 U 10 U NA NA NA NA NA NA
2,6-Dinitrotoluene 10 U 10 U NA NA NA NA NA NA
2-Chloronaphthalene 10 U 10 U NA NA NA NA NA NA
2-Chlorophenol 10 U 10 U NA NA NA NA NA NA
2-Methylnaphthalene 10 U 10 U NA NA NA NA NA NA
2-Nitroaniline 50 U 50 U NA NA NA NA NA NA
2-Nitrophenol 10 U 10 U NA NA NA NA NA NA
3,3'-Dichlorobenzidine 20 U 20 U NA NA NA NA NA NA
3-Nitroaniline 50 U 50 U NA NA NA NA NA NA
4,6-Dinitro-2-methylphenol 50 U 50 U NA NA NA NA NA NA
4-Bromophenyl phenyl ether 10 U 10 U NA NA NA NA NA NA
4-Chloro-3-methylphenol 10 U 10 U NA NA NA NA NA NA
4-Chloroaniline 20 U 20 U NA NA NA NA NA NA
4-Chlorophenyl phenyl ether 10 U 10 U NA NA NA NA NA NA
4-Nitroaniline 50 U 50 U NA NA NA NA NA NA
4-Nitrophenol 50 U 50 U NA NA NA NA NA NA
Acenaphthene 10 U 10 U NA NA NA NA NA NA
Acenaphthylene 10 U 10 U NA NA NA NA NA NA
Anthracene 10 U 10 U NA NA NA NA NA NA
Benzidine 80 U 80 U NA NA NA NA NA NA
Benzo(a)anthracene 10 U 10 U NA NA NA NA NA NA
Benzo(a)pyrene 10 U 10 U NA NA NA NA NA NA
Benzo(b)fluoranthene 10 U 10 U NA NA NA NA NA NA
Benzo(g,h,i)perylene 10 U 10 U NA NA NA NA NA NA
Benzo(k)fluoranthene 10 U 10 U NA NA NA NA NA NA
Benzoic acid 50 U 50 U NA NA NA NA NA NA
Benzyl alcohol 10 U 10 U NA NA NA NA NA NA
Bis(2-chloroethoxy)methane 10 U 10 U NA NA NA NA NA NA
Bis(2-chloroethyl)ether 10 U 10 U NA NA NA NA NA NA
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APPENDIX D.20

SUMMARY OF ANALYTICAL RESULTS, SURFACE WATER - ORGANICS
SWMU 9 - AREA C (TANKS 216-217)

NAVAL STATION ROOSEVELT ROADS, CEIBA, PUERTO RICO

Site ID
Sample ID
Sample Date

9SW/SD06 9SW/SD07 9SW/SD24 9SW/SD24 9SW/SD25 9SW/SD26 9SW/SD27 9SW/SD28
9SW06 9SW07 9SW24 9SW24D 9SW25 9SW26 9SW27 9SW28
6/29/99 6/29/99 12/20/00 12/20/00 12/20/00 12/20/00 12/20/00 12/20/00

Semivolatiles (Cont.) (ug/L)
Bis(2-ethylhexyl)phthalate 10 U 10 U NA NA NA NA NA NA
Butylbenzylphthalate 10 U 10 U NA NA NA NA NA NA
Chrysene 10 U 10 U NA NA NA NA NA NA
Di-n-butyl phthalate 10 U 10 U NA NA NA NA NA NA
Di-n-octyl phthalate 10 U 10 U NA NA NA NA NA NA
Dibenzo(a,h)anthracene 10 U 10 U NA NA NA NA NA NA
Dibenzofuran 10 U 10 U NA NA NA NA NA NA
Diethylphthalate 10 U 10 U NA NA NA NA NA NA
Dimethylphthalate 10 U 10 U NA NA NA NA NA NA
Diphenylamine 10 U 10 U NA NA NA NA NA NA
Fluoranthene 10 U 10 U NA NA NA NA NA NA
Fluorene 10 U 10 U NA NA NA NA NA NA
Hexachlorobenzene 10 U 10 U NA NA NA NA NA NA
Hexachlorobutadiene 10 U 10 U NA NA NA NA NA NA
Hexachlorocyclopentadiene 10 U 10 U NA NA NA NA NA NA
Hexachloroethane 10 U 10 U NA NA NA NA NA NA
Indeno(1,2,3-cd)pyrene 10 U 10 U NA NA NA NA NA NA
Isophorone 10 U 10 U NA NA NA NA NA NA
N-Nitroso-di-n-propylamine 10 U 10 U NA NA NA NA NA NA
N-Nitrosodimethylamine 10 U 10 U NA NA NA NA NA NA
Naphthalene 10 U 10 U NA NA NA NA NA NA
Nitrobenzene 10 U 10 U NA NA NA NA NA NA
Pentachlorophenol 50 U 50 U NA NA NA NA NA NA
Phenanthrene 10 U 10 U NA NA NA NA NA NA
Phenol 10 U 10 U NA NA NA NA NA NA
Pyrene 10 U 10 U NA NA NA NA NA NA
m,p-Cresol 10 U 10 U NA NA NA NA NA NA
o-Cresol 10 U 10 U NA NA NA NA NA NA
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Summary of Analytical Results, Surface Water,

Area C – Total Inorganics



APPENDIX D.21 

SUMMARY OF ANALYTICAL RESULTS, SURFACE WATER - TOTAL INORGANICS 
SWMU 9 - AREA C (TANKS 216-217)

NAVAL STATION ROOSEVELT ROADS, CEIBA, PUERTO RICO

Site ID
Sample ID
Sample Date

Inorganics, Total (ug/L)
Antimony 13.5 U 13.5 U 20 U 20 U 5.5 J 20 U 20 U 20 U
Arsenic 60.8 J 8.7 J 10 U 10 U 4.7 J 6.1 J 10 U 3.3 J
Barium 341 274 16 16 16 18 25 16
Beryllium 2.3 2.4 4 U 4 U 4 U 4 U 4 U 4 U
Cadmium 3.3 2.5 U 5 U 5 U 5 U 5 U 5 U 5 U
Chromium 155 103 2 J 10 U 1.9 J 10 U 2.1 J 2.2 J
Cobalt 145 81.6 10 U 10 U 1.8 J 10 U 2.3 J 1.5 J
Copper 389 368 2.3 J 2.7 J 3.6 J 2.6 J 4.5 J 2.5 J
Cyanide 10 U 10 NA NA NA NA NA NA
Lead 130 J 80.9 J 5 U 5 U 5 U 5 U 5 U 5 U
Mercury 0.59 0.5 0.2 U 0.2 U 0.2 U 0.2 U 0.2 U 0.2 U
Nickel 63.4 53.5 40 U 40 U 40 U 40 U 40 U 40 U
Selenium 17 U 17 U 10 U 10 U 10 U 10 U 10 U 6 J
Silver 3 U 3 U 10 U 10 U 10 U 10 U 10 U 10 U
Sulfide 100 U 100 U NA NA NA NA NA NA
Thallium 180 R 180 R 10 U 10 U 10 U 10 U 10 U 10 U
Tin 13 11.5 50 U 50 U 50 U 50 U 50 U 50 U
Vanadium 1,070 660 50 U 50 U 50 U 50 U 50 U 50 U
Zinc 425 246 20 U 20 U 20 U 20 U 6.5 J 20 U

9SW/SD06 9SW/SD07 9SW/SD24 9SW/SD24 9SW/SD25 9SW/SD26 9SW/SD27 9SW/SD28
9SW06 9SW07 9SW24 9SW24D 9SW25 9SW26 9SW27 9SW28
6/29/99 6/29/99 12/20/00 12/20/00 12/20/00 12/20/00 12/20/00 12/20/00
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APPENDIX D.22
Summary of Analytical Results, Surface Water,

Area C – Dissolved Inorganics



APPENDIX D.22 

SUMMARY OF ANALYTICAL RESULTS, SURFACE WATER - DISSOLVED INORGANICS
SWMU 9 - AREA C (TANKS 216-217) 

NAVAL STATION ROOSEVELT ROADS, CEIBA, PUERTO RICO

Site ID
Sample ID
Sample Date

Inorganics, Dissolved (ug/L)
Antimony 20 U 20 U 6.1 J 20 U 8.1 J 5.6 J
Arsenic 10 U 10 U 10 U 10 U 10 U 10 U
Barium 15 15 15 17 22 16
Beryllium 4 U 4 U 4 U 4 U 4 U 4 U
Cadmium 5 U 5 U 5 U 5 U 5 U 5 U
Chromium 10 U 10 U 10 U 10 U 10 U 10 U
Cobalt 10 U 10 U 10 U 10 U 10 U 10 U
Copper 20 U 20 U 2 J 1.4 J 20 U 1.1 J
Lead 5 U 5 U 5 U 5 U 5 U 5 U
Mercury 0.2 U 0.2 U 0.11 J 0.2 U 0.2 U 0.2 U
Nickel 40 U 40 U 40 U 40 U 40 U 40 U
Selenium 10 U 7.2 J 5 J 10 U 7.7 J 7.4 J
Silver 10 U 10 U 10 U 10 U 10 U 10 U
Thallium 10 U 10 U 10 U 10 U 10 U 10 U
Tin 50 U 50 U 50 U 50 U 50 U 50 U
Vanadium 50 U 50 U 50 U 50 U 50 U 50 U
Zinc 20 U 20 U 20 U 14 J 7.6 J 20 U

9SW/SD27 9SW/SD28
9SW27 9SW28

9SW/SD24 9SW/SD24
9SW24 9SW24D 9SW25 9SW26

9SW/SD25 9SW/SD26

12/20/00 12/20/0012/20/00 12/20/00 12/20/00 12/20/00

appendicies D SWMU 9.xls  Appendix D.22  6/11/01 1 of 1



APPENDIX D.23
Summary of Analytical Results, Background Sediment –

Inorganics (AVS/SEM)



APPENDIX D.23

SUMMARY OF ANALYTICAL RESULTS, BACKGROUND SEDIMENT - INORGANICS (AVS/SEM)
SWMU 9 (TANKS 212-217)

NAVAL STATION ROOSEVELT ROADS, CEIBA, PUERTO RICO

Site ID
Sample ID
Sample Date
Sample Depth
           
SEM (umole/g)           
Cadmium 0.0074 U 0.0021 U 0.0028 U 0.0014 U 0.0023 U
Copper 0.0834 J 0.0038 J 0.0268 J 0.0330 J 0.0504 J
Lead 0.0082  0.0029  0.0014 J 0.0072  0.0232  
Nickel 0.0204 J 0.0060 J 0.0029 J 0.0041 J 0.0129 J
Zinc 0.1208 J 0.0581 J 0.0352 J 0.0627 J 0.1239 J
           
Total SEM 0.24  0.073  0.069  0.11  0.21  

AVS (umole/g)
Acid Volatile Sulfide (umole/g) 1.50 J 8.73 J 9.36 J 1.03 J 0.30 J
           
Solids-Total Residual (wt %) 43  30  22  44  56  
Percent Moisture (%) 57  70  78  56  44  
Total Organic Carbon (mg/kg) #####  ######  ######  #####  #####  

           

12/20/00
0 - 0.5 0 - 0.5 0 - 0.5 0 - 0.5 0 - 0.5

12/20/00 12/20/00 12/20/00 12/20/00

9SW/SD12
9SD08 9SD09 9SD10 9SD11 9SD12

9SW/SD08 9SW/SD09 9SW/SD10 9SW/SD11
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APPENDIX D.24
Summary of Analytical Results, Sediment, Areas A and B –

Inorganics (AVS/SEM)



APPENDIX D.24

SUMMARY OF ANALYTICAL RESULTS, SEDIMENT - INORGANICS (AVS/SEM)
SWMU 9 - AREAS A and B (TANKS 212-215)

NAVAL STATION ROOSEVELT ROADS, CEIBA, PUERTO RICO

Site ID
Sample ID 
Sample Date
Sample Depth
                       
SEM (umole/g)                       
Cadmium 0.0002 J 0.0012 U 0.0013 U 0.0013 U 0.0001 J 0.0003 J 0.0003 J 0.0002 J 0.0002 J 0.0002 J 0.0002 J
Copper 0.1448 J 0.0551 J 0.0315 J 0.0393 J 0.1888 J 0.0740 J 0.2203 J 0.0488 J 0.0393 J 0.1731 J 0.2203 J
Lead 0.0087 0.0058 0.0097 0.0043 0.0169 0.0676 0.8687 0.1110 0.0579 0.0217 0.0261
Nickel 0.0077 J 0.0073 J 0.0065 J 0.0027 J 0.0083 J 0.0063 J 0.0070 J 0.0043 J 0.0034 J 0.0055 J 0.0153 J
Zinc 0.1101 J 0.0658 J 0.0826 J 0.0413 J 0.0612 J 0.0734 J 0.1071 J 0.1040 J 0.0703 J 0.0856 J 0.0856 J
 
Total SEM (umole/g) 0.27 0.14 0.13 0.09 0.28 0.22 1.20 0.27 0.17 0.29 0.35

AVS (umole/g)
Acid Volatile Sulfide 37.43 1.15 1.43 0.44 J 0.69 U 19.34 2.03 13.10 1.37 9.98 0.34 J
                       
Solids-Total Residual (wt %) 34  50  46  47  46  52  44  38  43  49  43  
Percent Moisture (%) 66  50  54  53  54  48  56  62  57  51  57  
Total Organic Carbon (mg/kg)110,000  64,000  88,000  75,000  35,000  35,000  48,000  79,000  45,000  63,000  59,000  
                       

9SW/SD13
9SD13

12/17/00
0.0 - 0.5

9SW/SD149SW/SD159SW/SD169SW/SD179SW/SD189SW/SD199SW/SD209SW/SD21
9SD18 9SD19 9SD20 9SD219SD14 9SD15 9SD16 9SD17

12/17/00 12/17/00 12/17/00 12/17/0012/17/00 12/17/00 12/17/00 12/17/00
0.0 - 0.5 0.0 - 0.5 0.0 - 0.5 0.0 - 0.50.0 - 0.5 0.0 - 0.5 0.0 - 0.5 0.0 - 0.5 0.0 - 0.5 0.0 - 0.5

9SW/SD229SW/SD23
9SD22 9SD23

12/17/00 12/17/00
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APPENDIX D.25
Summary of Analytical Results, Sediment, Area C –

Inorganics (AVS/SEM)



APPENDIX D.25

SUMMARY OF ANALYTICAL RESULTS, SEDIMENT - INORGANICS (AVS/SEM)
SWMU 9 - AREA C (TANKS 216-217)

NAVAL STATION ROOSEVELT ROADS, CEIBA, PUERTO RICO

Site ID
Sample ID 
Sample Date
Sample Depth

SEM (umole/g)           
Cadmium 0.0004 J 0.0004 J 0.0009 J 0.0010 J 0.0003 J
Copper 0.0472 J 0.0065 J 0.0173 UJ 0.1070 J 0.0629 J
Lead 0.0299 0.0328 0.0212 0.0372 0.0251
Nickel 0.0136 J 0.0112 J 0.0056 J 0.0167 J 0.0131 J
Zinc 0.1346 J 0.1346 J 0.2600 J 0.2294 J 0.1193 J
 
Total SEM (umole/g) 0.23 0.19 0.31 0.39 0.22

AVS (umole/g)
Acid Volatile Sulfide 3.43 J 14.35 J 2.74 J 1.47 J 1.53 J

Solids-Total Residual (wt %) 22 24 27 25 41
Percent Moisture (%) 78 76 73 75 59
Total Organic Carbon (mg/kg) ###### ###### ###### ###### 97,000  

9SW/SD27

0.0 - 0.50.0 - 0.5 0.0 - 0.5 0.0 - 0.5 0.0 - 0.5

9SD26
9SW/SD24 9SW/SD25 9SW/SD26

9SD27
9SW/SD28

9SD28
12/20/00 12/20/00 12/20/00 12/20/00 12/20/00
9SD24 9SD25
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APPENDIX E.1
Summary of QA/QC Analytical Results, Equipment Rinsates - BTEX



APPENDIX E.1 

SUMMARY OF QA/QC ANALYTICAL RESULTS, EQUIPMENT RINSATES -BTEX
SWMU 9 (TANKS 212-217)

NAVAL STATION ROOSEVELT ROADS, CEIBA, PUERTO RICO

Sample ID
Sample Date

BTEX (ug/L)
Benzene 5 U
Ethylbenzene 5 U
Toluene 5 U
Xylenes, Total 10 U

9ER01
12/21/00
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APPENDIX E.2
Summary of QA/QC Analytical Results, Equipment Rinsates -

Inorganics



APPENDIX E.2 

SUMMARY OF QA/QC ANALYTICAL RESULTS, EQUIPMENT RINSATES -TOTAL INORGANICS
SWMU 9 (TANKS 212-217)

NAVAL STATION ROOSEVELT ROADS, CEIBA, PUERTO RICO

Sample ID
Sample Date

Inorganics, Total (mg/L)
Antimony 0.02 U
Arsenic 0.01 U
Barium 0.01 U
Beryllium 0.004 U
Cadmium 0.005 U
Chromium 0.0073 J
Cobalt 0.01 U
Copper 0.02 U
Lead 0.005 U
Mercury 0.0002 U
Nickel 0.04 U
Selenium 0.01 U
Silver 0.01 U
Thallium 0.01 U
Tin 0.05 U
Zinc 0.02 U

9ER01
12/21/00
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APPENDIX E.3
Summary of QA/QC Analytical Results, Trip Blanks - BTEX



APPENDIX E.3 

SUMMARY OF QA/QC ANALYTICAL RESULTS, TRIP BLANKS - BTEX
SWMU 9 (TANKS 212-217)

NAVAL STATION ROOSEVELT ROADS, CEIBA, PUERTO RICO

Sample ID
Sample Date

BTEX (ug/L)
Benzene 5 U 5 U 5 U 5 U
Ethylbenzene 5 U 5 U 5 U 5 U
Toluene 5 U 5 U 5 U 5 U
Xylenes, Total 10 U 10 U 10 U 10 U

TB02
12/18/00

TB03 TB08 TB09
12/18/00 12/20/00 12/20/00
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APPENDIX E.4
Summary of QA/QC Analytical Results, Field Blanks - Organics



APPENDIX E.4 (Continued) 

SUMMARY OF QA/QC ANALYTICAL RESULTS, FIELD BLANKS - ORGANICS
SWMU 9 (TANKS 212-217)

NAVAL STATION ROOSEVELT ROADS, CEIBA, PUERTO RICO

Sample ID
Sample Date

Volatiles (ug/L)
Dichlorodifluoromethane 5 U 5 U 5 U
Chloromethane 10 U 10 U 10 U
Vinyl chloride 10 U 10 U 10 U
Bromomethane 10 U 10 U 10 U
Chloroethane 10 U 10 U 10 U
Trichlorofluoromethane 5 U 5 U 5 U
1,1-Dichloroethene 5 U 5 U 5 U
Methylene chloride 5 U 5 U 5 U
trans-1,2-Dichloroethene 5 U 5 U 5 U
1,1-Dichloroethane 5 U 5 U 5 U
Chloroform 5 U 5 U 140
1,1,1-Trichloroethane 5 U 5 U 5 U
Carbon tetrachloride 5 U 5 U 5 U
Benzene 5 U 5 U 5 U
1,2-Dichloroethane 5 U 5 U 5 U
Trichloroethene 5 U 5 U 5 U
1,2-Dichloropropane 5 U 5 U 5 U
Bromodichloromethane 5 U 5 U 14
Dibromomethane 5 U 5 U 5 U
Toluene 5 U 5 U 5 U
1,1,2-Trichloroethane 5 U 5 U 5 U
Tetrachloroethene 5 U 5 U 5 U
Dibromochloromethane 5 U 5 U 1.4 J
1,2-Dibromoethane 5 U 5 U 5 U
Chlorobenzene 5 U 5 U 5 U
1,1,1,2-Tetrachloroethane 5 U 5 U 5 U
Ethylbenzene 5 U 5 U 5 U
Styrene 5 U 5 U 5 U
Bromoform 5 U 5 U 5 U
1,1,2,2-Tetrachloroethane 5 U 5 U 5 U
1,2,3-Trichloropropane 5 U 5 U 5 U
1,2-Dibromo-3-chloropropane 5 U 5 U 5 U
Acrolein 100 R 100 R 100 R
Acetone 50 U 50 U 50 U
Iodomethane 5 U 5 U 5 U
Acetonitrile 200 U 200 U 200 U
Carbon disulfide 5 U 5 U 5 U
Vinyl acetate 10 U 10 U 10 U
2-Butanone 25 U 25 U 25 U
4-Methyl-2-pentanone 25 U 25 U 25 U

2000FB01
12/20/00

2000FB02 2000FB03
12/21/00 12/20/00
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APPENDIX E.4 (Continued) 

SUMMARY OF QA/QC ANALYTICAL RESULTS, FIELD BLANKS - ORGANICS
SWMU 9 (TANKS 212-217)

NAVAL STATION ROOSEVELT ROADS, CEIBA, PUERTO RICO

Sample ID
Sample Date

2000FB01
12/20/00

2000FB02 2000FB03
12/21/00 12/20/00

Volatiles (Cont.) (ug/L)
cis-1,3-Dichloropropene 5 U 5 U 5 U
trans-1,3-Dichloropropene 5 U 5 U 5 U
2-Hexanone 25 U 25 U 25 U
trans-1,4-Dichloro-2-butene 10 U 10 U 10 U
Xylenes, Total 10 U 10 U 10 U
Chloroprene 5 U 5 U 5 U
Pentachloroethane 25 U 25 U 25 U
Acrylonitrile 100 U 100 U 100 U
3-Chloro-1-Propene 5 U 5 U 5 U
Propionitrile 100 U 100 U 100 U
Methacrylonitrile 100 U 100 U 100 U
Isobutanol 200 R 200 R 200 R
Methyl methacrylate 5 U 5 U 5 U
Ethyl methacrylate 5 U 5 U 5 U

Semivolatiles (ug/L)
Aniline 20 U 20 U 20 U
Phenol 10 U 10 U 10 R
bis(2-Chloroethyl)ether 10 U 10 U 10 U
2-Chlorophenol 10 U 10 U 10 R
1,3-Dichlorobenzene 10 U 10 U 10 U
1,4-Dichlorobenzene 10 U 12 10 U
Benzyl alcohol 10 U 10 U 10 U
1,2-Dichlorobenzene 10 U 10 U 10 U
2-Methylphenol 10 U 10 U 10 R
Bis(2-Chloroisopropyl) ether 10 U 10 U 10 U
N-Nitroso-di-n-propylamine 10 U 10 U 10 U
3&4-Methylphenol 10 U 10 U 10 R
Hexachloroethane 10 U 10 U 10 U
Nitrobenzene 10 U 10 U 10 U
Isophorone 10 U 10 U 10 U
2-Nitrophenol 10 U 10 U 10 R
2,4-Dimethylphenol 10 U 10 U 10 R
bis(2-Chloroethoxy)methane 10 U 10 U 10 U
2,4-Dinitrophenol 50 U 50 U 50 R
1,2,4-Trichlorobenzene 10 U 10 U 10 U
Naphthalene 10 U 10 U 10 U
4-Chloroaniline 20 U 20 U 20 U
Hexachlorobutadiene 10 U 10 U 10 U
4-Chloro-3-methylphenol 10 U 10 U 10 R
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APPENDIX E.4 (Continued) 

SUMMARY OF QA/QC ANALYTICAL RESULTS, FIELD BLANKS - ORGANICS
SWMU 9 (TANKS 212-217)

NAVAL STATION ROOSEVELT ROADS, CEIBA, PUERTO RICO

Sample ID
Sample Date

2000FB01
12/20/00

2000FB02 2000FB03
12/21/00 12/20/00

Semivolatiles (Cont.) (ug/L)
2-Methylnaphthalene 10 U 10 U 10 U
Hexachlorocyclopentadiene 10 U 10 U 10 U
2,4,5-Trichlorophenol 10 U 10 U 10 R
2,4,6-Trichlorophenol 10 U 10 U 10 R
2-Chloronaphthalene 10 U 10 U 10 U
2-Nitroaniline 50 U 50 U 50 U
Acenaphthylene 10 U 10 U 10 U
2,6-Dinitrotoluene 10 U 10 U 10 U
3-Nitroaniline 50 U 50 U 50 U
Acenaphthene 10 U 10 U 10 U
2,4-Dichlorophenol 10 U 10 U 10 R
Dibenzofuran 10 U 10 U 10 U
4-Nitrophenol 50 U 50 U 50 R
2,4-Dinitrotoluene 10 U 10 U 10 U
Fluorene 10 U 10 U 10 U
2,3,4,6-Tetrachlorophenol 10 U 10 U 10 R
Dimethylphthalate 10 U 10 U 10 U
Diethylphthalate 10 U 10 U 10 U
4-Chlorophenyl-Phenylether 10 U 10 U 10 U
4-Nitroaniline 50 U 50 U 50 U
4,6-Dinitro-2-methylphenol 50 U 50 U 50 R
N-Nitrosodiphenylamine 10 U 10 U 10 U
4-Bromopheny-phenylether 10 U 10 U 10 U
Hexachlorobenzene 10 U 10 U 10 U
Pentachlorophenol 50 U 50 U 50 R
Phenanthrene 10 U 10 U 10 U
Anthracene 10 U 10 U 10 U
Di-n-butylphthalate 10 U 10 U 10 U
Fluoranthene 10 U 10 U 10 U
Pyrene 10 U 10 U 10 U
Butylbenzylphthalate 10 U 10 U 10 U
Benzo(a)anthracene 10 U 10 U 10 U
3,3'-Dichlorobenzidine 20 U 20 U 20 U
Chrysene 10 U 10 U 10 U
bis(2-Ethylhexyl)phthalate 10 U 10 U 10 U
Di-n-octylphthalate 10 U 10 U 10 U
Benzo(b)fluoranthene 10 U 10 U 0.81 J
Benzo(k)fluoranthene 10 U 10 U 1.5 J
Benzo(a)pyrene 10 U 10 U 1.2 J
Indeno(1,2,3-cd)pyrene 10 U 10 U 2 J
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APPENDIX E.4 (Continued) 

SUMMARY OF QA/QC ANALYTICAL RESULTS, FIELD BLANKS - ORGANICS
SWMU 9 (TANKS 212-217)

NAVAL STATION ROOSEVELT ROADS, CEIBA, PUERTO RICO

Sample ID
Sample Date

2000FB01
12/20/00

2000FB02 2000FB03
12/21/00 12/20/00

Semivolatiles (Cont.) (ug/L)
Dibenzo(a,h)anthracene 10 U 10 U 1.4 J
Pyridine 50 U 50 U 50 U
Benzo(g,h,i)perylene 10 U 10 U 1.7 J
N-Nitrosodimethylamine 10 U 10 U 10 U
1,4-Dioxane 10 U 10 U 10 U
2-Picoline 10 U 10 U 10 U
Methyl methanesulfonate 10 U 10 U 10 U
Ethyl methanesulfonate 10 U 10 U 10 U
Acetophenone 10 U 10 U 10 U
a,a-Dimethylphenethylamine 2,000 U 2,000 U 2,000 U
2,6-Dichlorophenol 10 U 10 U 10 R
N-Nitrosopiperidine 10 U 10 U 10 U
N-Nitroso-di-n-butylamine 10 U 10 U 10 U
1,2,4,5-Tetrachlorobenzene 10 U 10 U 10 U
Pentachlorobenzene 10 U 10 U 10 U
1-Naphthylamine 10 U 10 U 10 U
2-Naphthylamine 10 U 10 U 10 U
Phenacetin 10 U 10 U 10 U
Pentachloronitrobenzene 10 U 10 U 10 U
Pronamide 10 U 10 U 10 U
7,12-Dimethylbenz(a)anthracene 10 U 10 U 10 U
3-Methylcholanthrene 10 U 10 U 10 U
N-Nitrosomethylethylamine 10 U 10 U 10 U
N-Nitrosodiethylamine 10 U 10 U 10 U
N-Nitrosopyrrolidine 10 U 10 U 10 U
o-Toluidine 10 U 10 U 10 U
1,4-Phenylenediamine 2,000 U 2,000 U 2,000 U
Hexachloropropene 10 U 10 U 10 U
Safrole 10 U 10 U 10 U
Isosafrole 10 U 10 U 10 U
1,4-Naphthoquinone 10 U 10 U 10 U
m-Dinitrobenzene 10 U 10 U 10 U
5-Nitro-o-toluidine 10 U 10 U 10 U
1,3,5-Trinitrobenzene 10 U 10 U 10 U
4-Aminobiphenyl 10 U 10 U 10 U
Dinoseb 10 U 10 U 10 U
4-Nitroquinoline-1-oxide 20 R 20 R 20 R
Methapyrilene 2,000 U 2,000 U 2,000 U
p-Dimethylaminoazobenzene 10 U 10 U 10 U
2-Acetylaminofluorene 10 U 10 U 10 U
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APPENDIX E.4 (Continued) 

SUMMARY OF QA/QC ANALYTICAL RESULTS, FIELD BLANKS - ORGANICS
SWMU 9 (TANKS 212-217)

NAVAL STATION ROOSEVELT ROADS, CEIBA, PUERTO RICO

Sample ID
Sample Date

2000FB01
12/20/00

2000FB02 2000FB03
12/21/00 12/20/00

Semivolatiles (Cont.) (ug/L)
3,3'-Dimethylbenzidine 20 U 20 U 20 U
N-Nitrosomorpholine 10 U 10 U 10 U
Aramite,Total 10 U 10 U 10 U
Hexachlorophene 5,000 U 5,000 U 5,000 U
Diallate, Total 10 U 10 U 10 U

TPH (mg/L)
Diesel Range Organics 0.1 U 0.096 J 0.1 U
Gasoline Range Organics 0.05 U 0.05 U 0.05 U
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APPENDIX E.5
Summary of QA/QC Analytical Results, Field Blanks - Inorganics



APPENDIX E.5

SUMMARY OF QA/QC ANALYTICAL RESULTS, FIELD BLANKS - TOTAL INORGANICS
SWMU 9 (TANKS 212-217)

NAVAL STATION ROOSEVELT ROADS, CEIBA, PUERTO RICO

Sample ID
Sample Date

Inorganics, Total (mg/L)
Antimony 0.02 U 0.02 U 0.02 U
Arsenic 0.01 U 0.01 U 0.01 U
Barium 0.01 U 0.01 U 0.0046 J
Beryllium 0.004 U 0.004 U 0.004 U
Cadmium 0.005 U 0.005 U 0.005 U
Chromium 0.01 U 0.014 0.01 U
Cobalt 0.01 U 0.01 U 0.01 U
Copper 0.02 U 0.02 U 0.03
Lead 0.0021 J 0.005 U 0.011
Mercury 0.0002 UJ 0.0002 UJ 0.0002 UJ
Nickel 0.04 U 0.04 U 0.04 U
Selenium 0.01 U 0.01 U 0.0052 J
Silver 0.01 U 0.01 U 0.01 U
Thallium 0.01 U 0.01 U 0.01 U
Tin 0.05 U 0.05 U 0.05 U
Vanadium 0.01 U 0.01 U 0.01 U
Zinc 0.02 U 0.0068 J 0.026
Cyanide, Total 0.01 U 0.01 U 0.01 U
Sulfide 1 UJ 1 UJ 1 UJ

2000FB01
12/20/00

2000FB02 2000FB03
12/21/00 12/20/00
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APPENDIX F

EQUILIBRIUM PARTITIONING APPROACH

The EPA has chosen the EqP approach for developing sediment quality criteria (or sediment

screening values in the case of this ERA) for nonionic organic chemical constituents (EPA 1993).

This approach was used to derive sediment screening values for nonionic organic chemicals

lacking literature-based, bulk sediment screening values.

There are three underlying assumptions to the derivation of sediment quality criteria (or, in the

case of this document, sediment screening values).  First, it is assumed that sediment toxicity

correlates with the concentration of the chemical in the sediment pore water and not the bulk

sediment concentration (i.e., the pore water concentration represents the bioavailable fraction).

Secondly, partitioning between sediment pore water and bulk sediment is assumed to be

dependent on the organic content of the sediment with little dependence upon other chemical or

physical properties.  Finally, the EqP approach assumes that equilibrium has been attained

between the sediment pore water concentration and the bulk sediment concentration.

The relationship between the concentration of a nonionic organic chemical in sediment pore

water and bulk sediment is described by the partitioning coefficient, Kp (EPA 1993):

Kp = (Cs)/(Cpw)     (Equation F-1)

Where Cs is the concentration in bulk sediment and Cpw is the concentration in sediment pore

water. For a given organic chemical, the partition coefficient can be derived by multiplying the

fraction of organic carbon (foc) present in the sediment by the chemical’s organic carbon partition

coefficient (Koc) (EPA 1993):

Kp = (foc)(Koc)     (Equation F-2)

Combining Equations F-1 and F-2 yields the following:

Cs = (Koc)(foc)(CPW)     (Equation F-3)

If the organic carbon content of the sediment is known, a site-specific sediment screening value

(SSV) can be calculated for a given non-polar organic chemical by setting Cpw equivalent to a

conservative surface water screening value for that chemical (SWSV):
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SSV = (Koc)(foc)(SWSV)     (Equation F-4)

In this equation, SSV represents the concentration of the chemical in bulk sediment that, at

equilibrium, will result in a sediment pore water concentration equal to the surface water

screening value.  Sediment concentrations less than SSV would be protective of sediment-

associated biota.  The use of surface water threshold screening values (i.e., criteria and

toxicological benchmarks) in Equation F-4 assumes that the sensitivities of sediment-associated

biota and the species typically tested to derive surface water screening values such as EPA

NAWQC (predominantly water column species) are similar.  Furthermore, it assumes that levels

of protection afforded by the surface water screening values are appropriate for sediment-

associated biota.  It is noted that the EqP approach can only be used if the foc in sediment is

greater than 0.02 (i.e., 2.0 percent.  At foc values less than 0.02, other factors (e.g., particle size,

sorption to nonorganic mineral fractions) become relatively more important (EPA 1993).

Although the EqP approach was developed by the EPA for nonionic organic chemicals, this

method was also used to derive sediment threshold screening values for ionic organic chemicals

lacking literature-based bulk sediment toxicological benchmarks.  Application of the EqP

approach to ionic organic chemicals likely overestimates their pore water concentrations since

adsorption mechanisms other than hydrophobicity may significantly increase the fraction of the

chemical sorbed to sediment particles (Jones et al. 1997).  Therefore, the EqP-based threshold

screening values developed for ionic chemicals may be overly conservative.  Regardless,

application of the EqP approach to the development of sediment screening values for ionic

chemicals is documented in the literature (EPA 1996 and Jones et al. 1997).

The EqP-based sediment screening values summarized in Section 5.0, Table 5-9 are

conservatively based on a default foc of 0.01 (one percent) (EPA 1996).  The Koc values applied to

Equation F-4 were estimated from the following equation (EPA 1993 and 1996):

Log Koc = 0.00028 + (0.983)(Log Kow)     (Equation F-5)

Where log Kow is the log octanol-water partition coefficient.  Log Kow and estimated Koc values

for organic chemicals evaluated by the Tier I screening-level ERA are listed in Section 5.0, Table

5-10.  Surface water screening values used in the derivation of EqP-based sediment screening

values were taken from Section 5.0, Table 5-8.  It is noted that EqP-based sediment screening

values could not be calculated for those organic chemicals lacking a surface water screening

value.
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APPENDIX G
RECEPTOR PROFILES

American Robin (Turdus migratorius)

 

 Robins live in a variety of habitats, including woodlands, suburbs, and parks.  Robins forage on the

ground in open areas, along edge habitats, or along the edges of streams.  They forage along the ground

for ground-dwelling invertebrates and search for fruit and foliage-dwelling insects in low tree branches

(Malmborg and Willson 1988).  For the purposes of this risk assessment, it was assumed that soil

invertebrates comprise 78.9 percent, terrestrial plants comprise 12.0 percent and soil comprises 9.1

percent of the robin’s diet (EPA 1993; Sample and Suter 1994).

 

 The size of a robin's home range varies from 0.11 to 0.42 ha (Pitts 1984; Howell 1942).  A minimum

body weight of 0.0635 kg (EPA 1993) was used in the risk calculations.  The robins maximum food

ingestion rate was assumed to be 0.00735 kg/day (dry weight basis; Levey and Karasov 1989) based on

the assumed dietary composition.  Conservative exposure parameters are presented in Table 5-15.  Less

conservative exposure parameters are presented in Table 5-36.
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Belted Kingfisher (Ceryle alcyon)

The belted kingfisher is found across the United States and is common along rivers, ponds, lakes, and

estuaries. The kingfisher eats primarily fish, but is also known to feed on amphibians, reptiles, and insects

(Stokes 1996).  For the purposes of this risk assessment, it was assumed that fish comprise 92.6 percent of

the kingfisher’s diet (Sample and Suter 1994), while aquatic invertebrates made up 4.9 percent of the total

diet and the remaining 2.5 percent was composed of sediment.

Their feeding range is approximately 3.5 ha (Cornwell 1963). A minimum body weight of 0.125 kg was

used in the risk calculations (Dunning 1993).   EPA (1993) cited a maximum food ingestion rate of

0.02666 kg/day (dry weight basis).  Tables 5-15 and 5-36 contain the conservative and refined (less

conservative exposure parameters used in this risk assessment.  Table 5-16 provides the dietary

composition for each receptor, evaluated for food web exposures.
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 Great Blue Heron (Ardea herodias)

The great blue heron occupies a variety of freshwater and marine areas, including brackish marshes,

coastal wetlands, lakes, and rivers where small fish are abundant in shallow areas.  Fish are preferred

prey, but they also feed on amphibians, reptiles, insects, crustaceans, birds, and mammals (Alexander

1977; Peifer 1979).  For the purposes of this risk assessment, it was assumed that fish comprised 93.6

percent of the heron’s diet (EPA 1993; Sample and Suter 1994).  Aquatic invertebrates made up 3.9

percent of the heron’s diet with the remaining 2.5 percent of the diet assumed to be comprised of

sediment.

Herons may range up to 7 to 8 km from foraging areas, although travel of up to 20 km is known.  A home

range of 8.4 hectares has been reported (Bayer 1978), however for purposes of this risk assessment it was

assumed that the heron spent 100 percent of it’s time foraging at the site (AUF = 1.0).  A minimum body

weight of 2.1 kg was used in the risk calculations (Butler 1992).  The great blue heron’s maximum food

ingestion rate was assumed to be 0.43894 kg/day (dry weight basis)  (EPA 1993). Table 5-15 presents the

conservative exposure parameters used in this risk assessment.  Table 5-36 contains the refined exposure

parameters used in this risk assessment.  Table 5-16 presents the dietary composition of each of the upper

trophic level receptor’s diets.
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Mourning Dove (Zenaida macroura)

The mourning dove is a small ground foraging herbivore.  They feed almost exclusively on seeds of

grasses, weeds, and cultivated grains.  The mourning dove generally inhabits woodland-grassland edges,

prairies, and open forests but avoids densely forested regions.  Agricultural areas are often frequented for

feeding purposes.  Mourning doves often nest on horizontal branches of shrubs and trees, especially

conifers.  They exhibit a strong preference for stands with low canopy cover.  Although tree nests are

preferred, they will also nest on the ground.  The mourning dove has been proficient at adapting to

development and continues to flourish in populated suburbs and cities.  The success of the mourning dove

may be attributed to aggressive breeding which results in multiple broods throughout the course of a

single year.   Mourning doves migrate annually beginning in late August.  Adaptability and aggressive

mating have allowed mourning to become one of the most abundant birds in North America (USDA

2000).  For the purpose of this risk assessment, it was assumed that terrestrial plants comprise 95 percent

and soil comprises 5 percent of the Mourning Dove’s diet.

For this risk assessment, a minimum body weight of 0.105 kg was used in the risk calculations

(Tomlinson et. al. 1994).  The maximum food ingestion rate was reported to be 0.01787 kg/day (dry

weight basis) (EPA 1993; Sample and Suter 1994). Table 5-15 and 5-36 contain the conservative and

refined (less conservative) exposure parameters, respectively.  Table 5-16 presents the dietary

composition of the upper trophic level receptors evaluated for food web exposures.

References

Sample, B.E. and G.W. Suter II.  1994.  Estimating exposure of terrestrial wildlife to contaminants.

Environmental Restoration Division, ORNL Environmental Restoration Program.  ES/ER/TM-125.

U.S. Environmental Protection Agency (EPA).  1993.  Wildlife exposure factors handbook. Volume I of

II.   EPA/600/R-93/187a.



G-5

United States Department of Agricultural Forest Service Data and Information Systems - Selected Topic

Wildlife www.fs.fed.us/database, 2000.

Red-tailed Hawk (Buteo jamaicensis)

Red-tailed hawks nest primarily in woodlands and feed in open country on a wide variety of small- to

medium-sized prey.  Small mammals, including mice, shrews, voles, rabbits, and squirrels comprise a

large portion of their diet.  For the purposes of this risk assessment, it is assumed that the diet of red-tailed

hawks feeding at SWMU 9 consists of 97.5 percent small mammals (EPA 1993; Sample and Suter II

1994).  The small mammal component of the hawk’s diet was assumed to be small mammal omnivorous.

This assumption was based on the terrestrial prey items (rats) likely consumed by this receptor at SWMU

9.  Soil ingestion was assumed to make up the remaining 2.5 percent of the hawk’s diet.

A minimum body weight of 0.957 kg (EPA 1993) and a maximum food ingestion rate of 0.04348 kg/day-

dry weight (Sample and Suter II 1994) were used as conservative exposure assumptions in this risk

assessment (see Table 5-15).  Less conservative exposure assumptions are summarized in Table 5-36 of

this ecological risk assessment.  The red-tailed hawk’s dietary composition is presented in Table 5-16.

Similar to that all of the other modeled upper trophic level receptors evaluated in this risk assessment, the

evaluation of risks under both the conservative and refined (less conservative) scenarios, assumed that

red-tailed hawk obtained 100 percent of their diet from the terrestrial habitat at SWMU 9 (AUF = 1.0).
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Spotted Sandpiper (Actitis macularia)

The spotted sandpiper occupies a variety of semi-aquatic habitats including the edges of ponds, lakes,

rivers, and streams and open terrain with temporary pools (USGS 1998). Sometimes spotted sandpipers

are found far from water in dry fields, pastures, and weedy shoulders of roads, occasionally on coastal

beaches and dunes. Sandpipers prefer to roost on stumps, stranded logs, or rocks affording a clear view of

the surrounding terrain. In winter, the spotted sandpiper migrates to warmer climates ranging from

southern Arizona, southern New Mexico, southern Texas, and the southern portions of the Gulf States,

coastal South Carolina to South America (USGS 1998).  Spotted sandpipers usually frequent

watercourses shaded by trees, shallow muddy lagoons, creeks, canals, and mudflats (USGS 1998).  They

build solitary or loosely colonial nests on the ground, among thick, tall grasses, and occasionally under a

bush or log, almost always near water (USGS 1998).

Spotted sandpipers have been reported to forage ashore or in shallow water, picking up insects and other

small invertebrates. They consume fly larvae, pupae, and adults; mayflies; grasshoppers; crickets; mole

crickets; worms; mollusks; crustaceans; and spiders (USGS 1998).   For the purposes of this risk

assessment, it was assumed that aquatic invertebrates comprised 81.9 percent of the sandpiper’s diet (EPA

1993) with the remaining 18.1 percent of the diet assumed to be comprised of sediment (Beyer et al.

1994).

A minimum body weight of 0.0294 kg was used in the risk calculations (Dunning 1993). The maximum

food  ingestion rate was assumed to be 0.00930 kg/day (dry weight basis) (EPA 1993). Table 5-15

presents the conservative exposure parameters used in this risk assessment.  Table 5-36 contains the

refined exposure parameters used in this risk assessment.  Table 5-16 presents the dietary composition of

each of the upper trophic level receptor’s diet,  including that of the spotted sandpiper.
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APPENDIX H

CHEMICAL PROFILES

INORGANICS

Antimony

Antimony is a silvery-white metal that is found in the earth's crust.  Antimony ores are mined and then

mixed with other metals to form antimony alloys or combined with oxygen to form antimony oxide.

Antimony is released to the environment from natural sources and from industry.  Most antimony ends up

in soil, where it attaches strongly to particles that contain iron, manganese, or aluminum.  Antimony is

found at low levels in some rivers, lakes, and streams.

In short-term studies, animals that inhaled high levels of antimony had lung, heart, liver, and kidney

damage and some died.  In long-term studies, animals that inhaled low levels of antimony suffered eye

irritation, hair loss, lung damage, and heart problems.  Reproductive problems in rats have been caused by

inhalation of high levels of antimony for a three-month period.  Long-term animal studies have reported

liver damage and blood changes when animals ingested antimony (ATSDR 1992).

Very limited data exists concerning the toxicity of antimony to birds and as a result a NOAEL and

LOAEL could not be derived.

Agency for Toxic Substances and Disease Registry (ATSDR).  1992.  Toxicological profile for antimony.

U.S. Public Health Service, U.S. Department of Health and Human Services, Atlanta, GA.

Arsenic

Arsenic tends to be widespread in the environment (Woolson 1975) and is constantly being oxidized,

reduced, or mobilized (Eisler 1988).  Arsenic is readily adsorbed onto sediments with high organic matter.

Adsorption depends on the arsenic concentration, sediment characteristics, pH, and the ionic

concentration of other compounds (Eisler 1988).  Arsenate (pentavalent, As+5) is the predominant arsenic

form in oxygenated water and arsenite (trivalent, As+3) is the predominant arsenic form under anaerobic

conditions (USEPA 1981).
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Arsenic is not significantly concentrated in aquatic invertebrates.  Arsenic may be bioaccumulated by

lower trophic level organisms; however, data does not indicate that significant biomagnification occurs

(USEPA 1985).

A literature search was conducted on the toxicological effects of arsenic ingestion to birds.  In a 7-month

study conducted by USFWS (1969) on male brown-headed cowbirds, four dietary dose levels were used.

Doses of 675 and 225 ppm caused 100 percent mortality and doses of 75 (33.26 mg/kg) and 25 (11.09

mg/kg) ppm caused 20 percent and 0 percent mortality, respectively.  The 75 and 25 ppm doses were

considered the chronic LOAEL and NOAEL, respectively.  A chronic NOAEL of 2.46 mg/kg/day and a

LOAEL of 7.38 mg/kg/day were calculated from these data (Sample et al. 1996).  Mallards exposed to

arsenic in the diet for 128 days showed effects to survival at doses of 12.84 mg/kg/day (the estimated

chronic LOAEL) with the NOAEL estimated at 5.14 mg/kg/day (Sample et al. 1996).

Eisler, R.  1988.  Arsenic hazards to fish, wildlife, and invertebrates: a synoptic review.  U.S. Fish and

Wildlife Service Biological Report 85(1.12), Contaminant Hazard Reviews Report No. 12.  92 pp.

Sample, B.E., D.M. Opresko, and G.W. Suter II.  1996.  Toxicological benchmarks for wildlife: 1996

revision.  Risk Assessment Program, Health Sciences Research Division. Oak Ridge, Tennessee.

United States Environmental Protection Agency (USEPA).  1981.  The carcinogen assessment group’s

final risk assessment on arsenic.  Office of Health and Environmental Assessment, Washington, D.C. PB

81-206013.

United States Environmental Protection Agency (USEPA). 1985. Health advisory for arsenic.  Draft.

Office of Drinking Water, Washington, D.C.

United States Fish and Wildlife Service (USFWS). 1969. Bureau of sport fisheries and wildlife.

Publication 74:56-57.

Woolson, E.A. 1975. Arsenical pesticides. ACS Ser 7:1-176.
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Barium

Barium occurs in nature combined with other chemicals such as sulfur, or carbon and oxygen.  Some

barium compounds dissolve easily in water and are found in lakes, rivers, and streams.  Barium is found

in most soils and foods at low levels.  Fish and aquatic organisms accumulate barium in their tissues

(ATSDR 1992).  Studies on animals have shown that ingesting low levels of barium over the long term

causes increased blood pressure and heart changes (ATSDR 1992).

In a study conducted by Johnson (1960) over a 4-week period, chicks were exposed to eight barium dose

levels in their diet.  Exposures of up to 2000 ppm produced no mortality.  Chicks in the 4000 to 32000

ppm groups experienced 5 to 100 percent mortality, respectively.  The 2000 and 4000 ppm doses were

considered the chronic NOAEL and LOAEL, respectively.  These dietary concentrations were converted

to a chronic NOAEL of 20.8 mg/kg/day and a chronic LOAEL of 41.7 mg/kg/day (Sample et al. 1996).

Agency for Toxic Substances and Disease Registry (ATSDR). 1992. Toxicological Profile for Barium.

U.S. Public Health Service, U.S. Department of Health and Human Services, Atlanta, GA.

Johnson, D., Jr., A.L. Mehring, Jr., and H.W. Titus. 1960. Tolerance of chickens for barium. Proc. Soc.

Exp. Biol. Med. 104: 436-438.

Sample, B.E., D.M. Opresko, and G.W. Suter II.  1996.  Toxicological benchmarks for wildlife: 1996

revision.  Risk Assessment Program, Health Sciences Research Division. Oak Ridge, Tennessee.

Beryllium

In nature, beryllium can be found, in compounds with other elements, in mineral rocks, coal, soil, and

volcanic dust.  It can enter water from rocks, soil, and industrial waste.  Most beryllium compounds do

not dissolve in water and settle to the bottom as particles.  Fish are not known to accumulate beryllium in

their bodies from the surrounding water to any great extent (ATSDR 1993).  Based on animal studies,

beryllium compounds may be considered carcinogens (ATSDR 1993).

No dietary information was found on the toxicological effects of beryllium to birds.
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Agency for Toxic Substances and Disease Registry (ATSDR).  1993.  Toxicological profile for beryllium.

U.S. Public Health Service, U.S. Department of Health and Human Services, Atlanta, GA.

Cadmium

Freshwater aquatic species are most sensitive to the toxic effects of cadmium, followed by marine

organisms, birds, and mammals.  Cadmium is a reproductive toxin in fish and other aquatic life.  Adverse

effects include carcinogenicity and teratogenicity.  Other adverse effects in aquatic organisms include

decreased oxygen utilization, bone marrow, heart, kidney, and vascular pressure.  Diatoms and aquatic

plants also show impaired growth and development at low concentrations of cadmium.  Cadmium can

concentrate in tissues and thus can accumulate in food chains.  Vertebrates tend to accumulate cadmium

in the kidney and liver (Eisler 1985).

A 90-day study on the effects of cadmium administered orally in the diet on the reproduction of mallards

indicated a chronic LOAEL of 20.03 mg/kg/day (White and Finley 1978).  Ducks fed cadmium at this

level were observed to produce significantly fewer eggs than those in lower dose groups.  No adverse

reproductive effects were observed at a dose of 1.45 mg/kg/day. This dose was considered to be a chronic

NOAEL.

Eisler, R.  1985.  Cadmium hazards to fish, wildlife, and invertebrates: a synoptic review.  U.S. Fish and

Wildlife Service Biological Report 85(1.2), Contaminant Hazard Reviews. Report No. 2.  46 pp.

Sample, B.E., D.M. Opresko, and G.W. Suter II.  1996.  Toxicological benchmarks for wildlife: 1996

revision.  Risk Assessment Program, Health Sciences Research Division. Oak Ridge, Tennessee.

White, D.H. and M.T. Finley.  1978.  Uptake and retention of dietary cadmium in mallard ducks. Environ.

Res. 17:53-59.

Chromium

Chromium is a naturally occurring element.  Chromium compounds are used in the chemical industry for

metal finishing, manufacture of pigments, leather tanning, and water treatment. Chromium has been

widely studied and its effects are well known.
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A literature search was conducted on the toxicological effects of chromium ingestion to birds.  A study

conducted with American black ducks indicated that dietary levels of 5.0 mg/kg/day of chromium caused

reduced duckling survival.  This dose was considered a chronic LOAEL (Sample et al. 1996).  A dose of

1.0 mg/kg/day was considered a chronic NOAEL because no adverse reproductive effects were observed

at this level.

Sample, B.E., D.M. Opresko, and G.W. Suter II.  1996.  Toxicological benchmarks for wildlife: 1996

revision.  Risk Assessment Program, Health Sciences Research Division. Oak Ridge, Tennessee.

Cobalt

Cobalt is a steel gray, shiny, hard, ductile ferromagnetic metal.  Cobalt released into water is expected to

take a soluble form.  The mobility of cobalt is controlled by its characteristic of adsorbing to the clay

minerals and hydrous oxides of iron, manganese, and aluminum available in sediments and soils.

Chelation of cobalt is possible in sediments and soil (Hawley, 1987).  Small amounts of cobalt may be

solubilized by bacteriological activity.  The effect of cobalt in the terrestrial environment is associated

with nitrogen-fixation; however, excessive amounts can be toxic to plants.  Vegetation is differentially

susceptible to cobalt depending on the species.  Grasses tend to be more susceptible to cobalt toxicity than

broad leafed species (Davis, 1994).

Very limited data exists concerning the toxicity of cobalt to birds and as a result a NOAEL and LOAEL

could not be derived.

Davis, Robert.  1994.  Berkley Products Company Dump Ecological Risk Assessment.  USEPA Region

III.  December 1994.

Hawley, G.G.  1987.  The Condensed Chemical Dictionary-Eleventh Edition.  Van Nostrand Reinhold

Company, Inc., New York, New York.  1987.

Copper

Excess ingestion of copper leads to accumulation in tissues, mainly in the liver.  When concentrations in

the liver exceed a certain level, the metal is released into the blood causing hemolysis and jaundice.  High
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levels of copper also inhibit essential metabolic enzymes (Demayo et al. 1982).  Toxic symptoms appear

when the liver accumulates 3 to 15 times the normal level of copper (Demayo et al. 1982).

A 10-week study on the effects of copper on the growth and mortality of day old chicks indicated reduced

growth and increased mortality at a dietary concentration of 749 ppm (Mehring et al. 1960).  This

concentration, considered to be a chronic LOAEL, was converted to a daily dose of 61.7 mg/kg/day

(Sample et al. 1996).  No adverse effects were observed at a dietary concentration of 570 ppm.  This

concentration, considered to be a chronic NOAEL, was converted to a daily dose of 47 mg/kg/day.

DeMayo, A., M.C. Tyalor and K.W. Taylor. 1982. Effects of copper on humans, laboratory and farm

animals, terrestrial plants and aquatic life. CRC Critical Reviews in Environmental Control. 12(3):183-

255.

Mehring, A.L. Jr., J.H. Brumbaugh, A.J. Sutherland, and H.W. Titus. 1960. The tolerance of growing

chickens for dietary copper. Poult. Sci. 39:713-719.

Sample, B.E., D.M. Opresko, and G.W. Suter II.  1996.  Toxicological benchmarks for wildlife: 1996

revision.  Risk Assessment Program, Health Sciences Research Division. Oak Ridge, Tennessee.

Cyanide

Cyanide has a greater impact upon fish, in general, than upon invertebrates. Plants demonstrate a wide

range of susceptibility.  In general terms, plants will be protected at the same range considered safe for

animals.  Cyanide, which is readily metabolized by most organisms, does not bioaccumulate in food

chains (Eisler 1991).

Eisler, R.  1991.  Cyanide hazards to fish, wildlife, and invertebrates: a synoptic review.  U.S. Fish and

Wildlife Service Biological Report 85(1.23), Contaminant Hazard Reviews Report No. 23.  55 pp.

Lead

Organic forms of lead are more bioavailable than inorganic forms, but microorganisms in streams are

capable of transforming inorganic lead into organic forms.  Soluble lead is toxic to all aquatic plant phyla.

In plants, lead inhibits growth by reducing photosynthetic activity, mitosis, and water absorption.  In the
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terrestrial environment, lead has been demonstrated to be toxic to birds, mammals, reptiles, and

amphibians.  Lead poisoning in birds is particularly well documented, but most lead poisoning in wild

birds results from ingestion of lead pellets.  In contrast, lead poisoning of birds, such as raptors, from

biologically incorporated lead is considered unlikely.  Lead is known to be toxic to mammalian species,

but information on the effects on wild species is very limited.  Toxic effects include mortality, reduced

growth and reproduction, alterations of blood chemistry, lesions, and behavioral changes.  Terrestrial

vegetation also may be affected by elevated lead concentrations.  Demonstrated effects include reduced

photosynthesis, mitosis, and water absorption.  Lead, however, appears to bind tightly to moist soil, and

substantial amounts of lead typically need to accumulate before effects on plants are observed.  Lead does

not biomagnify to a great extent in food chains, although bioaccumulation in plants and animals has been

extensively documented (Wixson and Davis 1993, Eisler 1988).

A 7-month study on the toxicological effects of lead ingestion in American kestrels found that an oral

dose of 3.85 mg/kg/day did not cause any adverse reproductive effects (Sample et al. 1996); this dose was

considered a chronic NOAEL.  A chronic LOAEL of 38.5 mg/kg/day was estimated by multiplying the

chronic NOAEL by an uncertainty factor of 10.  A 12-week study with Japanese quail found that oral

exposures to lead acetate in the diet did not have any adverse reproductive effects at doses of 1.13

mg/kg/day (chronic NOAEL) although adverse effects were observed at a dose of 11.3 mg/kg/day

(chronic LOAEL; Sample et al. 1996).

Eisler, R.  1988.  Lead hazards to fish, wildlife, and invertebrates: a synoptic review.  U.S. Fish and

Wildlife Service Biological Report 85(1.14), Contaminant Hazard Reviews Report No. 14.  134 pp.

Sample, B.E., D.M. Opresko, and G.W. Suter II.  1996.  Toxicological benchmarks for wildlife: 1996

revision.  Risk Assessment Program, Health Sciences Research Division. Oak Ridge, Tennessee.

Wixson, B.G. and B.E. Davis.  1993.  Lead in soil.  Lead in Soil Task Force, Science Reviews.

Northwood.  132 pp.

Mercury

Mercury is persistent in the environment and may cause significant effects on ecological receptors.  A

variety of adverse biological effects have been attributed to mercury.  Mercury is a known teratogen,

mutagen, and carcinogen.  Mercury has been documented to adversely effect reproduction, growth and
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development, behavior, blood and serum chemistry, motor coordination, vision, hearing, histology, and

metabolism at relatively low concentrations in birds and mammals.  The reproduction, growth,

metabolism, blood chemistry, and oxygen exchange of marine and freshwater organisms also is adversely

affected by relatively low concentrations of mercury.  The form of mercury most readily assimilated by

biota is methylmercury.  Once incorporated in tissues, methylmercury is very slow to depurate.  The rate

of bioaccumulation of methylmercury is species- and site-specific.

A literature search was conducted on the toxicological effects of mercury ingestion to birds.  A one-year

study conducted on Japanese quail indicated that an oral dose of 0.9 mg/kg/day (as mercuric chloride)

caused reduced fertility and egg hatchability (Sample et al. 1996).  This dose was considered a chronic

LOAEL.  No adverse reproductive effects were observed at a dose of 0.45 mg/kg/day.  This dose was

considered a chronic NOAEL.

Mallards fed methyl mercury during a 3-generation study showed significant reproductive effects

(reduced egg and duckling production) at a daily dose 0.064 mg/kg/day (Sample et al. 1996).  This dose

was considered a chronic LOAEL.  A chronic NOAEL of 0.0064 mg/kg/day was estimated by

multiplying the chronic LOAEL by an uncertainty factor of 0.1.

Sample, B.E., D.M. Opresko, and G.W. Suter II.  1996.  Toxicological benchmarks for wildlife: 1996

revision.  Risk Assessment Program, Health Sciences Research Division. Oak Ridge, Tennessee.

Nickel

Nickel is a metal that is usually used in the formation of alloys such as stainless steel.  It is found in the

environment as oxides or sulfides.  Nickel may be released to the environment through mining, oil- and

coal- burning power plants, and incinerators.  Nickel will attach to soil or sediment particles, especially

those containing iron or manganese.  Under acidic conditions, nickel can become more mobile and

infiltrate groundwater.  Nickel is present in water mostly as insoluble hydroxides at pH levels higher than

6.7.  At pH levels below 6.5, most nickel compounds are soluble.  Water-insoluble inorganic nickel is

usually unavailable in water and soils.  However, low pH can enable nickel to be mobilized and therefore

more bioavailable for uptake by plants and animals.  Therefore, the speciation and physiochemical state

of nickel is important in evaluating its behavior in the environment and its availability to biota.  Low

nickel concentrations can cause acute toxicity to freshwater and marine organisms.
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A literature search was conducted on the effects of nickel ingestion to birds.  A study conducted on

mallard ducklings indicated that a dose of 107 mg/kg/day of nickel over a 90-day period caused reduced

growth and resulted in 70 percent mortality (Cain and Pafford 1981).  This dose was considered to be the

chronic LOAEL.  A dose of 77.4 mg/kg/day did not increase mortality or reduce growth and was

therefore considered a chronic NOAEL.

Cain, B.W. and E.A. Pafford.  1981.  Effects of dietary nickel on survival and growth of mallard

ducklings.  Arch. Environm. Contam. Toxicol.  10:737-745.

Selenium

Selenium is a metal commonly found in rocks and soil.  In the environment, selenium is not often found

in the pure form.  Much of the selenium in rocks is combined with sulfide minerals or with silver, copper,

lead, and nickel minerals.  Selenium and oxygen combine to form several compounds.  Small selenium

particles in the air settle to the ground or are taken out of the air in rain.  Soluble selenium compounds in

agricultural fields can be transported from the field in irrigation drainage water.  Selenium can accumulate

in animals that live in water containing high levels of selenium.  Very high amounts of selenium can

result in reproductive effects in rats and monkeys.  Exposure to high levels of selenium compounds

caused malformations in birds, but selenium has not been shown to cause birth defects in other mammals

(ATSDR 1996). Chronic exposure of mice and rats to selenium adversely affected fertility and reduced

the viability of the offspring of the pairs of mice that were able to breed (Schroeder and Mitchener 1971).

A 100-day study conducted on the effects of selanomethionine on reproduction in mallard ducks indicated

a chronic NOAEL of 4 ppm in food because it produced no adverse effects on reproduction.  This dose

was converted to a daily dose of 0.4 mg/kg/day (Sample et al. 1996).  A dose of 8 ppm was determined to

be the chronic LOAEL because it resulted in reduced duckling survival and was converted to a daily dose

of 0.8 mg/kg/day.

Reproduction in black crowned night herons fed selanomethionine for 94 days affected reproduction at a

daily dose of 11.8 mg/kg/day (chronic LOAEL), a safety factor of 10 was applied to the chronic LOAEL

to obtain a chronic NOAEL of 1.18 mg/kg/day (Sample et al. 1996).

Agency for Toxic Substances and Disease Registry (ATSDR).  1996.  Toxicological profile for selenium.

U.S. Public Health Service, U.S. Department of Health and Human Services, Atlanta, GA.
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Sample, B.E., D.M. Opresko, and G.W. Suter II.  1996.  Toxicological benchmarks for wildlife: 1996

revision.  Risk Assessment Program, Health Sciences Research Division. Oak Ridge, Tennessee.

Schroeder, H.A. and M. Mitchener.  1971.  Toxic effects of trace elements on the reproduction of mice

and rats.  Arch. Environ. Health.  23:102-106.

Silver

Silver adheres strongly to clay particles found suspended in water and in sediments.  The impact of silver

is most likely to occur in the soil/water interface.  It is acutely toxic to scuds at <6 µg/L and midges at <5

µg/L.  Aquatic plants are less sensitive to silver exposure.

Very limited data exists concerning the toxicity of silver to birds and as a result a NOAEL and LOAEL

could not be derived.

Thallium

Thallium enters the environment primarily from coal-burning and smelting, in which it is a trace

contaminant of the raw materials.  Thallium is absorbed by plants and enters the food chain.  It builds up

in fish and shellfish.  Studies in rats exposed to high levels of thallium, showed adverse developmental

effects (ATSDR 1992).  Rats ingesting thallium for several weeks had some adverse reproductive effects

(ATSDR 1992).  Data also suggest that the male animal reproductive system may be susceptible to

damage by low levels of thallium.

No data was located in the literature concerning the toxicity of thallium to birds and as a result a NOAEL

and LOAEL could not be derived.

Agency for Toxic Substances and Disease Registry (ATSDR).  1992.  Toxicological profile for thallium.

U.S. Public Health Service, U.S. Department of Health and Human Services, Atlanta, GA.

Formigli, L.,R. Scelsi, P. Poggi, C. Gregotti, A. DiNucci, E. Sabbioni, L. Gottardi, and L. Manzo. 1986.

Thallium-induced testicular toxicity in the rat.  Environ. Res.  40:531-539.
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U.S. Environmental Protection Agency (USEPA).  1999.  Screening level ecological risk assessment

protocol for hazardous waste combustion facilities.  Peer Review Draft.  EPA/530/D-99/001.

Tin

Tin enters the environment by both natural and human activities such as mining, coal and oil combustion,

and the production and use of tin products (ATSDR 1995).  Inorganic and organic forms of tin as well as

tin metal are found in air, water and soil near places where they are naturally present in the rocks, or

where they are mined, manufactured, or used.

The organic form of tin, tributyltin, is known to accumulate in the tissues of plants, fish, and other

organisms.

Agency for Toxic Substances and Disease Registry (ATSDR).  1995. ToxFAQs - Tin. U.S. Public Health

Service, U.S. Department of Health and Human Services, Atlanta, GA. www.atsdr.cdc.gov.

Vanadium

Vanadium enters the environment primarily from natural sources and from the burning of fuel oils.  It is

an essential element in certain animals, but may induce toxic effects in sufficient quantities.  Young rats

fed 92 and 194 ppm vanadium lost body weight and exhibited gross pathological symptoms, and 56

percent of those fed 368 ppm vanadium died (Daniel and Lillie 1938).  In a study with mallard ducks,

vanadium accumulated in the bone, kidney, and liver.  Hens fed 100 ppm accumulated vanadium in the

bone to about five times the levels in drakes (White and Dieter 1978).  Several studies have shown

contradictory effects of vanadium on lipid metabolism in birds and mammals.  Responses were dependent

on species, age, and diet composition.  The alterations in lipid metabolism caused by vanadium were

considered biologically significant because they were demonstrable in ducks that had absorbed and

accumulated only minute tissue concentrations of the metal (White and Dieter 1978).

A literature search was conducted on the toxicological effects of vanadium ingestion to birds.  A study

conducted on mortality, body weight, and blood chemistry effects of vanadium to mallards indicated a

chronic NOAEL of 11.4 mg/kg/day (White and Dieter 1978).  The mallards were fed three dose levels of

vanadium in food over a 12-week period and no effects were observed at any dose level.  The maximum
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dose was considered the chronic NOAEL.  A chronic LOAEL (114 mg/kg/day) was estimated by

multiplying the chronic NOAEL by an uncertainty factor of 10.

Daniel, E.P. and R.D. Lillie.  1938.  Experimental vanadium poisoning in the white rat.  U.S. Public

Health Rep.  53:765-777.

White, D.H. and M.P. Dieter.  1978.  Effects of dietary vanadium in mallard ducks.  J. Toxicol. Environ.

Health.  4:43-50.

Zinc

Zinc, like many other metals, is essential in cell growth and enzymatic formation.  Ceriodaphnia, a genus

of aquatic invertebrates, are the most sensitive of 35 genera tested, but some aquatic plants are three times

as sensitive to zinc.  Zinc toxicity can result in destruction of gill epithelium and tissue hypoxia in fish.  In

terrestrial species, chronic exposure to zinc can result in softening of bone, anemia, enteropathy, and

kidney damage.  Zinc is not known to magnify in food chains because the body regulates it and excess

zinc is eliminated.

Reproduction in chickens exposed to zinc in the diet for 44 weeks was not adversely affected at a daily

dose of 14.5 mg/kg/day but was adversely affected at 131 mg/kg/day.  These doses are considered chronic

NOAEL and LOAEL values, respectively (Sample et al. 1996).

Sample, B.E., D.M. Opresko, and G.W. Suter II.  1996.  Toxicological benchmarks for wildlife: 1996

revision.  Risk Assessment Program, Health Sciences Research Division. Oak Ridge, Tennessee.
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SEMIVOLATILE ORGANICS

2,4-Dimethylphenol

2,4-dimethylphenol may enter the environment from industrial and municipal discharges or spills.  Acute

toxic effects may include the death of animals, birds, or fish, and death or low growth rate in plants.  2,4-

dimethylphenol has moderate acute toxicity to aquatic life. Insufficient data are available to evaluate or

predict the short-term effects of 2,4-dimethylphenol to plants, birds, or land animals.  Chronic toxic

effects may include shortened life span, reproductive problems, lower fertility, and changes in appearance

or behavior.  2,4-dimethylphenol has moderate chronic toxicity to aquatic life (ATDSR 1993).

Agency for Toxic Substances and Disease Registry (ATSDR).  1993.  Toxicological profile for

2,4-dimethylphenol.  U.S. Public Health Service, U.S. Department of Health and Human Services,

Atlanta, GA.

2-Methylnaphthalene

Information on the toxicity of 2-methylnaphthalene to birds was not available in the literature.

3-Nitroaniline

Information regarding the toxicity of 3-nitroaniline to the ecological receptors evaluated in this ERA was

not available in the literature.

4-Nitroquinoline-1-oxide

Information regarding the toxicity of 4-nitroquinoline-1-oxide to the ecological receptors evaluated in this

ERA was not available in the literature.

4-Chlorophenyl-phenylether

Information regarding the toxicity of 4-chlorophenyl-phenylether to the ecological receptors evaluated in

this ERA was not available in the literature.
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7,12-Dimethylbenz(a)anthracene

Information regarding the toxicity of 7,12-dimethylbenz(a)anthracene to the ecological receptors

evaluated in this ERA was not available in the literature.

Acetophenone

Information regarding the toxicity of acetophenone to the ecological receptors evaluated in this ERA was

not available in the literature.

Benzoic acid

Information regarding the toxicity of benzoic acid to the ecological receptors evaluated in this ERA was

not available in the literature.

Benzyl alcohol

Information regarding the toxicity of benzyl alcohol to the ecological receptors evaluated in this ERA was

not available in the literature.

Bis(2-ethylhexyl)phthalate

Bis(2-ethylhexyl)phthalate (DEHP) is used in the production of polyvinyl chloride, where it is added to

plastics to make them flexible.  Acute animal tests, such as the LD 50 test in rats, have shown DEHP to

have low acute toxicity from oral exposure (RTECS 1993).  Oral exposure animal studies indicate that

DEHP has adverse effects on the liver, kidney, weight gain and food consumption, and can cause liver

tumors in rats and mice.  Tests on rats and mice demonstrated that DEHP can cause developmental and

reproductive toxicity, such as birth defects, decrease in testicular weights, and tubular atrophy (ATSDR

1993).  Animal chronic, inhalation exposure studies have reported increased lung weights and liver

weights (ATSDR 1993).

A literature search was conducted on the effects of bis(2-ethylhexyl)phthalate ingestion to birds.  A 4-

week study conducted on the reproductive effects of bis(2-ethylhexyl)phthalate to ringed doves indicated

a chronic NOAEL of 10 ppm (Peakall 1974).  No significant reproductive effects were observed among
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doves on diets containing 10 ppm of bis(2-ethylhexyl)phthalate.  This dietary concentration was

converted to daily dose (NOAEL) of 1.1 mg/kg/day (Sample et al. 1996).  A chronic LOAEL was

estimated by multiplying the chronic NOAEL by an uncertainty factor of 10.

Agency for Toxic Substances and Disease Registry (ATSDR).  1993.  Toxicological profile for bis(2-

ethylhexyl)phthalate.  U.S. Public Health Service, U.S. Department of Health and Human Services,

Atlanta, GA.

Peakall, D.B.  1974.  Effects of di-n-butylphthalate and di-2-ethylhexylphthalate on the eggs of ring

doves.  Bull. Environ. Contam. Toxicol.  12:698-702.

Registry of Toxic Effects of Chemical Substances (RTECS).  1993.  Online database. U.S. Department of

Health and Human Services. National Toxicology Information Program, National Library of Medicine.

Bethesda, MD.

Sample, B.E., D.M. Opresko, and G.W. Suter II.  1996.  Toxicological benchmarks for wildlife: 1996

revision.  Risk Assessment Program, Health Sciences Research Division. Oak Ridge, Tennessee.

Butylbenzylphthalate

Butylbenzylphthalate is used as a plasticizer.  When it is released into the environment,

butylbenzylphthalate tends to bind to soil and sediment. It does not persist in the environment when

oxygen is present, with half-lives in air, water, and soil of only a few days.  It is more persistent at low

temperatures, and in an anaerobic environment.

o-Cresol, m-Cresol and  p-Cresol

o-Cresol, m-cresol and p-cresol are also known as 2-, 3-  and 4-methylphenol, respectively.  Cresols are

manufactured and also occur naturally.  These forms occur separately or as a mixture.  o-Cresol is used to

dissolve other chemicals, as a disinfectant and deodorizer, and to produce pesticides.  It is found in many

foods and in wood, tobacco smoke, crude oil, coal tar, and in brown mixtures such as creosote and

cresylic acids, which are wood preservatives.  Microorganisms in soil and water produce cresols when

they break down materials in the environment (ATSDR 1992).
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o-Cresol occurs widely in the environment at low levels, because it quickly breaks down.  It does not

evaporate quickly from water, but can be removed by bacteria.  In soils, half the total amount of O-Cresol

will break down in about a week.  It does not appear to accumulate in fish or animal tissue (ATSDR

1992).

Agency for Toxic Substances and Disease Registry (ATSDR).  1992.  Toxicological profile for cresols.

U.S. Public Health Service, U.S. Department of Health and Human Services, Atlanta, GA.

Di-n-butylphthalate

Di-n-butylphthalate is a man-made chemical that is used to make soft plastics, carpet backing, paints,

glue, insect repellents, hairspray, nail polish, and rocket fuel.  Di-n-butylphthalate does not evaporate

easily, but small amounts do enter into the air as a gas and by attaching to dust particles.  In the air, di-n-

butylphthalate usually breaks down within a few days.  Di-n-butylphthalate does not dissolve easily in

water, but can be transported to water by adhering to soil/sediment particles.  Bacteria break down di-n-

butylphthalate in water and soil within a day or up to a month.  The length of time it takes to break down

di-n-butylphthalate in soil or water depends on the kind of bacteria present and the soil/water temperature

(ATSDR 1990).  Di-n-butylphthalate appears to have relatively low toxicity.  The levels of di-n-

butylphthalate which cause toxic effects in animals are about 10,000 times higher than the typical levels

of di-n-butylphthalate found in air, food, or water (ATSDR 1990).

In animals, ingestion of high levels of di-n-butylphthalate can affect their ability to reproduce, cause death

of unborn animals, and decrease sperm production.  Sperm production seems to return to near normal

levels when exposure to di-n-butylphthalate ceases.

A literature search was conducted on the toxicological effects of di-n-butylphthalate ingestion to birds.  A

study on the effects of di-n-butylphthalate on the reproduction of ringed doves was conducted over a four-

week period (Peakall 1974).  Doves fed diets containing 10 ppm di-n-butylphthalate ( 1.1 mg/kg/day)

were observed to have reduced eggshell thickness and water permeability of the shell.  This dose was

considered a chronic LOAEL.  A chronic NOAEL was estimated by multiplying the chronic LOAEL by

an uncertainty factor of 0.1.
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Agency for Toxic Substances and Disease Registry (ATSDR).  1990.  Toxicological profile for di-n-

butylphthalate.  U.S. Public Health Service, U.S. Department of Health and Human Services, Atlanta,

GA.

Peakall, D.B.  1974.  Effects of di-n-butylphthalate and di-2-ethylhexylphthalate on the eggs of ring

doves.  Bull. Environ. Contam. Toxicol.  12: 698-702.

Dibenzofuran

Dibenzofuran is a polynuclear aromatic compound that may be found in coke dust, grate ash, fly ash, and

flame soot.  It has been listed as a pollutant of concern to USEPA’s Great Waters Program due to its

persistence in the environment, potential to bioaccumulate, and toxicity to the environment.

A literature search was conducted on the toxicological effects of dibenzofuran ingestion to mammals and

birds.  Studies measuring the toxicological effects of dibenzofuran to the ecological receptors in this ERA

were not available.

Diethylphthalate

Diethylphthalate is a synthetic substance that is commonly used to make plastics more flexible.  Products

in which it is found include toothbrushes, automobile parts, tools, toys, and food packaging.

Diethylphthalate can be released fairly easily from these products because it is not part of the chain of

chemicals (polymers) that makes up the plastic.  Diethylphthalate is also used in cosmetics, insecticides,

and aspirin.  Diethylphthalate has a moderate acute and chronic toxicity to aquatic organisms and can be

mildly irritating when applied to the skin or eyes of animals.

Information regarding the toxicity of diethylphthalate to the ecological receptors evaluated in this ERA

was not available in the literature.

Dimethylphthalate

Dimethylphthalate is a colorless oily liquid with a slightly sweet odor that is used in solid rocket

propellants, lacquers, plastics, safety glasses, rubber coating agents, molding powders, insect repellants,

and pesticides.  In animal studies, acute exposure to dimethylphthalate via inhalation results in irritation
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of the eyes, nose, and throat.  The LD50 test in rats has shown dimethylphthalate to have moderate acute

toxicity from oral and dermal exposures.  Animal studies have reported slight effects on growth and on

the kidney from chronic oral exposure to dimethylphthalate. No information concerning the toxicity of

dimethylphthalate to birds and other ecological receptors evaluated in this ERA was available in the

literature.

a,a-Dimethylphenethylamine

Information regarding the toxicity of a,a-dimethylphenethylamine to the ecological receptors evaluated in

this ERA was not available in the literature.

N-Nitroso-di-n-butylamine

Information regarding the toxicity of n-nitroso-di-n-butylamine to the ecological receptors evaluated in

this ERA was not available in the literature.

N-Nitrosodiethylamine

Information regarding the toxicity of n-nitrosodiethylamine to the ecological receptors evaluated in this

ERA was not available in the literature.

N-Nitrosodiphenylamine

N-nitrosodiphenylamine is an industrial compound that has been produced since 1945 in the manufacture

of rubber products and other chemicals.  Manufacturers have since replaced it with more efficient

chemicals.  It is not known whether it exists naturally in the environment; there is some evidence that

microorganisms may produce it.   Aquatic organisms can accumulate low levels of

n-nitrosodiphenylamine in their bodies (ATSDR 1993).  It is not known whether terrestrial animals and

plants accumulate n-nitrosodiphenylamine.  Animals exposed to n-nitrosodiphenylamine through long-

term dietary intake developed swelling, cancer of the bladder, and changes in body weight (ATSDR

1993).  Higher levels have caused death.

No avian toxicological data were found.
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Agency for Toxic Substances and Disease Registry (ATSDR).  1993.  Toxicological profile for n-

nitrosodiphenylamine.

N-Nitrosopyrrolidine

Information regarding the toxicity of n-nitrosopyrrolidine to the ecological receptors evaluated in this

ERA was not available in the literature.

Phenol

Phenol is mainly a man-made chemical, although it is found in animal wastes and organic material.

Phenol is a colorless or white solid when it is pure but it is usually sold and used as a liquid.  The largest

single use of phenol is production of plastics.  It evaporates more slowly than water and dissolves fairly

well in water.  Phenol is also ignitable (ASTDR 1989).

Pregnant animals that drank water containing high levels of phenol gave birth to offspring that had low

birth weights and birth defects.  Dermal exposure to small amounts of phenol for short durations can

cause blisters and burns on the exposed area.  Spilling weak phenol solutions on large parts of the body

(more than 25 percent of the body surface) can result in death (ATSDR 1989).  The toxicity of dermal

exposure to phenol is influenced by the size of the skin area exposed.

Information regarding the toxicity of phenol to the ecological receptors evaluated in this ERA was not

available in the literature.

Agency for Toxic Substances and Disease Registry (ATSDR).  1989.  Toxicological profile for phenol.

U.S. Public Health Service, U.S. Department of Health and Human Services, Atlanta, GA.

p-Phenylenediamine

Information regarding the toxicity of p-phenylenediamine to the ecological receptors evaluated in this

ERA was not available in the literature.
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Polycyclic Aromatic Hydrocarbons (PAHs)

PAHs are virtually ubiquitous in nature, primarily as a result of natural processes such as forest fires,

microbial synthesis, and volcanic activity.  They have been detected in animal and plant tissues,

sediments, soils, air, surface water, drinking water, and groundwater.  Anthropogenic sources of PAHs in

the environment include high temperature combustion of organic materials typical of processes used in

the steel industry, heating and power generation, and petroleum refining.

Environmental concern has focused on PAHs, which range in molecular size from two-ring structures to

seven-ring structures.  The number of rings on the molecule strongly affects its biochemical interactions

in the environment.  Consequently, the fate, transport, and toxicity of PAHs correlate strongly with the

size of the specific PAH molecule.

Relatively little information is known on the fate and transport of specific PAH compounds.  Information

on PAHs as a group is largely inferred from information on benzo(a)pyrene and mixtures of PAHs.

PAHs are moderately persistent in the environment and therefore may potentially cause significant effects

to vegetation, wildlife and fish.  The carcinogenicity of individual PAHs differs.  Some lower weight

compounds such as naphthalene, fluorene, phenanthrene, and anthracene exhibit acute toxicity and other

adverse effects to some organisms, but are non-carcinogenic.  In contrast, the higher molecular weight

compounds are significantly less acutely toxic, but many are demonstrably carcinogenic, mutagenic, or

teratogenic to a wide variety of organisms, including fish and other aquatic life, amphibians, birds, and

mammals.

PAHs can be taken into the mammalian body by inhalation, ingestion or dermal contact.  Acute and

chronic exposure to carcinogenic PAHs have been shown to cause tumors in the stomach, lung, and skin.

PAHs also have been associated with the destruction of hematopoietci and lymphoid tissues, ovatoxicity,

adrenal necrosis, changes in intestinal and respiratory epithelia and immunosuppression.

The environmental effects of most non-carcinogenic PAHs are poorly understood.  Available information

suggests that these PAHs are not very potent teratogens or reproductive toxins. Effects include damage to

the liver and kidney, and external effects of sebaceous gland ulceration.
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Studies on PAH toxicity in birds indicated no mortality or visible signs of toxicity when fed 4,000 mg

total PAH per kilogram of body weight for seven months.  In another study, toxic and sub-lethal effects

were noted at concentrations of between 0.036 and 0.18 µg PAH per egg following application of various

PAHs (e.g., chrysene and benzo(a)pyrene) to the surface of mallard eggs.  Another study reported acute

oral effect levels for the red-winged blackbird and house sparrow and acenaphthene, phenanthrene and

anthracene LD50values exceeded 100 mg/kg of body weight for these species.

A study conducted on nestling European starlings indicated that a dose of 100 mg/kg/day of 7,12-

dimethylbenz(a)anthracene caused an 11 percent reduction in mean body weight, a 16 percent reduction

in mean hemoglobin concentrations, and a 90 percent reduction in lymphocyte proliferation (Trust et al.

1993).  A dose of 10 mg/kg/day caused no adverse effects to nestling birds.  Adult starlings dosed as high

as 300 mg/kg/day showed no adverse effects.

Neal, J. and R.H. Rigdon.  1967.  Gastric tumors in mice fed benzo(a)pyrene: a quantitative study.  Tex.

Rep. Biol. Med.  25:553-557.

Trust, K.A., A. Fairbrother, and M.J. Hooper.  1993.  Effects of 7,12-dimethylbenz(a)anthracene on

immune function and mixed-function oxygenase activity in the European starling. Environ. Toxicol. and

Chemistry.  13:821-830.

Acenaphthene

For birds, data for benzo(a)pyrene was applied to this chemical.

Agency for Toxic Substances and Disease Registry (ATSDR).  1995.  Toxicological profile for polycyclic

aromatic hydrocarbons (PAHs).  August.

Acenaphthylene

For birds, data for benzo(a)pyrene was applied to this chemical.
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Anthracene

Mallards fed anthracene orally for 7 months showed adverse effects to the hepatic system at a dose of 228

mg/kg/day (Patton and  Dieter 1980).  This dose was considered a chronic LOAEL.  A chronic NOAEL

of 22.8 mg/kg/day was estimated by multiplying the chronic LOAEL by an uncertainty factor of 0.1.

Patton, J.F. and M.P. Dieter.  1980.  Effects of petroleum hydrocarbons on hepatic function in the duck.

Comp. Biochem. Physiol.  65C:33-36.

Benzo(a)anthracene

Information regarding benzo(a)anthracene was not available in the literature.  Data for benzo(a)pyrene

was applied to this chemical for both birds.

Benzo(a)pyrene

Chickens were fed benzo(a)pyrene for 34 days.  Adverse reproductive effects were found at a dose of 395

mg/kg/day (Rigdon and Neal 1963).  This dose was considered a chronic LOAEL.  A chronic NOAEL of

39.5 mg/kg/day was estimated by multiplying the chronic LOAEL by an uncertainty factor of 0.1.

Rigdon, R.H. and J. Neal.  1963.  Fluorescence of chickens and eggs following the feeding of benzpyrene

crystals.  Texas Reports on Biology and Medicine  21(4):558-566.

Benzo(b)fluoranthene

Information regarding benzo(b)fluoranthene was not available in the literature.  Data for benzo(a)pyrene

was applied to this chemical for both birds.

Benzo(g,h,i)perylene

Information regarding benzo(g,h,i)perylene was not available in the literature.  Data for benzo(a)pyrene

was applied to this chemical for both birds.



H-23

Benzo(k)fluoranthene

Information regarding benzo(k)fluoranthene was not available in the literature.  Data for benzo(a)pyrene

was applied to this chemical for both birds.

Chrysene

Information regarding chrysene was not available in the literature.  Data for benzo(a)pyrene was applied

to this chemical for both birds.

Dibenz(a,h)anthracene

Information regarding dibenz(a,h)anthracene was not available in the literature.  Data for benzo(a)pyrene

was applied to this chemical for both birds.

Fluoranthene

For birds, data for benzo(a)pyrene was applied to this chemical.

Fluorene

For birds, data for benzo(a)pyrene was applied to this chemical.

Indeno(1,2,3-cd)pyrene

Data for benzo(a)pyrene was applied to this chemical for birds.

Naphthalene

Mallards fed naphthalene orally for 7 months showed adverse effects to the hepatic system at a dose of

228 mg/kg/day (Patton and  Dieter 1980).  This dose was considered a chronic LOAEL.  A chronic

NOAEL of 22.8 mg/kg/day was estimated by multiplying the chronic LOAEL by an uncertainty factor of

0.1.
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Patton, J.F. and M.P. Dieter.  1980.  Effects of petroleum hydrocarbons on hepatic function in the duck.

Comp. Biochem. Physiol.  65C:33-36.

Phenanthrene

Data for benzo(a)pyrene was applied to this chemical for birds.

Pyrene

Data for benzo(a)pyrene was applied to this chemical for birds.
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VOLATILE ORGANICS

1,1-Dichloroethane

1,1-dichloroethane is a manmade liquid that is a vapor when released to the environment.  It is used to

make other chemicals, and to dissolve paints, varnishes, and grease.  1,1-dichloroethane does not dissolve

easily in water but can evaporate easily to the air.  1,1-dichloroethane found in soils can evaporate to the

air or can move to groundwater (ATSDR 1989).  Brief exposures to high levels of 1,1-dichloroethane

have caused death in animals.  Longer exposures to 1,1-dichloroethane in the air have caused kidney

disease in animals (ATSDR 1989).  Avian toxicity information was not available.

Agency for Toxic Substances and Disease Registry (ATSDR).  1989.  Toxicological profile for

1,1-dichloroethane.  U.S. Public Health Service, U.S. Department of Health and Human Services,

Atlanta, GA.

1,2-Dibromoethane

1,2-dibromoethane is a colorless liquid that is used as a pesticide and a gasoline additive to improve fuel

efficiency.  1,2-dibromoethane is mostly manmade, but small amounts may occur naturally in the water.

The USEPA banned most uses in 1984.  1,2-Dibromoethane evaporates into the air where it breaks down

quickly.  It dissolves in water and remains in the groundwater and soils for long periods of time (ATSDR

1991). Avian toxicity information was not available.

Agency for Toxic Substances and Disease Registry (ATSDR).  1990.  Toxicological profile for

1,2-dibromoethane.  U.S. Public Health Service, U.S. Department of Health and Human Services,

Atlanta, GA.

1,2-Dichloroethane

1,2-dichloroethane is a clear, manmade liquid used to make vinyl chloride and other substances that

dissolve grease, glue, and dirt.  It is also added to leaded gasoline to remove lead.  Small amounts of 1,2-

dichloroethane evaporate from the water and soil into the air where it is quickly broken down by the sun.

1,2-dichloroethane in the soil will travel into the groundwater where it can stay for up to 40 days.
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Animals that ingest or inhale large amounts of 1,2-dichloroethane exhibit nervous system disorders and

kidney disease (ATSDR 1993). Avian toxicity information was not available.

Agency for Toxic Substances and Disease Registry (ATSDR).  1993.  Toxicological profile for

1,2-dichloroethane.  U.S. Public Health Service, U.S. Department of Health and Human Services,

Atlanta, GA.

1,2-Dichloropropane

1,2-dichloropropane is a colorless, manmade liquid that is used currently in research and industry.  1,2-

dichloropropane was used prior to the early 1980s as a soil fumigant and was found in some paint

thinners, strippers, and finish removers.  1,2-dichloropropane degrades slowly in the atmosphere and soil.

In groundwater, 1,2-dichloropropane has a half-life of six months to 2 years.  Animals given 1,2-

dichloropropane orally were seen to exhibit liver and kidney damage.  Those given higher doses died

(ATSDR 1988). Avian toxicity information was not available.

Agency for Toxic Substances and Disease Registry (ATSDR).  1988.  Toxicological profile for

1,2-dichloropropane.  U.S. Public Health Service, U.S. Department of Health and Human Services,

Atlanta, GA.

Acetone

Acetone is a colorless, volatile liquid that has a sweetish odor (Hawley, 1987).  It is considered the least

toxic solvent in the industry.  Acetone can be naturally occurring or manufactured artificially (Howard,

1991).  It is used as a solvent in the production of lubricating oils, and as a chemical intermediate in the

manufacturing of chloroform, pharmaceuticals, and pesticides.  It also is used to produce paints,

varnishes, and lacquers (BEIA, 1989).

Acetone may be released into the environment as stack emissions, fugitive emissions, and in wastewater

in its production and use as a chemical intermediate and solvent.  In addition to industrial releases,

acetone is the product of the photodioxidation of some alkanes and alkenes found in urban air, and in

releases from volcanos and forest fires (Howard, 1991).
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If released into water, acetone will most likely biodegrade.  Acetone will also volatize.  As a result of its

volatile characteristics, bioconcentration in aquatic organisms and adsorption  to sediment should not be

significant (Howard, 1991 ).

Released on soil, acetone will volatize with some leaching into soil.  Acetone rapidly biodegrades in soils

(Howard, 1991).

Because of acetone's ability to volatize, released into the atmosphere is the ultimate fate of acetone.  In

the atmosphere, it will undergo photolysis and react with photochemically produced hydroxyl radicals.

The half-life of acetone ranges between 13 and 22 days with the longer half-life occurring in the winter

months.  This relatively long half-life allows for atmospheric dispersion of acetone.  The primary removal

process is wash out by rain (Howard, 1991)

Avian toxicity information was not available.

BEIA.  Biomedical and Environmental Information Analysis.  1989.  The Installation Restoration

Program Toxicology Guide.  Oak Ridge National Laboratory, Oak Ridge, Tennessee.  July 1989.

Hawley, G.G.  1987.  The Condensed Chemical Dictionary-Eleventh Edition.  Van Nostrand Reinhold

Company, Inc., New York, New York.  1987.

Howard, Phillip H.  1991.  Handbook of Environmental fate and Exposure Data for Organic Chemicals.

Lewis Publishers, Chelsea Michigan.

Benzene

Benzene is a naturally occurring chemical produced by volcanoes and forest fires but is also a major

industrial chemical made from coal and oil.  Benzene is present naturally in many plants and animals.  As

a pure chemical, benzene is a clear, colorless liquid.  In industry, benzene is used to make intermediate

chemicals, to make some types of plastics, detergents, and pesticides, and as a component of gasoline

(ATSDR 1987).

Benzene is released to the environment from both natural and man-made sources.  Chemical degradation

reactions limit the atmospheric residence time of benzene to only a few days.  Biodegradation, principally
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aerobic, is the most important fate mechanism for benzene in water and soil (ATSDR 1987).  Much of the

benzene released to water will volatilize to the air.  Transport to sediment is not likely to be a significant

fate process.  Benzene released to soil will either volatilize to the air or leach to groundwater (ATSDR

1987).

Benzene can be absorbed into the body following ingestion, inhalation, and dermal contact.  Benzene

must undergo metabolic transformation to exert its toxic effects.  The toxic effects of benzene include

hematotoxicity, immunotoxicity, ad neurotoxicity.  Benzene is not teratogenic but does cause some

reproductive effects such as reduced fetal weight.  Benzene is genotoxic and is a known carcinogen

(ATSDR 1987).

Avian toxicity information was not available.

Agency for Toxic Substances and Disease Registry (ATSDR).  1987.  Toxicological profile for benzene.

Draft.  U.S. Public Health Service, U.S. Department of Health and Human Services, Atlanta, GA.

Bromodichloromethane

Bromodichloromethane is a colorless, heavy liquid that is formed as a by-product when chlorine is added

to drinking water.  Bromodichloromethane is also used in the production of other chemicals.

Bromodichloromethane evaporates quickly and most that is released evaporates into the air where it is

slowly broken down.  Animals that have been fed quantities of bromodichloromethane have developed

cancer of the liver, kidney, and intestines (ATSDR 1989). Avian toxicity information was not available.

Agency for Toxic Substances and Disease Registry (ATSDR).  1989.  Toxicological profile for

bromodichloromethane.  U.S. Public Health Service, U.S. Department of Health and Human Services,

Atlanta, GA.

Bromoform

Bromoform is a colorless, heavy, nonburnable liquid used to dissolve dirt and grease and to make other

chemicals.  Bromoform is also produced when chlorine is added to drinking water.  Bromoform is stable

in the air but breaks down slowly into other chemicals.  Bromoform present in soil or water is slowly
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broken down by bacteria.  Long-term intake of bromoform can cause cancer in animals (ATSDR 1990).

Avian toxicity information was not available.

Agency for Toxic Substances and Disease Registry (ATSDR).  1990.  Toxicological profile for

bromoform.  U.S. Public Health Service, U.S. Department of Health and Human Services, Atlanta, GA.

Carbon Disulfide

Carbon disulfide is a natural product of anaerobic biodegradation and is released to the atmosphere from

oceans and land masses.  It may also be released as emissions and in wastewater during its production and

use.  Carbon disulfide is used in the production of viscous rayon, cellophane, carbon tetrachloride, and as

a solvent and fumigant (Howard, 1991).

If released to soil, carbon disulfide will be primarily lost by volatilization.  Carbon disulfide also will

rapidly volatilize from water with an estimated 2.6 hr half-life based on a river model.  Adsorption to the

sediment will not be significant.  Carbon disulfide is not expected to significantly bioconcentrate in

aquatic organisms (Howard, 1991).

Avian toxicity information was not available.

Chloroform

Chloroform is a colorless or water-white liquid.  Most of what is produced in the United States is used to

make fluorocarbon 22, which is a cooling fluid for air conditioners.  A lesser amount is used in the

production of pesticides and solvents.  Most of the chloroform that is released to the environment is

transported to the air (ATSDR 1988).

A literature search was conducted on the toxicological effects of chloroform ingestion to mammals and

birds.  Ingestion-based studies were not available for birds.

Agency for Toxic Substances and Disease Registry (ATSDR).  1988.  Toxicological profile for

chloroform.  U.S. Public Health Service, U.S. Department of Health and Human Services, Atlanta, GA.
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Dibromochloromethane

Information regarding the toxicity of dibromochloromethane to the ecological receptors evaluated in this

ERA was not available in the literature.

Ethylbenzene

Ethylbenzene occurs naturally in coal tar and petroleum and is also found in many man-made products

including paints, inks, and insecticides.  Gasoline contains about 2 percent (by weight) ethylbenzene.

Ethylbenzene is a colorless liquid that smells like gasoline.  It evaporates at room temperature and burns

easily.  Ethylbenzene is most commonly found as a vapor because it evaporates easily into the air from

water and soil.  Once in the air, other chemicals help break down ethylbenzene into chemicals found in

smog.  This breakdown happens in about 3 days with the aid of sunlight.  In surface water such as rivers

and harbors, ethylbenzene breaks down by reacting with other compounds naturally present in water.  In

soil, bacteria break down ethylbenzene.  It can also infiltrate groundwater since it does not readily bind to

soil.  Several studies indicate that ethylbenzene causes systemic effects in animals following inhalation

exposure.  The principal target organs appear to be the lungs, liver, and kidney, with transient toxic

effects on the hematological system (ATSDR 1990). Avian toxicity information was not available.

Agency for Toxic Substances and Disease Registry (ATSDR).  1990.  Toxicological profile for

ethylbenzene.  U.S. Public Health Service, U.S. Department of Health and Human Services, Atlanta, GA.

Toluene

Toluene is produced as a by-product in the processing of gasoline and coke, and in the manufacture of

styrene.  Toluene readily degrades once it is released to the environment.  It is readily broken down by

microorganisms in the soil and evaporates quickly from the soil and surface water.  Toluene can

accumulate in aquatic organisms such as fish, shellfish, plants, and aquatic mammals.  It is not known to

biomagnify in food chains.

Studies on animals have shown that toluene can effect the central nervous system, liver, kidney and lungs.

Studies using moderate to high concentrations of toluene indicate that toluene is a developmental

toxicant, but not a reproductive toxicant (ATSDR 1994).
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A literature search was conducted on the toxicological effects of toluene ingestion to birds.  Ingestion-

based studies were not available for birds.

Avian toxicity information was not available.

Agency for Toxic Substances and Disease Registry (ATSDR).  1994.  Toxicological profile for toluene.

U.S. Public Health Service, U.S. Department of Health and Human Services, Atlanta, GA.

Xylenes

Xylene is primarily a man-made chemical that is produced from petroleum and coal.  Xylene also occurs

naturally in petroleum and coal tar, and is formed during forest fires.  There are three forms or isomers of

xylene including meta-xylene, ortho-xylene, and para-xylene.

Xylene evaporates and burns easily.  Xylene does not mix well with water, however, it does mix with

alcohol and with many other chemicals.  Xylene is a liquid and it can leach into soil, surface water

(creeks, streams, and rivers), and groundwater where it can remain for 6 months or longer before it is

broken down into other chemicals.  Because it evaporates readily, most xylene is transported to the air,

where it lasts for several days and is broken down by sunlight into other kinds of chemicals.

Results of studies with animals indicate that large amounts of xylene can cause changes in the liver and

adverse effects on the kidney, lung, heart, and nervous system.  Short-term exposure to high

concentrations of xylene causes death in some animals, as well as muscular spasms, incoordination,

hearing loss, changes in behavior, changes in organ weights, and changes in enzyme activity.  Long-term

exposure to low concentrations of xylene has not been well studied in animals (ATSDR 1990).

Quail exposed to xylene in the diet showed chronic effects at an estimated dose of 405 mg/kg/day (Hill

and Camardese 1986).  A chronic NOAEL of 40.5 mg/kg/day was estimated by multiplying this chronic

LOAEL by an uncertainty factor of 0.1.

Agency for Toxic Substances and Disease Registry (ATSDR).  1990.  Toxicological profile for xylene.

U.S. Public Health Service, U.S. Department of Health and Human Services, Atlanta, GA.
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Hill, E.F. and M.B. Camardese.  1986.  Lethal dietary toxicities of environmental contaminants and

pesticides to Coturnix. U.S. Fish and Wildlife Service Technical Report 2.
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