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EXECUTIVE SUMMARY 

The primary objective of the Remedial Investigation (RI) at the Demolition Debris Disposal Area – Site 43 

was to provide data to guide the selection of a remedy for contamination that is protective of human 

health and the environment.  In order to achieve this primary objective, samples from various media were 

collected and analyzed to fill data gaps from previous investigations and to evaluate the extent of 

contamination previously documented at the site and evaluate the effect remedial actions have had on 

site conditions. 

SITE HISTORY 

A partially exposed drum was discovered at the site in December 1992.  A site reconnaissance found 

additional buried material and the area was fenced until further investigations were completed.  A 

geophysical survey was conducted to assess the area surrounding the exposed drums and determine the 

size of the disposal area.  A site characterization was performed in October 1999 to investigate the 

anomalies detected during the geophysical survey and to collect soil and groundwater samples.  Surface 

soil samples were reported to contain benzo(a)pyrene and eight metals at concentrations exceeding the 

Florida Department of Environmental Protection (FDEP) Soil Cleanup Target Levels (SCTLs) and NAS 

Pensacola background concentrations.  Test pits were excavated at 17 of the geophysical anomaly areas 

and buried drums were removed at two of these test pits.  Five temporary monitoring wells were installed 

and sampled.  The groundwater samples were reported to contain methylene chloride and two metals at 

concentrations exceeding the FDEP Groundwater Cleanup Target Levels (GCTLs).  Only iron was 

reported to exceed the NAS Pensacola background levels. 

INTERIM REMEDIAL ACTION 

An Interim Removal Action (IRA) was conducted to remove the metal debris and contaminated surface 

and subsurface soils at the site.  A total of 657 cubic yards of soil and debris were removed and 

approximately 20 to 25 rusted metal drums and inert ornamental ordnance and munitions were 

uncovered.  Groundwater sampling was conducted prior to excavation activities and after excavation 

activities were completed.  Groundwater samples were analyzed for iron only.  Detected iron 

concentrations for both consecutive sampling events were less than the established NAS Pensacola 

background concentrations.  Following excavation activities, the cleanup criteria were re-evaluated and 

revised.  Because of the revised lower remedial goals (RGs) established for the site after the soil removal 

activities were completed, a RI and Feasibility Study (FS) was recommended. 
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REMEDIAL INVESTIGATION 

Twenty surface soil samples were collected from the perimeter of the anomaly areas and analyzed for 

selected parameters.  Surface soil samples collected at the site were analyzed for Contract Laboratory 

Program (CLP) Target Compound List (TCL) semivolatile organic compounds (SVOCs), and inorganic 

analytes.  Twenty soil borings were completed at geophysical anomaly/test pit locations.  Two soil 

samples were submitted for laboratory analysis from each soil boring, the shallow soil samples were 

collected at the soil excavation limit and the deeper soil samples were collected from between 4 and up to 

9 feet.  The subsurface soil samples collected at Site 43 were analyzed for CLP TCL SVOCs and 

selected metals.  Eight shallow monitoring wells were installed to an approximate depth of 25 feet below 

land surface (bls).  In addition, two deep permanent monitoring wells were installed to an approximate 

depth of 50 feet bls.  Groundwater samples were collected from the existing micro wells and the newly 

installed monitoring wells.  The groundwater samples collected from on-site wells were analyzed for CLP 

TCL volatile organic compounds (VOCs) and target analyte list (TAL) metals. 

NATURE AND EXTENT OF CONTAMINATION 

The release of contaminants at Site 43 appears to have resulted from undocumented burning and 

disposal of unknown materials.  The source and nature of materials, as well as the time of disposal, are 

unknown.

Ten surface soil samples had exceedances of one or more residential or industrial SCTL for arsenic, 

barium, copper, lead, vanadium, and carcinogenic PAHs.  Six shallow subsurface soil samples had 

exceedances of one or more residential or industrial SCTL.  Contaminant concentrations in the deeper 

subsurface soil samples from depths greater than 4 feet were less than SCTLs. 

Groundwater was determined to flow to the east at the site overall, with localized variation resulting from 

site topography.  Groundwater flow velocity was estimated to be approximately 0.88 feet per day. 

Iron was detected in most of the monitoring wells sampled for the RI at concentrations exceeding the 

GCTL, which is a secondary standard, but less than the Naval Air Station (NAS) Pensacola background 

iron concentration.  Iron concentrations exceeding the background concentration were detectd in three 

monitoring wells.  These wells are located up and side gradient to the known disposal area, which would 

suggest that the iron concentrations in these wells are naturally occuring rather than due to site activity.  

Manganese was detected in each of the groundwater samples collected at Site 43.  The reported 

mangnese concentrations in two shallow wells exceeded the GCTL, which is a secondary standard.  

Lead was detected in only two of the groundwater samples collected at Site 43.  Lead only exceeded the 
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GCTL in the sample collected from PEN-43-13S, which is located at the center of Anomaly Area 11, 

where surface and subsurface soil samples had lead concentrations exceeding residential and industrial 

SCTLs. 

HUMAN HEALTH RISK ASSESSMENT 

An Human Health Risk Assessment (HHRA) was conducted for the chemical concentrations detected in 

surface soil, subsurface soil, and groundwater samples collected at Site 43.  The evaluation was 

conducted using both United States Environmental Protection Agency (USEPA) and State of Florida 

regulations and guidelines for HHRA. 

Based on the USEPA evaluation, lead is the predominant chemical of potential concern (COPC) detected 

in soil and groundwater at Site 43.  Cancer risk estimates [total incremental lifetime cancer risk (ILCRs)] 

developed for excavation/construction workers and maintenance workers exposed to COPCs in surface 

and subsurface soil were less than 1x10-6.  Total ILCRs for full time commercial/industrial workers, 

lifelong recreational users, and future residents hypothetically exposed to COPCs in soil and groundwater 

were within the USEPA target risk range of 1x10-6 to 1x10-4.  Noncancer risk estimates [total Hazard 

Indicies (HIs)] developed on a target organ/effect basis for all receptors evaluated were less than unity 

(1.0).

The risk assessment conducted per the State of Florida regulations and guidelines evaluated risks using 

the published SCTLs for residential and industrial land use scenarios.  Carcinogenic PAHs and metals 

were identified as potential residential contaminants of concern (COCs) for surface soils based on a 

comparison of maximum concentrations or exposure point concentrations (EPCs) to these SCTLs.  Lead 

was also a potential industrial COC.  Carcinogenic PAHs, arsenic, barium, copper, lead, and vanadium 

were identified as potential residential COCs for subsurface soils based on a comparison of maximum 

concentrations or EPCs to the SCTLs.  Carcinogenic PAHs and lead were also potential industrial COCs.  

Iron, lead, and manganese were identified as potential COCs for groundwater based on a comparison of 

maximum concentrations to groundwater cleanup target levels (GCTLs).  Hazard Quotients (HQs) for iron 

and manganese calculated in the USEPA evaluation were less than the USEPA and Florida goal of unity 

for non-carcinogenic health effects. 

SCREENING LEVEL ECOLOGICAL RISK ASSESSMENT 

A screening level ecological risk assessment (SLERA) was performed for Site 43 at NAS Pensacola.  

Several chemicals were retained as COPCs as a result of the initial screening of surface soil. In surface 

soil, concentrations of barium, copper, and lead pose risks to soil invertebrates and plants, especially 
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from the cumulative toxicity of multiple metals.  The locations where elevated concentrations for the final 

COPCs exist are primarily limited to three small isolated areas.  Potential risks to insectivorous small 

mammals and birds from copper and lead were evaluated by food chain modeling and the lead 

concentrations in surface soil may pose potential risks to these receptors. 

CONCLUSIONS AND RECOMMENDATIONS 

Metals and carcinogenic PAHs were detected in surface soil and subsurface soil samples at 

concentrations exceeding risk based screening criteria.  Metals in groundwater samples exceeded 

risk-based screening criteria (lead) and secondary standards (iron and manganese).  Both the HHRA and 

SLERA identified risk to human and ecological receptors exceeding USEPA and FDEP benchmarks.  The 

remaining contaminants in Site 43 surface and subsurface soil will require measures to eliminate or 

minimize exposure by active cleanup, engineering controls, and/or institutional controls.  A detailed 

evaluation of alternatives to achieve this goal should be presented in a Feasibility Study for Site 43.  A 

confirmation sampling and analysis protocol will be incorporated in the Feasibility Study to verify that the 

selected remedy for Site 43 is effective for the nature and extent of contaminants at the site. 
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1.0 INTRODUCTION 

Tetra Tech NUS, Inc., (TtNUS) under contract to the Department of Navy, Southern Division, Naval 

Facilities Engineering Command (NAVFAC EFD SOUTH) is submitting this RI Report for the Demolition 

Debris Disposal Area – Site 43 at NAS Pensacola, located in Pensacola, Florida.  This RI Report was 

prepared under the Comprehensive Long-term Environmental Action Navy (CLEAN) III Contract Number 

N62467-94-D-0888, Contract Task Order (CTO) 0355. 

1.1 PURPOSE OF REMEDIAL INVESTIGATION 

The primary objective of the RI is to provide data to evaluate the current environmental conditions and 

guide the selection of a remedy that is protective of human health and the environment for any 

contamination present at Site 43.  In order to achieve this primary objective, samples from various media 

were collected and analyzed to fill data gaps from previous investigations.  Samples from various media 

were used to evaluate the extent of contamination previously documented at the site and evaluate the 

effect remedial actions have had on site conditions. 

The field activities for the RI included the collection of samples from surface soil, subsurface soil, and 

groundwater for submission to a National Environmental Laboratory Accreditation Program (NELAP)-

certified laboratory for analysis. 

1.2 FACILITY BACKGROUND 

NAS Pensacola (Figure 1-1) is located in Escambia County, in Florida's northwest coastal area, 

approximately 5 miles west of the Pensacola City limits.  The federal government established the Navy 

Yard at Pensacola in 1825.  The Navy Yard was placed in caretaker status in 1911.  Naval aviation 

operations began at the facility in 1914.  The facility was expanded in 1930’s as a NAS. 

Current land use at NAS Pensacola consists of various military housing, training, and support facilities as 

well as large industrial complexes for major repairs and refurbishment of aircraft engines and frames.  

Additional details on the NAS Pensacola facility may be found in the facility administrative record.  Site 43 

is located at the southwest corner of the intersection of Murray and Taylor Roads and consists of an area 

approximately 200 feet by 200 feet in size. 
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1.2.1 Site Description and History

Site 43 (Figure 1-2) is located at the southwest corner of Murray and Taylor Roads and north of Road Q, 

which provides access to the NAS Pensacola Officer’s Quarters.  The area is grass covered with oak 

trees scattered throughout the site.  Previously the site contained a tennis court and a building 

foundation/basketball court; however, in 2003 the tennis and basketball courts were removed by the 

facility.  Overhead utilities are not present within the site area; however, an underground water line 

traverses the site in a general west to east direction. 

A housing area is located adjacent to the south side of the site and is referred to as the Warrington 

Housing and was constructed in 1930’s.  Previously, the Town of Warrington, which was built by Navy 

Yard workers on the federal reservation, occupied this general area.  Warrington was moved across 

Bayou Grande as the base expanded in the 1930’s and the town cemetery was moved to Barrancas 

National Cemetery. 

In December 1992, a child using a metal detector discovered a partially exposed drum located east of the 

tennis court.  A site reconnaissance found an additional partially buried drum.  One drum was in a vertical 

position; its end punctured revealing standing water in the interior.  The second drum also appeared to be 

in a vertical position, but was not obviously punctured.  A third iron object resembling a drum rim was 

observed east of the tennis court.  Smaller, rusted metal debris were observed at the surface.  No odors, 

visible soil stains, or other indications of contaminant release were observed.  The area surrounding the 

buried drums was fenced to prevent general access until further investigations could be conducted.  Prior 

to the current usage as a residential recreational area the site’s use is unknown. 

1.2.2 Previous Investigations

This section summarizes previous investigations performed at Site 43 at NAS Pensacola. Previous 

investigations include a geophysical survey, a site and drum characterization, and interim remedial 

action.

1.2.2.1 Geophysical Survey 

In March 1994, Ensafe/Allen & Hoshall conducted a geophysical investigation using gradient and total 

magnetic surveys to assess the area surrounding the exposed drums.  The objective of the investigation 

was to determine the size of the disposal area and to estimate the magnitude of drum disposal.  Although 

cultural clutter (buried utilities, metal fences, poles, buildings, etc.) precluded a definitive interpretation, 

magnetic anomalies typical of drums were identified in an area approximately 200 feet by 150 feet 

(Figure 1-3).  Based on the results of the geophysical survey, the suspected disposal area was larger 

than the area that was fenced following the previous site reconnaissance.  The geophysical survey data



Rev. 2
11/06/06

TtNUS/TAL-05-056/4821/5.2 1-4 CTO 0355



TtNUS/TAL-05-056/4821/5.2

Rev. 2
11/06/06

CTO 03551-2TtNUS/TAL-05-056/4821/5.2

Rev. 2
11/06/06

CTO 03551--5



  Rev. 2 
  11/06/06 

TtNUS/TAL-05-056/4821/5.2 1-6 CTO 0355 

suggested that the disposal in the area was not systematic and widespread, but limited in size and the 

number of buried drums.  A total of 25 individual geophysical anomalies were identified; however, the 

actual number of drums disposed of in the area was not determined.  The report concluded that the drum 

disposal area, as well as several anomalies discovered outside the disposal area should be further 

explored by test pitting or trenching (EnSafe/Allen & Hoshall, 1994a). 

1.2.2.2 Site and Drum Characterization 

Following the geophysical survey, TtNUS conducted a site characterization sampling event in 

October 1999.  The purpose of the site characterization was to investigate the anomalies detected during 

the geophysical survey, collect surface and subsurface soil samples from the anomaly locations, install 

temporary micro wells, and collect groundwater samples from the micro wells (Figure 1-4).  The results of 

the investigation are summarized in the “Site Characterization Report (Site 43) NAS Pensacola, 

Pensacola Florida” submitted January 2004. 

As part of the site characterization, 17 surface soil samples collected at the site were analyzed for VOCs, 

SVOCs, pesticides, polychlorinated biphenyls (PCBs), metals, and cyanide (Figure 1-4).  The surface soil 

samples were reported to contain benzo(a)pyrene and eight metals (antimony, arsenic, barium, copper, 

iron, lead, nickel, and vanadium) at concentrations exceeding the FDEP SCTLs for Direct Exposure - 

Residential [Chapter 62-777, Florida Administrative Code (FAC)] and NAS Pensacola background 

concentrations.  In addition, concentrations of antimony and nickel were reported to exceed FDEP SCTLs 

for leachability to groundwater (Chapter 62-777, FAC). 

Following the surface soil sampling, test pits were excavated at 17 of the geophysical anomaly areas.  

Drums were encountered and removed at Anomaly Areas 15 and 20 (Figure 1-4).  Following the 

excavation, seven subsurface soil samples were collected.  Due to the shallow burial of the drums, 

subsurface soil samples were collected immediately beneath the buried drums at depths ranging from 

2 to 3.5 feet bls.  The samples were analyzed for the same parameters as the surface soil samples.  The 

analytical data indicated benzo(a)pyrene, dibenzo(a,h)anthracene, and nine metals (antimony, arsenic, 

barium, copper, iron, lead, nickel, zinc, and vanadium) were present at concentrations exceeding the 

FDEP SCTL for Direct Exposure - Residential and NAS Pensacola background concentrations.  

Antimony, arsenic, barium, nickel and zinc concentrations were reported to exceed FDEP SCTLs for 

leachability to groundwater criteria. 

In addition to the test pitting subsurface soil sampling, a direct-push technology (DPT) rig was used to 

collect five additional soil samples from above the water table.  The additional soil samples were collected 

at locations corresponding to the soil boring and monitoring well locations shown on Figure 1-4.  The 
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samples were analyzed for the same parameters as the previous subsurface soil samples.  However, the 

analytical results for the subsurface soil samples collected from additional locations did not indicate the 

presence of contaminants above regulatory standards or NAS Pensacola background concentrations. 

During the site characterization investigation, 14 drums were excavated and stored in over pack 

containers.  The contents of the drums were later sampled during the drum characterization sampling 

event.  The analytical data from the drum characterization indicated that 12 of the 14 drums contained 

insufficient volume/mass to sample.  The two remaining drums were sampled and contained metals and 

polynuclear aromatic hydrocarbons (PAHs) at concentrations exceeding FDEP SCTLs. 

Five temporary monitoring wells were installed at Site 43 during the characterization study and sampled 

for VOCs, SVOCs, pesticides and PCBs, TAL metals and cyanide.  The groundwater samples were 

reported to contain methylene chloride, a common laboratory contaminant, and two metals (aluminum 

and iron) at concentrations exceeding the FDEP GCTLs specified in Chapter 62-777, FAC.  Although 

concentrations of both metals exceeded the FDEP GCTLs, only detected concentrations of iron were 

reported to exceed the NAS Pensacola background levels. 

1.2.2.3 Interim Remedial Action 

Following the completion of the site characterization investigation and addendum, an IRA was completed 

by CH2MHILL Constructors, Inc. (CCI) to remove the metal debris and contaminated surface and 

subsurface soils at the site (Figure 1-5).  The interim removal action is summarized in the “Interim 

Removal Action Report, Excavation of Contaminated Soil and Groundwater Monitoring at Site 43, Naval 

Air Station Pensacola, Pensacola, Florida” dated September 2003. 

Prior to initiating the IRA fieldwork, CCI developed RGs for some COCs at the site using 95% Upper 

Confidence Limit (UCL) procedure for surface soils.  Once the 95% UCL-based RGs were calculated and 

approved by the regulators, samples were collected to delineate the extent of contamination prior to 

excavation activities.  Forty-one (41) surface soil samples and 21 subsurface soil samples were collected 

in the vicinity of the identified remedial areas for source delineation of the associate metals.  Based on 

the laboratory results, the areas of excavation were defined (CCI, 2003). 

Of the initial 15 anomalous areas characterized for contamination, 6 areas exceeded the initial cleanup 

criteria outlined in the Site 43 Work Plan.  These areas included Anomaly Areas 4, 14, 15, 16, 20 and 22.  

From April through May 3, 2001, a total of 657 cubic yards of soil and debris were removed from these 

areas at Site 43.  The excavated soil was either stockpiled or loaded directly onto transport vehicles.  Soil 

that was analyzed and determined to be hazardous for lead was manifested accordingly.  Approximately 
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20 to 25 rusted metal drums and drum parts and inert ornamental ordnance and munitions were 

uncovered in addition to the original 14 drums identified and previously removed.  Following excavation 

activities, the excavated areas were backfilled with a clayey soil for the liner and topsoil for the upper 1 

foot surface completion.  Following testing for appropriate density, the excavated areas were hydro-

seeded with grass seed and fertilizer (CCI, 2003). 

Baseline groundwater sampling was conducted prior to excavation activities and a subsequent round of 

semi-annual groundwater sampling was conducted after excavation activities were completed.  

Groundwater samples were analyzed for iron only.  Detected iron concentrations for both consecutive 

sampling events were less than the established NAS Pensacola background concentrations of 

1,707 micrograms per liter (µg/L) (CCI, 2003). 

Following excavation activities, the cleanup criteria were re-evaluated and revised.  Many of the RGs 

established using the 95% UCL were not appropriate for the site.  The University of Florida 

guidance (2004) indicates that 95% UCL cannot be used for barium, copper, nickel, or vanadium for 

current or potential residential land use due to acute toxic effects in children as a result of direct 

exposure.  Additionally, the USEPA has indicated that 95% UCL should not be used for lead.  

Consequently, it was determined that nine other areas (Anomaly Areas 11, 12, 13, 17, 18, 19, 21, 23, and 

24) contained contaminants that exceeded the revised cleanup criteria.  Areas with exceedances that 

were not excavated included 11, 12, 13, 17, 23, and 24 (CCI, 2003).  In addition, excavation activities 

were completed to a depth of 2 feet bls; however, subsurface soil samples collected within the excavation 

area at depths ranging from 2 feet bls to 3.5 feet bls during the characterization study contained 

exceedances of the revised RGs. 

Because of the revised lower RGs established for the site after the soil removal activities were completed, 

CCI recommended a RI/FS be completed at Site 43 to delineate COC contamination and identify a final 

remedy for the site (CCI, 2003). 

1.2.3 Regulatory Setting

The Navy Installation Restoration (IR) Program was designed to identify and abate or control contaminant 

migration resulting from past operations at naval installations, with the goal of expediting and improving 

environmental response actions while protecting human health and the environment.  The IR program is 

conducted in accordance with Section 120 of the Comprehensive Environmental Response, 

Compensation, and Liability Act (CERCLA) of 1980 as amended by the Superfund Amendments and 

Reauthorization Act (SARA) of 1986 and Executive Order 12580.  CERCLA requires that federal facilities 

comply with the act, both procedurally and substantively.  Site 43 is being investigated as part of 
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CERCLA requirements.  This RI Report has been reviewed by the USEPA and the FDEP.  The 

comments provided by these agencies and responses to these comments are included in Appendix A. 

1.3 REPORT ORGANIZATION  

The RI Report is organized into seven sections with supporting references and appendices: 

 Section 1.0 – Introduction 

 Section 2.0 – Study Area Investigation 

 Section 3.0 – Physical Characteristics of the Study Area 

 Section 4.0 – Nature and Extent of Contamination 

 Section 5.0 – Contaminant Fate and Transport 

 Section 6.0 - Risk Assessment – human health and ecological risk. 

 Section 7.0 – Summary and Conclusions 

 References 

 Appendices - Supporting data and discussions 
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2.0 STUDY AREA INVESTIGATION 

The primary objective of the RI is to provide data to evaluate the current environmental conditions and 

guide the selection of a remedy for any contamination present at Site 43 that is protective of human 

health and the environment.  Soil and groundwater samples were collected for off-site laboratory analysis 

and the analytical results were screened against appropriate federal and state screening values.  Field 

activities, such as sampling and monitoring well installation, were conducted in accordance with the 

Health and Safety Plan (HASP) and the FDEP Standard Operating Procedures (SOPs) for Field Activities 

(FDEP, 2004). 

2.1 SURFACE SOIL SAMPLING 

Although extensive soil sampling was completed prior to the IRA excavation activities at the site, the 

areas of revised RG exceedances were not fully delineated or excavated.  Analytical results from surface 

soil samples collected in conjunction with Anomaly Areas 11, 12, 17, 23 and 24 indicated that the extent 

of RG exceedances was not fully delineated. 

Twenty surface soil samples (plus quality assurance and quality control samples) were collected for the 

RI from on-site locations (Figure 2-1).  The surface soil samples were collected from the ground surface 

to a depth of 1 foot bls using a hand auger in accordance with FS 3100, Surface Soil Sampling 

(FDEP, 2004).  Soil sampling logs are included in Appendix B.  To delineate exceedances in the anomaly 

areas, surface soil samples were collected from the perimeter of the anomaly areas and analyzed the 

selected parameters based on the exceedances previously reported.  In addition, three surface soil 

samples were collected from the area west of the IRA excavation at the former location of the tennis 

court.  These samples were collected to determine if excavation activities, which were limited previously 

by the presence of the tennis courts, were extensive enough. 

Surface soil samples collected at the site were analyzed for CLP TCL SVOCs (USEPA Method SW-846 

8270C), and inorganic analytes (USEPA Method SW-846 6010B).  The specific parameters analyzed for 

each anomaly area are as follows: 

 Anomaly Area 11 SVOCs, arsenic, barium, copper, and lead 

 Anomaly Area 12 SVOCs, arsenic, barium, copper, lead, and vanadium 

 Anomaly Area 17 SVOCs and copper 

 Anomaly Area 23 SVOCs, arsenic, barium, lead, and vanadium 

 Anomaly Area 24 SVOCs, copper, and lead  

 Tennis Court Area SVOCs, arsenic, barium, copper, lead, and vanadium 
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2.2 SUBSURFACE SOIL SAMPLING 

Because all areas of the revised RG exceedances were not delineated or excavated previously, 

additional subsurface soil sampling was conducted to further characterize the contaminant levels at the 

site.  Nine soil borings and associated subsurface soil sampling were completed at geophysical 

anomaly/test pit locations 11, 12, 17, 23 and 24 to further delineate the subsurface soils at locations not 

previously excavated.  Six additional soil borings and associated subsurface soil sampling were 

completed within the IRA excavation area to further delineate subsurface soil exceedances not removed 

during the IRA.  And finally, five soil borings and assocated subsurface soils samples were completed at 

the former tennis court location to address potential subsurface soil contamination not previously 

evaluated due to the presence of the structure.  The soil boring locations are shown on Figure 2-2. 

The soil borings at Site 43 were advanced using a DPT soil-sampling system) to obtain continuous 

subsurface soil samples.  The DPT sampler was used to collect samples from discrete intervals below 2 

feet bls to above the zone of groundwater saturation.  Soil boring logs are included in Appendix B.  Two 

soil samples were submitted for laboratory analysis from each soil boring, the shallow soil samples were 

collected at the soil excavation limit and the deeper soil samples were collected from between 4 and up to 

9 feet bls, based on the visual appearance of the soil, e.g. staining or lithology change.  In addition, 

quality assurance and quality control samples were collected.  The subsurface soil investigation locations 

are shown on Figure 2-2. 

The subsurface soil samples collected at Site 43 were analyzed for CLP TCL SVOCs (USEPA Method 

SW-846 8270C), and selected inorganic analytes including arsenic, barium, copper, lead, and vanadium 

(USEPA Method SW-846 6010B).  The soil samples for laboratory analysis were collected in accordance 

with FS 3200, Subsurface Soil Sampling (FDEP, 2004). 

2.3 EXISTING WELL EVALUATION 

A temporary micro well network was previously installed at the site during the Site Characterization 

Report (SCR) investigation (Figure 2-3).  A summary of the well construction details are provided in Table 

2-1.  The existing micro wells were evalauated to determine if the micro wells were viable for current and 

future groundwater monitoring activities.  Existing micro well Pen-43-3S was found to be dry and was 

properly abandoned.  Pen-43-1S was reportedly dry, but was found to be secure and was not abandoned 

for future use to measure water levels.  Micro well Pen-43-4S has not been located since the removal of 

the tennis court and is believed to have been destroyed.  Micro wells Pen-43-2S and Pen-43-5S were 

secure and were sampled and used in the evaluation of groundwater at the site. 
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2.4 MONITORING WELL INSTALLATION 

A new permanent monitoring well network, including both shallow and deep monitoring wells, was 

installed during the RI to supplement or replace the existing micro wells (Figure 2-3).  Eight shallow 

monitoring wells were installed to an approximate depth of 25 feet bls.  In addition, two deep permanent 

monitoring wells were installed to an approximate depth of 50 feet bls.  Well construction details are 

provided in Table 2-1 and Appendix B.  The majority of the new monitoring wells were installed using 

sonic drilling methods.  Two of the monitoring wells, PEN-43-12S and PEN-43-13S, were installed using 

hollow stem auger drilling methods because the sonic drilling rig was unable to access the well locations.  

The monitoring wells were installed and constructed in accordance with NAVFAC EFD SOUTH and 

FDEP guidance documents.  Following well installation, the top-of-casing elevations for the new and 

exisiting wells were surveyed using the top-of-casing elevation of PEN-43-05S as a benchmark with an 

arbitrary elevation of 25 feet. 

2.5 GROUNDWATER SAMPLING 

Groundwater samples were collected from the existing micro wells where possible and the newly installed 

monitoring wells to assess the current groundwater conditions.  Eight shallow monitoring wells, two 

shallow micro wells, and two deep monitoring wells were sampled for the RI.  The well locations are 

shown on Figure 2-3. 

Static water levels and total well depths were measured on March 5 and March 26, 2005.  The wells were 

purged and sampled using a peristaltic pump and low-flow quiescent purging technique.  Groundwater 

sampling was conducted on March 24, 2005.  The monitoring wells were purged in accordance with 

FS 2212, Well Purging Techniques (FDEP, 2004).  Groundwater samples were collected in accordance 

with FS 2220, Groundwater Sampling Techniques (FDEP, 2004).  Water level and groundwater sampling 

records are in Appendix B. 

The groundwater samples collected from on-site wells were analyzed for CLP TCL VOCs (USEPA 

Method SW-846 8260B) and TAL metals (USEPA Method SW 846 6010B, 9010, and 7471). 

2.6 AQUIFER TESTING 

Extensive aquifer testing has been completed previously at other NAS Pensacola sites under 

investigation; therefore, additional aquifer tests were not conducted as part of the Site 43 RI investigation.  

Because of the similiarity of the site-specific and facility-specific geologic conditions, exisiting aquifer test 

data and results from pumping tests and slug tests completed at other IR and underground storage 

tank (UST) sites throughout the facility were used to evalaute hydrogeologic conditions at Site 43. 
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3.0 PHYSICAL CHARACTERISTICS OF THE STUDY AREA 

Data to evaluate site conditions and characteristics were obtained from available literature and the site 

specific investigations. 

3.1 SURFACE FEATURES 

NAS Pensacola is located in the extreme southeastern portion of Escambia County, Florida, which lies 

within the Coastal Plain Province of the United States.  As described in the Initial Assessment of NAS 

Pensacola (Naval Energy and Environmental Support Activity [NEESA], 1983), NAS Pensacola lies within 

the coastal lowland that is characterized by a series of broad, nearly level marine terraces that extend 

several miles from the coast and merge with the narrow terraces along the Escambia and Perdido Rivers.  

NAS Pensacola is located on a peninsula with gently sloping terrain.  The land surface elevations on the 

peninsula range from sea level to approximately 40 feet above mean sea level. 

Site 43 is southwest of the intersection of Murray and Taylor Roads (Figure 3-1).  The area covers 

approximately 40,000 square feet and the site elevation is approximately 20 feet above mean sea level.  

The site lies on the eastern slope of a low area between these two roads and across the street from the 

entrance to the Officers’ Quarters.  There is approximately 10 feet of vertical relief across the site.  The 

land is grassy with mature trees and is maintained by the Navy.  The site formerly contained a fenced 

Tennis Court Area and an unfenced old building foundation. 

3.2 METEOROLOGY 

Escambia County has a warm, humid-temperate climate [United States Department of Agriculture 

(USDA) 2004].  Along the coast, the Gulf of Mexico moderates high temperatures in the summer and low 

temperatures in the winter.  Total annual precipitation is about 62 inches.  The greatest amount of rain 

falls in July and August.  Occasionally, short droughts occur in late spring. 

3.3 SURFACE WATER HYDROLOGY 

NAS Pensacola is bordered on the south by Big Lagoon, on the south and east by Pensacola Bay, and 

on the north by Bayou Grande (NEESA, 1983).  Sandy surface soil in this area allows for a high 

proportion of rainfall to infiltrate into the ground and consequently there are few streams.  The surface 

topography has little dissection and the natural drainage system is poorly developed.  Much of the 

surface drainage has been constructed or modified to accommodate structures on base.  Swampy areas 

exist on or near the western portion of NAS Pensacola, and man-made drainage ways and storm drains 
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feed into the short intermittent streams emptying in to Pensacola Bay and Bayou Grande.  No perennial 

streams enter or exit the NAS Pensacola, but the marshy areas and three small lakes on the golf course 

retain water throughout the year. 

Site 43 is located on the eastern slope of a shallow closed depression bound by paved roads on all four 

sides (Figure 3-1).  Surface water features are not present at the site and overland runoff is to the west 

into the depression.  A designated wetland and a drainage ditch located approximately 500 feet to the 

east of the site are the nearest surface water bodies (Figure 3-1). 

3.4 GEOLOGY 

The surficial geology of the area consists of Pleistocene marine deposits made up of light brown to tan, 

fine quartz sand with associated stringers and lenses of gravel and clay.  Underlying these deposits, 

increasing with age, are the Citronelle Formation, the Miocene Coarse Clastics, the Pensacola Clay, the 

Tampa Formation, the Chickasawhay Limestone, the Bucatunna Clay member of the Byram Formation, 

the Ocala Group, the Lisbon equivalent, the Tallahatta Formation, and the Hatchetigbee Formation.  The 

Pleistocene deposits and Citronelle formation are often impossible to differentiate, and together range in 

thickness from approximately 30 feet to 800 feet across the county (NEESA, 1983). 

The lithologies observed during drilling of Site 43 monitoring wells are typical of the undifferentiated 

Pleistocene marine deposits.  The ground surface to 4 feet interval at most of the monitoring well 

locations showed signs of disturbance either from the waste disposal activities at the site or the IRA 

excavation.  Below 4 feet, typical lithologies included medium to fine silty or clayey sand ranging from 

light gray or tan to dark brown in color.  Significant clay or gravel horizons were not encountered. 

3.5 SOILS 

Soils at Site 43 are from the Lakeland Series, which consists of very deep, excessiviely drained soils 

formed in sandy marine sediments (USDA, 2004).  These soils are on the summits and side slopes of 

ridges in uplands and on low ridges and knolls in coastal lowlands.  The soil mapping unit at Site 43 is the 

Lakeland Sand 0-5 percent slopes, which is found on nearly level summits and gently sloping shoulder 

slopes of broad ridges.  Slopes are long and smooth.  Typically the surface layer is dark grayish brown 

sand about 5 inches thick.  The substratum to a depth of 80 inches is yellowish brown and brownish 

yellow sand.  The seasonal high water is below a depth of 6 feet throughout the year. 

The soils observed while collecting soil samples at Site 43 are comparable in texture and color of the 

description of the Lakeland Sand.  The ground surface to 4 feet interval at most of the soil sampling 

locations showed signs of disturbance either from the waste disposal activities at the site or the IRA 

excavation.
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3.6 GROUNDWATER HYDROLOGY 

3.6.1 Regional Hydrology

Groundwater in Escambia county occurs in three major aquifers: a shallow aquifer which is both artesian 

and nonartesian (the sand and gravel aquifer ), and two deep artesian aquifers (the upper and lower 

limestones of the Floridan aquifer).  In the southern half of the area, the sand and gravel aquifer  and the 

upper limestone of the Floridan aquifer are separated by a thick section of relatively impermeable clay; 

but, in the northern half the sand and gravel aquifer and the upper limestone of the Floridan aquifer are in 

contact with one another.  The upper limestone of the Floridan aquifer is separated from the lower 

limestone by a thick clay bed. 

The sand and gravel aquifer  is composed of sand but has numerous lenses and layers of clay and 

gravel.  The formation also contains lenses of hardpan where the sand has been cemented by iron oxide 

minerals.  This aquifer lies at the surface throughout Escambia County.  Logs of borings from various 

locations at NAS Pensacola show that the surficial sands extend from ground surface to a depth of 

approximately 35 feet mean sea level below which is a 15-foot thick marine clay, the continuity of which is 

uncertain.  Underlying the clay is more sand with numerous clay lenses (Geraghty and Miller, 1986). 

Water levels in the shallow aquifer range from 0 to approximately 30 feet bls across the NAS Pensacola 

area.  The groundwater flow has historically been found toward the Gulf of Mexico and the Escambia and 

Perdido rivers although groundwater flow can vary locally due to the effect of topography or surface water 

bodies.  The aquifer recharge is predominantly from local precipitation. 

The shallow saturated permeable beds in the sand and gravel aquifer  contain groundwater under 

nonartesian conditions, while the deeper permeable beds contain groundwater under artesian pressure, 

where they are confined by lenses of clay and sandy clay (NEESA, 1983). 

Below the sand and gravel aquifer, the limestone layers comprise the regionally extensive Floridan 

aquifer, which in this area is divided into upper and lower units separated by the Bucatunna clay.  The 

upper Floridan aquifer is an important source of water in areas east of Escambia County; however, in the 

Pensacola area, it is highly mineralized and not used as a water supply.  The lower Floridan aquifer is 

also highly mineralized and is designated for use as an injection zone for waste disposal in this area 

(Geraghty and Miller, 1986). 

3.6.2 Site Specific Hydrology

Hydrogeologic data were collected to evaluate movement of groundwater in the shallow surficial aquifer 

at Site 43.  Depth to groundwater and groundwater elevation were used to determine the site specific 
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groundwater flow direction and water table gradient.  Groundwater flow velocity at the site was estimated 

using the hydraulic conductivity values reported from the field investigation at Operable Unit (OU) 10, 

which is located to the east of Site 43 on the opposite side of Murray Road (Ensafe/Allen and Hoshall, 

1996).

3.6.2.1 Static Water Level and Groundwater Elevations 

Static water level (SWL) measurement data were recorded from Site 43 monitoring wells on March 5 and 

March 26, 2005 (Table 3-1).  The SWL measurement data and the elevations from the well top-of-casings 

were used to determine relative groundwater elevations at each well (Appendix B – Groundwater Level 

Measurement Sheet). 

Monitoring wells installed at Site 43 are grouped by the subsurface interval of the well screen: 

 Shallow Wells (S identifier)   Screened up to 25 feet below grade 

 Deep Wells (D identifier)   Screened from 45 to 50 feet below grade 

On March 5, 2005, the relative groundwater elevations in the shallow monitoring wells ranged from 

10.14 feet in PEN-43-01S on the east side of the site to 11.00 feet in PEN-43-10S on the west side of the 

site.  The groundwater elevation for deep wells were PEN-43-05D – 11.31 feet and PEN-43-06D – 

11.25 feet. 

On March 26, 2005, the relative groundwater elevations in the shallow monitoring wells ranged from 

10.06 feet in PEN-43-01S on the east side of the site to 10.99 feet in PEN-43-10S on the west side of the 

site.  The groundwater elevation for deep wells were PEN-43-05D – 11.27 feet and PEN-43-06D – 

11.22 feet.  Groundwater elevations were generally 0.02 to 0.03 feet lower than the elevations measured 

on March 5, 2005. 

3.6.2.2 Groundwater Flow Direction 

To evaluate the direction of groundwater flow at the water table, the groundwater elevations from the 

shallow monitoring wells were plotted on site maps (Figure 3-2 and Figure 3-3).  Insufficient data were 

available to contour the elevations in the deep wells.  Groundwater elevation isocontours were drawn 

from the plotted data.  Groundwater flow direction is predicted to be perpendicular to the elevation 

isocontours.

Interpretation of data from Site 43 indicates that overall, groundwater flow at the water table is to the east.  

Due to the closed topography of the site, localized radial flow is observed in the vicinity of PEN-43-11S. 
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3.6.2.3 Water Table Gradient 

The average horizontal groundwater gradient across the site was calculated from the groundwater 

elevations measured in shallow monitoring wells and the estimated groundwater flow direction. 

The groundwater flow gradient was determined using the following equation: 

I   =   h1-h2

            d 

Where:

 I = the hydraulic gradient 

 h1 = the water elevation at point 1, the highest value 

 h2 = the water elevation at point 2, the lowest value 

d = the horizontal distance between point 1 and point 2 parallel to the direction of groundwater 

flow

The highest and lowest groundwater elevation values measured in the water table monitoring wells were 

used to determine the difference in groundwater elevation across the site (Figure 3-4).  The horizontal 

distance between the high and low groundwater elevation points was measured parallel to the estimated 

groundwater flow direction. 

On May 26, 2005, the groundwater elevation in PEN-43-10S, 10.99 feet, was the highest value and the 

groundwater elevation in PEN-43-01S, 10.06 feet, was the lowest value in the water table monitoring 

wells.  The horizontal distance between these two wells parallel to groundwater flow is approximately 

165 feet.  These data indicate the average hydraulic gradient of 0.006 feet/foot for the water table wells. 

3.6.2.4 Vertical Gradient 

The vertical groundwater gradient was estimated from the groundwater elevations measured in the 

shallow and deep monitoring well pairs installed at the site.  The vertical gradient is determined from the 

difference in groundwater elevation in the adjacent shallow and deep monitoring wells and the vertical 

separation of the screened intervals of the monitoring wells. 

Monitoring wells PEN-43-05S and PEN-43-05D are located adjacent to each other.  The bottom of the 

well screen of PEN-43-05S is 19 feet below grade and the top of the well screen of PEN-43-05D is 

45 feet below grade, with a vertical separation of the screened intervals of 26 feet.  On March 5, 2005, 

the groundwater elevation in PEN-43-05D (11.31 feet) was 0.83 feet higher than PEN-43-05S (10.48 feet) 

resulting in an upward vertical gradient of 0.03 feet.  On March 26, 2005, the groundwater elevation in 
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PEN-43-05D (11.27 feet) was 0.82 feet higher than PEN-43-05S (10.45 feet) resulting in an upward 

vertical gradient of 0.03 feet as well. 

Monitoring wells PEN-43-06S and PEN-43-06D are also located adjacent to each other.  The bottom of 

the well screen of PEN-43-05S is 25 feet below grade and the top of the well screen of PEN-43-05D is 

45 feet below grade, with a vertical separation of the screened intervals of 20 feet.  On March 5, 2005, 

the groundwater elevation in PEN-43-06D (11.25 feet) was 0.77 feet higher than PEN-43-05S (10.48 feet) 

resulting in an upward vertical gradient of 0.04 feet.  On March 26, 2005, the groundwater elevation in 

PEN-43-05D (11.22 feet) was 0.77 feet higher than PEN-43-05S (10.45 feet) resulting in an upward 

vertical gradient of 0.04 feet as well. 

3.6.2.5 Hydraulic Conductivity 

Hydraulic conductivity values for Site 43 were estimated using data from monitoring wells at OU 10 

(Ensafe/Allen and Hoshall, 1996).  The geometric mean of the hydraulic conductivity values reported for 

OU 10 is approximately 44.0 feet/day or 0.03 feet/minute (Appendix C). 

3.6.2.6 Groundwater Flow Velocity 

Potential movement of groundwater by natural flow in the saturated zone can be estimated by Darcy’s 

Law, which may be expressed as: 

 V   =  (K x I)
  n  

Where:

 V = average velocity 

 K = hydraulic conductivity 

 n = effective porosity 

 I = average hydraulic gradient 

Data from soil borings advanced during the RI indicate that fine grained sand and silty or clayey sand are 

the typical lithologies at the site.  Review of standard literature suggests that a representative effective 

porosity for this lithology is approximately 30 percent. 

Using an average hydraulic conductivity of 44 feet per day, an average hydraulic gradient of 

0.006 feet/foot, and an effective porosity value of 30 percent, the estimated average groundwater velocity 

for the water table zone at Site 43 was calculated at 0.88 feet/day or about 321 feet/year. 



  Rev. 2 
  11/06/06 

TtNUS/TAL-05-056/4821/5.2 3-12 CTO 0355

3.6.2.7 On Base Potable Water Supply Wells 

Three water wells are located on NAS Pensacola to provide an emergency backup potable water supply 

(NEESA, 1984).  The backup water supply wells are completed at depths ranging from 224 to 250 feet bls 

and extract groundwater from the sand and gravel aquifer.  The nearest potable water well to Site 43 is 

Well 2, located approximately 1,600 feet west-southwest.  The main source of potable water for the base 

is the Navy-owned well field located at Naval Technical Training Center (NTTC) Corry Station, which is 

located approximately three miles north of NAS Pensacola on the north side of Bayou Grande. 

3.7 DEMOGRAPHY AND LAND USE 

NAS Pensacola is located west of the City of Pensacola, Florida, in southern Escambia County.  

NAS Pensacola is an active military facility.  The primary mission is aviation training.  Additional missions 

include tenant support and services to other activities in the region. 

Land uses on base include training activities, equipment and materials storage, maintenance areas, 

recreational facilities, and residential housing for military personnel.  Land use in the off-base areas 

adjacent to NAS Pensacola is primarily residential. 

Site 43 is located adjacent to several housing areas, therefore, recreational users as well as site and 

maintenance workers are expected to use the site. 

3.8 ECOLOGY 

Site 43 is located in a developed area of the base.  Ground cover at the site is predominantly maintained 

lawn.  Large trees are present at the site, but native understory is absent.  No wetlands are located in the 

vicinity of Site 43.  On-site wildlife may temporarily use Site 43, but due to lack of suitable cover, wildlife 

use is assumed to be infrequent. 

A list of federally listed threatened and endangered species and species of special concern for Escambia 

County was obtained from the  web site for the Ecological Services and Fisheries Resource Office of the 

U.S. Fish and Wildlife Service in Panama City, Florida and is included in Appendix C.  Five fish, 12 

amphibians/reptiles, 14 birds, 4 mammals, and 24 plants are listed as threatened, endangered, or a 

species of special concern for the county (Appendix C).  However, the habitats listed for these special 

status species (i.e., estuarine, palustrine, upland forests, etc.) do not exist at Site 43 or adjacent areas; 

therefore, none of the special status species recorded in Escambia County would be expected at the site. 
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4.0 NATURE AND EXTENT OF CONTAMINATION 

The analytical results for soil and groundwater samples collected for this investigation were compared to 

appropriate cleanup target levels (CTLs) established by FDEP.  Analytical summary tables and 

contaminant concentration maps are presented in the investigation results sections.  Validation reports for 

the laboratory analytical results are included in Appendix D. 

4.1 CONTAMINANT SOURCES 

The release of contaminants at Site 43 appears to have resulted from undocumented burning and 

disposal of unknown materials.  The source and nature of materials, as well as the time of disposal, are 

unknown.  Drums and other buried metallic debris, including inert ornamental ordnance, have been found 

at site.  The area in the vicinity of Site 43 was formerly the Town of Warrington and has been used for 

military housing since the 1930’s. 

4.2 SOILS AND VADOSE ZONE 

To evaluate the nature and extent of contaminants at Site 43, the surface and subsurface soil analytical 

results were compared to the risk-based SCTLs established in 62-777, FAC for direct exposure-

residential, direct exposure-industrial, and leachability based on groundwater criteria. 

4.2.1 Surface Soil

Surface soil samples were collected fro 0 to 1 foot bls at 20 locations at Site 43.  Sample locations were 

based on the surface soil sampling results reported in the SCR and IRA report.  Surface soil samples 

were not collected from areas where surface soil was excavated during the IRA.  The samples were 

analyzed for SVOCs and selected metals; therefore, the surface soil samples were not all analyzed for 

the same suite of metals.  Positive detections of analytes in surface soil samples are summarized in 

Table 4-1.  Data validation reports are included in Appendix D. 

4.2.1.1 Arsenic 

Twelve of the surface soil samples were analyzed for arsenic, including the samples collected from 

Anomaly Areas 11, 12, and 23 and the Tennis Court Area (Figure 4-1).  Arsenic concentrations greater 

than the residential SCTL of 2.1 mg/kg were reported from six surface soil samples: 

PEN-43-SS19  3.5 milligrams per kilogram (mg/kg) 

PEN-43-SS-21  4.2 mg/kg 



TABLE 4-1

SURFACE SOIL ANALYTICAL RESULTS SUMMARY
SITE 43 REMEDIAL INVESTIGATION REPORT

NAS PENSACOLA
PENSACOLA, FLORIDA

Rev. 2
11/06/06

LOCATION PEN-43-SS18 PEN-43-SS18 PEN-43-SS19 PEN-43-SS20 PEN-43-SS21 PEN-43-SS22 PEN-43-SS23 PEN-43-SS24 PEN-43-SS25 PEN-43-SS26 PEN-43-SS27
SAMPLE NAME PEN-43-SS1801 PEN-43-SS1801-D PEN-43-SS1901 PEN-43-SS2001 PEN-43-SS2101 PEN-43-SS2201 PEN-43-SS2301 PEN-43-SS2401 PEN-43-SS2501 PEN-43-SS2601 PEN-43-SS2701
SAMPLE DATE DIRECT DIRECT LEACHING 03/06/05 03/06/05 03/06/05 03/06/05 03/06/05 03/06/05 03/06/05 03/06/05 03/06/05 03/06/05 03/06/05
DEPTH RANGE (Feet below land surface) EXPOSURE EXPOSURE TO 0 - 1 0 - 1 0 - 1 0 - 1 0 - 1 0 - 1 0 - 1 0 - 1 0 - 1 0 - 1 0 - 1
SEMIVOLATILE ORGANICS (µg/kg) RESIDENTIAL INDUSTRIAL GROUNDWATER
1-METHYLNAPHTHALENE        200000 1800000 3100 11  UJ 12  UJ 11  UJ 11  UJ 11  UJ 11  UJ 11  UJ 3  J 2  U 2  U 11  UJ
2-METHYLNAPHTHALENE           210000 2100000 8500 0.6  U 0.7  U 0.6  U 0.6  U 0.6  UJ 0.6  UJ 0.6  UJ 9  J 8  J 8  J 2  J
ACENAPHTHENE                  2400000 20000000 2100 0.8  U 0.8  U 0.7  U 0.8  U 0.7  U 0.7  U 0.8  U 3  J 2  J 3  J 0.8  U
ACENAPHTHYLENE               1800000 20000000 27000 4  J 4  J 7  J 8  J 2  J 0.6  UJ 0.6  UJ 9  J 11  J 0.7  U 2  J
ANTHRACENE                    21000000 300000000 2500000 4  J 10  J 2  J 2  J 3  J 0.8  U 1  J 16  J 13  J 13  J 5  J
BENZO(G,H,I)PERYLENE         2500000 52000000 32000000 49  J 38  J 24  J 19  J 17  J 2  UJ 6  J 86 68 29 30  J
BIS(2-ETHYLHEXYL)PHTHALATE   72000 390000 3600000 82  U 190  J 79  U 84  U 79  U 79  U 83  U 89  U 91  U 96  U 81  U
DI-N-BUTYL PHTHALATE          8200000 170000000 47000 93  U 100  U 90  U 1200 930 89  U 94  U 100  U 100  U 110  U 91  U
FLUORANTHENE                  3200000 59000000 1200000 160 170 59 62 57 5  J 31 280  J 260  J 140 75
FLUORENE                      2600000 33000000 160000 0.7  U 3  J 0.6  U 0.7  U 0.6  U 0.6  U 0.7  U 0.7  U 0.7  U 0.8  U 0.7  U
NAPHTHALENE                   55000 300000 1200 1  J 1  J 1  J 1  U 1  J 0.9  U 1  U 1  U 1  U 1  U 3  J
PHENANTHRENE                  2200000 36000000 250000 43  J 76  J 9  J 10  J 17  J 2  J 8  J 71 62 48 33
PYRENE                        2400000 45000000 880000 130 120 46 57 39 4  J 17  J 190 180 86 46
CARCINOGENIC PAHs (µg/kg)
BENZO(A)ANTHRACENE           NC NC 800 120  J 110  J 59  J 66  J 39 8  J 19  J 310  J 280  J 120  J 58  J
BENZO(A)PYRENE                100 700 8000 95 78 46 49 36 0.8  U 12  J 160  [R] 150  [R] 62 46
BENZO(B)FLUORANTHENE          NC NC 2400 210 180 100 110 76 11  J 33 390  J 340  J 140 94
BENZO(K)FLUORANTHENE          NC NC 24000 61  J 48  J 29  J 34  J 24 3  J 9  J 110 130 46 26  J
CHRYSENE                      NC NC 77000 86 72 35 41 28 3  J 13  J 160 140 60 42
DIBENZO(A,H)ANTHRACENE        NC NC 700 13  J 2  UJ 2  UJ 2  UJ 2  UJ 2  UJ 2  UJ 36 30 13  J 2  UJ
INDENO(1,2,3-CD)PYRENE        NC NC 6600 49  J 46  J 27  J 24  J 19  J 2  UJ 7  J 98 84 35 30  J
BAP EQUIVALENT               100 700 NC 147 [R] 114 67 71 52 5 20 277 [R] 252 [R] 105 [R] 67
METALS (mg/kg)
ARSENIC                      2.1 12 NC 1.3 1.2 3.5 [R] 1.8 4.2  [R] 0.23  U 1.2 7.6  [R] 4.8  [R] 2 6.0  [R]
BARIUM                        120 130000 1600 9.3 10.4 6.6 12.6 710  [R] 2.2 3.4 346  [R] 243  [R] 25.3 310  [R]
COPPER                   150 89000 NC 6.7 7.6 29.1 5.4 240  [R] 3.2 5.4 889  [R] 381  [R] 60.5 Not Analyzed
LEAD                     400 1400 NC 32.0 37.7 88.0 30.4 2080  [R],[I] 17.1 17.6 1990  [R],[I] 1490  [R],[I] 290 3850  [R],[I]
VANADIUM                      67 10000 980 7.0 6.2 6.7 11.6 5.7 1.4 5.9 Not Analyzed Not Analyzed Not Analyzed 10.0
Notes:
J = estimated value.
U = less than laboratory method detection limit.
Shaded values exceed critieria - [R] = Residential, [I] = Industrial, [L] = Leaching
NC = No Criteria Established in 62-777, FAC
µg/kg = micrograms per kilogram
PAHs = Polynuclear Aromatic Hydrocarbons
BAP EQUIVALENT  = Benzo(a)pyrene equivalent concentration              
mg/kg = milligrams per kilogram

FLORIDA CRITERIA
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LOCATION
SAMPLE NAME
SAMPLE DATE DIRECT DIRECT LEACHING
DEPTH RANGE (Feet below land surface) EXPOSURE EXPOSURE TO
SEMIVOLATILE ORGANICS (µg/kg) RESIDENTIAL INDUSTRIAL GROUNDWATER
1-METHYLNAPHTHALENE        200000 1800000 3100
2-METHYLNAPHTHALENE           210000 2100000 8500
ACENAPHTHENE                  2400000 20000000 2100
ACENAPHTHYLENE               1800000 20000000 27000
ANTHRACENE                    21000000 300000000 2500000
BENZO(G,H,I)PERYLENE         2500000 52000000 32000000
BIS(2-ETHYLHEXYL)PHTHALATE   72000 390000 3600000
DI-N-BUTYL PHTHALATE          8200000 170000000 47000
FLUORANTHENE                  3200000 59000000 1200000
FLUORENE                      2600000 33000000 160000
NAPHTHALENE                   55000 300000 1200
PHENANTHRENE                  2200000 36000000 250000
PYRENE                        2400000 45000000 880000
CARCINOGENIC PAHs (µg/kg)
BENZO(A)ANTHRACENE           NC NC 800
BENZO(A)PYRENE                100 700 8000
BENZO(B)FLUORANTHENE          NC NC 2400
BENZO(K)FLUORANTHENE          NC NC 24000
CHRYSENE                      NC NC 77000
DIBENZO(A,H)ANTHRACENE        NC NC 700
INDENO(1,2,3-CD)PYRENE        NC NC 6600
BAP EQUIVALENT               100 700 NC
METALS (mg/kg)
ARSENIC                      2.1 12 NC
BARIUM                        120 130000 1600
COPPER                   150 89000 NC
LEAD                     400 1400 NC
VANADIUM                      67 10000 980
Notes:
J = estimated value.
U = less than laboratory method detection limit.
Shaded values exceed critieria - [R] = Residential, [I] = Industrial, [L] = Leaching
NC = No Criteria Established in 62-777, FAC
µg/kg = micrograms per kilogram
PAHs = Polynuclear Aromatic Hydrocarbons
BAP EQUIVALENT  = Benzo(a)pyrene equivalent concentration              
mg/kg = milligrams per kilogram

FLORIDA CRITERIA PEN-43-SS28 PEN-43-SS29 PEN-43-SS30 PEN-43-SS31 PEN-43-SS32 PEN-43-SS33 PEN-43-SS34 PEN-43-SS35 PEN-43-SS36 PEN-43-SS37
PEN-43-SS2801 PEN-43-SS2901 PEN-43-SS3001 PEN-43-SS3101 PEN-43-SS3201 PEN-43-SS3301 PEN-43-SS3401 PEN-43-SS3501 PEN-43-SS3601 PEN-43-SS3701

03/06/05 03/06/05 03/06/05 03/06/05 03/06/05 03/06/05 03/06/05 03/06/05 03/06/05 03/06/05
0 - 1 0 - 1 0 - 1 0 - 1 0 - 1 0 - 1 0 - 1 0 - 1 0 - 1 0 - 1

11  UJ 11  UJ 11  UJ 11  UJ 11  UJ 2  U 2  U 11  UJ 11  UJ 11  UJ
3  J 2  J 0.6  U 0.6  UJ 0.6  U 0.6  U 6  J 0.6  U 0.6  U 0.6  U
1  J 0.8  U 0.7  U 0.8  U 0.7  U 0.8  U 0.8  U 0.8  U 0.7  U 2  J
7  J 1  J 0.6  U 0.6  UJ 0.6  U 1  J 2  J 0.6  U 0.6  U 0.6  U
17  J 3  J 1  J 0.9  U 0.9  J 2  J 2  J 1  J 0.9  U 4  J

110  J 10  J 5  J 4  J 4  J 7  J 21  J 6  J 5  J 6  J
83  U 80  U 79  U 80  U 79  U 82  U 84  U 870 79  U 110  J
94  U 91  U 90  U 91  U 90  U 93  U 95  U 91  U 90  U 91  U
270 44 22 16  J 21  J 45 62 21  J 15  J 38

0.7  U 0.6  U 0.6  U 0.6  U 0.6  U 0.7  U 0.7  U 0.6  U 0.6  U 0.7  U
3  J 2  J 1  J 1  J 0.9  U 1  U 1  U 1  U 1  U 1  J
85 18  J 7  J 5  J 6  J 10  J 15  J 6  J 6  J 24

180 24 11  J 9  J 10  J 24 38 12  J 7  J 23

230  J 31  J 16  J 13  J 13  J 29  J 55  J 16  J 12  J 22  J
180  [R] 20  J 10  J 8  J 8  J 18  J 35 10  J 6  J 14  J

410 44 24 22 23 48 83 27 16  J 32
92  J 12  J 7  J 5  J 6  J 16  J 23 7  J 4  J 9  J
150 18  J 8  J 7  J 8  J 17  J 30 9  J 6  J 13  J
34  J 2  UJ 2  UJ 2  UJ 2  UJ 2  U 12  J 2  UJ 2  UJ 2  UJ
90  J 12  J 7  J 5  J 5  J 11  J 22  J 6  J 4  J 6  J

288 [R] 31 17 14 14 28 63 17 11 22

8.0  [R] 1.4 Not Analyzed Not Analyzed Not Analyzed Not Analyzed Not Analyzed Not Analyzed Not Analyzed Not Analyzed
726  [R] 61.7 Not Analyzed Not Analyzed Not Analyzed Not Analyzed Not Analyzed Not Analyzed Not Analyzed Not Analyzed

Not Analyzed Not Analyzed 1.7 8.2 3.9 17 261  [R] 12.2 7.0 4.5
7360  [R],[I] 417  [R] 10.7 32.5 28.0 68.7 500  [R] Not Analyzed Not Analyzed Not Analyzed

73.1  [R] 4.1 Not Analyzed Not Analyzed Not Analyzed Not Analyzed Not Analyzed Not Analyzed Not Analyzed Not Analyzed
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PEN-43-SS24  7.6 mg/kg 

PEN-43-SS25  4.8 mg/kg 

PEN-43-SS27  6.0 mg/kg 

PEN-43-SS28  8.0 mg/kg 

The arsenic concentrations in the other six surface soil samples were less than the residential SCTL.  No 

arsenic concentrations exceeding the industrial SCTL of 12 mg/kg were reported, however the results for 

PEN-43-SS24 and PEN-43-SS28 were greater than three times the residential SCTL.  A default leaching 

to groundwater SCTL has not been established by FDEP for arsenic. 

4.2.1.2 Barium 

Twelve of the surface soil samples were analyzed for barium, including the samples collected from 

Anomaly Areas 11, 12, and 23 and the Tennis Court Area (Figure 4-2).  Barium concentrations greater 

than the residential SCTL of 120 mg/kg were reported from five surface soil samples: 

PEN-43-SS21  710 mg/kg 

PEN-43-SS24  346 mg/kg 

PEN-43-SS25  243 mg/kg 

PEN-43-SS27  310 mg/kg 

PEN-43-SS28  726 mg/kg 

The barium concentrations in the other seven surface soil samples were less than the residential SCTL.  

No barium concentrations exceeding the industrial SCTL of 130,000 mg/kg were reported.  The barium 

results were not compared to the three times residential SCTL criteria for hot spots because the 

residential SCTL for barium is based on acute toxicity to children for a one-time exposure.  No barium 

concentrations exceeding the leaching to groundwater SCTL of 1,600 mg/kg were reported. 

4.2.1.3 Copper 

Seventeen of the surface soil samples were analyzed for copper, including the samples collected from 

Anomaly Areas 11, 12, 17, and 24 and the Tennis Court Area (Figure 4-3).  Copper concentrations 

greater than the residential SCTL of 150 mg/kg were reported from four surface soil samples: 

PEN-43-SS21  240 mg/kg 

PEN-43-SS24  889 mg/kg 

PEN-43-SS25  381 mg/kg 

PEN-43-SS34  261 mg/kg 
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The copper concentrations in the other 13 surface soil samples were less than the residential SCTL.  No 

copper concentrations exceeding the industrial SCTL of 89,000 mg/kg were reported.  The copper results 

were not compared to the three times residential SCTL criteria for hot spots because the residential SCTL 

for copper is based on acute toxicity to children for a one-time exposure.  A default leaching to 

groundwater SCTL has not been established by FDEP for copper. 

4.2.1.4 Lead 

Seventeen of the surface soil samples were analyzed for lead, including the samples collected from 

Anomaly Areas 11, 12, 23, and 24 and the Tennis Court Area (Figure 4-4).  Lead concentrations greater 

than the industrial SCTL of 1,400 mg/kg were reported from five surface soil samples: 

PEN-43-SS-21  2,080 mg/kg 

PEN-43-SS24  1,990 mg/kg 

PEN-43-SS25  1,490 mg/kg 

PEN-43-SS27  3,850 mg/kg 

PEN-43-SS28  7,360 mg/kg 

The lead concentration in PEN-43-SS28 was more than three times the industrial SCTL.  Lead 

concentrations greater than the residential SCTL of 400 mg/kg were reported from two additional surface 

soil samples: 

PEN-43-SS29  417 mg/kg 

PEN-43-SS34  500 mg/kg 

The lead concentrations in the other 10 surface soil samples were less than the residential SCTL.  A 

default leaching to groundwater SCTL has not been established by FDEP for lead. 

4.2.1.5 Vanadium 

Nine of the surface soil samples were analyzed for vanadium, including the samples collected from 

Anomaly Areas 12 and 23 and the Tennis Court Area (Figure 4-5).  A vanadium concentration greater 

than the residential SCTL of 67 mg/kg was reported from one sample, PEN-43-SS28 at 73.1 mg/kg.  The 

vandium concentrations in the other eight surface soil samples were less than the residential SCTL.  No 

vanadium concentrations exceeding the industrial SCTL of 10,000 mg/kg were reported.  The vanadium 

results were not compared to the three times residential SCTL criteria for hot spots because the 

residential SCTL for vanadium is based on acute toxicity to children for a one-time exposure.  No 

vanadium concentrations exceeding the leaching to groundwater SCTL of 980 mg/kg were reported. 
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4.2.1.6 Carcinogenic PAHs 

Each of the 20 surface soil samples collected for the RI were analyzed for TCL SVOCs.  Table 4-1 

provides a summary of analytes detected in surface soil.  The following SVOCs were detected at 

concentrations less than screening criteria in soil samples collected at Site 43: acenaphthene, 

acenaphthylene, anthracene, benzo(g,h,i)perylene, bis(2-ethylhexyl)phthalate, di-n-butylphthalate, 

fluoranthene, fluorene, 1-methylnaphthalene, 2-methylnaphthalene, naphthalene, phenanthrene, and 

pyrene.  No SVOCs were detected at concentrations exceeding leaching to groundwater criteria.  SVOCs 

reported at concentrations greater than direct exposure screening criteria were limited to carcinogenic 

PAHs (Figure 4-6) and are discussed below. 

The seven carcinogenic PAHs listed in 62-777, FAC are benzo(a)pyrene, benzo(a)anthracene, 

benzo(b)fluoranthene, benzo(k)fluoranthene, dibenzo(a,h)anthracene, chrysene, and indeno(1,2,3-

CD)pyrene.  The concentration of each carcinogenic PAH is converted to a benzo(a)pyrene equivalent 

concentration using a toxic equivalency factor (TEF).  The TEFs for the carcinogenic PAHS are: 

 Benzo(a)pyrene   1.0 

 Benzo(a)anthracene  0.1 

 Benzo(b)fluoranthene  0.1 

 Benzo(k)fluoranthene  0.01 

 Dibenzo(a,h)anthracene  1.0 

 Chrysene   0.001 

 Indeno(1,2,3-CD)pyrene 0.1 

The benzo(a)pyrene equivalent concentrations of the detected carcinogenic PAHs are summed for each 

sample and the sum is compared to the direct exposure SCTLs established for benzo(a)pyrene in 62-

777, FAC.  Table 4-1 summarizes the positive detections of carcinogenic PAHs and the calculated 

benzo(a)pyrene equivalent concentrations. 

Carcinogenic PAHs were detected in each of the 20 surface soil samples collected at Site 43 (Figure 4-

6).  Five samples had benzo(a)pyrene equivalent concentrations greater than the residential SCTL of 

100 g/kg (the reported concentrations of benzo(a)pyrene for each sample are provided in parentheses 

for comparison): 

PEN-43-SS18 147 g/kg (95 g/kg)

PEN-43-SS24 277 g/kg (160 g/kg)

PEN-43-SS25 252 g/kg (150 g/kg)
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PEN-43-SS26 105 g/kg (62 g/kg)

PEN-43-SS28 288 g/kg (180 g/kg)

No benzo(a)pyrene equivalent concentrations greater than three times the residential SCTL were 

reported in the surface soil samples. 

4.2.2 Subsurface soil

Subsurface soil samples were collected at 20 locations at Site 43.  Sample locations were based on the 

subsurface soil sampling results reported in the SCR and IRA report.  Two subsurface soil samples were 

collected from each boring location; one from the shallow interval that corresponded to approximate 

depth of waste burial at the site (2 to 3 feet at most sample locations), and from a deeper sample interval 

ranging from 4 to 9 feet, based on visual appearance of the soil.  The samples were analyzed for SVOCs 

and the suite of five selected metals.  Positive detections of analytes in subsurface soil samples are 

summarized in Table 4-2.  Data validation reports are included in Appendix D. 

4.2.2.1 Arsenic 

An arsenic concentration greater than the industrial SCTL of 12 mg/kg was reported from subsurface soil 

sample PEN-43-SB2501 at an estimated concentration of 14.6 mg/kg (Figure 4-7).  However, the arsenic 

concentration in the field duplicate of this sample, PEN-43-SB2501D, was estimated at 5.3 mg/kg, which 

is less than the industrial SCTL.  Arsenic concentrations greater than the residential SCTL of 2.1 mg/kg 

were reported from four subsurface soil samples: 

PEN-43-SB0601 2.6 mg/kg (estimated) 

PEN-43-SB1101 4.2 mg/kg 

PEN-43-SB1401 11.4 mg/kg 

PEN-43-SB1701 7.3 mg/kg 

The arsenic results for PEN-43-SB1401 and PEN-43-SB1701 were greater than three times the 

residential SCTL.  The arsenic concentrations in the other 15 shallow subsurface soil samples and all 20 

of the deeper subsurface soil samples were less than the residential SCTL.  A default leaching to 

groundwater SCTL has not been established by FDEP for arsenic. 

4.2.2.2 Barium 

Barium concentrations greater than the residential SCTL of 120 mg/kg were reported from six shallow 

subsurface soil samples: 
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SUBSURFACE SOIL ANALYTICAL SUMMARY
SITE 43 REMEDIAL INVESTIGATION

NAS PENSACOLA
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Rev. 2
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LOCATION PEN-43-SB06 PEN-43-SB06 PEN-43-SB07 PEN-43-SB07 PEN-43-SB08 PEN-43-SB08 PEN-43-SB09 PEN-43-SB09 PEN-43-SB10 PEN-43-SB10 PEN-43-SB11 PEN-43-SB11 PEN-43-SB11 PEN-43-SB12
SAMPLE NAME PEN-43-SB0601 PEN-43-SB0602 PEN-43-SB0701 PEN-43-SB0702 PEN-43-SB0801 PEN-43-SB0802 PEN-43-SB0901 PEN-43-SB0902 PEN-43-SB1001 PEN-43-SB1002 PEN-43-SB1101 PEN-43-SB1102 PEN-43-SB1102-D PEN-43-SB1201
SAMPLE DATE DIRECT DIRECT LEACHING 03/03/05 03/03/05 03/03/05 03/03/05 03/03/05 03/03/05 03/03/05 03/03/05 03/03/05 03/03/05 03/04/05 03/04/05 03/04/05 03/04/05
DEPTH RANGE (FT) EXPOSURE EXPOSURE TO 3 - 4 7 - 9 3 - 4 7 - 9 2 - 3 6 - 8 2 - 3 6 - 8 2 - 3 6 - 8 2 - 3 5 - 7 5 - 7 2 - 3
SEMIVOLATILE ORGANICS (UG/KG) RESIDENTIAL INDUSTRIAL GROUNDWATER
1,1-BIPHENYL                  3000000 34000000 200 180  U 180  U 180  U 170  U 170  U 170  UJ 180  U 170  U 170  U 170  U 190  U 170  U 170  U 180  U
1-METHYLNAPHTHALENE           200000 1800000 3100 11  U 11  U 11  U 10  U 10  U 10  U 11  U 10  U 10  U 10  U 11  U 10  UJ 10  U 11  UJ
2-METHYLNAPHTHALENE           210000 2100000 8500 1  J 0.6  U 0.6  U 0.6  U 1  J 0.6  U 2  J 0.6  U 0.6  U 0.6  U 3  J 0.6  U 0.6  U 0.6  U
ACENAPHTHENE                  2400000 20000000 2100 0.8  U 0.7  U 0.8  U 0.7  U 0.7  U 0.7  U 0.7  U 0.7  U 0.7  U 0.7  U 3  J 0.7  U 0.7  U 0.8  U
ACENAPHTHYLENE                1800000 20000000 27000 0.6  U 0.6  U 0.6  U 0.6  U 2  J 0.6  U 0.6  U 0.6  U 0.6  U 0.6  U 8  J 0.6  U 0.6  U 0.6  U
ANTHRACENE                   21000000 300000000 2500000 8  J 0.9  U 0.9  U 0.8  U 2  J 0.8  U 0.9  U 0.8  U 0.8  U 0.8  U 15  J 0.8  U 0.8  U 2  J
BENZO(G,H,I)PERYLENE          2500000 52000000 32000000 40 2  UJ 2  U 2  UJ 7  J 2  UJ 2  UJ 2  UJ 2  UJ 2  UJ 110  J 2  UJ 2  U 7  J
CARBAZOLE                     49000 240000 200 65  U 64  U 64  U 63  U 63  U 63  UJ 64  U 63  U 63  U 63  U 68  U 63  U 63  U 64  U
DI-N-BUTYL PHTHALATE          8200000 170000000 47000 92  U 90  U 91  U 89  U 89  U 650  J 1200 88  U 89  U 89  U 95  U 88  U 89  U 91  U
DIBENZOFURAN                  320000 63000000 15000 67  U 66  U 67  U 65  U 66  U 66  UJ 66  U 65  U 65  U 65  U 70  U 65  U 66  U 67  U
FLUORANTHENE                 3200000 59000000 1200000 86 2  U 2  U 2  U 30 4  J 8  J 2  U 2  J 2  U 280 2  U 2  U 18  J
FLUORENE                    2600000 33000000 160000 0.7  U 0.6  U 0.6  U 0.6  U 0.6  U 0.6  U 0.6  U 0.6  U 0.6  U 0.6  U 2  J 0.6  U 0.6  U 0.6  U
ISOPHORONE                    540000 1200000 200 56  U 55  U 56  U 55  U 55  U 55  UJ 56  U 54  U 55  U 55  U 59  U 55  U 55  U 56  U
NAPHTHALENE                   55000 300000 1200 2  J 0.9  U 1  U 0.9  U 1  J 0.9  U 1  J 2  J 0.9  U 0.9  U 4  J 0.9  U 0.9  U 1  U
PHENANTHRENE                  2200000 36000000 250000 38 2  U 2  U 2  U 12  J 3  J 4  J 2  U 2  U 2  U 58 2  U 2  U 8  J
PYRENE                        2400000 45000000 880000 74 2  UJ 2  U 2  UJ 20  J 3  J 5  J 2  UJ 2  UJ 2  UJ 230 2  U 2  U 13  J
CARCINOGENIC PAHs (UG/KG)
BENZO(A)ANTHRACENE            NC NC 800 56 1  U 1  U 1  U 24 7  J 10  J 1  U 1  U 1  U 250 1  U 1  U 18  J
BENZO(A)PYRENE              100 700 8000 47 0.8  U 0.8  U 0.8  U 19  J 0.8  U 4  J 0.8  U 0.8  U 0.8  U 280  [R] 0.8  U 0.8  U 12  J
BENZO(B)FLUORANTHENE          NC NC 2400 57  J 2  U 2  UJ 2  U 42 7  J 13  J 2  U 2  U 2  U 460  J 2  UJ 2  U 25  J
BENZO(K)FLUORANTHENE          NC NC 24000 24 1  U 1  U 1  U 13  J 1  J 3  J 1  U 1  U 1  U 96  J 1  U 1  U 7  J
CHRYSENE                      NC NC 77000 50 1  U 1  U 1  U 16  J 2  J 4  J 1  U 1  U 1  U 190 1  U 1  U 10  J
DIBENZO(A,H)ANTHRACENE        NC NC 700 15  J 2  U 2  U 2  U 2  U 2  U 2  U 2  U 2  U 2  U 2  U 2  U 2  U 2  U
INDENO(1,2,3-CD)PYRENE        NC NC 6600 30 2  U 2  U 2  U 8  J 2  U 2  U 2  U 2  U 2  U 91  J 2  UJ 2  U 5  J
BAP EQUIVALENT                100 700 NC 77 0.8  U 0.8  U 0.8  U 28 3 7 0.8  U 0.8  U 0.8  U 362 0.8  U 0.8  U 18
METALS (MG/KG)
ARSENIC                       2.1 12 NC 2.6  J  [R] 0.35  J 0.36  J 0.17  UJ 1.8  J 0.29  J 1.3  J 0.29  J 0.31  J 0.20  UJ 4.2  [R] 0.21  U 0.31 0.20  U
BARIUM                        120 130000 1600 188  J  [R] 17.4  J 2.1  J 1.9  J 138  J  [R] 15.7  J 13.6  J 1.4  J 1.4  J 2.2  J 306  J  [R] 1.5  J 15.1  J 58.6  J
COPPER                        150 89000 NC 529  J  [R] 3.2  J 1.5  J 1.1  J 300  J  [R] 74.7  J 26.6  J 0.70  J 0.70  J 0.86  J 3380  [R] 0.74 2.2 22.5
LEAD                          400 1400 NC 519  [R] 6.7 1.8 1.0 427  [R] 20.9 109 0.90 1.3 0.82 1370  J  [R] 1.4  J 4.0  J 87.7  J
VANADIUM                      67 10000 980 18.5 2.5 2.3 1.7 6.5 2.9 2.3 2.1 2.2 2.2 8.0 2.4 2.3 2.3
Notes:
J = estimated value.
U = less than laboratory method detection limit.
Shaded values exceed critieria - [R] = Residential, [I] = Industrial, [L] = Leaching
NC = No Criteria Established in 62-777, FAC
µg/kg = micrograms per kilogram
PAHs = Polynuclear Aromatic Hydrocarbons
BAP EQUIVALENT  = Benzo(a)pyrene equivalent concentration              
mg/kg = milligrams per kilogram

FLORIDA CRITERIA
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LOCATION
SAMPLE NAME
SAMPLE DATE DIRECT DIRECT LEACHING
DEPTH RANGE (FT) EXPOSURE EXPOSURE TO
SEMIVOLATILE ORGANICS (UG/KG) RESIDENTIAL INDUSTRIAL GROUNDWATER
1,1-BIPHENYL                  3000000 34000000 200
1-METHYLNAPHTHALENE           200000 1800000 3100
2-METHYLNAPHTHALENE           210000 2100000 8500
ACENAPHTHENE                  2400000 20000000 2100
ACENAPHTHYLENE                1800000 20000000 27000
ANTHRACENE                   21000000 300000000 2500000
BENZO(G,H,I)PERYLENE          2500000 52000000 32000000
CARBAZOLE                     49000 240000 200
DI-N-BUTYL PHTHALATE          8200000 170000000 47000
DIBENZOFURAN                  320000 63000000 15000
FLUORANTHENE                 3200000 59000000 1200000
FLUORENE                    2600000 33000000 160000
ISOPHORONE                    540000 1200000 200
NAPHTHALENE                   55000 300000 1200
PHENANTHRENE                  2200000 36000000 250000
PYRENE                        2400000 45000000 880000
CARCINOGENIC PAHs (UG/KG)
BENZO(A)ANTHRACENE            NC NC 800
BENZO(A)PYRENE              100 700 8000
BENZO(B)FLUORANTHENE          NC NC 2400
BENZO(K)FLUORANTHENE          NC NC 24000
CHRYSENE                      NC NC 77000
DIBENZO(A,H)ANTHRACENE        NC NC 700
INDENO(1,2,3-CD)PYRENE        NC NC 6600
BAP EQUIVALENT                100 700 NC
METALS (MG/KG)
ARSENIC                       2.1 12 NC
BARIUM                        120 130000 1600
COPPER                        150 89000 NC
LEAD                          400 1400 NC
VANADIUM                      67 10000 980
Notes:
J = estimated value.
U = less than laboratory method detection limit.
Shaded values exceed critieria - [R] = Residential, [I] = Industrial, [L] = Leaching
NC = No Criteria Established in 62-777, FAC
µg/kg = micrograms per kilogram
PAHs = Polynuclear Aromatic Hydrocarbons
BAP EQUIVALENT  = Benzo(a)pyrene equivalent concentration              
mg/kg = milligrams per kilogram

FLORIDA CRITERIA PEN-43-SB12 PEN-43-SB13 PEN-43-SB13 PEN-43-SB14 PEN-43-SB14 PEN-43-SB15 PEN-43-SB15 PEN-43-SB16 PEN-43-SB16 PEN-43-SB17 PEN-43-SB17 PEN-43-SB18 PEN-43-SB18 PEN-43-SB19
PEN-43-SB1202 PEN-43-SB1301 PEN-43-SB1302 PEN-43-SB1401 PEN-43-SB1402 PEN-43-SB1501 PEN-43-SB1502 PEN-43-SB1601 PEN-43-SB1602 PEN-43-SB1701 PEN-43-SB1702 PEN-43-SB1801 PEN-43-SB1802 PEN-43-SB1901

03/04/05 03/04/05 03/04/05 03/04/05 03/04/05 03/04/05 03/04/05 03/04/05 03/04/05 03/04/05 03/04/05 03/04/05 03/04/05 03/04/05
7 - 9 2 - 3 5 - 7 2 - 3 4 - 5 2 - 3 7 - 9 2 - 3 7 - 9 2 - 3 5 - 7 2 - 3 7 - 9 2 - 3

180  U 170  U 180  U 280  J  [L] 180  U 170  U 170  U 170  U 180  U 180  U 170  U 180  U 170  U 170  U
11  UJ 10  UJ 11  UJ 540  J 11  U 10  UJ 10  U 10  U 11  U 2  J 10  U 11  U 10  U 10  U
0.6  U 0.6  U 0.6  U 670 0.6  U 0.6  U 0.6  U 0.6  U 0.6  U 2  J 0.6  U 0.6  U 0.6  U 0.6  U
0.8  U 0.7  U 0.7  U 1800 0.8  U 0.7  U 0.7  U 0.7  U 0.8  U 0.8  U 0.7  U 0.8  U 0.7  U 0.7  U
0.6  U 0.6  U 0.6  U 6  U 0.6  U 0.6  U 0.6  U 0.6  U 0.6  U 7  J 0.6  U 0.6  U 0.6  U 0.6  U
0.9  U 0.8  U 0.9  U 8000 0.9  U 0.8  U 0.8  U 0.8  U 0.9  U 7  J 0.8  U 0.9  U 0.8  U 0.9  J
2  UJ 2  UJ 2  UJ 4600  J 2  U 2  UJ 2  U 2  U 2  U 150  J 2  U 2  U 2  U 2  U
64  U 63  U 64  U 2800  [L] 65  U 63  U 63  U 63  U 66  U 66  U 63  U 64  U 64  U 63  U
90  U 89  U 90  U 98  U 91  U 89  U 88  U 88  U 93  U 93  U 88  U 90  U 89  U 89  U
66  U 66  U 66  U 1700 67  U 66  U 65  U 65  U 68  U 68  U 65  U 66  U 66  U 65  U
4  J 2  U 2  U 30000 2  U 2  U 2  U 2  U 2  U 160 2  U 2  J 2  U 5  J

0.6  U 0.6  U 0.6  U 1700 0.6  U 0.6  U 0.6  U 0.6  U 0.7  U 0.7  U 0.6  U 0.6  U 0.6  U 0.6  U
56  U 55  U 56  U 60  U 56  U 55  U 54  U 54  U 58  U 57  U 55  U 56  U 55  U 55  U
1  U 0.9  U 1  U 2400  J  [L] 1  U 0.9  U 0.9  U 0.9  U 1  U 2  J 0.9  U 1  U 0.9  U 0.9  U
2  J 2  U 2  U 28000 2  U 2  U 2  U 2  U 2  U 34 2  U 2  U 2  U 4  J
3  J 2  U 2  U 17000  J 2  UJ 2  U 2  UJ 2  UJ 2  UJ 110  J 2  UJ 2  UJ 2  UJ 3  J

8  J 1  U 1  U 15000  J  [L] 1  U 1  U 1  U 1  U 1  U 320  J 1  U 7  J 6  J 7  J
2  J 0.8  U 0.8  U 10000  [R],[L] 0.8  U 0.8  U 0.8  U 0.8  U 0.8  U 340  [R] 0.8  U 0.8  U 0.8  U 0.8  U
8  J 2  UJ 2  UJ 16000  J  [L] 2  U 2  UJ 2  U 2  U 2  U 670  J 2  U 2  U 2  U 2  U
2  J 1  U 1  U 5700 1  UJ 1  U 1  UJ 1  UJ 1  UJ 130 1  UJ 1  UJ 1  UJ 1  UJ
3  J 1  U 1  U 8700  J 1  U 1  U 1  U 1  U 1  U 170 1  U 1  J 1  U 1  U
2  U 2  U 2  U 1100  [L] 2  UJ 2  U 2  UJ 2  UJ 2  UJ 36 2  UJ 2  UJ 2  UJ 2  UJ
1  J 2  UJ 2  UJ 5000 2  U 2  UJ 2  U 2  U 2  U 150 2  U 2  U 2  U 2  U
5 0.8  U 0.8  U 14766 0.8  U 0.8  U 0.8  U 0.8  U 0.8  U 491 0.8  U 3 3 3

0.56 0.24  U 0.38 11.4  [R] 0.25 0.35 0.25  U 0.32 0.24  U 7.3  [R] 0.32 0.41 0.50 0.33
10.0  J 1.3  J 1.4  J 939  J  [R] 7.6  J 7.7  J 3.7  J 14.1  J 4.8  J 366  J  [R] 1.1  J 2.8  J 1.8  J 1.6  J
10.6  J 0.95 0.63 1220  [R] 5.1 1.4 0.94 1.5 1.1 500  [R] 0.54 1.7 1.2 0.45
37.5  J 1.1  J 0.58  U 5500  J  [R],[I] 9.6  J 3.2  J 1.3  J 1.2  J 2.4  J 1460  J  [R],[I] 0.96  J 6.5  J 2.8  J 0.81  J

3.0 1.9 1.6 156  [R] 6.2 2.2 1.6 38.2 26.4 40.1 1.8 1.8 2.2 2.4
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LOCATION
SAMPLE NAME
SAMPLE DATE DIRECT DIRECT LEACHING
DEPTH RANGE (FT) EXPOSURE EXPOSURE TO
SEMIVOLATILE ORGANICS (UG/KG) RESIDENTIAL INDUSTRIAL GROUNDWATER
1,1-BIPHENYL                  3000000 34000000 200
1-METHYLNAPHTHALENE           200000 1800000 3100
2-METHYLNAPHTHALENE           210000 2100000 8500
ACENAPHTHENE                  2400000 20000000 2100
ACENAPHTHYLENE                1800000 20000000 27000
ANTHRACENE                   21000000 300000000 2500000
BENZO(G,H,I)PERYLENE          2500000 52000000 32000000
CARBAZOLE                     49000 240000 200
DI-N-BUTYL PHTHALATE          8200000 170000000 47000
DIBENZOFURAN                  320000 63000000 15000
FLUORANTHENE                 3200000 59000000 1200000
FLUORENE                    2600000 33000000 160000
ISOPHORONE                    540000 1200000 200
NAPHTHALENE                   55000 300000 1200
PHENANTHRENE                  2200000 36000000 250000
PYRENE                        2400000 45000000 880000
CARCINOGENIC PAHs (UG/KG)
BENZO(A)ANTHRACENE            NC NC 800
BENZO(A)PYRENE              100 700 8000
BENZO(B)FLUORANTHENE          NC NC 2400
BENZO(K)FLUORANTHENE          NC NC 24000
CHRYSENE                      NC NC 77000
DIBENZO(A,H)ANTHRACENE        NC NC 700
INDENO(1,2,3-CD)PYRENE        NC NC 6600
BAP EQUIVALENT                100 700 NC
METALS (MG/KG)
ARSENIC                       2.1 12 NC
BARIUM                        120 130000 1600
COPPER                        150 89000 NC
LEAD                          400 1400 NC
VANADIUM                      67 10000 980
Notes:
J = estimated value.
U = less than laboratory method detection limit.
Shaded values exceed critieria - [R] = Residential, [I] = Industrial, [L] = Leaching
NC = No Criteria Established in 62-777, FAC
µg/kg = micrograms per kilogram
PAHs = Polynuclear Aromatic Hydrocarbons
BAP EQUIVALENT  = Benzo(a)pyrene equivalent concentration              
mg/kg = milligrams per kilogram

FLORIDA CRITERIA PEN-43-SB19 PEN-43-SB20 PEN-43-SB20 PEN-43-SB21 PEN-43-SB21 PEN-43-SB22 PEN-43-SB22 PEN-43-SB23 PEN-43-SB23 PEN-43-SB24 PEN-43-SB24 PEN-43-SB25 PEN-43-SB25 PEN-43-SB25
PEN-43-SB1902 PEN-43-SB2001 PEN-43-SB2002 PEN-43-SB2101 PEN-43-SB2102 PEN-43-SB2201 PEN-43-SB2202 PEN-43-SB2301 PEN-43-SB2302 PEN-43-SB2401 PEN-43-SB2402 PEN-43-SB2501 PEN-43-SB2501-D PEN-43-SB2502

03/04/05 03/04/05 03/04/05 03/04/05 03/04/05 03/04/05 03/04/05 03/04/05 03/04/05 03/06/05 03/06/05 03/04/05 03/04/05 03/04/05
6 - 8 2 - 3 5 - 7 2 - 3 5 - 7 2 - 3 7 - 9 2 - 3 6 - 8 2 - 3 5 - 7 2 - 3 2 - 3 4 - 5

170  U 170  U 170  U 180  U 180  U 170  U 180  U 180  U 170  U 170  U 170  U 180  U 180  U 170  U
10  U 2  U 10  U 11  U 11  U 2  U 11  UJ 11  UJ 10  UJ 10  UJ 10  UJ 2  U 2  U 2  U
0.6  U 0.6  U 0.6  U 0.6  U 5  J 0.6  U 0.6  UJ 0.6  UJ 0.6  U 0.6  UJ 0.6  UJ 8  J 10  J 5  J
0.7  U 0.7  U 0.7  U 0.7  U 0.7  U 0.7  U 0.7  U 0.8  U 0.7  U 0.7  U 0.7  U 1  J 2  J 0.7  U
0.6  U 0.6  U 0.6  U 0.6  U 0.6  U 0.6  U 0.6  UJ 0.6  UJ 0.6  U 0.6  UJ 0.6  UJ 2  J 3  J 0.6  U
0.8  U 0.8  U 0.8  U 0.9  U 0.9  U 0.8  U 0.9  U 0.9  U 0.8  U 0.8  U 0.8  U 7  J 8  J 0.8  U
2  U 2  UJ 2  U 2  U 2  U 2  U 2  UJ 2  UJ 2  UJ 2  UJ 2  UJ 30 30 2  U

63  U 63  U 63  U 64  U 64  U 63  U 64  U 65  U 64  U 63  U 64  U 66  U 67  U 63  U
1000  J 89  U 89  U 90  U 90  U 89  U 90  U 91  U 1200 89  U 89  U 93  U 94  U 88  U
65  U 66  U 65  U 66  U 66  U 66  U 66  U 67  U 66  U 65  U 66  U 69  U 69  U 65  U
2  U 2  U 2  U 2  U 2  U 2  U 2  U 2  J 2  U 8  J 2  U 100 110 2  U

0.6  U 0.6  U 0.6  U 0.6  U 0.6  U 0.6  U 0.6  U 0.6  U 0.6  U 0.6  U 0.6  U 0.7  U 0.7  U 0.6  U
55  U 55  U 55  U 56  U 55  U 55  U 55  U 56  U 55  U 55  U 55  U 58  U 58  U 54  U
0.9  U 0.9  U 0.9  U 1  U 0.9  U 0.9  U 1  J 1  U 0.9  U 0.9  U 0.9  U 1  U 1  U 0.9  U
2  U 2  U 2  U 2  U 2  U 2  U 2  U 2  U 2  U 2  J 2  U 34 36 2  U
2  UJ 2  U 2  U 2  U 2  U 2  U 2  U 2  U 2  U 4  J 2  U 61 74 2  U

1  U 1  U 1  U 1  U 1  U 1  UJ 1  U 6  J 1  UJ 7  J 1  U 89  J 100  J 1  UJ
0.8  U 0.8  U 0.8  U 0.8  U 0.8  U 0.8  U 0.8  U 0.8  U 0.8  U 2  J 0.8  U 52 60 0.8  U
2  U 2  U 2  U 2  U 2  U 2  U 2  U 2  U 2  U 8  J 2  U 100  J 180  J 2  U
1  UJ 1  U 1  U 1  U 1  U 1  U 1  U 1  U 1  UJ 2  J 1  U 32  J 9  J 1  U
1  U 1  U 1  U 1  U 1  U 1  U 1  U 1  U 1  U 2  J 1  U 47 54 1  U
2  UJ 2  U 2  U 2  U 2  U 2  U 2  UJ 2  UJ 2  UJ 2  UJ 2  UJ 2  U 22 2  U
2  U 2  U 2  U 2  U 2  U 2  U 2  UJ 2  UJ 2  UJ 2  UJ 2  UJ 38 40 2  U

0.8  U 0.8  U 0.8  U 0.8  U 0.8  U 0.8  U 0.8  U 3 0.8  U 6 0.8  U 76 114 0.8  U

0.23  U 0.27  UJ 0.24  UJ 0.27  UJ 0.24  UJ 0.34  J 0.23  UJ 0.21  UJ 0.27 0.22  U 0.24  U 14.6  J  [R],[I] 5.3  J  [R] 0.25  UJ
0.56  J 2.4  J 0.32  U 1.8  J 0.92  J 2.0  J 1.5  J 4.0  J 1.0 1.5 1.7 884  J  [R] 270  J  [R] 10.8  J
0.78 1.0  J 0.22  UJ 0.84  J 0.45  J 0.60  J 0.73  J 1.7  J 0.26 0.74 0.55 448  J  [R] 930  J  [R] 8.2  J

0.56  U 1.8 0.24 0.96 0.71 1.0 0.62 2.1 0.50 1.3 2.0 1340  [R] 1390  [R] 1.1
0.83 2.9 0.44  U 2.8 1.4 2.7 1.5 1.8 1.4 1.6 2.6 13.6 11.2 2.4
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PEN-43-SB0601 188 J mg/kg 

PEN-43-SB0801 138 J mg/kg 

PEN-43-SB1101 306 J mg/kg 

PEN-43-SB1401 939 J mg/kg 

PEN-43-SB1701 366 J mg/kg 

PEN-43-SB2501 884 J mg/kg 

The barium concentrations in the other 14 shallow subsurface soil samples and all 20 of the deeper 

subsurface soil samples were less than the residential SCTL (Figure 4-7).  No barium concentrations 

exceeding the industrial SCTL of 130,000 mg/kg were reported.  The barium results were not compared 

to the three times residential SCTL criteria for hot spots because the residential SCTL for barium is based 

on acute toxicity to children for a one-time exposure.  No barium concentrations exceeding the leaching 

to groundwater SCTL of 1,600 mg/kg were reported. 

4.2.2.3 Copper 

Copper concentrations greater than the residential SCTL of 150 mg/kg were reported from six shallow 

subsurface soil samples: 

PEN-43-SB0601 529 J mg/kg 

PEN-43-SB0801 300 J mg/kg 

PEN-43-SB1101 3,380 mg/kg 

PEN-43-SB1401 1,220 mg/kg 

PEN-43-SB1701 500 mg/kg 

PEN-43-SB2501 448 J mg/kg 

The copper concentrations in the other 14 shallow subsurface soil samples and all 20 of the deeper 

subsurface soil samples were less than the residential SCTL.  No copper concentrations exceeding the 

industrial SCTL of 89,000 mg/kg were reported.  The copper results were not compared to the three times 

residential SCTL criteria for hot spots because the residential SCTL for copper is based on acute toxicity 

to children for a one-time exposure.  A default leaching to groundwater SCTL has not been established 

by FDEP for copper. 

4.2.2.4 Lead 

Lead concentrations greater than the industrial SCTL of 1,400 mg/kg were reported from two shallow 

subsurface soil samples: 
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PEN-43-SB1401 5,500 J mg/kg 

PEN-43-SB1701 1,460 mg/kg 

The lead concentration in PEN-43-SB1401 was more than three times the industrial SCTL.  Lead 

concentrations greater than the residential SCTL of 400 mg/kg were reported from three additional 

shallow subsurface soil samples: 

PEN-43-SB0601 519 mg/kg 

PEN-43-SB0801 427 mg/kg 

PEN-43-SB1101 1,370 J mg/kg 

PEN-43-SB2501 1,340 mg/kg 

The lead concentrations in the other 15 shallow subsurface soil samples and all 20 of the deeper 

subsurface soil samples were less than the residential SCTL.  A default leaching to groundwater SCTL 

has not been established by FDEP for lead. 

4.2.2.5 Vanadium 

A vanadium concentration greater than the residential SCTL of 67 mg/kg was reported from one shallow 

subsurface soil sample, PEN-43-SB1401 at 156 mg/kg.  The vandium concentrations in the other shallow 

and deeper subsurface soil samples were less than the residential SCTL.  No vanadium concentrations 

exceeding the industrial SCTL of 10,000 mg/kg were reported.  The vanadium results were not compared 

to the three times residential SCTL criteria for hot spots because the residential SCTL for vanadium is 

based on acute toxicity to children for a one-time exposure.  No vanadium concentrations exceeding the 

leaching to groundwater SCTL of 980 mg/kg were reported. 

4.2.2.6 Carcinogenic PAHs 

Each of the subsurface soil samples collected for the RI were analyzed for TCL SVOCs.  Table 4-2 

provides a summary of analytes detected in subsurface soil.  The following SVOCs were detected at 

concentrations less than screening criteria in soil samples collected at Site 43: acenaphthene, 

acenaphthylene, anthracene, benzo(g,h,i)perylene, di-n-butylphthalate, dibenzofuran, fluoranthene, 

fluorene, isophorone, 1-methylnaphthalene, 2-methylnaphthalene, phenanthrene, and pyrene.  SVOCs 

reported at concentrations greater than direct exposure screening criteria were limited to carcinogenic 

PAHs (Figure 4-8) and are discussed below. 

A benzo(a)pyrene equivalent concentration greater than three times the industrial SCTL of 700 g /kg 

was reported from subsurface soil sample PEN-43-SB1401 at 14,767 g/kg (Figure 4-8).  Three shallow
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subsurface soil samples had benzo(a)pyrene equivalent concentrations greater than the residential SCTL 

of 100 g/kg (the reported concentrations of benzo(a)pyrene for each sample are provided in 

parentheses for comparison): 

PEN-43-SB1101 362 g/kg (280 g/kg)

PEN-43-SB1701 491 g/kg (340 g/kg)

PEN-43-SB2501-D 114 g/kg (60 g/kg)

However, the benzo(a)pyrene equivalent concentration in sample PEN-43-SB2501, from which 

PEN-43-SB2501-D was split, was 76 g/kg, which is less than the residential SCTL.  The benzo(a)pyrene 

equivalent  concentrations in the other 16 shallow subsurface soil samples and all 20 of the deeper 

subsurface soil samples were less than the residential SCTL. 

4.2.2.7 Leachability SCTL Exceedances 

Analytical results from shallow subsurface soil sample PEN-43-SB1401 reported three SVOCs 

(1,1-biphenyl, carbazole, and naphthalene) and four carcinogenic PAHs (benzo(a)pyrene, 

benzo(a)anthracene, benzo(b)fluoranthene, and dibenzo(a,h)anthracene) at concentrations greater than 

the leachability to groundwater SCTLs.  While the concentrations of the three SVOCs were less than 

direct exposure SCTLs, the four carcinogenic PAHs also exceeded direct exposure SCTLs.  Reported 

concentrations of TCL SVOCs in the other subsurface soil samples collected for the RI were less than the 

leachability to groundwater SCTLs. 

4.2.3 Soil Investigation Summary

Ten surface soil samples with exceedances of one or more residential SCTL (including some industrial 

exceedances) were collected during the RI, including surface soil samples collected from Anomaly Areas 

11, 12, 23, and 24 and the Tennis Court Area.  Six shallow subsurface soil samples had exceedances of 

one or more residential SCTL (including some industrial exceedances).  Four of these samples were 

collected in the footprint of the IRA excavation, and one each from Anomaly Areas 11 and 23.  

Contaminant concentrations in the deeper subsurface soil samples, collected  from depths greater than 

4 feet, were less than SCTLs. 

Anomaly Area 17

Contaminant concentrations in the surface and subsurface soil samples collected from Anomaly Area 17 

were less than SCTLs; therefore, no further delineation is needed in this area. 
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Anomaly Area 11

All three of the surface soil samples and the shallow subsurface soil sample collected at Anomaly 

Area 11, located to the east of the IRA excavation, had exceedances of residential screening critieria.  

Surface soil samples PEN-43-SS24 and PEN-43-SS25 and subsurface soil sample PEN-43-SB2501, 

collected from 2 to 3 feet, had exceedances of the arsenic, barium, copper, lead, and carcinogenic PAH 

SCTLs.  The lead concentrations in these samples exceeded the industrial SCTL.  Surface soil sample 

PEN-43-SS26 exceeded only the residential carcinogenic PAH SCTL and none of the metals SCTLs.  

These analytical results indicate that horizontal and vertical delineation of the surface and subsurface soil 

contaminants has not been completed at Anomaly Area 11. 

Anomaly Area 12

Two of the surface soil samples collected at Anomaly Area 12 had exceedances of residential SCTLs,  

PEN-43-SS18 exceeded the carcinogenic PAH SCTL and PEN-43-SS19 exceeded the arsenic SCTL.  

The third surface soil sample PEN-43-SS20 had no SCTL exceedances.  No SCTL exceedances were 

reported for the subsurface soil samples collected from PEN-43-SB19. 

Anomaly Area 23

All three of the surface soil samples and one of the shallow subsurface soil sample collected at Anomaly 

Area 23, located adjacent to the northern edge of the IRA excavation, had exceedances of residential 

screening critieria.  Surface soil samples PEN-43-SS27 and PEN-43-SS28 had exceedances of the 

arsenic, barium, and lead SCTLS.  The lead concentration in PEN-43-SS28 also exceeded the industrial 

SCTL.  The carcinogenic PAH concentration for PEN-43-SS28 exceeded the residential SCTL.  Surface 

soil sample PEN-43-SS29 exceeded only the residential carcinogenic PAH SCTL and none of the metals 

SCTLs.  The shallow subsurface soil sample collected at PEN-43-SB14 had exceedances of the arsenic, 

barium, copper, and vanadium residential SCTLs and the lead and carcinogenic PAH industrial SCTLs.  

Sample PEN-43-SB1401 contained some of the highest contaminant concentrations observed in samples 

collected for the RI.  The remaining subsurface soil samples collected at Anomaly Area 23 had no SCTL 

exceedances.

Anomaly Area 24

One of the surface soil samples collected at Anomaly Area 24, located to the north of the IRA excavation, 

had exceedances of residential SCTLs.  PEN-43-SS34 had exceedances of the copper and lead 

residential SCTLs.  PEN-43-SS34 was collected from the southern perimeter of Anomaly Area 24, which 

is closest to Anomaly Area 23 and the IRA excavation.  Contaminant concentrations in the other surface 

and subsurface soil samples collected from Anomaly Area 24 were less than SCTLs. 
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Tennis Court Area

One of the surface soil samples collected at the Tennis Court Area had exceedances of residential and 

industrial SCTLs.  PEN-43-SS21 had exceedances of the arsenic, barium, and copper residential SCTL 

and the lead industrial SCTL.  Contaminant concentrations in the other surface and subsurface soil 

samples collected from the Tennis Court Area were less than SCTLs. 

IRA Excavation Area

Four of the soil boring locations advanced in the excavation area from the IRA had SCTL exceedances.  

The shallow subsurface soil samples collected at PEN-43-SB06, PEN-43-SB08, PEN-43-SB11, and 

PEN-43-SB17 had exceedances of the arsenic, barium, copper, and lead residential SCTLs.  The lead 

concentration in PEN-43-SB1701 also exceeded the industrial SCTL.  The carcinogenic PAH 

concentration for PEN-43-SB1101 and PEN-43-SB1701 exceeded the residential SCTL.  The distribution 

of contaminants in the shallow subsurface zone suggests that subsurface soil contaminantion remaining 

at the site does not extend laterally much further than the IRA excavation.  SCTL exceedances were not 

reported for the subsurface soil samples collected at Anomaly Areas 12, 17, and 24 or the Tennis Court 

Area.

4.3 GROUNDWATER 

Previous groundwater sampling events at site detected only VOCs and metals, therefore the groundwater 

samples collected during the RI were analyzed for TCL VOCs and TAL metals.  Groundwater samples 

were collected from twelve monitoring wells.  Ten of the wells were shallow wells screened at the water 

table.  Two of the wells were deep wells, screened 45 to 50 feet.  Groundwater analytical results were 

compared to the risk-based GCTLs established in 62-777 FAC and the NAS Pensacola background 

concentrations for metals (Appendix C).  Table 4-3 provides a summary of analytes detected in 

groundwater.

4.3.1 Volatile Organics

Three VOCs, including acetone, chloroform, and trichloroethene (TCE) were detected in the groundwater 

samples at concentrations less than the GCTLs.  Acetone and chloroform are frequent laboratory 

contaminants.

4.3.2 Metals

Thirteen metals were detected in the groundwater samples collected at Site 43.  Three of the metals 

(iron, lead, and manganese) were detected at concentrations exceeding Florida GCTLs.  The remaining 

metals, barium, calcium, chromium, copper, magnesium, mercury, nickel, potassium, sodium, and zinc, 
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were all detected at concentrations less than the Florida GCTLs.  Metals reported at concentrations 

greater than screening criteria are discussed below. 

4.3.2.1 Iron 

Iron was detected in nine of the groundwater samples collected at Site 43 (Figure 4-9).  The iron 

concentrations in seven of the monitoring wells were greater than the GCTL of 300 g/L, including: 

PEN-43-05D 1,650 g/L

PEN-43-06D 1,540 g/L

PEN-43-06S 4,000 g/L

PEN-43-09S 2,470 g/L

PEN-43-10S 2,280 g/L

PEN-43-11S 866 g/L

PEN-43-07S 1,490 g/L

The iron concentrations reported for PEN-43-06S, PEN-43-09S, and PEN-43-10S were greater than NAS 

Penscaola background iron concentration of 1,707 g/L.  The iron concentration in PEN-43-06S also 

exceeded the GCTL for low yield/poor quality aquifers of 3,000 g/L.  The GCTL for iron is a secondary 

groundwater standard, not a health based standard. 

4.3.2.2 Manganese 

Manganese was detected in all 12 of the groundwater samples collected at Site 43 (Table 4-3).  

Manganese was detected in two monitoring wells at concentrations greater than the GCTL of 50 g/L:

PEN-43-06S 204 g/L

PEN-43-07S 54.8 g/L

The NAS Pensacola background concentration for manganese is 21.92 g/L, which is less than the 

manganese GCTL.  The manganese concentration reported for both wells was less than the GCTL for 

low yield/ poor quality aquifers of 500 g/L.  The GCTL for manganese is a secondary groundwater 

standard, not a health based standard. 
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4.3.2.3 Lead 

Lead was detected in two of the groundwater samples collected at Site 43 (Table 4-3).  Lead was 

detected in the groundwater sample collected from PEN-43-13S at a concentration of 29.9 g/L,

exceeding the GCTL of 15 g/L (Figure 4-9).  The NAS Pensacola background concentration for lead is 

1.6 g/L, which is less than the lead GCTL.  The lead concentration reported for both wells was less than 

the GCTL for low yield/ poor quality aquifers of 150 g/L.

4.3.3 Groundwater Investigation Summary

Groundwater samples collected at Site 43 were analyzed for TAL metals and TCL VOCs based on 

analytical results from previous sampling events.  Detected VOC concentrations in the groundwater 

samples collected for the RI were less than the GCTLs. 

Iron was detected in most of the monitoring wells sampled for the RI at concentrations exceeding the 

GCTL, which is a secondary standard, but less than the NAS Pensacola background iron concentration.  

Iron concentrations exceeded the background concentration in three monitoring wells, PEN-43-06S, 

PEN-43-09S, and PEN-43-10S.  The highest iron concentration was observed in PEN-43-06S.  These 

wells are located up and side gradient to the known disposal area, which would suggest that the iron 

concentrations in these wells are naturally occuring rather than due to site activity. 

Manganese was detected in each of the groundwater samples collected at Site 43.  The reported 

manganese concentrations in two shallow wells, PEN-43-06S and PEN-43-07S, exceeded the GCTL, 

which is a secondary standard.  PEN-43-06S is located to the south of the IRA excavation area and PEN-

43-07S is located to the north of the IRA excavation area.  The highest manganese concentration was 

observed in PEN-43-06S, which is located side gradient to the known disposal area.  Manganese was 

less than the GCTL in PEN-43-06D, the deep well paired with PEN-43-06S. 

Lead was detected in only two of the groundwater samples collected at Site 43.  Lead only exceeded the 

GCTL in the sample collected from PEN-43-13S, which is located at the center of Anomaly Area 11, 

where surface and subsurface soil samples had lead concentrations exceeding residential and industrial 

SCTLs. 

4.4 SURFACE WATER AND SEDIMENTS 

Surface water and sediment samples were not collected for the RI at Site 43 because no surface water 

bodies are present at the site.  The topography forms a closed depression at the site and precipitation 

rapidly infiltrates the sandy soil.  A drainage ditch approximately 500 feet to the east of site is the nearest 
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surface water feature.  This ditch is downgradient of site hydrogeologically and also at a lower elevation 

downslope from the site.  Water in this drainage ditch flows to north and empties into Bayou Grande. 

4.5 AIR 

Air samples were not collected for the RI because the contaminants previously detected in surface soil, 

metals and SVOCs, are not especially volatile and are not expected to vaporize.  Air monitoring was 

conducted during the soil investigation due to the potential for dust/particulate exposure.  Because of the 

sandy soil at the site, little dust was generated under normal conditions.  However, there is a potential for 

particulate exposure in areas without grass if the soil is heavily disturbed, e.g during an excavation. 
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5.0 CONTAMINANT FATE AND TRANSPORT 

The behavior of contaminants released into the environment, particularly the potential for a contaminant 

to migrate from the release area and persist in an environmental medium, can influence whether the 

release will result in an adverse human health or ecological effect.  The fate and transport discussion for 

this RI report is limited to the groups of chemicals that were detected during the RI sampling event at 

concentrations greater than the CTLs established by the State of Florida. 

5.1 POTENTIAL ROUTES OF MIGRATION 

The movement of contaminants in the environment will be controlled by certain properties of the 

contaminant and the availability of suitable pathways for contaminant movement. 

5.1.1 Physical and Chemical Factors Affecting Contaminant Mobility

The following properties can be used to evaluate the potential environmental mobility and fate of site 

contaminants:

 Specific gravity 

 Vapor pressure  

 Water solubility 

 Octanol/water partition coefficient 

 Organic carbon partition coefficient 

 Henry’s Law constant 

 Bioconcentration factor 

 Mobility index 

Table 5-1 presents the physical and chemical properties of the organic compounds detected at Site 43.  

The relative mobilities of metals as a function of environmental conditions are provided in Table 5-2. 

5.1.1.1 Specific Gravity 

Specific gravity is the ratio of the weight of a given volume of pure chemical at a specified temperature to 

the weight of the same volume of water at a given temperature.  Specific gravity is used to determine 

whether a chemical will have a tendency to float or sink in water when present as a pure chemical or at 

very high concentrations.  Non-aqueous phase chemicals with a specific gravity greater than 1 will tend to 

sink, and chemicals with a specific gravity less than 1 will tend to float.  Of the groups of chemicals 

detected at Site 43, PAHs generally have a specific gravity greater than 1. 
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TABLE 5-2

RELATIVE MOBILITIES OF METALS AS A FUNCTION OF
ENVIRONMENTAL CONDITIONS (Eh,pH)

SITE 43 REMEDIAL INVESTIGATION REPORT
NAS PENSACOLA

PENSACOLA, FLORIDA

Rev. 1
03/07/06

Very High Selenium

High Selenium and Zinc Selenium, Zinc, 
Copper, Nickel, 
Mercury, and Silver

Medium Copper, Nickel, 
Mercury, Silver, 
Arsenic, and 
Cadmium

Arsenic and 
Cadmium

Arsenic and 
Cadmium

Low Lead, Barium, and 
Beryllium

Lead, Barium, and 
Beryllium

Lead, Barium, and 
Beryllium

Very Low Iron and Chromium Chromium Chromium, Zinc, 
Copper, Nickel, 
Mercury, and Silver

Chromium,
Selenium, Zinc, 
Copper, Nickel, 
Mercury, Lead, 
Barium, Beryllium, 
and Silver

Source: Swartzbaugh, et al.  Remediating Sites Contaminated with Heavy Metals.
Hazardous Materials Control, November/December 1992.

Relative Mobility
Reducing

Environmental Conditions

Oxidizing Acidic Neutral/Alkaline
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5.1.1.2 Vapor Pressure 

Vapor pressure provides an indication of the rate at which a chemical volatilizes from both soil and water.  

Chemicals with higher vapor pressures are expected to enter the atmosphere much more readily than 

chemicals with lower vapor pressures.  Volatilization is a significant loss process for VOCs in surface 

water or surface soil and is of primary importance at environmental interfaces such as surface soil/air and 

surface water/air.  Volatilization is not as important when evaluating contaminated groundwater and 

subsurface soils that are not exposed to the atmosphere.  Vapor pressures of PAHs are low and 

volatilization is not significant for metals. 

5.1.1.3 Water Solubility 

The rate at which a chemical may be leached from a solid matrix (soil, waste deposit) by infiltrating 

precipitation is proportional to its water solubility.  More soluble chemicals are more readily leached than 

less soluble chemicals.  The water solubilities presented in Table 5-1 indicate that PAHs are not 

especially water soluble. 

The solubility of inorganics is strongly influenced by their valence state(s) and forms (hydroxides, oxides, 

carbonates, etc.).  The solubility is also dependent on pH, Eh (redox potential), temperature, and other 

ionic species in solution (the Debye-Huckel theory).  The solubility products reported in the literature vary 

with the type of complex formed, but generally it can be noted that, for example, cadmium and copper 

complexes are more soluble than lead and nickel complexes. 

5.1.1.4 Octanol/Water Partition Coefficient 

The octanol/water partition coefficient (Kow) is a measure of the equilibrium partitioning of chemicals 

between octanol and water.  A linear relationship between the Kow and the uptake of chemicals by fatty 

tissues of animal and human receptors (the bioconcentration factor) has been established.  It is also 

useful in characterizing the sorption of compounds by organic soils where experimental values are not 

available.  PAHs are more likely to partition to fatty tissues than the more soluble VOCs.  The Kow is also 

used to estimate bioconcentration factors in aquatic organisms. 

5.1.1.5 Organic Carbon Partition Coefficient 

The organic carbon partition coefficient (Koc) indicates the tendency of a chemical to adhere to soil 

particles containing organic carbon.  Chemicals with high Kocs generally have low water solubilities and 

vice versa.  This parameter may be used to infer the relative rates at which the more mobile chemicals 

(ketones, monocyclic aromatics, and halogenated aliphatics) partition to groundwater.  Most PAHs are 
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relatively immobile in the soil and are preferentially bound to the soil.  These compounds are not as likely 

to be transported in the dissolved phase by groundwater to the same extent as compounds with higher 

water solubilities.  However, these preferentially bound chemicals are easily transported by erosional 

processes when they are present in surface soils and the soil particles to which they have adsorbed are 

mobilized.

5.1.1.6 Henry's Law Constant 

Both the vapor pressure and the water solubility are of use in determining volatilization rates from surface 

water bodies and from groundwater.  The ratio of these two parameters, the Henry's Law constant, is 

used to calculate the equilibrium chemical concentrations in the vapor (air) phase versus the liquid 

(water) phase for the dilute solutions commonly encountered in environmental settings.  In general, 

chemicals having a Henry's Law constant of less than 1 x 10-5 atm-m3/mole should volatilize very little and 

be present only in minute amounts in the atmosphere or soil gas.  For chemicals with a Henry's Law 

constant greater than 5 x 10-3 atm-m3/mole volatilization and diffusion in soil gas could be significant. 

5.1.1.7 Bioconcentration Factor 

The bioconcentration factor (BCF) represents the ratio of aquatic-animal-tissue concentration to water 

concentration.  The ratio is both contaminant and species specific.  When site-specific values are not 

measured, literature values are used or the BCF is derived from the octanol/water coefficient.  Many of 

the PAHs will bioconcentrate at levels three to five orders of magnitude greater than those concentrations 

found in the water. 

5.1.1.8 Distribution Coefficient 

The distribution coefficient (Kd) is a measure of the equilibrium distribution of a chemical or ion in 

soil/water systems.  The distribution of organic chemicals is a function of both the Koc and the amount of 

organic carbon in the soil.  For ions (e.g., metals), Kd is the ratio of the concentration adsorbed on soil 

surfaces to the concentration in water.  Distribution coefficients for metals vary over several orders of 

magnitude because the Kd is dependent on the size and charge of the ion and the soil properties 

governing exchange sites on soil surfaces.  Coulomb's Law predicts that the ion with the smallest 

hydrated radius and the largest charge will be preferentially accumulated over ions with larger radii and 

smaller charges. 
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5.1.1.9 Mobility Index 

The mobility index (MI) is a quantitative assessment of chemical mobility in the environment based on the 

water solubility (S), vapor pressure (VP), and the (Koc) of a given material (McCall, et. al., 1983): 

MI = log ((S*VP)/Koc)

The MI for a given chemical is evaluated using the following scale (Ford and Gurba, 1984): 

  Relative MI   Mobility Description

  > 5    extremely mobile 

  0 to 5    very mobile 

  -5 to 0    slightly mobile 

  -10 to –5   immobile 

  < -10    very immobile 

Lighter molecular weight PAHs, such as naphthalene, have MIs ranging from -5 to 0 and are considered 

slightly mobile, and the heavier molecular weight PAHs [e.g., benzo(a)pyrene] are classified as very 

immobile having MIs less than -10 (Table 5-1). 

5.1.2 Potential Pathways for Contaminant Migration

Based on the evaluation of existing conditions at Site 43, the following potential contaminant transport 

pathways may exist at the site: 

 Leaching of soil contaminants to groundwater 

 Migration of groundwater contaminants 

 Volatilization from soil or groundwater 

5.1.2.1 Leaching of Soil Contaminants to Groundwater 

Contaminants that adhere to soil particles or have accumulated in soil pore spaces can be remobilized 

and transported to the groundwater as a result of infiltration or precipitation.  The rate and extent of this 

leaching are influenced by: 

 The depth of the water table 

 Amount of precipitation 

 Rate of infiltration 
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 The physical and chemical properties of the soil 

 The physical and chemical properties of the contaminant 

The mobility of chemicals at Site 43 will influenced by the relatively shallow water table, potentially high 

rates of precipitation, and the sandy soil in the area which may allow a higher rate of infiltration.  The 

contaminants identified at Site 43 (metals and PAHs) generally have physical and chemical properties 

that result in low mobility and higher persistence in the environment. 

5.1.2.2 Migration of Groundwater Contaminants 

Contaminants can migrate in either a dissolved phase or as an immiscible liquid.  A contaminant that is 

present in water above its solubility concentration will form an immiscible liquid.  Based on the specific 

gravity of the contaminant, it will either float or sink in the water.  In the case of chlorinated solvents 

(e.g., chloroform), the contaminant will sink in the water because it has a higher specific gravity than 

water. Subsurface transport of the immiscible contaminants is governed by a set of factors different from 

those of dissolved contaminants. 

The groundwater data at Site 43 do not provide evidence of immiscible contaminants at concentrations 

exceeding water solubility levels.  Solvents were detected at concentrations less than their water 

solubilities.  Therefore, the migration of groundwater contaminants, for the most part, is likely governed by 

factors that govern the movement of dissolved contaminants.  Three general processes govern the 

migration of dissolved constituents in groundwater: advection, dispersion, and retardation.  Advection is a 

process by which solutes are carried by groundwater movement.  Dispersion is a mixing of contaminated 

and uncontaminated water during advection.  Retardation is a slowing of contaminant migration caused 

by the reaction of the solute with the aquifer soil. 

Contaminant concentrations may be affected by one or more mechanisms during transport.  Volatilization 

or precipitation may physically transform contaminants.  Contaminants may be chemically transformed 

through photolysis, hydrolysis, or oxidation/reduction.  Contaminants may also be biologically transformed 

by biodegradation. 

Hydrogeologic data were collected to evaluate movement of groundwater in the shallow surficial aquifer 

at Site 43.  These data were used to estimate the site specific groundwater flow direction and 

groundwater flow velocity. 
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5.1.2.3 Volatilization from Soil or Groundwater 

Chemicals in soil can migrate into ambient air either as vapors or by adhering to particulate matter 

(dusts).  Chemicals that have a significant volatility are likely to enter ambient air as vapors.  These 

chemicals are generally considered to be compounds with Henry’s Law Constants greater than 1.0x10-5

and molecular weights less than 200.  Chemicals with lower Henry's Law Constants and higher molecular 

weights are more likely to enter ambient air on particulate matter carried by winds. 

Once in groundwater, volatile chemicals may migrate or they may volatilize through the capillary zone 

and overlying soil layers into ambient air or inside buildings.  Chemicals in the vapor phase may migrate 

horizontally or vertically and can enter buildings through cracks in the foundation or through foundation 

walls.  Once inside buildings, the air concentrations in buildings are subject to various factors, such as 

building dimensions and ventilation rates.  Upon entering ambient air, the vapors are not expected to 

persist for long periods of time having half-lives in the atmosphere typically measured in hours or a few 

days.  The air concentrations of vapors in ambient air are likely to be quickly diluted by the action of 

winds.  Vapors may also be released directly to ambient air from soil or groundwater during excavation 

activities. 

The contaminants previously detected in soil and groundwater samples at Site 43 (metals and SVOCs) 

are not especially volatile and are not expected to vaporize into the air.  Air monitoring was conducted 

during the soil investigation due to the potential for dust/particulate exposure.  Because of the sandy soil 

at the site, little dust was generated under normal conditions.  However, there is a potential for particulate 

exposure in areas without grass if the soil is heavily disturbed (e.g during an excavation). 

5.2 CONTAMINANT PERSISTENCE 

The life span of the contaminants once released to the environment is controlled by the susceptibility of 

the contaminant to certain chemical and biological processes that may degrade the contaminants and 

reduce their remaining mass. 

5.2.1 SVOCs

SVOCs as a class of compounds, and PAHs in particular, are considered to be persistent in the 

environment.  SVOCs in soil are much more likely to bind to soil and be transported via mass transport 

mechanisms than to go into solution.  PAHs are subject to degradation via aerobic bacteria but may be 

relatively persistent in the absence of microbial population or macronutrients such as phosphorus and 

nitrogen.  Landspreading applications have indicated that PAHs are highly amenable to microbial 

degradation in soil.  The rate of degradation is influenced by temperature, pH, oxygen concentrations, 
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initial chemical concentrations, and moisture.  Photolysis, hydrolysis, and oxidation are not important fate 

processes for the degradation of PAHs in soil. 

5.2.2 Metals

Metals are highly persistent environmental contaminants.  They do not biodegrade, photolyze, or 

hydrolyze.  Metals released to the environment generally adsorb to the soil matrix (as compared to being 

part of the soil structure) and bioaccumulate.  Because metals are frequently incorporated into the soil 

matrix and remain bound to particulate matter, they also migrate from the source areas via bulk 

movement processes (erosion). 

5.3 CONTAMINANT MIGRATION 

The mobility of the contaminants, once released to the environment, is controlled by the physical 

properties of the contaminant, which determine whether the contaminant partitions to more mobile media 

(air or groundwater) or less mobile media (soil or sediment particles). 

5.3.1 SVOCs

SVOCs are generally considered to be fairly immobile chemicals in the environment because they are 

large molecules with high organic carbon partition coefficients and low solubilities when compared to the 

volatile organics.  However, some of the lighter molecular weight PAHs (a subgroup of SVOCs), such as 

naphthalene, are more water soluble and environmentally mobile.  SVOC compounds in the soil generally 

do not migrate vertically to a great extent and are more likely to adhere to soil particles and be removed 

from the site via surface runoff and erosional processes. 

PAHs generally have very low solubilities, vapor pressures, and Henry's Law constants and high Kocs and 

Kows.  The low-molecular-weight PAHs (e.g., acenaphthene, anthracene, fluorene, phenanthrene) may 

volatilize from surface waters, and the high-molecular-weight PAHs [e.g., benzo(a)pyrene, 

benz(a)anthracene, chrysene, etc.] are less likely to volatilize.  PAHs in soil are much more likely to bind 

to soil and be transported via mass transport mechanisms than to go into solution. 

5.3.2 Metals

The mobility of metals is influenced primarily by their physical and chemical properties, in combination 

with the physical and chemical characteristics of the soil matrix.  Factors that assist in predicting the 

mobility of inorganic species are the soil/pore water pH, soil/pore water oxidation reduction potential of 
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groundwater (Eh), and cation exchange capacity.  The mobility of metals generally increases with 

decreasing soil pH and cation exchange capacity (Table 5-2). 

Because inorganics are frequently incorporated into the soil matrix and remain bound to particulate 

matter, they also migrate from the source areas via bulk movement processes (erosion).  The larger, non-

colloidal soil particles (greater than 0.45 micron) are not generally considered to be mobile in 

groundwater.  Metals are also more mobile under acidic conditions.  In these cases, it is possible for 

metals to migrate vertically through the soil column and reach the groundwater. 
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6.0 RISK ASSESSMENT 

6.1 HUMAN HEALTH RISK ASSESSMENT 

This section presents the HHRA for soil and groundwater at Site 43.  The objective of the risk 

assessment is to determine whether detected concentrations of chemicals in soil and groundwater pose 

significant threats to potential human receptors under current and/or future land use.  The potential risks 

to receptors are estimated based on the assumption no further actions are taken to control contaminant 

releases or prevent receptor exposure. 

6.1.1 Human Health Risk Assessment Protocol

The following USEPA, FDEP, and Navy guidance documents and regulations were used to develop the 

HHRA methodology and to evaluate potential risks for each site: 

 Conducting Human Health Risk Assessments under the Environmental Restoration Program, 

Department of the Navy, February 2001. 

 Navy Policy on the Use of Chemical Background Levels, Department of the Navy, January 2004. 

 Technical Report: Development of Soil Cleanup Target Levels for Chapter 62-777, FAC, Florida 

Department of Environmental Protection (FDEP), February 2005. 

 State of Florida Chapter 62-780 FAC, Contaminated Site Cleanup Criteria, April 2005. 

 Risk Assessment Guidance for Superfund:  Volume I, Human Health Evaluation Manual (Part A), 

USEPA, December 1989. 

 Human Health Evaluation Manual, Supplemental Guidance:  Standard Default Exposure Factors, 

USEPA, March 1991. 

 Guidance for Data Usability in Risk Assessment (Part A), USEPA, April 1992. 

 Supplemental Guidance to RAGS:  Calculating the Concentration Term, USEPA, May 1992. 

 Preliminary Review Draft:  Superfund’s Standard Default Exposure Factors for the Central Tendency 

and Reasonable Maximum Exposure, USEPA, May 1993. 

 Soil Screening Guidance: Technical Background Document, USEPA, July 1996. 

 Exposure Factors Handbook, USEPA, August 1997. 

 Supplemental Guidance to RAGS: Region IV Bulletins, Human Health Risk Assessment, USEPA 

Region 4, May 2000. 



  Rev. 2 
  11/06/06 

TtNUS/TAL-05-056/4821/5.2 6-2 CTO 0355

 Role of Background in the CERCLA Cleanup Program, USEPA, April 2002. 

 Calculating Upper Confidence Limits for Exposure Point Concentrations at Hazardous Waste Sites, 

USEPA, December 2002a. 

 Supplemental Guidance for Developing Soil Screening Levels for Superfund Sites, USEPA, 

December 2002b. 

 Risk Assessment Guidance for Superfund, Volume I: Human Health Evaluation Manual (Part E, 

Supplemental Guidance, Dermal Risk Assessment), USEPA, July 2004. 

The components of an HHRA are addressed in the following sections: 

 Data Evaluation Protocol (including data usability assessment and COPC selection) 

 Exposure Assessment 

 Toxicity Assessment  

 Risk Characterization 

 Uncertainty Analysis 

The risk assessment presented in this report considers both USEPA and FDEP policies and guidelines 

available for conducting HHRAs.  Quantitative risk estimates are developed for receptor exposure to 

surface soil, subsurface soil, and groundwater using the “risk-ratio” approach defined in Section 6.1.3.3.  

USEPA Region IV supports the use of this technique.  Additionally, comparisons of site soil and 

groundwater concentrations to FDEP CTLs recommended in FDEP Rule 62-780 are provided (Section 

6.1.6).  This rule presents a phased risk-based corrective action process (RBCAP) that is iterative and 

tailors site rehabilitation tasks to site-specific conditions and risks. 

6.1.1.1 Data Evaluation Protocol 

Data evaluation, the first component of a baseline HHRA, is a two-step, medium-specific task involving 

the compilation and evaluation of analytical data.  The first step involves the compilation of the analytical 

database and an evaluation of data usability for purposes of HHRA.  The second step of the data 

evaluation is the selection of a medium-specific list of COPCs, which are used to quantitatively or 

qualitatively determine potential human health risks for site media.  COPCs are selected primarily based 

on a toxicity screen (i.e., a comparison of site contaminant concentrations to conservative toxicity 

screening values) and a background screen (i.e., a comparison of site concentrations to background 

concentrations).  In addition, as discussed below, factors such as frequency of detection are considered 

in some cases.  The results of the COPC selection process are presented in Section 6.1.2. 
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6.1.1.1.1 Data Usability

Data collected from the field investigation conducted in March 2005 were used to assess risks to potential 

human and ecological receptors.  The samples were collected after the IRA, which occurred in 2003 and 

represent current site conditions.  The data were validated according to USEPA National Validation 

Functional Guidelines for Organic Data Review (October 1999), the Laboratory and Data Validation 

Functional Guidelines for Evaluation of Inorganic Analysis (February 1994), and TtNUS Standard 

Operating Procedures. 

Fixed-based analytical results only from the field investigations were used in the quantitative risk 

evaluation.  All detected concentrations with "J" qualifiers are considered positive detections and were 

used in the risk evaluation.  Data with "U" and "UJ" qualifiers and data qualified because of blank 

contamination were retained and evaluated as nondetects. Field measurements and data regarded as 

unreliable (i.e., qualified as "R" during the data validation process) were not used in the quantitative risk 

assessment. 

6.1.1.1.2 Selection of Chemicals of Potential Concern for Quantitative Risk Assessment

The selection of COPCs is a qualitative screening process used to limit the number of chemicals and 

exposure routes quantitatively evaluated in the baseline HHRA to those site-related constituents that 

dominate overall potential risks.  Screening, primarily by risk-based concentrations and basewide 

background levels, is used to focus the risk assessment on meaningful chemicals and exposure routes. 

In most cases, a chemical is selected as a COPC and retained for further quantitative risk evaluation if 

the maximum detection in a sampled medium exceeds the selected risk-based concentration(s) (i.e., the 

COPC screening level) and the chemical is determined to be present at concentrations exceeding 

background.  This second condition applies only to those chemicals for which background comparison is 

possible and appropriate (e.g., metals).  Background data are not available for organic chemicals.  

Chemicals eliminated from further evaluation at this time are assumed to present minimal risks to 

potential human receptors. 

COPC Screening Levels

Several types of screening levels were used to identify COPCs for soil and groundwater at Site 43. 

Soil

Screening levels based on the following criteria were used to select COPCs for surface and subsurface 

soil:
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 USEPA Region 9 Preliminary Remediation Goals (PRGs) for Residential Soil (USEPA Region 9, 

October 2004). The Region 9 Soil PRGs are based on ingestion, dermal contact, and inhalation of 

vapors and/or particulates. 

 USEPA generic Soil Screening Levels (SSLs) for the inhalation of volatiles and fugitive dusts 

calculated online at http://risk.lsd.ornl.gov/calc_start.shtml based on methodology from the USEPA’s 

Soil Screening Guidance (USEPA, July 1996). 

Groundwater

Screening levels based on the following USEPA criteria were used to select COPCs for groundwater: 

 USEPA Region 9 Preliminary Remediation Goals (PRGs) for Tap Water (USEPA Region 9, October 

2004).  The Region 9 Tap Water PRGs are based on the cumulative effects of the ingestion and 

inhalation (for volatiles) routes of exposure. 

USEPA Maximum Contaminant Levels (MCLs) (USEPA, Winter 2004) 

The screening levels based on the Region 9 PRGs are based on a HQ of 1.0 (i.e., a no adverse non-

carcinogenic effect level) or a cancer risk level of 1X10-6 (i.e., a one-in-one million probability of 

developing cancer) but are adjusted (lowered) to reflect cumulative risk issues (e.g., Region 9 PRGs are 

typically adjusted to reflect a HQ of 0.1). 

In the risk assessment conducted according to USEPA methodology, the screening levels for both 

carcinogens and non-carcinogens were developed using the guidance provided in the USEPA Region 4 

Human Health Risk Assessment Bulletins -- Supplement to RAGS (USEPA Region 4, May 2000).  In this 

approach, the risk-based screening levels based on the USEPA Region 9 PRGs correspond to a HQ of 

0.1 (for noncarcinogens) or an ILCR of 1 x 10-6 (for carcinogens).  The Region 9 PRG values for 

noncarcinogens were multiplied by 0.1 to account for potential cumulative effects of several chemicals 

affecting the same target area or producing the same adverse non-carcinogenic health effect. 

The screening levels used in the risk assessment conducted according to FDEP methodology were 

developed using the guidance provided in Appendices D and E of the Technical Report for Chapter 

62-777 (FDEP, February 2005) and are presented in Section 6.1.6. 

Because of the different exposure scenarios for potential human receptors, COPCs are identified 

separately for surface and subsurface soil.  Surface soil is defined as soil collected from 0 to 1 feet bls 

and subsurface soil is defined as soil collected from depths of 1 to 9 feet bls. 
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Exposure to COPCs in subsurface soil is typically evaluated only for potential exposure during 

construction or excavation activities.  Therefore, a construction/excavation worker is considered to be the 

receptor most likely exposed to COPCs in subsurface soil.  However, subsurface soil could potentially be 

brought to the surface during future excavation projects resulting in exposure of other receptors such as 

future residents or workers.  For this reason, potential exposure of residents and typical industrial workers 

to subsurface soils are also evaluated in the risk assessment. 

Screening Levels for Lead

Limited criteria are available to evaluate the potential risks associated with lead.  There are no strictly 

risk-based concentrations for this chemical because the USEPA has not derived toxicity values [i.e., 

cancer slope factors (CSFs), reference doses (RfDs)] for lead.  However, recommended screening levels 

are available for lead in soil and are frequently used to indicate the need for response activities. 

Guidance from both the Office of Prevention, Pesticides, and Toxic Substances (OPPTS) and the Office 

of Solid Waste and Emergency Response (OSWER) recommend 400 mg/kg as the lowest screening 

level for lead-contaminated soil in a residential setting where children are frequently present (USEPA, 

July 1994).  OPPTS identifies 2,000 to 5,000 mg/kg as an appropriate range for areas where contact with 

soil by children in a residential setting is less frequent.  A value of 400 mg/kg is used as the screening 

level for COPC selection for both surface and subsurface soil. 

Guidance for the USEPA Technical Review Workgroup (TRW) for Lead indicates that “a reasonable 

screening level for soil lead at commercial/industrial (i.e., non-residential) sites is 800 mg/kg” for a typical 

non-contact intensive worker (USEPA, online at 

http://www.epa.gov/superfund/programs/lead/almfaq.htm, July 2005).  This value is not used for COPC 

selection but may be used in the qualitative evaluation of lead.  The current State of Florida 

commercial/industrial SCTL for lead in soil is 1,400 mg/kg (FDEP, April 2005). 

The Florida CTL and Safe Drinking Water Act Action Level of 15 µg/L was used as the screening level for 

lead in groundwater. 

Essential Nutrients and Chemicals without Toxicity Criteria

The essential nutrients calcium, magnesium, potassium, and sodium are not included in the COPC 

screening process.  These inorganic chemicals are naturally abundant in environmental matrices and are 

only toxic at high doses and, because of the lack of toxicity criteria, risk-based COPC screening levels 

are not available for these chemicals in the Region 9 PRG table or FDEP CTL tables. 
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Risk-based screening levels are currently not available for several constituents detected at Site 43 [e.g., 

acenaphthylene, benzo(g,h,i)perylene, 1-methylnaphthalene, 2-methylnaphthalene, and phenanthrene].  

Therefore, screening levels available for surrogate chemicals are used as screening levels for these 

constituents, as recommended by USEPA Region 1 (USEPA, August 1999).  For example, in the COPC 

selection for soil at Site 43, the screening level for acenaphthene is used as a surrogate for 

acenaphthylene, pyrene for benzo(g,h,i)perylene and phenanthrene, and naphthalene for 1-

methylnaphthalene and 2-methylnaphthalene. 

Background Screen

Background concentrations are those that would exist in the absence of influence from site operations.  

The development of soil background datasets for NAS Pensacola is presented in the Site 1  Sanitary 

Landfill Remedial Investigation Report (EnSafe/Allen & Hoshall, 1994b).  The background concentrations 

for soil were obtained from two reference locations presented in this report and the background 

concentrations for groundwater were obtained from four reference locations.  The background 

comparisons were conducted according to USEPA Region 4 risk assessment guidance which states, “For 

naturally occurring inorganics and radionuclides, compare the on-site maximum detected concentration to 

2 times the average site-specific background concentration.  Eliminate the chemical as a COPC if it is 

less than 2 times the background level.” (USEPA Region 4, May 2000).  Therefore, if the detected site 

concentrations of an analyte are less than two times the mean of the background levels, the analyte is not 

selected as a COPC.  The background values used for COPC selection are presented in Tables 6-1 

through 6-3.  Note that no chemicals were eliminated solely on the basis of background in soil or 

groundwater at Site 43. 

The elimination of chemicals as site-related COPCs on the basis of background comparisons follows 

Navy Policy on the Use of Background Chemical Levels (DON, 2004).  This document also presents the 

Navy’s interpretation of the USEPA guidance provided in the document titled Role of Background in the 

CERCLA Cleanup Program (USEPA, April 2002) and details the methodology to be used in evaluating 

background under the Navy’s Environmental Restoration and Base Realignment and Closure (BRAC) 

programs.  Navy policy applies to both the screening-level and baseline risk assessments and requires 

the following: 



TABLE 6-1
SELECTION OF CHEMICALS OF POTENTIAL CONCERN - SURFACE SOIL

SITE 43 REMEDIAL INVESTIGATION REPORT
NAS PENSACOLA

PENSACOLA, FLORIDA

Rev. 2
11/06/06

CAS No. Parameter Frequency of 
Detection

Range of 
Nondetects (2)

Sample of Maximum 
Detection

Concentration 
Used for 

Screening(3)

Background 
Value(4)

Screening Levels 
based on Region 9 

Residential PRGs (5)

USEPA Soil-
to-Air SSLs 

(Inhalation)(6)

COPC 
Flag

Rationale for 
Contaminant 
Deletion or 

Selection (7)

Semivolatile Organics  (mg/kg)
90-12-0 1-METHYLNAPHTHALENE 1/20 0.003 J 0.003 J 0.002 - 0.012 PEN-43-SS2401 0.003 NA 5.6 --- No BSL
91-57-6 2-METHYLNAPHTHALENE 7/20 0.002 J 0.009 J 0.0006 - 0.0007 PEN-43-SS2401 0.009 NA 5.6 --- No BSL
83-32-9 ACENAPHTHENE 5/20 0.001 J 0.003 J 0.0007 - 0.0008 PEN-43-SS2401 0.003 NA 370 --- No BSL
208-96-8 ACENAPHTHYLENE 11/20 0.001 J 0.011 J 0.0006 - 0.0007 PEN-43-SS2501 0.011 NA 370 --- No BSL
120-12-7 ANTHRACENE 17/20 0.0009 J 0.017 J 0.0008 - 0.0009 PEN-43-SS2801 0.017 NA 2200 --- No BSL
191-24-2 BENZO(G,H,I)PERYLENE 19/20 0.004 J 0.11 J 0.002 - 0.002 PEN-43-SS2801 0.11 NA 230 --- No BSL
206-44-0 FLUORANTHENE 20/20 0.005 J 0.28 J  --- PEN-43-SS2401 0.28 NA 230 --- No BSL
86-73-7 FLUORENE 1/20 0.001675 J 0.003 J 0.0006 - 0.0008 PEN-43-SS1801-D 0.003 NA 270 --- No BSL
91-20-3 NAPHTHALENE 9/20 0.001 J 0.003 J 0.0009 - 0.001 PEN-43-SS2701 0.003 NA 5.6 17 No BSL
85-01-8 PHENANTHRENE 20/20 0.002 J 0.085  --- PEN-43-SS2801 0.085 NA 230 --- No BSL
129-00-0 PYRENE 20/20 0.004 J 0.19  --- PEN-43-SS2401 0.19 NA 230 --- No BSL
50-32-8 CARCINOGENIC PAHS 20/20 0.0045 0.3  --- PEN-43-SS2801 0.3 NA 0.062 --- Yes ASL
117-81-7 BIS(2-ETHYLHEXYL)PHTHALATE 3/20 0.11 J 0.87 0.079 - 0.096 PEN-43-SS3501 0.87 NA 35 --- No BSL
84-74-2 DI-N-BUTYL PHTHALATE 2/20 0.93 1.2 0.089 - 0.11 PEN-43-SS2001 1.2 NA 610 --- No BSL

Inorganics  (mg/kg)  - 
7440-38-2 ARSENIC 11/12 1.2 8 0.23 - 0.23 PEN-43-SS2801 8 1.56 0.39 58 Yes ASL
7440-39-3 BARIUM 12/12 2.2 726  --- PEN-43-SS2801 726 4.63 540 1700 Yes ASL
7440-50-8 COPPER 17/17 1.7 889  --- PEN-43-SS2401 889 5.74 310 --- Yes ASL
7439-92-1 LEAD 17/17 10.7 7360  --- PEN-43-SS2801 7360 7.32 400 --- Yes ASL
7440-62-2 VANADIUM 9/9 1.4 73.1  --- PEN-43-SS2801 73.1 5.83 7.8 --- Yes ASL

Shaded cells indicate that the specified criterion or background level has been exceeded or that the chemical has been selected as a COPC.

Footnotes:
1     Sample and duplicate are counted as two separate samples when determining the minimum and maximum detected concentrations.
2     Values  presented are sample-specific quantitation limits.
3    The maximum detected concentration is used for screening purposes.
4     To determine whether metal concentrations were within background levels,  soil concentrations were compared to facilty background levels described in Section 6.1.1.1.  If the maximum concentration of a chemical
        is less than the background value, that chemical was not selected as a COPC.
5    USEPA Region IX Preliminary Remediation Goal (PRG).  The noncarcinogenic values (denoted with a "N" flag) are the PRG divided by 10 to correspond to a target hazard quotient
      of 0.1.  Carcinogenic values represent an incremental cancer risk of 1.0E-06 (carcinogens denoted with a "C" flag)  (USEPA Region IX, October 2004, Updated December 28, 2004).
6    USEPA Soil Screening Levels calculated on the EPA Internet Site at http://risk.lsd.ornl.gov/calc_start.htm.  The Soil to air SSLs for noncarcinogens are divided by 10.
7    A chemical is selected as a COPC if the maximum detected concentration exceeds the risk-based COPC screening level and is determined to be above background (for metals). 

Associated Samples: Definitions:
PEN-43-SS1801 PEN-43-SS2201 PEN-43-SS2801 PEN-43-SS3401 C = Carcinogen.
PEN-43-SS1801-AVG PEN-43-SS2301 PEN-43-SS2901 PEN-43-SS3501 COPC = Chemical of potential concern.
PEN-43-SS1801-D PEN-43-SS2401 PEN-43-SS3001 PEN-43-SS3601 J = Estimated value.
PEN-43-SS1901 PEN-43-SS2501 PEN-43-SS3101 PEN-43-SS3701 N = Noncarcinogen.
PEN-43-SS2001 PEN-43-SS2601 PEN-43-SS3201
PEN-43-SS2101 PEN-43-SS2701 PEN-43-SS3301 Rationale Codes:

For Selection as a COPC:
  ASL = Above COPC screening level

For Elimination as a COPC:
  BKG = Within background levels.
  BSL = Below COPC screening level

Minimum 
Concentration (1)

Maximum 
Concentration 

(1)
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TABLE 6-2

SELECTION OF CHEMICALS OF POTENTIAL CONCERN - SUBSURFACE SOIL
SITE 43 REMEDIAL INVESTIGATION REPORT

NAS PENSACOLA
PENSACOLA, FLORIDA

Rev. 2
11/06/06

CAS No. Parameter Frequency of 
Detection

Range of 
Nondetects 

(2)

Sample of Maximum 
Detection

Concentration 
Used for 

Screening(3)

Background 
Value(4)

Screening Levels 
based on Region 9 

Residential PRGs (5)

USEPA Soil-
to-Air SSLs 

(Inhalation)(6)

COPC 
Flag

Rationale for 
Contaminant 
Deletion or 

Selection (7)

Semivolatile Organics  (mg/kg)
92-52-4 1,1-BIPHENYL 1/40 0.28 J 0.28 J 0.17 - 0.19 PEN-43-SB1401 0.28 NA 300 --- No BSL
90-12-0 1-METHYLNAPHTHALENE 2/40 0.002 J 0.54 J 0.002 - 0.011 PEN-43-SB1401 0.54 NA 5.6 --- No BSL
91-57-6 2-METHYLNAPHTHALENE 9/40 0.001 J 0.67 0.0006 - 0.0006 PEN-43-SB1401 0.67 NA 5.6 --- No BSL
83-32-9 ACENAPHTHENE 3/40 0.001 J 1.8 0.0007 - 0.0008 PEN-43-SB1401 1.8 NA 370 --- No BSL
208-96-8 ACENAPHTHYLENE 4/40 0.002 J 0.008 J 0.0006 - 0.006 PEN-43-SB1101 0.008 NA 370 --- No BSL
120-12-7 ANTHRACENE 8/40 0.0009 J 8 0.0008 - 0.0009 PEN-43-SB1401 8 NA 2200 --- No BSL
191-24-2 BENZO(G,H,I)PERYLENE 7/40 0.007 J 4.6 J 0.002 - 0.002 PEN-43-SB1401 4.6 NA 230 --- No BSL
86-74-8 CARBAZOLE 1/40 2.8 2.8 0.063 - 0.068 PEN-43-SB1401 2.8 NA 24 --- No BSL
132-64-9 DIBENZOFURAN 1/40 1.7 1.7 0.065 - 0.07 PEN-43-SB1401 1.7 NA 15 --- No BSL
206-44-0 FLUORANTHENE 15/40 0.002 J 30 0.002 - 0.002 PEN-43-SB1401 30 NA 230 --- No BSL
86-73-7 FLUORENE 2/40 0.002 J 1.7 0.0006 - 0.0007 PEN-43-SB1401 1.7 NA 270 --- No BSL
91-20-3 NAPHTHALENE 8/40 0.001 J 2.4 J 0.0009 - 0.001 PEN-43-SB1401 2.4 NA 5.6 17 No BSL
85-01-8 PHENANTHRENE 12/40 0.002 J 28 0.002 - 0.002 PEN-43-SB1401 28 NA 230 --- No BSL
129-00-0 PYRENE 12/40 0.003 J 17 J 0.002 - 0.002 PEN-43-SB1401 17 NA 230 --- No BSL
50-32-8 CARCINOGENIC PAHS 15/40 0.0029 14.8 0.0008 - 0.0008 PEN-43-SB1401 14.8 NA 0.062 --- Yes ASL
84-74-2 DI-N-BUTYL PHTHALATE 4/40 0.65 J 1.2 0.088 - 0.098 PEN-43-SB0901 1.2 NA 610 --- No BSL

Inorganics  (mg/kg)
7440-38-2 ARSENIC 24/40 0.2075 14.6 J 0.17 - 0.27 PEN-43-SB2501 14.6 1.56 0.39 58 Yes ASL
7440-39-3 BARIUM 39/40 0.56 J 939 J 0.32 - 0.32 PEN-43-SB1401 939 4.63 540 1700 Yes ASL
7440-50-8 COPPER 39/40 0.26 3380 0.22 - 0.22 PEN-43-SB1101 3380 5.74 310 --- Yes ASL
7439-92-1 LEAD 38/40 0.24 5500 J 0.56 - 0.58 PEN-43-SB1401 5500 7.32 400 --- Yes ASL
7440-62-2 VANADIUM 39/40 0.83 156 0.44 - 0.44 PEN-43-SB1401 156 5.83 7.8 --- Yes ASL

Shaded cells indicate that the specified criterion or background level has been exceeded or that the chemical has been selected as a COPC.

Footnotes:
1     Sample and duplicate are counted as two separate samples when determining the minimum and maximum detected concentrations.
2    Values  presented are sample-specific quantitation limits.
3    The maximum detected concentration is used for screening purposes.
4     To determine whether metal concentrations were within background levels,  soil concentrations were compared to facilty background levels described in Section 6.1.1.1.  If the maximum concentration of a chemical
        is less than the background value, that chemical was not selected as a COPC.
5    USEPA Region IX Preliminary Remediation Goal (PRG).  The non-carcinogenic values (denoted with a "N" flag) are the PRG divided by 10 to correspond to a target hazard quotient
     of 0.1.  Carcinogenic values represent an incremental cancer risk of 1.0E-06 (carcinogens denoted with a "C" flag)  (USEPA Region IX, October 2004, Updated December 28, 2004).
6    USEPA Soil Screening Levels calculated on the USEPA Internet Site at http://risk.lsd.ornl.gov/calc_start.htm.  The Soil to air SSLs for noncarcinogens are divided by 10.
7    A chemical is selected as a COPC if the maximum detected concentration exceeds the risk-based COPC screening level and is determined to be above background (for metals). 

Associated Samples: Definitions:
PEN-43-SB0601 PEN-43-SB1102 PEN-43-SB1601 PEN-43-SB2102 C = Carcinogen.
PEN-43-SB0602 PEN-43-SB1102-AVG PEN-43-SB1602 PEN-43-SB2201 COPC = Chemical of potential concern.
PEN-43-SB0701 PEN-43-SB1102-D PEN-43-SB1701 PEN-43-SB2202 J = Estimated value.
PEN-43-SB0702 PEN-43-SB1201 PEN-43-SB1702 PEN-43-SB2301 N = Noncarcinogen.
PEN-43-SB0801 PEN-43-SB1202 PEN-43-SB1801 PEN-43-SB2302
PEN-43-SB0802 PEN-43-SB1301 PEN-43-SB1802 PEN-43-SB2401 Rationale Codes:
PEN-43-SB0901 PEN-43-SB1302 PEN-43-SB1901 PEN-43-SB2402 For Selection as a COPC:
PEN-43-SB0902 PEN-43-SB1401 PEN-43-SB1902 PEN-43-SB2501   ASL = Above COPC screening level
PEN-43-SB1001 PEN-43-SB1402 PEN-43-SB2001 PEN-43-SB2501-AVG
PEN-43-SB1002 PEN-43-SB1501 PEN-43-SB2002 PEN-43-SB2501-D For Elimination as a COPC:
PEN-43-SB1101 PEN-43-SB1502 PEN-43-SB2101 PEN-43-SB2502   BKG = Within background levels.

  BSL = Below COPC screening level

Minimum 
Concentration 

(1)

Maximum 
Concentration 

(1)
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TABLE 6-3

SELECTION OF CHEMICALS OF POTENTIAL CONCERN - GROUNDWATER
SITE 43 REMEDIAL INVESTIGATION REPORT

NAS PENSACOLA
PENSACOLA, FLORIDA

Rev. 2
11/06/06

CAS No. Parameter Frequency of 
Detection

Range of 
Nondetects (2)

Sample of Maximum 
Detection

Concentration 
Used for 

Screening(3)

Background 
Value(4)

USEPA Region 9 
Tapwater PRGS 

(5)

Screening Levels 
based on Region 9 
Tapwater PRGs (6)

USEPA MCL (7) COPC 
Flag

Rationale for 
Contaminant 
Deletion or 

Selection (8)

Volatile Organics  (ug/L)

67-64-1 ACETONE 5/12 2 J 5 J 4 PEN-43-GW10S01 5 NA 5500 N 550 --- No BSL

67-66-3 CHLOROFORM 2/12 1 J 6 0.4 PEN-43-GW12S01 6 NA 0.17 C 0.17 80 Yes ASL
79-01-6 TRICHLOROETHENE(9) 2/12 0.275 J 0.8 J 0.3 PEN-43-GW05D01 0.8 NA 1.4 C 1.4 5 No BSL

Inorganics  (ug/L)
7440-39-3 BARIUM 12/12 17 75.2  --- PEN-43-GW12S01 75.2 13.22 2600 N 260 2000 No BSL
7440-70-2 CALCIUM 12/12 4350 56800  --- PEN-43-GW12S01 56800 17560 NA --- --- No NUT
7440-47-3 CHROMIUM 12/12 1.4 4.5  --- PEN-43-GW09S01 4.5 34.98 110 N 11 100 No BSL,BKG
7440-50-8 COPPER 3/12 6 10.1 2.52 PEN-43-GW13S01 10.1 16.2 1500 N 150 1300 No BSL,BKG
7439-89-6 IRON 9/12 192 4000 8 - 125 PEN-43-GW06S01 4000 1707.8 11000 N 1100 300 Yes ASL
7439-92-1 LEAD 2/12 4 29.9 2.07 PEN-43-GW13S01 29.9 1.6 15 N 15 15 Yes ASL
7439-95-4 MAGNESIUM 12/12 651 6580  --- PEN-43-GW12S01 6580 2872.5 NA --- --- No NUT
7439-96-5 MANGANESE 12/12 1.5 204  --- PEN-43-GW06S01 204 21.92 880 N 88 50 Yes ASL
7439-97-6 MERCURY 6/12 0.02 0.05 0.02 PEN-43-GW13S01 0.05 0.2 11 N 1.1 2 No BSL,BKG
7440-02-0 NICKEL 4/12 11.6 18.2 11.6 PEN-43-GW05S02-D 18.2 39.9 730 N 73 --- No BSL,BKG
7440-09-7 POTASSIUM 12/12 1080 3620  --- PEN-43-GW12S01 3620 12167.5 NA --- --- No NUT, BKG
7440-23-5 SODIUM 12/12 6610 32600  --- PEN-43-GW05S02-D 32600 18345 NA --- --- No NUT
7440-66-6 ZINC 4/12 33.5 117 7.3 - 30 PEN-43-GW13S01 117 153.2 11000 N 1100 5000 No BSL,BKG

Shaded cells indicate that the specified criterion or background level has been exceeded or that the chemical has been selected as a COPC.

Footnotes:
1     Sample and duplicate are counted as two separate samples when determining the minimum and maximum detected concentrations.
2    Values  presented are sample-specific quantitation limits.
3    The maximum detected concentration is used for screening purposes.
4     To determine whether metal concentrations were within background levels,  groundwater concentrations were compared to facilty background levels described in Section 6.1.1.1.  If the maximum concentration of a chemical
        is less than the background value, that chemical was not selected as a COPC.
5    USEPA Region 9 Preliminary Remediation Goals (PRGs), October 2004.
6    USEPA Region IX Preliminary Remediation Goal (PRG).  The non-carcinogenic values (denoted with a "N" flag) are the PRG divided by 10 to correspond to a target hazard quotient
       of 0.1.  Carcinogenic values represent an incremental cancer risk of 1.0E-06 (carcinogens denoted with a "C" flag)  (USEPA Region IX, October 2004, Updated December 28, 2004).
7     Drinking Water Standards and Health Advisories (USEPA, Winter 2004). 
8     A chemical is selected as a COPC if the maximum detected concentration exceeds the risk-based COPC screening level or the USEPA MCL and is determined to be above background (for metals). 
9    The PRG for trichlroroethene is the "CAL Modified PRG" presented in the Region 9 PRG Table (USEPA, October 2004).

Associated Samples: Definitions: Rationale Codes:
PEN-43-GW02S02 PEN-43-GW09S01  C = Carcinogen. For Selection as a COPC:
PEN-43-GW05D01 PEN-43-GW10S01 COPC = Chemical of potential concern.   ASL = Above COPC screening level
PEN-43-GW05S02 PEN-43-GW11S01 J = Estimated value.
PEN-43-GW05S02-AVG PEN-43-GW12S01 N = Noncarcinogen. For Elimination as a COPC:
PEN-43-GW05S02-D PEN-43-GW13S01   BKG = Within background levels.
PEN-43-GW06D01 PEN-43-MW07S01   BSL = Below COPC screening level
PEN-43-GW06S01 PEN-43-MW08S01   NUT = Essential nutrient.

Minimum 
Concentration (1)

Maximum 
Concentration 

(1)
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1. A clear and concise understanding of chemicals released from a site thus ensuring the Navy is 

focusing on remediating the release. 

2. The use of background data in the screening-level risk assessment. 

a. The comparison of site chemical levels to risk-based screening criteria. 

b. The comparison of site chemical levels to background concentrations. 

c. The identification of site-related COPCs based on screening criteria comparisons and 

background comparisons.  Site-related COPCs are those chemicals with concentrations 

exceeding risk-based screening criteria and background concentrations.  To the extent possible, 

site-related COPCs are further evaluated quantitatively in the baseline risk assessment.  (Non-

site-related COPCs are further discussed in the risk characterization sections of the baseline risk 

assessments). 

3. The consideration of background in the baseline risk assessment. 

a. The calculation of risk estimates for site-related COPCs only. 

b. The further evaluation of non-site-related COPCs in the risk characterization section only (e.g., 

the evaluation of chemicals detected at concentrations exceeding screening criteria but less than 

background concentrations).  The Navy considers this comparison to be consistent with USEPA’s 

Role of Background in the CERCLA Cleanup Program (USEPA, April 2002). 

4. The selection of site cleanup remedial goals at levels not less than background levels.  Additionally, 

cleanup levels should not be developed for chemicals not identified as COCs.  As defined in the Navy 

guidance, COCs are site-related COPCs found to be the risk drivers in the baseline risk assessment 

and that may pose unacceptable human or ecological risks. 

The results of the background screens are presented in Tables 6-1 through 6-3. 

Frequency Screen

If an analyte is detected in less than 5 percent of the samples, it may not be selected as a COPC (FDEP, 

February 2005).  A frequency screen is conducted only when there are 20 or more samples of the 

medium of concern.  The decision to eliminate a chemical because of low detection frequency is also 

based on site history (i.e., is there a reason to believe a chemical may or may not be related to historical 

site activities) and the magnitude of the concentration (i.e., does the concentration of a chemical indicate 

a potential hotspot area).  Note that no chemicals were eliminated as COPCs on the basis of frequency 

alone.
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Decision Rules for Establishing COPCs

The applicable decision rules for the selection of COPCs are as follows: 

 A chemical is selected as a COPC for soil or groundwater if the maximum detected concentration 

exceeds the screening level and if the background screen indicates the site concentrations are 

greater than the corresponding background concentrations. 

 Individual chemicals may be eliminated as COPCs if they are detected at a frequency of less than 

5 percent in any given medium but only if there are no other indications the chemical would pose an 

unacceptable risk to receptors (e.g., there is no evidence of a contaminant “hot spot”).  Chemicals 

exhibiting unusually high concentrations or are clearly site-related may be retained as COPCs at the 

discretion of the human health risk assessor. 

 If a chemical is not detected in any of the samples in a particular medium, and the detection limits 

exceeds the risk-based screening levels, the chemical is not selected as a COPC but is qualitatively 

discussed in the uncertainty analysis section. 

 The essential nutrients (calcium, magnesium, potassium, and sodium) are not identified as COPCs. 

 Chemicals with concentrations exceeding toxicity screening concentrations but determined to be less 

than background concentrations based on the background screen are not selected as COPCs.  

However, as stated previously, no chemicals were eliminated as COPCs on the basis of background 

alone.

6.1.2 Selection of COPCs for Human Health Risk Assessment – USEPA Methodology

The direct contact, USEPA Region 9 risk-based screening levels and USEPA MCLs (for groundwater) 

defined in Section 6.1.1.1.2 were used to select COPCs for quantitative evaluation at Site 43.  A 

discussion of the chemicals selected as COPCs (i.e., those chemicals detected at concentrations in 

excess of USEPA direct contact screening criteria) and the rationale for COPC selection are provided in 

the following paragraphs.  COPC selection tables for surface soil, subsurface soil, and groundwater are 

presented as Tables 6-1, 6-2, and 6-3, respectively. 

6.1.2.1 Surface Soil 

Eighteen PAHs, two phthalate esters, and five inorganics were detected in 20 surface soil samples 

collected at Site 43.  A comparison of the maximum detected surface soil concentrations to screening 
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levels based on USEPA Region 9 PRGs for residential exposures is presented in Table 6-1.  Also 

presented in Table 6-1 are the results of the site data-to-background data comparisons.  The following 

chemicals were detected in surface soils at maximum concentrations exceeding the direct contact, risk 

based COPC screening levels and background, and were retained as COPCs for surface soil: 

 Carcinogenic PAHs 

 Inorganics (arsenic, barium, copper, lead, and vanadium) 

These constituents were retained for the quantitative evaluation presented in Section 6.1.5.  The 

maximum concentrations of barium, copper, and vanadium exceeded the Region 9 PRG-based screening 

level representing an HQ of 0.1 but were less than the non-adjusted PRG values based on an HQ of 1.0. 

6.1.2.2 Subsurface Soil 

Twenty PAHs, one phthalate ester, 1,1-biphenyl (in 1 of 40 samples), and five inorganics were detected 

in 40 subsurface soil samples collected at Site 43.  A comparison of the maximum detected subsurface 

soil concentrations to screening levels based on USEPA Region 9 PRGs for residential exposures is 

presented in Table 6-2.  Also presented in Table 6-2 are the results of the site data-to-background data 

comparisons.  The following chemicals were detected in subsurface soils at maximum concentrations 

exceeding the direct contact, risk based COPC screening levels and background, and were retained as 

COPCs for subsurface soil: 

 Carcinogenic PAHs 

 Inorganics (arsenic, barium, copper, lead, and vanadium) 

These constituents were retained for the quantitative evaluation presented in Section 6.1.5.  The 

maximum concentration of barium exceeded the Region 9 PRG-based screening concentration but was 

less than the non-adjusted PRG value.  Note that the maximum concentrations of most chemicals (both 

organic and inorganic) were detected in sample PEN-43-SB1401 within geophysical anomaly location 23 

in the Former Fenced Drum Area.  This sample location is outside the interim removal action excavation 

area and likely represents a “hotspot” area, particularly for lead and carcinogenic PAHs. 

6.1.2.3 Groundwater 

Three VOCs and 13 inorganics were detected in 12 groundwater samples collected at Site 43.  A 

comparison of the maximum detected groundwater concentrations to screening levels based on USEPA 

Region 9 PRGs and USEPA MCLs for residential exposures is presented in Table 6-3.  Also presented in 

Table 6-3 are the results of the site data-to-background data comparisons.  The following chemicals were 
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detected in groundwater at maximum concentrations exceeding the direct contact, risk based COPC 

screening levels or the USEPA MCLs, and background, and were retained as COPCs for groundwater: 

 Chloroform 

 Inorganics (iron, lead, manganese) 

Chloroform was detected in 2 of 12 samples at a maximum concentration that exceeded the screening 

levels based on the Region 9 PRG but was less than the USEPA MCL.  The maximum concentrations of 

iron and manganese exceeded the Region 9 PRG-based screening levels but were less than the non-

adjusted PRGs. The concentrations of iron and manganese also exceeded the USEPA Secondary MCLs, 

which are not based on health effects but on aesthetic effects, such as taste and odor.  No chemicals in 

groundwater were eliminated as COPCs on the basis of background only. 

6.1.3 Exposure Assessment/Estimation of Risk

The exposure assessment defines and evaluates, quantitatively or qualitatively, the type and magnitude 

of human exposure to the chemicals present at or migrating from the site.  The exposure assessment is 

designed to depict the physical setting of the site, to identify potentially exposed populations and 

applicable exposure pathways, to determine concentrations of COPCs to which receptors might be 

exposed, and to estimate chemical intakes under the identified exposure scenarios.  Actual or potential 

exposures at a site are determined based on the most likely pathways of contaminant release and 

transport, as well as human activity patterns.  A complete exposure pathway has three components:  (1) 

a source of chemicals that can be released to the environment, (2) a route of contaminant transport 

through an environmental medium, and (3) an exposure or contact point for a human receptor.  These 

components can be integrated and described by means of a conceptual site model (CSM), which is an 

essential element of the exposure assessment. 

Current or potential human exposures identified by the CSM are evaluated using the “risk-ratio” approach 

defined in Section 6.1.3.3.  As noted above, this approach is supported by USEPA Region 4.  The 

approach uses EPCs for the COPCs in soil and groundwater and relevant risk-based concentrations to 

generate cancer and non-cancer risk estimates for receptors of concern.  The risk-based concentrations 

for soil used to estimate risk are the FDEP SCTLs developed for the residential and industrial land use 

scenarios and risk-based concentrations developed for other receptors using USEPA and FDEP 

guidance documents.  The risk-based concentrations for groundwater used to estimate risks are the 

USEPA Region 9 Tap Water PRGs (USEPA Region 9, October 2004).  The Region 9 PRGs were used 

for groundwater (instead of the FDEP CTLs), because most of the FDEP GCTLs are not risk-based 

values.  The risk-based concentrations define and incorporate all the exposure factors (e.g., soil and 

water ingestion rates) used to determine chemical intake/exposure by receptors of concern. 
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6.1.3.1 Conceptual Site Model 

The foundation of an exposure assessment is the CSM, which identifies site characteristics including 

potential contaminant sources, contaminant release mechanisms, transport routes, receptors under 

current and future land use scenarios, and other appropriate information.  The CSM integrates 

information regarding the physical characteristics of the site, exposed populations, sources of 

contamination, and contaminant mobility (fate and transport) to identify potential exposure routes and 

receptors to be evaluated in the risk assessment.  A well-defined CSM allows for a better understanding 

of the risks at a site and aids risk managers in the identification of the potential need for remediation.  A 

general overview of CSM information relevant to Site 43 is provided below.  Table 6-4 provides a general 

summary of the potential receptors and exposure routes evaluated in the risk assessment for Site 43. 

TABLE 6-4 

EXPOSURE ROUTES FOR QUANTITATIVE EVALUATION 
SITE 43 REMEDIAL INVESTIGATION REPORT 

NAS PENSACOLA 
PENSACOLA, FLORIDA 

Receptors Exposure Routes 
Adult and Adolescent Trespassers / 
Recreational Users 

 Soil dermal contact (surface) 
 Soil ingestion (surface) 
 Inhalation of air/dust/emissions (surface soil) 

Maintenance Workers  Soil dermal contact (surface) 
 Soil ingestion (surface) 
 Inhalation of air/dust/emissions (surface) 

Construction Workers  Soil dermal contact (surface and subsurface) 
 Soil ingestion (surface and subsurface) 
 Inhalation of air/dust/emissions (surface and 

subsurface)
Occupational Workers  Soil dermal contact (surface)1

 Soil ingestion (surface)1

 Inhalation of air/dust/emissions (surface)1

Residents (Adult/Children)  Soil dermal contact (surface)1

 Soil ingestion (surface)1

 Inhalation of air/dust/emissions (surface)1

 Groundwater ingestion 
 Groundwater inhalation 

1 Occupational workers and residents are also evaluated for exposure to COPCs in subsurface soil.  This 
scenario is included to account for the possibility that subsurface soil could be brought to the surface in 
future excavation projects. 
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As noted above, the CSM depicts the relationships among the following elements: 

 Site sources of contamination 

 Contaminant release mechanisms 

 Transport/migration pathways 

 Exposure routes 

 Potential receptors 

A general discussion of these elements is provided in following paragraphs. 

Sources of Environmental Contamination

The primary sources of contamination at Site 43 are the buried drums discovered during the Site 

Characterization Investigation. The primary contaminant release mechanism is the leakage/spillage of the 

drums’ contents into the soil at the site.  Surface soil, subsurface soil to a depth of 3.5 feet, and 

groundwater were impacted by the historical use of Site 43 as a drum storage/disposal area 

(TtNUS, 2004a).  Semivolatile organics (e.g., PAHs) and metals (e.g., antimony and lead) were the 

predominant COPCs identified for the site.  Volatile organic chemicals and pesticides were not significant 

site contaminants.  Surface soil, subsurface soil, and groundwater were the primary media impacted by 

environmental contamination. Surface water and sediment are not evaluated because no surface water 

bodies (other than intermittent streams/drainage ditches) are present in the immediate vicinity of Site 43 

and these do not drain into any local surface water bodies.  Analytical data used in this risk assessment 

were from samples collected after the removal action (in March 2005). 

Potential Contaminant Migration Routes

Given that surface soil, subsurface soil, and groundwater contamination has occurred as a result of 

chemical usage/waste disposal and that chemicals may migrate to deeper subsurface soils and 

groundwater, the primary plausible contaminant release and migration mechanisms at Site 43 are as 

follows: 

Migration of soil contaminants downward through the soil column with infiltrating precipitation.  Chemicals 

may continue to migrate in groundwater via dispersion and advection in the downgradient direction.  Depth 

to groundwater at the Site is approximately 15 feet bls. However, the COCs at the site (PAHs and metals) 

are not environmentally mobile and do not tend to readily leach through the soil column under typical 

environmental conditions (e.g., moderate pH). PAHs and metals in soil are much more likely to bind to soil 

and be transported via mass transport mechanisms rather than move in the dissolved phase.  The 
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presence of these chemicals in subsurface soil and groundwater at the site is more likely due to releases 

from buried drums than leaching from the surface. 

Migration of fugitive dusts from surface soils (and subsurface soils if construction/excavation activities 

occur) into ambient air.   Currently, Site 43 is covered with grass; therefore the potential for migration of 

airborne fugitive dusts from surface soil is not significant.  Also, as indicated in COPC selection Tables 6-1 

and 6-2, the site soil concentrations of all detected chemicals were less than USEPA inhlalation SSLs and, 

therefore, the soil-to-air inhalation pathway is not considered significant and is not further evaluated in the 

risk assessment. 

Contaminants in surface soils may also migrate from the site as a result of surface water/sediment run-off 

during rainfall events.  However, there are no surface water bodies (other than intermittent 

streams/drainage ditches) in the immediate vicinity of Site 43 and these are not known to drain into any 

local surface water bodies.  Therefore, surface waters and sediments were not sampled during 

environmental investigations conducted at Site 43 and are not evaluated in this HHRA. 

Potential Current and Future Receptors of Concern and Exposure Pathways

NAS Pensacola is an active facility and will remain active for the foreseeable future.  However, for 

purposes of completeness, the baseline risk assessment prepared for Site 43 considers receptor 

exposure under residential, industrial, and recreational land use scenarios.  Based on current and 

potential future land use, the following potential receptors are assumed to be exposed to contaminated 

environmental media at Site 43: 

Site Maintenance Worker – An on-site receptor under current/future land use.  This includes 

adult military or civilian personnel assigned to work (primarily groundskeeping/outdoor 

maintenance activities) at a site.  This receptor could be exposed to surface soil by incidental 

ingestion, dermal contact, and inhalation (i.e., airborne particulates/vapors) during groundskeeping 

or maintenance activities.  This receptor would not be expected to be routinely exposed to 

subsurface soils.  This receptor is expected to be exposed to surface soil for 30 days per year 

based on professional judgment.  Maintenance workers are considered one of the more likely 

receptors under current land use. 

Construction/Excavation Worker – A plausible on-site receptor under future land use if major 

construction activities were to occur.  This receptor could be exposed to surface and subsurface 

soils by incidental ingestion, dermal contact, and inhalation (i.e., airborne particulates/vapors).  

The construction worker is assumed to be exposed to soil for 250 days per year (USEPA, 

December 2002b) assuming a Reasonable Maximum Exposure (RME) scenario.  The receptor 
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may also be evaluated for inhalation of VOC vapors from groundwater if shallow groundwater 

were contacted during an excavation project.  However, since only one VOC, chloroform, was 

selected as a COPC, with the maximum concentration well below the USEPA MCL and Florida 

GCTL, this exposure pathway is not evaluated for the construction worker. 

Typical Occupational Worker – An on-site receptor under future land use.  Future occupational

workers may work at the site if the facility were to further develop this area for industrial/military 

purposes of if the facility were to close and be developed for commercial/industrial uses.  To provide 

information for risk management decisions, potential risks to future occupational workers are 

quantified in this risk assessment.  This receptor could be exposed to surface soil by incidental 

ingestion, dermal contact, and inhalation (i.e., airborne particulates/vapors).  This receptor would 

not be expected to be routinely exposed to subsurface soils.  The occupational worker is expected 

to be exposed to surface soils for 250 days per year (USEPA, May 1993 and December 2002) but 

less intensely than the maintenance or construction worker. 

Adult and Adolescent Recreational User/Trespasser – A plausible receptor under current and 

future land use.  Although access to the base is controlled, once inside the base, access to Site 43 

is not limited by any physical constraints.  This receptor may be exposed to potentially 

contaminated surface soil by incidental ingestion, dermal contact, and inhalation (i.e., airborne 

particulates/vapors).  Recreational users/trespassers are assumed to be exposed to COPCs in 

soil for 45 days per year, based on professional judgment.  Direct contact with subsurface soils is 

not anticipated for this receptor.  Recreational users are considered one of the more likely 

receptors under current land use. 

Hypothetical Future On-Site Child and Adult Resident –  The future residential scenario was 

quantitatively evaluated in the risk assessment for decision-making purposes although this 

scenario is unlikely for the NAS Pensacola.  It is assumed a resident may be exposed to surface 

soils by incidental ingestion, dermal contract, and inhalation (i.e., airborne particulates/vapors).  

Future residents could also be exposed to groundwater only if drinking water wells were installed 

on the site in the future.  This is very unlikely since the main source of water for the base is the 

Navy-owned well field located at Naval Technical Training Center (NTTC) Corry Station north of 

NAS Pensacola.  However, the future residential drinking water scenario was evaluated for 

purposes of completeness.  According to USEPA Region 4 and Region 9 guidance, a resident is 

assumed to be exposed to groundwater by ingestion and inhalation (i.e., airborne vapors).  FDEP 

in Chapter 62-777, FAC assumes that a receptor is exposed to groundwater by ingestion only.  

Residential receptors are assumed to be exposed to groundwater 350 days per year (USEPA, 

May 1993) for a total of 30 years. 
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6.1.3.2 Calculation of Exposure Point Concentrations 

The EPC, calculated for COPCs only, is a reasonable estimate of the chemical concentration likely to be 

contacted over time by a receptor and is used to calculate estimated exposure intakes.  The calculation of 

EPCs considered guidance described in the USEPA’s Calculating Upper Confidence Limits for Exposure 

Point Concentrations at Hazardous Waste Sites (December 2002a) and Florida’s 62-780, FAC (FDEP, 

April 2005). 

The 95% UCL, which is based on the distribution of a dataset, is considered to be the best estimate of the 

exposure concentration for datasets with 10 or more samples (USEPA, May 1992).  For datasets with 

less than 10 samples, the UCL is considered to be a poor estimate of the mean, and the EPC is defined 

as the maximum concentration.  As specified in Chapter 62-780, FAC, the Florida UCL Calculator tool 

(Version 0.97) was used to calculate the UCLs. 

The following decision rules were used to calculate EPCs: 

 If a soil dataset contains fewer than 10 samples, the EPC is defined as the maximum detected 

concentration.

 If a soil dataset contains 10 or more samples, the 95% UCL on the arithmetic mean (calculated  using 

the Florida UCL Calculator Tool), which is based on the distribution of the dataset, was selected as 

the EPC.  If a dataset contains less than three positive results, the Florida UCL Calculator Tool 

recommends that the maximum detected concentration be used at the EPC. 

 If the calculated 95% UCL exceeded the maximum detected concentration, the maximum 

concentration was used as the EPC. 

 Sample and duplicate analytical results were averaged before the EPC was calculated. 

 A data value less than the sample-specific detection limit was substituted with one-half the detection 

limit.

 The EPCs for groundwater used in the USEPA risk evaluation are the arithmetic averages of the 

wells in the highly concentrated area of the plume (USEPA Region 4, May 2000).  For the chemicals 

selected as COPCs in groundwater, the EPCs were derived from the following locations: 
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Shallow Aquifer EPCs

 Chloroform (3.5 ug/L) – average of wells PEN-43-11S and PEN-43-12S 

 Iron (2400 ug/L) = average of wells PEN-43-6S, PEN-43-9S, PEN-43-10S, and 

PEN-43-11S

 Manganese (115 ug/L) – average of wells PEN-43-6S and PEN-43-11S 

 Lead (29.9 ug/L) – maximum (no plume area defined) 

Deeper Aquifer EPCs

 Chloroform – not detected in deeper aquifer 

 Iron (1600 ug/L) = average of wells PEN-43-5D and PEN-43-6D 

 Manganese (27 ug/L) – average of wells PEN-43-5D and PEN-43-6D 

 Lead  – not detected in deeper aquifer 

These groundwater EPCs are only used to evaluate groundwater risks according to the USEPA 

methodology.  The maximum detected concentrations were used to evaluate risks according to FDEP 

methodology (see Section 6.1.6.2). 

Note that an examination of the analytical data indicates that several “hotspot” areas exist on the site 

(e.g., the soil in and around Anomaly Areas 11 and 23), especially for lead.  Potential risks associated 

with these areas are discussed Section 6.1.5.4.

6.1.3.3 Chemical Intake and Risk Estimation 

To evaluate risks by USEPA methodology, cancer and non-cancer risk estimates for COPCs detected in 

soil and groundwater are determined using the following simple “risk ratio” technique, which involves the 

selection (or development) of risk-based concentrations established at the 1x10-6 cancer risk level or HQ 

of 1 and the calculation of cancer and non-cancer risks based on the EPC and the risk based 

concentration:

COPCforEstimateRiskCancerorHQ
06-1EofEstimateRiskCanceror1ofHQ

COPCforEPC
ionConcentratbased-Risk

This is a valid technique for estimating risk because all of the intake and risk characterization equations 

used to develop risk-based concentrations are linear.  The risk-based concentrations used in this HHRA 

for the evaluation of the hypothetical future resident and typical worker exposure to soil are the State of 

Florida SCTLs or risk-based concentrations based on the methodology for the development of residential 

and industrial SCTLs presented in the draft Technical Report: Development of CTLs for Chapter 62-777 

(FDEP, April 2005).  Because most Florida GCTLs are not risk-based values, the risk-based Region 9 
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PRGs are used in the risk ratio calculations used to derive risk estimates for exposure to COPCs in 

groundwater.

Cancer and non-cancer risk estimates for all other receptors evaluated in the HHRA (i.e., the construction 

worker, the maintenance worker, and the recreational user/trespasser) are based on risk-based 

concentrations developed using the exposure dose assumptions and the simple intake equations 

presented in the following sections and the toxicity criteria (slope factors and reference doses) discussed 

in Section 6.1.4.  The simple intake equations are combined to produce one risk-based concentration per 

chemical that accounts for ingestion, dermal, and inhalation exposures (The risk-based concentration 

calculations are presented in Appendix E).  The risk-based concentrations are established by setting the 

cancer and non-cancer risk levels at 1x10-6 or HI of 1, respectively, and solving for the associated 

contaminant concentration in soil as demonstrated in the USEPA Risk Assessment Guidance for 

Superfund, Part B (USEPA December 1991).  The exposure assumptions selected for the construction 

worker, the maintenance worker, and the recreational user/trespasser were based on current USEPA risk 

assessment guidance (December 1989 and July 2004) and State of Florida guidance (FDEP, April 2005), 

and are presented in the following sections.  Risk assessment spreadsheets for the calculation of the risk 

estimates are presented in Appendix E. 

6.1.3.3.1 Incidental Ingestion of Soil

Incidental ingestion of soil by potential receptors coincides with dermal exposure.  Exposures associated 

with incidental ingestion were estimated in the following manner (USEPA, December 1989): 

W)(AT)ED)(CF)/(B)(FI)(EF)()(IR(CIntake ssisi

 where: Intakesi = intake of contaminant "i" from soil (mg/kg/day) 

  Csi = concentration of contaminant "i" in soil (mg/kg) 

  IRs = ingestion rate (mg/day) 

  FI = fraction ingested from contaminated source (dimensionless) 

  EF = exposure frequency (days/year) 

  ED = exposure duration (year) 

  CF = conversion factor (1x10-6 kg/mg) 

  BW = body weight (kg) 

  AT = averaging time (days); 

    for noncarcinogens, AT = ED x 365 days/year; 

    for carcinogens, AT = 70 years x 365 days/year 
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As noted above, the State of Florida SCTLs are used to calculate cancer and non-cancer risk estimates 

for the hypothetical future resident and a typical industrial worker exposed to soil.  Exposure assumptions 

for the other receptors are described below and were used to develop risk-based concentrations for the 

construction worker, the maintenance worker, and the recreational user/trespasser. 

A default value of 1.0 (USEPA, December 1989) is recommended for the fraction of soil ingested from the 

contaminated source.  The ingestion rates were 330 mg per day for the construction worker (USEPA, 

December 2002b), 50 mg per day for the maintenance workers (FDEP, February 2005), and 100 mg per 

day for adult and adolescent trespassers/recreational users (USEPA, May 1993).  The exposure 

frequencies used to estimate intakes for incidental ingestion of soil are presented in Section 6.1.3.1. 

6.1.3.3.2 Dermal Contact with Soil

Direct physical contact with soil may result in the dermal absorption of chemicals.  Exposures associated 

with the dermal route were estimated in the following manner (USEPA, December 1989 and July 2004): 

(AT))(ED)/(BW)ABS)(CF)EF)(SA)(AF)((CIntake sisi

 where: Intakesi = amount of chemical "i" absorbed during contact with soil (mg/kg/day) 

  Csi = concentration of chemical "i" in soil (mg/kg) 

  SA = skin surface area available for contact (cm2/day)

  AF = skin adherence factor (mg/cm2)

  ABS = absorption factor (dimensionless) 

  CF = conversion factor (1x10-6 kg/mg) 

  EF = exposure frequency (days/year) 

  ED = exposure duration (year) 

  BW = body weight (kg) 

  AT = averaging time (days); 

    for noncarcinogens, AT = ED x 365 days/year; 

    for carcinogens, AT = 70 years x 365 days/year 

As noted above, the State of Florida SCTLs were used to calculate cancer and non-cancer risk estimates 

for the hypothetical future resident and a typical industrial worker.  Exposure assumptions for the other 

receptors are described below and were used to develop risk-based concentrations for the construction 

worker, the maintenance worker, and the recreational user/trespasser. 
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The exposed surface areas of the body available for dermal contact are determined on a receptor-specific 

basis and are based on assumed human activities and clothing worn during exposure events.  Current 

guidance (USEPA, August 1997 and July 2004) was used to develop the assumptions concerning the 

amount of skin surface area available for contact for a receptor.  The rationales used to select the skin 

areas are as follows:

 The head, hands, and forearms of excavation/construction worker and maintenance workers were 

assumed to be exposed to soils (assuming the receptors wear a short-sleeved shirt, long pants, and 

shoes).  As recommended in the Risk Assessment Guidance for Superfund (RAGS) Part E 

(USEPA, July 2004), the skin surface area for a worker was assumed to be 3,300 centimeters 

squared (cm2).  This value represents the average of the 50th-percentile areas of males and females 

more than 18 years old. 

 For the adolescent trespassers/recreational user, 25 percent of the total body surface area for an 

adolescent (aged 7 to 16) was assumed to be available for surface soil contact.  The RME value 

(3,280 cm2) was derived from the 95th-percentile surface area data. 

 For the adult trespasser/recreational user assumed to be exposed to surface soil, the exposed skin 

surface area available for contact was the value recommended for the adult resident in Exhibit 3-5 of 

RAGS Part E (USEPA, July 2004), 5,700 cm2.  This surface area assumes the head, hands, 

forearms, and lower legs of the receptor are available for contact. 

The following values of soil adherence factors and chemical-specific dermal absorption factors provided 

in RAGS Part E (USEPA, July 2004) were used to evaluate risks from exposure to soil:

 Maintenance Worker - 0.2 mg/cm2 (Exhibit 3.5; USEPA, July 2004). 

 Construction workers - 0.3 mg/cm2. This value is the 95th-percentile value for construction workers, 

(Exhibit 3.3; USEPA, July 2004). 

 Adolescent Trespassers/Recreational Users - 0.3 mg/cm2.  This adherence factor is the 95th-

percentile value presented for soccer players (teens) playing in moist conditions (Exhibit 3.3; USEPA, 

July 2004). 

 Future adult trespassers/recreational users - 0.07 mg/cm2 (Exhibit 3.5; USEPA, July 2004). 



  Rev. 2 
  11/06/06 

TtNUS/TAL-05-056/4821/5.2 6-23 CTO 0355

For the constituents identified as COPCs in soil, the following dermal absorption factors were used 

(USEPA, Exhibit 3-4, July 2004): 

 PAHs - 0.13 

 Arsenic - 0.03 

As indicated in RAGS Part E, absorption factors for the other metals selected as COPCs for soils have 

not been developed due to insufficient data.  Therefore, risks from dermal absorption of metals (other 

than arsenic) from soil were not quantified in this HHRA.  The uncertainty associated with the omission of 

these constituents is discussed in the uncertainty analysis. 

The same exposure frequencies and durations used in the estimation of ingestion intakes were used to 

estimate exposure via dermal contact. 

6.1.3.3.3 Inhalation of Air and Fugitive Dust/Volatile Emissions

The amount of a chemical a receptor takes in as a result of breathing is determined using the 

concentration of the contaminant in air.  Intakes of both particulates and vapors/gases are calculated 

using the same equation, as follows (USEPA, December 1991 and July 1996): 

 where: Intakeai = intake of chemical "i" from air via inhalation (mg/kg/day) 

  Cai = concentration of chemical "i" in air (mg/m3)

  IRa = inhalation rate (m3/hour)

  ET  = exposure time (hours/day) 

  EF = exposure frequency (days/year) 

  ED  = exposure duration (year) 

  PEF = Particulate Emission Factor (m3/kg) 

  VF = Volatilization Factor (chemical-specific) (m3/kg) 

  BW = body weight (kg) 

  AT = averaging time (days); 

   = for noncarcinogens, AT = ED x 365 days/year; 

   = for carcinogens, AT = 70 year x 365 days/year 

(BW)(AT)
ED))(ET)(EF)()(IR(C=Intake aai

ai
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As noted above, the State of Florida SCTLs are used calculate cancer and non-cancer risk estimates for 

the hypothetical future resident and a typical industrial worker.  Exposure assumptions for the other 

receptors are described below and were used to develop risk-based concentrations for the construction 

worker, the maintenance worker, and the recreational user/trespasser. 

The same exposure frequencies and durations used in the estimation of ingestion and dermal intakes of 

soil were used to estimate exposure via inhalation of air and fugitive dust/volatile emissions.  Additionally, 

for construction/excavation workers and maintenance workers, an inhalation rate of 2.5 m3 per hour 

(USEPA, December 2002b) and an exposure time of 8 hours/day (i.e., 20 m3 per day) were used to 

evaluate risks from inhalation of fugitive dusts and volatile emissions. 

For adult and adolescent trespassers/recreational users, inhalation rates of 1.6 m3 per hour and 1.2 m3

per hour (USEPA, August 1997), respectively, and an exposure time of 4 hours per day were used to 

evaluate risks from inhalation of fugitive dusts and volatile emissions. 

The concentrations of chemicals in air resulting from emissions from soil were developed following 

procedures presented in USEPA Soil Screening Guidance (July 1996 and December 2002b), as follows: 

VF
1

PEF
1CC sa

 where: Ca = chemical concentration in air, mg/m3

   Cs = chemical concentration in soil, mg/kg 

   PEF = Particulate Emission Factor,  1.241 x 109 m3/kg (FDEP, February 2005) 

   VF = chemical-specific Volatilization Factor, m3/kg 

For chemicals in soil that are not classified as volatile, the above equation reduces to: 

PEF
1CC sa

The Particulate Emissions Factor (PEF) relates the concentration of the chemical in soil with the 

concentration of dust particles in air.  The Volatilization Factor (VF) relates the concentration of the 

chemical in soil with the concentration in ambient air.  The VFs used to calculate the alternate SCTLs 

were obtained from Table 4 of the 62-777 Technical Report (FDEP, February 2005).  With the exception 

of the construction worker, the PEF value used to estimate risks from inhalation of fugitive dusts was 

1.241 x 109 m3/kg, which was developed by the State of Florida in FAC 62-777 (FDEP, February 2005).  

The PEF calculated for the construction worker was 2.43 x 106 m3/kg (USEPA, December 2002). 
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6.1.3.3.4 Ingestion of Groundwater

Residents may be exposed to groundwater via direct ingestion.  The Region 9 PRGs used in the risk 

calculations were derived using the following ingestion intake equation and exposure parameters 

(USEPA, 1989 and USEPA Region 9, October 2004): 

(BW)(AT)
)(EF)(ED))(IR(C=Intake wwi

wi

 where: Intakewi = intake of chemical "i" from water (mg/kg/day)  

  Cwi = concentration of chemical "i" in water (mg/L)  

  IRw = ingestion rate for groundwater (L/day) 

  EF = exposure frequency (days/year) 

  ED = exposure duration (year) 

  BW = body weight (kg) 

  AT = averaging time (days); 

    for noncarcinogens, AT = ED x 365 days/year; 

    for carcinogens, AT = 70 years x 365 days/year 

This scenario assumes that a receptor is exposed 350 days per year for 30 years using an adjusted 

intake factor (adult + child ingestion rates) of 1.1 L-year/kg-day for the evaluation of carcinogenic effects 

and an ingestion rate of 2 liters per day for the evaluation of non-carcinogenic effects (USEPA. Region 9, 

October 2004). 

6.1.3.3.5 Inhalation of Volatiles from Groundwater 

One volatile chemical, chloroform, was identified as a COPC for groundwater.  Future residents may be 

exposed to VOC vapors from groundwater while bathing or showering.  The Region 9 PRG used in the 

risk calculation for chloroform was derived using the following inhalation intake equation and exposure 

parameters (USEPA, Region 9, October 2004): 

(BW)(AT)
)(ED))(InhF)(EF)(VF(C=Intake wwi

winh

 where: Intakewinh= intake of chemical "i" from water by inhalation (mg/kg/day)

  Cwi = concentration of chemical "i" in water (mg/L)  

  InhF = inhalation rate (m3/day)

  VFw = volatilization factor for water (0.5 L/m3)
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  EF = exposure frequency (days/year) 

  ED = exposure duration (year) 

  BW = body weight (kg) 

  AT = averaging time (days); 

    for noncarcinogens, AT = ED x 365 days/year; 

    for carcinogens, AT = 70 years x 365 days/year 

The inhalation scenario assumes that a receptor is exposed 350 days per year for 30 years using an 

adjusted intake factor (adult + child ingestion rates) of 11 m3-year/kg-day for the evaluation of 

carcinogenic effects and an inhalation rate of 20 m3 per day for the evaluation of non-carcinogenic effects 

(USEPA. Region 9, October 2004). 

The preceding ingestion and inhalation intake equations are combined to produce one risk-based 

concentration per chemical that accounts for ingestion and inhalation exposures (USEPA Region 9, 

October 2004). 

6.1.3.3.6 Exposure to Lead 

The equations and methodology presented in the previous sections cannot be used to evaluate exposure 

to lead because of the absence of published dose-response parameters.  Exposure to lead was 

assessed using the following models: 

 The latest version of the USEPA's Integrated Exposure Uptake Biokinetic (IEUBK) Model for lead 

(May 2002).  This model is typically used to evaluate exposure to lead in various media (e.g., soil, 

water, air) assuming a residential land use scenario. 

 The USEPA’s TRW Model for Lead (January 2003).  This model is typically used to evaluate 

exposure to lead in soil only assuming a non-residential land use scenario. 

The IEUBK Model for lead (USEPA, May 2002) is designed to estimate blood levels of lead in children 

(under 7 years of age) based on either default or site-specific input values for air, drinking water, diet, 

dust, and soil exposure.  Studies indicate that infants and young children are extremely susceptible to 

adverse effects from exposure to lead.  Considerable behavioral and developmental impairments have 

been noted in children with elevated blood-lead levels.  The threshold for toxic effects from this chemical 

is believed to be in the range of 10 to 15 micrograms per deciliter (µg/dL).  Blood-lead levels greater than 

10 µg/dL are considered to be a "concern." 
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The IEUBK Model for lead was used to address exposure to lead in children when detected groundwater 

concentrations exceed the 15 µg/L Federal Action Level promulgated under the Safe Drinking Water Act 

and when detected soil concentrations exceed the OSWER SSL of 400 mg/kg for residential land use 

(USEPA, July 1994).  Average chemical concentrations, as well as default parameters for some input 

parameters, were used in the evaluation.  Estimated blood-lead levels and probability density histograms 

are presented as support documentation for this analysis in Appendix E. 

Non-residential adult exposure to lead in soil was evaluated using USEPA’s TRW Model for lead 

(USEPA, January 2003).  In this model, adult exposure to lead in soil is addressed by an evaluation of the 

relationship between the site soil lead concentration and the blood-lead concentration in the developing 

fetuses of adult women.  The adult lead model generates a spreadsheet for each exposure scenario that 

is evaluated (i.e., industrial, recreational).  The output of the spreadsheet is the probability that the blood-

lead concentrations in the fetus exceeds 10 µg/L.  The probability that the fetal blood-lead level will 

exceed 10 µg/L was calculated in accordance with the following USEPA guidelines: 

Use of the TRW Interim Adult Lead Methodology in Risk Assessment (USEPA, April 1999). 

Frequently Asked Questions (FAQs) on the Adult Lead Model (USEPA, online, July 2005). 

No models are currently available to evaluate the periodic exposure of adolescent 

trespassers/recreational users to lead.  Therefore, the results of the IEUBK Model for children are used to 

qualitatively assess exposure of this receptor because the potential adverse effects from exposure to lead 

are expected to be of a lesser magnitude for adolescent trespassers than for children. 

6.1.4 Toxicity Assessment Protocol

The objective of a toxicity assessment is to identify the potential for human health hazards and adverse 

effects in exposed populations.  A significant portion of the toxicity assessment of the HHRA has been 

completed because CSFs and RfDs were selected by USEPA during the development of the Region 9 

PRGs and by the State of Florida during the development of the residential and industrial soil SCTLs and 

GCTLs.  A CSF is an indicator of the potency of a chemical carcinogen (i.e., the greater the CSF, the 

more potent the carcinogen).  An RfD is the dose at or below which adverse non-carcinogenic effects are 

not anticipated.  These factors represent quantitative estimates of the relationship between the magnitude 

and types of exposures and the severity or probability of human health effects and were used to develop 

risk-based concentrations as described above. 
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6.1.4.1 Sources of Toxicity Criteria 

Oral and inhalation RfDs and CSFs used in this HHRA were obtained from the following primary 

recommended USEPA sources: 

 Integrated Risk Information System (IRIS) (online) 

 USEPA Provisional Peer Reviewed Toxicity Values (PPRTVs) – The Office of Research and 

Development/National Center for Environmental Assessment (NCEA) Superfund Health Risk 

Technical Support Center develops PPRTVs on a chemical-specific basis when requested by 

USEPA’s Superfund program. 

 Tables 5a and 5b of the FDEP 62-777 Technical Report (FDEP, February 2005). 

 Other Toxicity Values – These sources include but are not limited to California Environmental 

Protection Agency (Cal EPA) toxicity values, the Agency for Toxic Substances and Disease Registry 

(ATSDR) Minimal Risk Levels (MRLs), and the Annual Health Effects Assessment Summary Tables 

(HEAST) (USEPA, July 1997). 

Although RfDs and CSFs can be found in several toxicological sources, USEPA's IRIS online database, 

which is continuously updated, is the preferred source of toxicity values.  The USEPA Region 9 PRG 

Tables (USEPA, October 2004) and Region 3 Risk-Based Concentration tables (USEPA, April 2005) are 

also used as sources of toxicity criteria when criteria are not available from the aforementioned 

references.

6.1.4.2 Toxicity Criteria for Dermal Exposure 

RfDs and CSFs found in literature are frequently expressed as administered doses; therefore, these 

values are considered to be inappropriate for estimating the risks associated with dermal routes of 

exposure.  Oral dose-response parameters based on administered doses must be adjusted to absorbed 

doses before comparisons to estimated dermal exposure intakes are made. 

The adjustment from administered to absorbed dose was made using the following chemical-specific 

absorption efficiencies published in RAGS Part E: 

))(ABS(RfDRfD GIoraldermal

))/(ABS(CSFCSF GIoraldermal

 where: ABSGI  =  absorption efficiency in the gastrointestinal tract 
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6.1.4.3 Toxicity Criteria for Carcinogenic Effects of PAHs 

Limited toxicity values are available to evaluate the carcinogenic effects from exposure to PAHs.  The 

most extensively studied PAH is benzo(a)pyrene, which is classified by the USEPA as a probable human 

carcinogen.  Although CSFs are available for benzo(a)pyrene, insufficient data are available to calculate 

CSFs for other carcinogenic PAHs.  Toxic effects for these chemicals were evaluated using the concept 

of estimated orders of potential potency, as presented in USEPA Region 4 guidance (May 2000) and in 

the Rule 62-777 Technical Report.  TEFs, which indicate the potency of each PAH compound relative to 

that of benzo(a)pyrene, are available for select carcinogenic PAHs.  The equivalent oral and inhalation 

CSFs for PAHs other than benzo(a)pyrene are derived by multiplying the CSF for benzo(a)pyrene by the 

TEF for the PAH compounds  (USEPA Region 4, May 2000 and FDEP, February 2005).  The TEFs for 

the carcinogenic PAHs are listed in the following table. 

Toxic Equivalency Factors for Carcinogenic PAHs 
Contaminant TEF 
benzo(a)pyrene 1.0 
benzo(a)anthracene 0.1 
benzo(b)fluoranthene 0.1 
benzo(k)fluoranthene 0.01 
chrysene 0.001 
dibenz(a,h)anthracene 1.0 
indeno(1,2,3-cd)pyrene 0.1 

These TEFs were used to convert the individual carcinogenic PAH concentrations to an equivalent 

concentration of benzo(a)pyrene.  Both the COPC screening and quantitative risk estimates were based 

on an evaluation of the equivalent concentrations of benzo(a)pyrene.  The carcinogenic PAHs actually 

detected at least once in a soil dataset were used in the calculation.  Non-detect results were assigned a 

value of one-half the sample quantitation limit prior to the calculation.  However, those carcinogenic PAHs 

not detected in any sample within the dataset were not considered in the calculation.  If carcinogenic 

PAHs were not detected in a sample, one-half the sample quantitation limit presented for benzo(a)pyrene 

was used to calculate the equivalent concentration of benzo(a)pyrene in that sample. 

6.1.5 Risk Characterization (USEPA Methodology)

This section provides a characterization of the human health risks associated with the potential 

exposures to chemicals in surface soil, subsurface soil, and groundwater at Site 43.  The results of the 

risk characterization are discussed below.  Potential risks (non-carcinogenic and carcinogenic) for 

individual chemicals detected in soil and groundwater at Site 43 were estimated using the simple risk 

ratio technique presented in Section 6.1.3.3.  As discussed in Section 6.1.3.1, potential risks were 
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estimated for five receptors (the hypothetical future resident, the typical industrial worker, the construction 

worker, the maintenance worker, and the recreational user/trespasser) using USEPA and FDEP risk 

assessment guidance.  The total risk from exposure to all COPCs was calculated in accordance with the 

risk assessment methods outlined in USEPA guidance (December 1989).  Risks to human receptors are 

also characterized per FDEP guidelines/criteria established in Rule 62-780, FAC in Section 6.1.6.  

Supporting documentation for the site-specific HHRAs is presented in Appendix E. 

6.1.5.1 Evaluation of Chemicals Other Than Lead 

Quantitative estimates of risk for chemicals other than lead were calculated according to risk assessment 

methods outlined in Section 6.1.3.3.  The methodology is based on standard USEPA guidance 

(December 1989).  Lifetime cancer risks are expressed in the form of dimensionless probabilities referred 

to as ILCRs, which are based on CSFs.  An ILCR of 1x10-6 indicates the exposed receptor has a one-in-

one-million chance of developing cancer under the defined exposure scenario.  Alternatively, such a risk 

may be interpreted as representing one additional case of cancer in an exposed population of one million 

persons.  Cancer risk estimates developed for individual chemicals are summed and presented as the 

total cancer risk estimate for each receptor.  Non-carcinogenic risk estimates for individual chemicals are 

presented as HQs, which are based on RfDs.  An HQ is the ratio of the intake to the RfD and is an 

indicator of the potential for adverse non-carcinogenic health effects.  An HI is generated by summing the 

individual HQs for all COPCs.  The HI is not a mathematical prediction of the severity of toxic effects and 

therefore is not a true "risk"; it is simply a numerical indicator of the possibility of the occurrence of non-

carcinogenic (threshold) effects.  As discussed below, HIs were calculated on a target organ/target effect 

basis.

6.1.5.2 Evaluation of Lead  

Exposure to lead was assessed using USEPA's (IEUBK) Model for lead and the TRW adult lead model 

(ALM), as described in Section 6.1.3.3.6.  The results of the models are compared to USEPA levels of 

concern (i.e., predicted lead levels in children and adults should be less than 10 µg/dL and the probability 

of the blood lead concentrations in a child or fetus exceeding 10 µg/L should be less than 5 percent). 

6.1.5.3 Interpretation of Quantitative Risk Assessment Results 

To interpret the quantitative risks and to aid risk managers in determining the need for remediation at a 

site, quantitative risk estimates are compared to typical risk benchmarks.  Calculated ILCRs are 

interpreted using the USEPA's target range (1x10-6 to1x10-4) (i.e., a one-in-ten-thousand to one-in-one-

million chance of developing cancer) and the State of Florida goal for a total cancer risk of 1x10-6.  HIs 

are evaluated using a value of 1.0. 
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The USEPA has defined the range of 1x10-6 to 1x10-4 as the ILCR target range for hazardous waste 

facilities addressed under the CERCLA and Resource Conservation and Recovery Act (RCRA).  

Individual or cumulative ILCRs greater than 1x10-4 are generally not considered as protective of human 

health.  The State of Florida has established a cumulative cancer goal of 1x10-6 for receptors exposed to 

contaminated environmental media at a site.  These benchmarks are used in the interpretation of the risk 

characterization results. 

The non-carcinogenic goal for both the USEPA and FDEP is that the cumulative HI for a receptor be less 

than unity (1.0).  An HI exceeding unity indicates there may be potential non-carcinogenic health risks 

associated with exposure.  However, when an HI exceeds unity, target organ’s effects associated with 

exposure to COPCs are considered.  Only the HQs for those chemicals affecting the same target 

organ(s) or exhibit similar critical effect(s) are regarded as truly additive.  Consequently, it may be 

possible for a cumulative HI to exceed 1.0, but no adverse health effects are anticipated if the COPCs do 

not affect the same target organ or exhibit the same critical effect (i.e., the HIs developed on a target-

organ-specific basis do not exceed 1).  A target organ analysis is typically performed when the cumulative 

HI exceeds unity.  However, in this risk assessment, the HIs for all receptors were less than unity and the 

target organ analysis was not necessary. 

Current USEPA policy regarding lead exposures is to limit the childhood risk (i.e., the probability) of 

exceeding a 10 µg/dL blood lead level to 5 percent. 

6.1.5.4 Risk Characterization Using USEPA Guidelines 

This section contains a summary of the results of the risk characterization for Site 43 conducted 

according to USEPA guidance.  Quantitative risk estimates for potential human receptors were developed 

for those chemicals identified as COPCs in Section 6.1.2.  Potential cancer risks and HIs were calculated 

using the methodology presented in Section 6.1.3 and are summarized in Table 6-5.  The results are 

discussed below.  Chemical-specific risks are presented in Appendix E. 

Non-Carcinogenic Risk 

Cumulative HIs estimated for exposures to surface soil, subsurface soil, and groundwater by all receptors 

were less than 1, indicating that adverse non carcinogenic effects are not anticipated for these receptors 

under the conditions established in the exposure assessment. HIs for all receptors are presented in 

Table 6-5. 
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Carcinogenic Risk 

Cumulative ILCRs for exposure to surface soil, subsurface soil, and groundwater were less than or within 

USEPA’s target risk range of 10-4 to 10-6 for all receptors. However, ILCRs exceeded the State of 

Florida’s target risk level of 1 x 10-6 for exposure to surface soil by residents and lifelong recreational 

users, for exposure to subsurface soil by residents, industrial workers, and lifelong recreational users, 

and for exposure to groundwater by future residents.  These exceedances of the Florida target risk level 

are due to arsenic and carcinogenic PAHs in surface and subsurface soil and to chloroform in 

groundwater.  Note that risks for arsenic in surface soil are based on the maximum detected 

concentration because the calculated UCL (based on a lognormal distribution) exceeded the maximum 

concentration, as recommended by the Florida UCL Calculator Tool.  Also, although the ILCR for 

chloroform in groundwater (shallow aquifer) was 2x10-5, the maximum detected concentration of 

chloroform (6 ug/L) is less than the USEPA MCL (80 ug/L) and the Florida GCTL (70 ug/L). ILCRs for 

residential use of the deeper aquifer at Site 43 were less than 1 x 10-6.  ILCRs for all receptors are 

presented in Table 6-5. 

Exposure to Lead 

Lead was identified as a COPC for surface and subsurface soil at Site 43 because maximum detected 

concentrations (7,360 mg/kg and 5,550 mg/kg, respectively) exceeded the 400 mg/kg OSWER SSL for 

residential land use.  Lead was also identified as a COPC for groundwater because the maximum 

detected groundwater concentration (29.9 µg/L) exceeded the 15 µg/L USEPA action level at the tap.  

The maximum lead concentrations in soils and groundwater exceed background benchmark 

concentrations.

As stated previously, published toxicity criteria (CSFs, RfDs) are not currently available for lead.  The 

USEPA recommends that environmental lead exposures be evaluated using the IEUBK childhood lead 

model for the residential exposure scenario and the TRW adult lead model for non-residential exposure 

scenarios.  The blood-lead concentration of a receptor is considered a key indicator of the potential for 

adverse health effects.  The IEUBK and TRW models calculate the probability of a receptor’s blood-lead 

level exceeding 10 µg/dL.  The USEPA goal is to limit the childhood risk (probability) of exceeding a 10 

µg/dL blood-lead concentration to five percent. 

Child Lead Model Results

Current USEPA guidance recommends using the average concentration to evaluate exposure to lead.  

Therefore, the average lead concentration in surface soil (1,080 mg/kg) and the average concentration in 

subsurface soil (274 mg/kg), and model default values for other model parameters were used in the 
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IEUBK and TRW model analyses for soil.  Lead was detected in two groundwater samples located in 

different areas of the site.  Exposure to lead in groundwater was evaluated in the IEUBK model using the 

maximum detected groundwater concentration (29.9 ug/L) in sample PEN-43-GW13S01 located in 

Anomaly Area No. 11. 

The results of the IEUBK model evaluation for surface soil indicate that the estimated geometric mean 

blood-lead level for a child resident is 9.972 µg/dL. This blood-lead level is less than the established level 

of concern (10 µg/dL).  However, approximately 49.765 percent of children assumed to be exposed to 

surface soil are expected to experience blood-lead levels greater than 10 µg/dL.  This estimate is greater 

than USEPA’s goal of limiting exposure to lead so that no more than 5 percent of the exposed children 

have an estimated blood-lead level greater than the established level of concern (i.e.,10 µg/dL).  Lead 

concentrations exceeding 400 mg/kg were found in the following three areas of the site: 

1) The area near geophysical Anomaly Area No.11 (average lead concentration = 1,260 mg/kg) 

2) The area near geophysical Anomaly Area No. 23 (average concentration = 3,032 mg/kg) 

3) The former Tennis Court Area (2,080 mg/kg in sample PEN-43-SS21). 

The results of the IEUBK model evaluation for subsurface soil [based on an average concentration of 

274 mg/kg (i.e., all Site 43 subsurface soil samples)] indicate that the estimated geometric mean blood-

lead level for a child resident is 4.049 µg/dL.  This blood-lead level is less than the established level of 

concern (10 µg/dL).  Approximately 2.72 percent of children assumed to be exposed to subsurface soil 

are expected to experience blood-lead levels greater than 10 µg/dL.  This estimate is less than USEPA’s 

goal of limiting exposure to lead so that no more than 5 percent of the exposed children have an 

estimated blood-lead level greater than the established level of concern (i.e.,10 µg/dL).  Note that lead 

concentrations in six subsurface soil samples (427, 519, 1,365, 1,370, 1,460, and 5,500 mg/kg) exceeded 

the 400 mg/kg screening level.  These samples are located within or near the interim removal action 

excavation area at a depth range of 2 to 4 feet bls.  The average lead concentration of samples within this 

area and depth range is 1,355 mg/kg and the average concentration of samples outside this area and at 

greater depths is 3.9 mg/kg.  If the IEUBK model is run using a lead concentration of 1,355 mg/kg, the 

predicted blood lead level is 11.662 µg/dL and 62.822 percent of children are expected to have blood-

lead levels greater than 10 µg/dL.  These values exceed the USEPA benchmarks for exposure to lead. 

The results of the IEUBK model evaluation for groundwater (based on the maximum detected 

concentration of 29.9 ug/L) indicate that the estimated geometric mean blood-lead level for a child 

resident is 5.242 µg/dL.  This blood-lead level is less than the established level of concern (10 µg/dL).  

Approximately 8.469 percent of children assumed to be exposed to groundwater are expected to 

experience blood-lead levels greater than 10 µg/dL.  This estimate is greater than USEPA’s goal of 
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limiting exposure to lead so that no more than 5 percent of the exposed children have an estimated 

blood-lead level greater than the established level of concern (i.e., 10 µg/dL). 

The results of the IEUBK model analysis indicate that blood-lead levels of children exposed to lead in soil 

and groundwater at Site 43 may be greater than the USEPA goal of 10 µg/dL.  The results of the IEUBK 

model are presented in Appendix E. 

Adult Lead Model Results

This section presents the results of the ALM evaluation.  Full time workers, construction workers, and 

recreational users were evaluated for exposure to lead in surface soil and full time workers and 

construction workers were evaluated for exposure to lead in subsurface soil using average 

concentrations across the site.  The following table summarizes the results of the Adult Lead Model 

analysis.

ADULT LEAD MODEL RESULTS 

Receptor

Predicted Adult Blood 

Lead Level 

(ug/Dl)

Probability that fetal 

Blood Lead Level Will 

Exceed 10 ug/dL 

Exceeds USEPA Goal ? 

Surface Soil (average concentration = 1,080 mg/kg)1

Full Time Worker 3.1 – 3.3 4.1 – 7.0 Yes 

Construction Worker 4.7 – 4.9 12.3 – 16.3 Yes 

Recreational User 2.1 – 2.3 1.3 – 3.1 No 

Subsurface Soil (average concentration = 274 mg/kg)1

Full Time Worker 1.9 -2.1 0.9 – 2.3 No 

Construction Worker 2.3 – 2.5 1.7 – 3.7 No 

1.  Lead concentrations are averages of samples across the entire site (40,000 ft
2
 or approximately 1 acre).  The concentrations and risks presented in the table do 

not account for local “hotspots” as discussed for the IEUBK Model evaluation of lead in soils presented above. 

As shown in the table, the central estimate blood-lead levels for full time occupational workers, 

construction workers, and recreational users exposed to the average concentration of lead in surface soil 

(1,080 mg/kg) were less than the USEPA level of concern of 10 µg/dL.  However, more than 5 percent of 

the exposed children (i.e., unborn fetuses) are predicted to have estimated blood-lead levels greater than 

the established level of concern (i.e., 10 µg/dL). 

The predicted blood lead levels and probabilities of exceeding the blood-lead goal of 10 µg/dL for 

exposure to the average concentration of lead in subsurface soil (274 mg/kg) across the site are 
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acceptable for all potential receptors.  However, as detailed in the discussion for the preceding IEUBK 

Model evaluation, the average lead concentration for subsurface soil samples in the removal action 

excavation area at a depth range of 2 to 4 feet is 1,355 mg/kg.  If the ALM model is run using a lead 

concentration of 1,355 mg/kg, the probabilities that blood-lead levels of fetuses of occupational workers 

and construction workers would be greater than 10 µg/dL exceeds the USEPA’s goal of 5 percent. 

In summary, the results of the TRW adult lead model evaluations indicate that the probability of workers 

having children with blood-lead levels greater than 10 µg/dL exceed the USEPA’s goal of five percent.  

The results of the TRW modeling are presented in Appendix E. 

6.1.6 Risk Characterization Using FDEP Rules 62-777 and 62-780, FAC

This section describes the State of Florida methodology used to evaluate risks for exposure to chemicals 

detected in soil and groundwater at Site 43. The risk assessment methodology is based on guidance 

provided in Rule 62-780, FAC, which makes use of a phased risk-based corrective action process that is 

iterative and tailors site rehabilitation to site-specific conditions and risks.  Rule 62-780 is used in 

conjunction with Rule 62-777, FAC, which provides the methodology used to establish the FDEP CTLs 

for the residential, commercial/industrial, or alternate land use scenarios.  The methodologies described 

in the following paragraphs are presented in Appendix D and Appendix E of the Technical Report for 

Chapter 62-777 FAC (FDEP, February 2005). 

The FDEP risk characterization is performed, in part, through a series of tables in which concentrations of 

chemicals detected at a site are compared to various FDEP soil and groundwater criteria or to criteria 

developed according to guidelines presented in Chapter 62-777 FAC.  The soil criteria include SCTLs for 

direct contact (i.e., ingestion, dermal contact, and inhalation), SCTLs for leachability to groundwater, soil 

saturation concentrations (Csat) for an evaluation of free product, and background levels for metals.  The 

groundwater criteria include CTLs for direct contact with groundwater (based on ingestion), water 

solubility values for evaluating the potential for the presence of free product (for organic chemicals), and 

background levels for metals. 

6.1.6.1 Florida Methodology for Evaluating Soil 

Using the guidance provided in Rules 62-780 and 62-777, soil at Site 43 was evaluated for the following 

land use scenarios: 

 Residential land use [Risk Management Option (RMO)Level I] 

 Commercial/industrial land use (RMO Level II) 

 Recreational land use (RMO Level III) 
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The evaluation of the hypothetical future residential and commercial/industrial land use of a site is 

described under RMO Levels I and II, respectively, of Rule 62.780.680.  RMO Level III of the rule allows 

for the development and use of alternative SCTLs based on, for example, a site-specific risk assessment.  

In this risk assessment, alternative SCTLs were calculated for a recreational user/trespasser using the 

equations provided in Chapter 62-777 FAC, the most recent toxicological information presented in IRIS, 

and the exposure factors presented in Section 6.1.3.3. 

The surface and subsurface soils at Site 43 were first evaluated for residential land use (Level I) by a 

comparison of chemical concentrations in soils to the relevant SCTLs.  The process is then repeated for 

the commercial/industrial land use (Level II) and a potential recreational land use (Level III).  The 

comparisons conducted for each level are presented in a Tables 6-6 through 6-14 with the chemicals 

exceeding the relevant screening levels (i.e., the potential COCs) highlighted.  Supporting documentation 

is presented in Appendix E, as necessary.  Using the guidance provided in Chapters 62-777 and 62-780 

the following evaluations were performed for Site 43: 

Comparison with Direct Contact SCTLs.  According to the FDEP guidance documents, under 

Risk Management Options Level I and Level II, the maximum detected concentration of each 

contaminant detected in soil may be compared with the respective default SCTL listed in Chapter 

62-777, FAC or, the 95% UCL of the mean of the site concentrations can be compared with 

apportioned chronic toxicity-based SCTLs.  Under Risk Management Option Level III, UCLs must 

be compared with apportioned chronic toxicity-based SCTLs only. 

In this risk assessment, for RMO Levels I and II, maximum detected surface and subsurface soil 

concentrations are compared to the default (non-apportioned) SCTLs because an initial review of 

the analytical data, the maximum detected concentrations, and the EPCs (calculated as 

described in Section 6.1.3.3) indicated the list of COCs potentially requiring remediation would 

not change if the maximum detected concentration versus the EPC were evaluated using the 

default SCTLs (non-apportioned or apportioned).  Therefore, if the maximum detected 

concentration for a chemical exceeds the direct contact SCTL for RMO Levels I and II (and 

background levels for metals), the constituent is identified as a potential COC and may be further 

evaluated using various apportionment approaches described in the following sections. 

Methods of Apportioning the SCTLs

Simple Apportionment. For situations in which apportionment is applicable, several methods of 

apportionment are available, as described in Appendix D of the Technical Report.  The most 

straightforward method is simple apportionment.  For simple apportionment, the default SCTL for
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TABLE 6-8

FLORIDA LEVEL 3 (RECREATIONAL) DIRECT CONTACT EVALUATION - SURFACE SOIL
SITE 43 REMEDIAL INVESTIGATION REPORT

NAS PENSACOLA
PENSACOLA, FLORIDA

Rev. 2
11/06/06

CAS No. Parameter Frequency of 
Detection

Exposure Point 
Concentration (1)

Sample of Maximum 
Detection

Background 
Value(2)

Non-Apportioned Florida 
Recreational SCTL- 
Direct Contact (3)

Ratio of 
Maximum 

Concentration/ 
Non-apportioned 

Residential 
SCTL

Target Organ    
(4)

Simple 
Apportioned 

Florida 
Recreational 
SCTL- Direct 
Contact (5)

Is Maximum      
Concentration / 

Apportioned 
Recreational 

SCTL Ratio > 3 ?

Is Chemical a  
Potential Level 3 

COC ? (6)
Rationale/Comments

Semivolatile Organics  (mg/kg)
90-12-0 1-METHYLNAPHTHALENE 1/20 0.003 J 0.003 PEN-43-SS2401 NA(7) 12000 N 2.5E-07 Nasal 12000 No No Maximum/SCTL ratio <0.1
91-57-6 2-METHYLNAPHTHALENE 7/20 0.009 J 0.005 PEN-43-SS2401 NA 12000 N 7.5E-07 Nasal 12000 No No Maximum/SCTL ratio <0.1
83-32-9 ACENAPHTHENE 5/20 0.003 J 0.002 PEN-43-SS2401 NA 190000 N 1.6E-08 Liver 190000 No No Maximum/SCTL ratio <0.1
208-96-8 ACENAPHTHYLENE 11/20 0.011 J 0.004 PEN-43-SS2501 NA 190000 N 5.8E-08 Liver 190000 No No Maximum/SCTL ratio <0.1
120-12-7 ANTHRACENE 17/20 0.017 J 0.01 PEN-43-SS2801 NA 1000000 N 1.7E-08 None specified 1000000 No No Maximum/SCTL ratio <0.1
191-24-2 BENZO(G,H,I)PERYLENE 19/20 0.11 J 0.06 PEN-43-SS2801 NA 110000 N 1.0E-06 Neurological 110000 No No Maximum/SCTL ratio <0.1

206-44-0 FLUORANTHENE 20/20 0.28 J 0.2 PEN-43-SS2401 NA 64000 N 4.4E-06 Blood, Kidney , 
Liver 64000 No No Maximum/SCTL ratio <0.1

86-73-7 FLUORENE 1/20 0.003 J 0.002 PEN-43-SS1801-D NA 140000 N 2.1E-08 Blood 140000 No No Maximum/SCTL ratio <0.1
91-20-3 NAPHTHALENE 9/20 0.003 J 0.002 PEN-43-SS2701 NA 4400 N 6.8E-07 Nasal 4400 No No Maximum/SCTL ratio <0.1
85-01-8 PHENANTHRENE 20/20 0.085 0.05 PEN-43-SS2801 NA 110000 N 7.7E-07 Kidney 110000 No No Maximum/SCTL ratio <0.1
129-00-0 PYRENE 20/20 0.19 0.1 PEN-43-SS2401 NA 110000 N 1.7E-06 Kidney 110000 No No Maximum/SCTL ratio <0.1
50-32-8 CARCINOGENIC PAHS 20/20 0.3 0.2 PEN-43-SS2801 NA 0.8 C 7.2E-01 Carcinogen 0.4 No No EPC < Simple Apportioned SCTL
117-81-7 BIS(2-ETHYLHEXYL)PHTHALATE 3/20 0.87 0.4 PEN-43-SS3501 NA 480 C 1.8E-03 Liver, Carcinogen 480 No No Maximum/SCTL ratio <0.1
84-74-2 DI-N-BUTYL PHTHALATE 2/20 1.2 1.2 PEN-43-SS2001 NA 180000 N 6.7E-06 Mortality 180000 No No Maximum/SCTL ratio <0.1

Inorganics  (mg/kg)

7440-38-2 ARSENIC 11/12 8 8 PEN-43-SS2801 1.56 9.4 C 8.5E-01 Cardiovascular, 
Skin, Carcinogen 9.4 No No EPC < Simple Apportioned SCTL

7440-39-3 BARIUM 12/12 726 546 PEN-43-SS2801 4.63 251000 N 2.9E-03 Cardiovascular 251000 No No Maximum/SCTL ratio <0.1
7440-50-8 COPPER 17/17 889 357 PEN-43-SS2401 5.74 146000 N 6.1E-03 Gastrointestinal 146000 No No Maximum/SCTL ratio <0.1
7439-92-1 LEAD 17/17 7360 1080 PEN-43-SS2801 7.32 3000 2.5E+00 --- 3000 No No EPC < Simple Apportioned SCTL
7440-62-2 VANADIUM 9/9 73.1 73.1 PEN-43-SS2801 5.83 3650 N 2.0E-02 Hair Loss 3650 No No Maximum/SCTL ratio <0.1

Shaded cells indicate that the specified criterion or background level has been exceeded or that the chemical has been selected as a potential COC.

Footnotes:
1    Exposure point concentrations (EPCs) are maximum concentrations or 95 % upper confidence limits (UCLs) on the arithmetic mean as determined by statistical tests and calculations performed by Florida's UCL Calculator.
2     To determine whether metal concentrations were within background levels,  soil concentrations were compared to facilty background levels described in Section 6.1.1.1.  If the maximum concentration of a chemical
        is less than the background value, that chemical was not selected as a COPC.
3    SCTLs for recreational users were developed using the methods presented in Chapter 62-777, FAC, April  2005 and the most current toxicological data available in IRIS.
       The recreational users are assumed to be exposed 45 days per year by ingestion, inhalation, and dermal contact.  Calculations of the recreational SCTLs are presented in Appendix D.
4    Target organs are obtained from Table II, Soil Cleanup Target Levels (SCTLs) for Chapter 62-777, FAC, Florida Department of Environmental Protection (FDEP), April  2005.
5    Values of the simple apportioned SCTLs are determined by dividing the non-apportioned SCTL by the number carcinogenic chemicals or by the number of chemicals impacting the same target organ for noncarcinogens as defined by Chapter 62-777 F.A.C.  Chemicals
       with maximum concentrations less than 0.1 of the non-apportioned SCTL are not included in the apportionment process. 
6    A chemical is selected as a potential COC if the maximum concentration is greater than 3 times  the non-apportioned SCTL or if the EPC is greater than the apportioned SCTL, and, for metals, if the site concentrations exceed background levels.
7    NA - Not Applicable.   According to Rule 62-780 only naturally occurring (inorganic) constituents are considered in the background evaluation.

Maximum 
Concentration 
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TABLE 6-12

FLORIDA LEVEL 3 (RECREATIONAL) DIRECT CONTACT EVALUATION - SUBSURFACE SOIL
SITE 43 REMEDIAL INVESTIGATION REPORT

NAS PENSACOLA
PENSACOLA, FLORIDA

Rev. 2
11/06/06

CAS No. Parameter Frequency of 
Detection

Exposure Point 
Concentration (1)

Sample of Maximum 
Detection

Background 
Value(2)

Non-Apportioned Florida 
Recreational SCTL- Direct 

Contact (3)

Ratio of 
Maximum 

Concentration/ 
Non-apportioned 

Residential 
SCTL

Target Organ    
(4)

Simple 
Apportioned 

Florida 
Recreational 
SCTL- Direct 

Contact         
(5)

Is Maximum      
Concentration / 

Apportioned 
Recreational 

SCTL Ratio > 3 ?

Is Chemical a  
Potential Level 3 

COC ? (6)
Rationale/Comments

Semivolatile Organics  (mg/kg)
92-52-4 1,1-BIPHENYL 1/40 0.28 J 0.28 PEN-43-SB1401 NA(7) 150000 N 1.87E-06 Kidney 150000 No No Maximum/SCTL ratio <0.1,  Frequency 
90-12-0 1-METHYLNAPHTHALENE 2/40 0.54 J 0.54 PEN-43-SB1401 NA 12000 N 4.50E-05 Nasal 12000 No No Maximum/SCTL ratio <0.1
91-57-6 2-METHYLNAPHTHALENE 9/40 0.67 0.09 PEN-43-SB1401 NA 12000 N 5.58E-05 Nasal 12000 No No Maximum/SCTL ratio <0.1
83-32-9 ACENAPHTHENE 3/40 1.8 0.2 PEN-43-SB1401 NA 190000 N 9.47E-06 Liver 190000 No No Maximum/SCTL ratio <0.1
208-96-8 ACENAPHTHYLENE 4/40 0.008 J 0.003 PEN-43-SB1101 NA 190000 N 4.21E-08 Liver 190000 No No Maximum/SCTL ratio <0.1
120-12-7 ANTHRACENE 8/40 8 1 PEN-43-SB1401 NA 1000000 N 8.00E-06 None specified 1000000 No No Maximum/SCTL ratio <0.1
191-24-2 BENZO(G,H,I)PERYLENE 7/40 4.6 J 0.6 PEN-43-SB1401 NA 110000 N 4.18E-05 Neurological 110000 No No Maximum/SCTL ratio <0.1
86-74-8 CARBAZOLE 1/40 2.8 2.8 PEN-43-SB1401 NA 330 C 8.48E-03 Carcinogen 330 No No Maximum/SCTL ratio <0.1,  Frequency 
132-64-9 DIBENZOFURAN 1/40 1.7 1.7 PEN-43-SB1401 NA 5900 N 2.88E-04 None specified 5900 No No Maximum/SCTL ratio <0.1,  Frequency 

206-44-0 FLUORANTHENE 15/40 30 4 PEN-43-SB1401 NA 64000 N 4.69E-04 Blood, Kidney , 
Liver 64000 No No Maximum/SCTL ratio <0.1

86-73-7 FLUORENE 2/40 1.7 1.7 PEN-43-SB1401 NA 140000 N 1.21E-05 Blood 140000 No No Maximum/SCTL ratio <0.1
91-20-3 NAPHTHALENE 8/40 2.4 J 0.3 PEN-43-SB1401 NA 4400 N 5.45E-04 Nasal 4400 No No Maximum/SCTL ratio <0.1
85-01-8 PHENANTHRENE 12/40 28 4 PEN-43-SB1401 NA 110000 N 2.55E-04 Kidney 110000 No No Maximum/SCTL ratio <0.1
129-00-0 PYRENE 12/40 17 J 2 PEN-43-SB1401 NA 110000 N 1.55E-04 Kidney 110000 No No Maximum/SCTL ratio <0.1

50-32-8 CARCINOGENIC PAHS 15/40 14.8 2 PEN-43-SB1401 NA 0.8 C 1.85E+01 Carcinogen 0.4 Yes Yes EPC >Simple Apportioned SCTL, 
Maximum/Non-Apportioned SCTL Ratio> 3

84-74-2 DI-N-BUTYL PHTHALATE 4/40 1.2 0.4 PEN-43-SB0901 NA 180000 N 6.67E-06 Mortality 180000 No No Maximum/SCTL ratio <0.1
Inorganics  (mg/kg)

7440-38-2 ARSENIC 24/40 11.4 J 3 PEN-43-SB1401 1.56 18.7 C 6.10E-01 Cardiovascular, 
Skin, Carcinogen 9.4 No No EPC <Simple Apportioned SCTL

7440-39-3 BARIUM 39/40 939 J 195 PEN-43-SB1401 4.63 251000 N 3.74E-03 Cardiovascular 251000 No No Maximum/SCTL ratio <0.1
7440-50-8 COPPER 39/40 3380 566 PEN-43-SB1101 5.74 146000 N 2.32E-02 Gastrointestinal 146000 No No Maximum/SCTL ratio <0.1
7439-92-1 LEAD 38/40 5500 J 274 PEN-43-SB1401 7.32 3000 1.83E+00 --- 3000 No No EPC < Simple Apportioned SCTL
7440-62-2 VANADIUM 39/40 156 27 PEN-43-SB1401 5.83 3650 N 4.27E-02 Hair Loss 3650 No No Maximum/SCTL ratio <0.1

Shaded cells indicate that the specified criterion or background level has been exceeded or that the chemical has been selected as a potential COC.

Footnotes:
1    Exposure point concentrations (EPCs) are maximum concentrations or 95 % upper confidence limits (UCLs) on the arithmetic mean as determined by statistical tests and calculations performed by Florida's UCL Calculator.
2     To determine whether metal concentrations were within background levels, soil concentrations were compared to facility background levels described in Section 6.1.1.1.  If the maximum concentration of a chemical
        is less than the background value, that chemical was not selected as a COPC.
3    SCTLs for recreational users were developed using the methods presented in Chapter 62-777, FAC, April  2005 and the most current toxicological data available in IRIS.
       The recreational users are assumed to be exposed 45 days per year by ingestion, inhalation, and dermal contact.  Calculations of the recreational SCTLs are presented in Appendix D.
4    Target organs are obtained from Table II, Soil Cleanup Target Levels (SCTLs) for Chapter 62-777, FAC, Florida Department of Environmental Protection (FDEP), April  2005.
5    Values of the simple apportioned SCTLs are determined by dividing the non-apportioned SCTL by the number carcinogenic chemicals or by the number of chemicals impacting the same target organ for noncarcinogens as defined by Chapter 62-777 FAC. Chemicals
       with maximum concentrations less than 0.1 of the non-apportioned SCTL are not included in the apportionment process. 
6    A chemical is selected as a potential COC if the maximum concentration is greater than 3 times  the non-apportioned SCTL or if the EPC is greater than the apportioned SCTL, and, for metals, if the site concentrations exceed background levels.
7    NA - Not Applicable.   According to Rule 62-780 only naturally occurring (inorganic) constituents are considered in the background evaluation.

Maximum 
Concentration 
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each chemical is divided by the number of chemicals that produce the same type of toxicity.  For 

carcinogens, the value of the simple apportioned SCTL is calculated by dividing the non-

apportioned SCTL (residential, commercial/industrial, or recreational) by the number carcinogenic 

chemicals detected in a surface or subsurface soil dataset.  For example, if five carcinogens were 

detected in a surface soil dataset for a site, the simple apportioned SCTLs for carcinogens are 

the non-apportioned SCTLs divided by 5 (FDEP, February 2005).  For noncarcinogens, the 

simple apportioned SCTL is determined by dividing the non-apportioned SCTL by the number of 

chemicals impacting the same target organ.  If the liver, for example, is identified as the target 

organ for 7 noncarcinogens in a dataset, the simple apportioned SCTLs for those chemicals are 

the non-apportioned values divided by 7. 

Not all SCTLs should be apportioned.  The Technical Report (FDEP, February 2005) lists the 

following exceptions to apportioning: 

1. Do not apportion an SCTL based on natural background concentration or a practical quantitation 

limit. These are criteria that are not directly risk-based and, therefore, are not subject to 

apportionment.

2. Do not apportion an SCTL based on acute toxicity. These SCTLs are always regarded as not-to-

exceed values, and the default value should be compared with the maximum concentration on 

site. (Note that acute toxicity SCTLs are applicable only in situations where small children might 

be present, such as a residence, playground, or school).  Of the chemicals detected in soil at 

Site 43, the residential SCTLs for barium, copper, and vanadium are acute values. 

3. Do not apportion lead (Pb) SCTLs.  Both residential and commercial/industrial lead SCTLs are 

based on a unique type of toxicological analysis that is not amenable to the standard 

apportionment process. 

4. Do not apportion the SCTLs for chemicals present in low concentrations. Eliminate from 

consideration at a site chemicals whose maximum concentration is less than or equal to 1/10 the 

default SCTL.  Chemicals present in low concentrations are unlikely to contribute substantially to 

risk and unnecessarily complicate the apportionment process.  As shown in Tables 6-6 through 

6-12, the maximum concentrations of most detected chemicals (all except the carcinogenic 

PAHs, arsenic, barium, copper, lead, and vanadium) were less than 1/10 of the default SCTLs for 

surface and subsurface soil.  Therefore, the SCTLs for most chemicals detected in soil at Site 43 

were not apportioned. 
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5. Do not apportion the SCTLs for chemicals detected infrequently. A chemical can be eliminated 

from consideration at a site if it is detected a) in only one out of 10 or more samples, or 5 percent 

or fewer out of 20 or more samples, and in only one environmental medium; and b) in low 

concentrations (no more than the default SCTL); and c) there is no reason to believe that the 

chemical may be present due to historical site activities. These criteria are intended to eliminate 

chemical detections that are artifacts from sampling, analytical, or other problems. They are not 

intended to eliminate chemicals present due to site activities in localized areas of contamination. 

 Weighted Apportionment. In most situations, simple apportionment will be overly conservative in 

that the sum of the risks represented by the individual chemical SCTLs are likely to be below 

FDEP target risks of 1x10-6 and a HI (for each target organ/system or effect) of 1.  This can be 

avoided by weighted apportioning.  One method of weighted apportioning involves calculation of 

ratios of the 95% UCLs for chemicals to their SCTLs.  The 95% UCL for each chemical subject to 

apportionment is divided by its default SCTL.  If the sum of the ratios is less than 1, the chemicals 

have met the FDEP’s risk goals.  If the sum is greater than 1, dividing the concentration of each 

by the sum of the ratios will yield apportioned SCTLs that match exactly the risk goals.  In this 

approach, steps to achieve the apportioned SCTLs are expected to produce proportional 

decreases in the concentrations of each chemical.  This approach makes sense if the chemicals 

are co-located, such that removal of one chemical results in similar reduction in others. 

 Non-Proportional Weighted Apportionment. Another method of weighted apportionment is non-

proportional reductions in default SCTLs among chemicals with additive effects.  As with other 

methods, the objective of the reduction in default SCTLs is to achieve a situation in which the 

sum of the risks posed by apportioned SCTLs does not exceed FDEP’s risk goals for any health 

effect.  However, in this approach, the reduction may be taken unevenly among the chemicals.  

This approach is useful if the chemicals are not co-located, and removal of one or more 

chemicals can be achieved more easily or more economically than the others.  Risks can be 

distributed optimally among the apportioned SCTLs based on site conditions, as long as the 

sums of the risks they represent meet the goals of 1x10-6 excess cancer risk and a HI of 1. 

Weighted apportionment is performed on a chemical by chemical basis when it is feasible and 

appropriate, as determined by the human health risk assessor.  In practice, weighted apportionment is 

often an option when cumulative quantitative risk assessment results derived as described in preceding 

sections are less than FDEP risk benchmarks (i.e., a cancer risk estimate of 1x10-6 for carcinogens and 

an HI of 1 for noncarcinogens). 
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When the 95% UCL approach is used to develop exposure concentrations, two criteria must be satisfied 

when comparing site concentrations to the SCTLs, either default or alternative: 

1. The 95% UCL must meet or be below the apportioned SCTL; and 

2. The maximum concentration remaining on site must meet or be below a concentration three-

times the unapportioned SCTL in Risk Management Option Levels I and II, and below three-times 

the apportioned SCTL in Risk Management Option Level III.  Using the 95% UCL as the basis to 

determine whether the SCTL has been achieved for a site means that some areas can have 

concentrations above the SCTL, as long as other areas are below.  In this context, it is important 

to insure that concentrations above the SCTL allowed to remain do not constitute an 

unacceptable health risk. 

In the risk assessment for Site 43, SCTLs were apportioned (by simple apportionment) for Risk 

Management Option Level III.  In the Level III evaluations, only the maximum concentrations of 

carcinogenic PAHs and lead were more than three times their respective non-apportioned SCTLs and 

these constituents were selected as potential COCs for soil. 

Comparison with Leachability-Based SCTLs 

The potential for leaching was addressed through comparisons with SCTLs for Leachability Based on 

Groundwater Criteria (FDEP, February 2005).  Unlike direct contact SCTLs, which are based primarily on 

long-term exposure covering a specified area, leachability-based  default SCTLs are intended to protect 

water resources at all locations.  Consequently, maximum rather than average (or 95% UCL) 

concentrations are compared with leaching criteria.  If the maximum concentration of a chemical exceeds 

its respective leachability SCTL, that chemical is identified as a potential COC. 

Evaluation of Free Product in Soil

The potential for the presence of free product (for organic chemicals) was evaluated by comparing 

maximum site concentrations to Csat limits.  The Csat values are provided in Table 8 of Chapter 62-777 

FAC (FDEP, February 2005).  The Csat comparisons indicated the concentrations of all organic chemicals 

detected in soil at the sites evaluated in this report were significantly less than the Csat levels.  Therefore, 

it is unlikely these chemicals are present as free product at any of the sites.  Note that FDEP provides Csat

values for only a few chemicals (1-methylnaphthalene, bis(2-ethylhexyl)phthalate, and di-n-butyl 

phthalate) detected is surface and subsurface soil at Site 43 and this analysis is not applicable to most of 

the chemicals detected at Site 43. 



  Rev. 2 
  11/06/06 

TtNUS/TAL-05-056/4821/5.2 6-50 CTO 0355

6.1.6.2 Florida Methodology for Evaluating Groundwater 

This section describes the methodology used to evaluate groundwater at Site 43 using guidelines 

presented in Rules 62-780 and 62-777, FAC.  A detailed discussion of the FDEP approach for evaluating 

groundwater is presented in Appendix E of the Rule 62-777 Technical Report (FDEP, February 2005). 

As with soil, the FDEP risk characterization for groundwater is performed by comparing concentrations of 

chemicals detected in groundwater with FDEP groundwater criteria (or to criteria developed according to 

guidelines presented in Chapters 62-777, if necessary).  The GCTLs are based on primary and 

secondary standards (e.g., MCLs) or on human health risk-based criteria, assuming that the groundwater 

is used as a potable water source (and are based on the ingestion route of exposure only).  For 

contaminants that do not produce cancer, the risk-based CTLs are calculated based on a HI of 1 and 

incorporate a default relative source contribution factor of 0.2.  The relative source contribution factor 

means, in effect, that no more than 20 percent of the total allowable intake of the contaminant can come 

from contaminated water.  For carcinogens, the default GCTL is based on an excess cancer risk of 1 x 

10-6.

For groundwater at Site 43, only the CTLs for acetone and chloroform are risk-based values.  The CTLs 

for all other detected chemicals are primary or secondary standards.  The guidance presented in 62-777 

Technical Report states that CTLs based on primary or secondary standards should not be apportioned.

As with soils, if alternative CTLs are developed, the default values should be apportioned.  However, the 

alternate CTLs should not be lower than the primary or secondary standard. 

Using the guidance provided in Rules 62-780 and 62-777, groundwater at Site 43 was evaluated for 

residential land use (Risk Management Option Level I).  In Risk Management Option Level I, the 

applicable CTL is usually the default value for that contaminant in the groundwater as presented in 

Table 1 of the Technical Report.  If groundwater has the potential to impact surface water, demonstrated 

by monitoring well data, groundwater flow rate and direction, or fate and transport modeling, the 

appropriate marine surface water or freshwater surface water CTL also applies to groundwater.  

However, based on information presented in the SCR, (TtNUS, Inc., January 2004), groundwater at Site 

43 has little potential to impact a surface water body.  Therefore, the groundwater evaluation is based on 

comparison to GCTLs only. 

The following evaluations for Site 43 were performed according to Rules 62-777 and 62-780: 

Comparison of maximum detected concentrations to GCTLs.  Comparing the GCTLs to 

maximum detected groundwater concentrations is appropriate for Site 43 because, as stated 

previously, the CTLs for all but two detected chemicals are primary or secondary standards and 
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the list of potential COCs would not change if CTLs were apportioned.  If the maximum detected 

concentration for a chemical exceeds the CTL (and background levels for metals), the constituent 

is identified as a potential COC for the site. 

Evaluation of free product in groundwater. The potential for the presence of free product (for 

organic chemicals) was evaluated by comparing maximum site concentrations to water solubility 

values presented in Table 4, Chapter 62-777, FAC (FDEP, April 2005).  The water solubility

comparisons indicated the concentrations of the few organic chemicals detected in groundwater 

at Site 43 in 2005 were significantly less than their respective water solubilities.  Therefore, it is 

unlikely these chemicals are present as free product in groundwater at the site. 

6.1.6.3 Risk Characterization Using State of Florida Guidelines 

This section contains a summary of the results of the risk characterization for Site 43 conducted using 

guidelines presented in Florida Rule 62-780, FAC and the Rule 62-777 Technical Report.  The results are 

summarized in Tables 6-6 through 6-14 and are discussed below. 

6.1.6.3.1 Results of Surface Soil Evaluation – Florida Methodology

Level 1 Evaluation (Residential)

Table 6-6 presents a comparison of the maximum detected chemical concentrations in surface soil to the 

FDEP residential SCTLs.  The following chemicals were identified as exceeding the Level 1 SCTLs and 

were retained as potential COCs for residential exposures to surface soil at Site 43: 

 Carcinogenic PAHs (expressed as benzo(a)pyrene equivalents) 

 Inorganics (arsenic, barium, copper, lead, and vanadium) 

The maximum detected concentrations of arsenic, barium, copper, and lead also exceeded three times 

the residential SCTLs. 

Level 2 (Industrial)

The results of the Level 1 evaluation identified six potential COCs; therefore, a Level 2 evaluation was 

conducted.  A comparison of the maximum chemical concentrations in surface soil to the FDEP industrial 

SCTLs is presented in Table 6-7.  The following constituent was identified as exceeding the Level 2 

SCTL, and was retained as a potential COC for industrial exposures to surface soil at Site 43: 

 Lead 
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Level 3 (Recreational)

The results of the Level 2 evaluation identified one potential COC (lead); therefore, a Level 3 evaluation 

was conducted assuming a future recreational land use scenario for Site 43.  Alternative SCTLs for 

recreational exposures were derived following the methodology presented in Section 6.1.3.3.  A 

comparison of the maximum detected chemicals concentrations and EPCs for surface soil to the 

alternative CTLs is presented in Table 6-8.  As shown in the table, the EPCs for all constituents were less 

than the apportioned alternate SCTLs and the maximum concentrations were less than three times the 

non-apportioned Level 3 alternative SCTLs.  Therefore, no constituents were retained as potential COCs 

for recreational exposure to surface soil at Site 43. 

Comparison of Chemicals in Surface Soil with Leachability SCTLs

Table 6-9 presents comparisons of maximum detected concentrations in surface soil with Florida criteria 

based on leachability to groundwater.  As shown in the table, maximum concentrations of all detected 

chemicals were less than the leachability criteria indicating that there is minimal potential for 

contaminants detected in surface soil to adversely impact groundwater.  Table 6-9 also presents 

comparisons of maximum concentrations with soil saturation concentrations to evaluate the potential for 

presence of free product.  As shown in the table, the concentrations of organic compounds in surface soil 

were significantly less than the Csat concentrations (for three compounds only), indicating that free 

product is not present in surface soil. 

6.1.6.3.2 Results of Subsurface Soil Evaluation – Florida Methodology

Level 1 Evaluation (Residential)

Table 6-10 presents a comparison of the maximum detected concentrations for subsurface soil to the 

FDEP residential SCTLs.  The following chemicals were identified as exceeding the Level 1 SCTLs and 

were retained as potential COCs for residential exposures to subsurface soil at Site 43: 

 Carcinogenic PAHs (expressed as benzo(a)pyrene equivalents) 

 Inorganics (arsenic, barium, copper, lead, and vanadium) 

The maximum detected concentrations of carcinogenic PAHs, arsenic, barium, copper, and lead also 

exceeded three times the residential SCTLs. 
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Level 2 (Industrial)

The results of the Level 1 evaluation identified six potential COCs; therefore, a Level 2 evaluation was 

conducted.  A comparison of the maximum concentrations for subsurface soil to the FDEP industrial 

SCTLs is presented in Table 6-11.  The following constituents were identified as exceeding the Level 2 

SCTLs, and were retained as a potential COCs for industrial exposures to subsurface soil at Site 43: 

 Carcinogenic PAHs (expressed as benzo(a)pyrene equivalents) 

 Lead 

The maximum concentrations of carcinogenic PAHs and lead also exceeded three times the residential 

SCTLs. 

Level 3 (Recreational)

The results of the Level 2 evaluation identified two potential COCs (carcinogenic PAHs and lead); 

therefore, a Level 3 evaluation was conducted assuming a future recreational land use scenario.  

Alternative SCTLs for recreational exposures were derived following the methodology presented in 

Section 6.1.3.3.  A comparison of the maximum detected concentrations and EPCs for subsurface soil to 

the alternative CTLs is presented in Table 6-12.  The following constituents were identified as exceeding 

the Level 3 SCTLs, and were retained as a potential COCs for recreational exposures to subsurface soil 

at Site 43: 

 Carcinogenic PAHs (expressed as benzo(a)pyrene equivalents) 

The maximum concentration of carcinogenic PAHs also exceeded three times the residential SCTL.  

Consequently, carcinogenic PAHs were retained as potential COCs for subsurface soil. 

Comparison of Chemicals in Subsurface Soil with Leachability SCTLs

Table 6-13 presents comparisons of maximum detected concentrations in subsurface soil with Florida 

criteria based on leachability to groundwater. The following exceeded the leachability criteria: 

 1,1-Biphenyl 

 Carbazole 

 Naphthalene 

 Benzo(a)anthracene 

 Benzo(a)pyrene 

 Benzo(b)fluoranthene 

 Dibenzo(a,h)anthracene 
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These exceedances occurred in only 1 of 40 subsurface soil samples (sample PEN-43-SB-1401).  This 

sample also contained the highest concentrations of lead and other metals. Of the compounds listed 

above, only naphthalene is generally considered to be somewhat mobile in the environment.  The other 

chemicals are classified as highly immobile (on calculated mobility indices) and do not tend to leach 

under normal conditions but rather are transported on particulate matter.  Additionally, none of these 

compounds were detected in any groundwater samples.  Based on these facts, it does not appear that 

the contaminants detected in subsurface soil have the potential to adversely impact groundwater. 

Table 6-13 also presents comparisons of maximum concentrations with soil saturation concentrations to 

evaluate the potential for presence of free product.  As shown in the table, the concentrations of organic 

compounds in subsurface soil were significantly less than the Csat concentrations, indicating that free 

product is not present in subsurface soil. 

6.1.6.3.3 Results of Groundwater Evaluation – Florida Methodology

Level 1 Evaluation (Residential)

Groundwater was evaluated for future residential use (Level 1).  Table 6-14 presents a comparison of the 

maximum detected concentrations in groundwater to the FDEP GCTLs.  The following chemicals were 

identified as exceeding the Level 1 CTLs and were retained as potential COCs for residential exposures 

to groundwater at Site 43: 

 Inorganics (iron, lead, manganese) 

Lead was detected in 2 of 12 groundwater samples, only one of which exceeded the GCTL.  The 

maximum concentration (29.9 ug/L) was detected at well location PEN-43-13S in Anomaly Area No. 11.  

This area also contained elevated concentrations of lead in surface and subsurface soil  The maximum 

detected concentrations of iron and manganese also exceeded three times the GCTLs.  Note that GCTLs 

for iron (300 ug/L) and manganese (50 ug/L) are secondary standards which are not based on health 

effects but on aesthetic effects, such as taste and odor. 

6.1.7 Human Health Risk Uncertainty Analysis

This section presents a summary of uncertainties inherent in the risk assessment and includes a discussion 

of how they may affect the quantitative risk estimates and conclusions of the risk analysis.  The baseline 

HHRA for Site 43 was performed in accordance with current USEPA and Florida guidance.  However, there 

are varying degrees of uncertainty associated with the baseline HHRA.  The following sections discuss 

general uncertainties in risk assessment and uncertainties specific to the risk assessment for Site 43. 
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Uncertainty in the selection of COPCs was related to the current status of the predictive databases, the 

grouping of samples, the numbers, types and distributions of samples, data quality, and the procedures 

used to include or exclude constituents as COPCs.  Uncertainty associated with the exposure 

assessment included the values used as input variables for a given intake route or scenario, the 

assumptions made to determine EPCs, and the predictions regarding future land use and population 

characteristics.  Uncertainty in the toxicity assessment included the quality of the existing toxicity data 

needed to support dose-response relationships and the weight-of-evidence used to determine the 

carcinogenicity of COPCs.  Uncertainty in risk characterization was associated with exposure to multiple 

chemicals and the cumulative uncertainty from combining conservative assumptions made in earlier 

steps of the risk assessment process. 

Whereas there were various sources of random uncertainty and bias, the magnitude of bias and 

uncertainty and the direction of bias were influenced by the assumptions made throughout the risk 

assessment including selection of COPCs and selection of values for dose-response relationships.  

Throughout the entire risk assessment assumptions that considered safety factors were made so that the 

final calculated risks were overestimated (i.e., err on the side of safety). 

Generally, risk assessments carry two types of uncertainty: measurement and informational uncertainty.  

Measurement uncertainty refers to the usual variance that accompanies scientific measurements.  For 

example, this type of uncertainty is associated with analytical data collected for each site.  The risk 

assessment reflects the accumulated variances of the individual values used. 

Informational uncertainty stems from inadequate availability of information needed to complete the toxicity 

and exposure assessments.  Often, this gap is significant, such as the absence of information on the 

effects of human exposure to low doses of a chemical, the biological mechanism of action of a chemical, 

or the behavior of a chemical in soil. 

Once the risk assessment is complete, the results must be reviewed and evaluated to identify the type 

and magnitude of uncertainty involved.  Reliance on results from a risk assessment without consideration 

of uncertainties, limitations, and assumptions inherent in the process can be misleading.  For example, to 

account for uncertainties in the development of exposure assumptions, conservative estimates were 

made to ensure that the particular assumptions were protective of sensitive subpopulations or the 

maximum exposed individuals.  If a number of conservative assumptions are combined in an exposure 

model, the resulting calculations can propagate the uncertainties associated with those assumptions, 

thereby producing a much larger uncertainty for the final results.  This uncertainty is biased toward 

overpredicting both carcinogenic and non-carcinogenic risks.  Thus, both the results of the risk 
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assessment and the uncertainties associated with those results must be considered when making risk 

management decisions. 

This interpretation of uncertainty is especially relevant when the risks exceed the point of departure for 

defining "acceptable" risk.  For example, when risks calculated using a high degree of uncertainty are 

less than an acceptable risk level (i.e., 10-6), the interpretation of no significant risk is typically 

straightforward.  However, when risks calculated using a high degree of uncertainty exceed an 

acceptable risk level (i.e., 10-4), a conclusion can be difficult unless uncertainty is considered. 

6.1.7.1 Uncertainty in Selection of COPCs 

The most significant issues related to uncertainty in COPC selection were the usability of existing 

databases [i.e., the use of validated and unvalidated sample results (only validated data were used in this 

risk assessment) and the completeness, precision, and accuracy of the data set], the inclusion of 

chemicals potentially attributable to background in the quantitative risk assessment, the screening levels 

used, and the absence of screening levels for a few chemicals detected in the site media.  A brief 

discussion of each of these issues is provided in the remainder of this section. 

Usability and Completeness of Existing Databases 

Data from samples collected in March 2005 were used to assess risks to potential human receptors at 

Site 43.  The data were generally biased because samples were collected in areas of known or 

suspected contamination.  For example, surface soil samples were collected from Anomaly Areas No. 11, 

12, 13, 17, 18, 19, 21, 23, and 24, which, based on previous investigations, were known to contain 

contaminants that exceeded cleanup criteria. 

The surface and subsurface soils were analyzed for a limited number of metals (arsenic, barium, copper, 

lead, and vanadium).  Use of this limited list may underestimate risks but, as indicated in the Sampling 

and Analysis Plan for the 2005 sampling event, sampling at Site 43 was biased towards known or 

suspected contaminants and contaminated areas.  These metals were chosen for analysis because 

concentrations from previous investigations exceeded the revised remedial goals, as discussed in the 

Sampling and Analysis Plan.  Therefore, the sampling and analytical program should be adequate for 

characterizing site-related risks. 

All the data were validated according the USEPA guidance.  Data regarded as unreliable (i.e., qualified 

as "R" during the data validation process) were not used in the quantitative risk assessment.  The 

elimination of data qualified “R” may increase the uncertainty in the risk assessment.  However, the 

chemicals qualified “R” (e.g., 2-nitrophenol and benzaldehyde) are not typical constituents of concern at 
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Site 43.  Therefore, it is unlikely that risks have been underestimated by the removal of the unreliable 

data from the data sets. 

Chemicals Potentially Attributable to Background 

No chemicals in soil or groundwater were eliminated from the risk assessment on the basis of background 

only.  It is possible that risks for may be overestimated by the inclusion of some metals as COPCs.  Note 

that the background concentrations for soil are based on data from only two locations and background levels 

for groundwater are based on four locations.  Therefore, the background conditions for NAS Pensacola may 

not be adequately characterized.  For example, arsenic was selected as a COPC for surface and subsurface 

soil because the maximum detected concentrations in these media (8 and 14.6 mg/kg, respectively) 

exceeded the arsenic screening level and the background reference concentration (1.56 mg/kg).  USEPA 

Region 9 indicates that background levels of arsenic in the United States range from 0.1 to 97 mg/kg and 

ATSDR indicates a background range of 1 to 40 mg/kg.  The maximum detections of arsenic in soil at NAS 

Pensacola are at the low end of these concentrations ranges and it is possible that levels of arsenic at Site 

43 are naturally occurring. 

COPC Screening Levels 

The use of risk-based screening values (for the USEPA analysis) based on conservative land use 

scenarios (i.e., residential land use for soil and groundwater) corresponding to an ILCR of 10-6 and HI of 

0.1 ensured that all the significant contributors to risk from a site were evaluated.  The elimination of 

chemicals present at concentrations that correspond to an ILCR less than 10-6 and an HI less than 0.1 

should not affect the final conclusions of the risk assessment because those chemicals are not expected 

to cause a potential health concern at the detected concentrations. 

In the COPC screening for groundwater, a “CAL-Modified PRG” for TCE (1.4 ug/L) was used as the 

screening value for TCE instead of the USEPA Region 9 PRG (0.028 ug/L) which is based on a 

provisional NCEA cancer slope factor.  Consequently, TCE (maximum concentration = 0.8 ug/L) was not 

selected as a COPC.  The elimination of TCE as a COPC may result in an underestimation of risk.  

However, if TCE were evaluated in the quantitative risk assessment (EPC = 0.8 ug/L), the residential 

ILCR for TCE in groundwater would be less than 1x10-6  if the CAL-Modified toxicity criteria were used, 

and would be approximately 1x10-5, if the provisional USEPA toxicity values were used.  Therefore, the 

effect of omitting TCE from the quantitative risk assessment is negligible.  In addition, the maximum 

concentration of TCE is less than the USEPA MCL (5 ug/L) and the FDEP GCTL (3 ug/L). 
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Chemicals without Established Screening Levels 

Region 9 PRGs are currently not available for some constituents (e.g., 1-methylnaphthalene, 

2-methylnaphthalene, acenaphthylene, benzo(g,h,i)perylene, and phenanthrene).  Appropriate surrogates 

were selected for these chemicals based on similar chemical structures, if available.  For example, 

naphthalene was used as a surrogate for 1-methylnaphthalene and 2-methylnaphthalene, and pyrene 

was used as a surrogate for benzo(g,h,i)perylene and phenanthrene.  Applying the toxicity values 

available for one compound to another increases the uncertainty in the risk assessment both in regard to 

the selection of COPCs and the calculated risks.  The direction of the uncertainty is not known.  Note that 

the State of Florida does provide CTLs for these compounds and they were evaluated in the analysis 

using FDEP methodology.  Therefore, the uncertainty associated with the use of surrogates is likely to be 

minimal.

6.1.7.2 Uncertainty in the Exposure Assessment 

Uncertainty in the exposure assessment arose because of the methods used to calculate EPCs, the 

determination of land use conditions, the selection of receptors and scenarios, the estimation of EPCs, 

and the selection of exposure parameters.  Each of these is discussed below. 

Land Use 

The current land use patterns at NAS Pensacola are well established, thereby limiting the uncertainty 

associated with land use assumptions.  Land use at Site 43 is currently limited and is expected to be 

limited in the future, as long as NAS Pensacola remains open.  To be conservative, risks to potential and 

future construction workers, maintenance workers, occupational workers, recreational users, and on-site 

residents were estimated for the site.  Maintenance workers and recreational users are considered to be 

the most likely receptors under current land use. 

Exposure Point Concentrations

EPCs for soil were calculated using the Florida UCL Calculator (Version 0.97).  Uncertainty is associated 

with the use of the 95 percent UCL on the mean concentration as the EPC.  As a result of using the 

95% UCL, the estimations of potential risk for the RME scenario were most likely overstated because this 

is a representation of the upper limit that potential receptors would be exposed to over the entire 

exposure period.  In some cases (e.g., arsenic in soil), the maximum concentration was used as the EPC.  

Use of the maximum concentration as the EPC tends to overestimate potential risks because receptors 

are assumed to be exposed continuously to the maximum concentration for the entire exposure period.  

Uncertainty was also introduced when the nondetects results were assigned a value of one-half the 
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nondetect quantitation limit in the calculation of the EPC.  This may either overstate or understate the 

risks to potential receptors. 

As discussed in Section 6.1.3.2, the calculated risks for groundwater in the USEPA risk evaluation were 

based on the assumption that EPCs for groundwater were the concentrations in the most highly 

contaminated area of the plumes (for each COPC).  The use of these averages is recommended by 

USEPA Regions 1 and 4 (USEPA Region 4, May 2000).  The plume area used for averaging was 

selected based on concentrations and locations of each COPC.  Using the most contaminated part of the 

plume may result in overestimation of risks.  Note that maximum groundwater concentrations were used 

in the risk assessment performed according the FDEP methodology. 

There was also uncertainty in assuming that current groundwater concentrations will not change in the 

future and this introduces additional uncertainty in the EPCs and risks for groundwater COPCs.  

Concentrations in groundwater may diminish over time due to natural attenuation processes involving 

source depletion and dilution.  This is an important consideration for Site 43 because remediation has 

already occurred in some portions of the site. 

Exposure Routes and Receptor Identification 

The determination of various receptor groups and exposure routes of potential concern was based on 

current land use observed at the site and the anticipated future land use.  Therefore, the uncertainty 

associated with the selection of exposure routes and potential receptors was minimal because they were 

considered to be well defined.  Although residential use of groundwater was evaluated as an exposure 

scenario, groundwater is not currently used at the site nor is it expected to be used in the future (Three 

water wells located on NAS Pensacola provide emergency backup potable water supply.  The backup 

water supply wells obtain groundwater from the sand and gravel aquifer at depths ranging from 224 to 

250 feet bls).  The nearest potable water well to Site 43 is located approximately 1,600 feet west-

southwest of the site.  The evaluation of direct exposure to groundwater in the HHRA was included 

primarily to aid in risk management decision making. 

Exposure Parameters 

The risk-based concentrations used to estimate risks by the USEPA methodology were calculated by the 

equations and exposure factors presented in Section 6.1.3.3.  Each exposure factor selected for use in 

the risk assessment has some associated uncertainty.  Generally, exposure factors were based on 

surveys of physiological and lifestyle profiles across the United States.  The attributes and activities 

studied in these surveys generally have a broad distribution.  The exposure factors used in this report, in 

most cases, were obtained from USEPA or Florida guidance documents for the RME, which generally 

specify the use of the 95th percentile value for most parameters.  Therefore, the selected values for the 
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RME receptor represented an upper bound of the observed or expected habits of the majority of the 

population.

Generally, the uncertainty can be assessed quantitatively for many assumptions made in determining 

factors for calculating exposures and intakes.  Many of these parameters were determined from statistical 

analyses on human population characteristics.  Often, the database used to summarize a particular 

exposure parameter (i.e., body weight) is quite large.  Consequently, the values chosen for such 

variables in the RME scenario have low uncertainty. 

For many parameters for which limited information exists (i.e., dermal absorption of chemicals from soil), 

greater uncertainty exists.  For example, current USEPA dermal guidance (USEPA, July 2004) does not 

provide dermal absorption factors for exposure to most metals (except arsenic and cadmium) in soil.  

Therefore, risks for dermal contact from soil were not evaluated for most metals in this risk assessment.  

Consequently, risks from exposure to soil may have been underestimated. 

6.1.7.3 Uncertainty in the Toxicological Evaluation 

The risk-based concentrations used to assess risk were also developed using the toxicity criteria 

discussed in Section 6.1.4.  Uncertainties associated with the toxicity assessment (determination of RfDs 

and CSFs and use of available criteria) are presented in this section. 

Derivation of Toxicity Criteria 

Uncertainty associated with the toxicity assessment was associated with hazard assessment and 

dose-response evaluations for the COPCs.  The hazard assessment dealt with characterizing the nature 

and strength of the evidence of causation or the likelihood that a chemical that induces adverse effects in 

animals will also induce adverse effects in humans.  Hazard assessment of carcinogenicity was 

evaluated as a weight-of-evidence determination using USEPA methods.  Positive animal cancer test 

data suggest that humans contain tissue(s) that may manifest a carcinogenic response; however, the 

animal data cannot necessarily be used to predict the target tissue in humans.  In the hazard assessment 

of noncancer effects; however, positive animal data often suggest the nature of the effects (i.e., the target 

tissues and type of effects) anticipated in humans. 

Uncertainty in hazard assessment arose from the nature and quality of the animal and human data.  

Uncertainty was reduced when similar effects were observed across species, strain, sex, and exposure 

route; when the magnitude of the response was clearly dose related; when pharmacokinetic data 

indicated a similar fate in humans and animals; when postulated mechanisms of toxicity were similar for 
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humans and animals; and when the COC was structurally similar to other chemicals for which the toxicity 

is more completely characterized. 

Uncertainty in the dose-response evaluation included the determination of a CSF for the carcinogenic 

assessment and derivation of an RfD for the non-carcinogenic assessment.  Uncertainty was introduced 

from interspecies (animal to human) extrapolation, which, in the absence of quantitative pharmacokinetic 

or mechanistic data, is usually based on consideration of interspecies differences in basal metabolic rate.  

Uncertainty also resulted from intraspecies variation.  Most toxicity experiments are performed with 

animals that are very similar in age and genotype, so intragroup biological variation is minimal, but the 

human population of concern may reflect a great deal of heterogeneity, including unusual sensitivity or 

tolerance to the COPC.  Even toxicity data from human occupational exposure reflect a bias because 

only those individuals sufficiently healthy to attend work regularly (the "healthy worker effect") and those 

not unusually sensitive to the chemical are likely to be occupationally exposed.  Finally, uncertainty arises 

from the quality of the key study from which the quantitative estimate was derived and the database used.

For cancer effects, the uncertainty associated with dose-response factors was mitigated by assuming the 

95 percent upper bound for the slope factor.  Another source of uncertainty in carcinogenic assessment is 

the method by which data from high doses in animal studies are extrapolated to the dose range expected 

for environmentally exposed humans.  The linearized multistage model, which is used in nearly all 

quantitative estimations of human risk from animal data, is based on a nonthreshold assumption of 

carcinogenesis.  Evidence suggests, however, that epigenetic carcinogens, as well as many genotoxic 

carcinogens, have a threshold below which they are noncarcinogenic.  Therefore, the use of the 

linearized multistage model was conservative for chemicals that exhibited a threshold for carcinogenicity. 

For noncancer effects, additional uncertainty factors may have been applied in the derivation of the RfD 

to mitigate poor quality of the key study or gaps in the database.  Additional uncertainty for noncancer 

effects arose from the use of an effect level in the estimation of an RfD, because this estimation was 

predicated on the assumption of a threshold less than which adverse effects were not expected.  

Therefore, an uncertainty factor is usually applied to estimate a no-effect level.  Additional uncertainty 

arose in estimation of an RfD for chronic exposure from subchronic data.  Unless empirical data indicated 

that effects did not worsen with increasing duration of exposure, an additional uncertainty factor was 

applied to the no-effect level in the subchronic study.  Uncertainty in the derivation of RfDs was mitigated 

by the use of uncertainty and modifying factors that normally ranged between 3 and 10.  The resulting 

combination of uncertainty and modifying factors may have reached 1,000 or more. 

The derivation of dermal RfDs and CSFs from oral values may have caused uncertainty.  This was 

particularly the case when no gastrointestinal absorption rates were available in the literature or when 

only qualitative statements regarding absorption were available. 
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Uncertainty Associated with Evaluation of the Dermal Exposure Pathway  

According to RAGS Part E (USEPA, July 2004), risks for dermal absorption of chemicals in soil may be 

quantitatively evaluated for arsenic, cadmium, chlordane, 2,4-dichlorophenoxyacetic acid, DDT, TCDD (and 

other dioxins), PAHs, PCBs, pentachlorophenol, and SVOCs only because of the limited information 

guidance available to evaluate dermal exposure to other constituents.  Therefore, risks from dermal 

exposure to metals in soil (except for arsenic and cadmium) were not evaluated in the risk assessment.  

Consequently, potential risks may have been underestimated by excluding these constituents from the 

dermal risk assessment calculations.  However, the dermal pathway was included in the development of the 

FDEP SCTLs.  Consequently, the uncertainty associated with the omission of the dermal pathway in the 

USEPA analysis is likely to be minimal. 

The Region 9 PRGs used to assess risks for groundwater are based on ingestion and inhalation (for 

volatiles) but dermal effects are not considered in the PRG calculations.  For some chemicals (e.g., PCBs 

and PAHs) the omission of the aqueous dermal pathway can be significant.  However, for the types of 

chemicals detected in groundwater at Site 43 (i.e., VOCs and metals), the aqueous dermal pathway is 

generally not important.  Therefore, the effects of omitting dermal contact from the PRG calculations are 

expected to be negligible. 

Use of Iron Toxicity Criteria 

An NCEA provisional RfD was used to evaluate non-carcinogenic effects from exposure to iron.  The 

provisional RfD for iron is based on allowable intakes rather than adverse effect levels.  Therefore, there 

was some degree of uncertainty associated with the use of the RfD used to calculate risk-based 

concentrations for iron.  Note that some USEPA regions (e.g., Region 1) consider the use of the oral RfD 

for iron inappropriate and recommend that this metal not be evaluated quantitatively in risk assessments. 

Alternate RfD for Manganese 

The oral RfD for manganese listed in the Region 9 PRG table (0.024 mg/kg/day) was used to calculate 

the PRG for evaluating risks for residential exposure to groundwater.  This value includes a modification 

factor of 3 and an adjustment factor for the dietary contribution which is applied to the non-dietary 

reference dose (0.14 mg/kg/day) presented in IRIS.  IRIS indicates that an adjustment for the dietary 

contribution should be subtracted from this allowable intake.  Using the modified and adjusted RfD results 

in risk estimates six-times higher than if the non-dietary RfD were used. 
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6.1.7.4 Uncertainty in the Risk Characterization 

Uncertainty in risk characterization resulted from assumptions made regarding additivity of effects from 

exposure to multiple COPCs from various exposure routes.  High uncertainty existed when summing 

noncancer risks for several substances across different exposure pathways.  This assumed that each 

substance has a similar effect and/or mode of action.  Even when compounds affect the same target 

organs, they may have different mechanisms of action or differ in their fate in the body, so additivity may 

not have been an appropriate assumption.  However, the assumption of additivity was considered 

because in most cases it represented a conservative estimate of risk. 

Risks to any individual may also have been overestimated by summing multiple assumed exposure pathway 

risks for any single receptor.  Although every effort was made to develop reasonable scenarios, not all 

individual receptors may have been exposed via all pathways considered. 

Finally, the risk characterization did not consider antagonistic or synergistic effects.  Little or no 

information was available to determine the potential for antagonism or synergism for the COPCs.  

Because chemical-specific interactions could not be predicted, the likelihood for risks to be overpredicted 

or underpredicted could not be defined, but the methodology used was based on current USEPA 

guidance.

6.1.8 Summary and Conclusions

An HHRA was conducted for the chemical concentrations detected in surface soil, subsurface soil, and 

groundwater samples collected at Site 43.  The evaluation was conducted using both USEPA and State 

of Florida regulations and guidelines for HHRA. The results of the USEPA and Florida risk assessments 

are summarized in the following sections. 

6.1.8.1 Summary of Risk Assessment per USEPA Methodology 

The USEPA risk assessment considered five receptors, the hypothetical future resident, the typical 

industrial worker, the construction worker, the maintenance worker, and the trespasser/recreational user, 

assuming exposure via the ingestion, dermal contact, and inhalation route of exposures.  However, 

maintenance workers and trespassers/recreational users are considered to be the most likely receptors 

at Site 43 under current land use. 

An interim remedial action (soil removal) occurred at the site in 2003.  The samples used in this HHRA 

were collected during the field investigation conducted in March 2005 and therefore represent current site 

conditions.
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The list of COPCs for Site 43 included the following: 

 Surface Soil – carcinogenic PAHs, arsenic, barium, copper, lead, and vanadium 

 Subsurface Soil – carcinogenic PAHs, arsenic, barium, copper, lead, and vanadium 

 Groundwater – chloroform, iron, lead, manganese 

Quantitative estimates of non-carcinogenic and carcinogenic risks (HIs and ILCRs, respectively) were 

developed for potential human receptors. Exposure to lead was evaluated by the USEPA’s Child Lead 

Model (IEUBK) and Adult Lead Model (ALM).  Results of these evaluations are summarized below. 

Potential risks associated with inhalation exposures were considered to be minimal for soil and groundwater.  

Inhalation of volatile emissions and fugitive dust from soil was evaluated qualitatively via a comparison of 

site data with USEPA generic SSLs for transfers from soil to air.  Inhalation exposure for soil was considered 

to be relatively insignificant because all detected soil concentrations were less than the SSLs.  Three VOCs 

were detected in groundwater at Site 43 and one VOC (chloroform) was identified as a COPC for 

groundwater.  Risks for the inhalation of chloroform from groundwater were calculated in the risk 

assessment by comparing the site groundwater concentrations to the USEPA Region 9 Tap Water PRG, 

which is based solely on inhalation.  The calculated risk (ILCR) was within the USEPA’s risk management 

range.  In addition, the maximum detected concentration of chloroform (6 ug/L) is well below the USEPA 

MCL (80 ug/L).  Also, the soil and groundwater PRGs include the inhalation pathway and, therefore, the 

inhalation pathway is included in the quantitative risk assessment by comparing chemical concentrations to 

the PRG values. 

Based on the USEPA evaluation, lead is the predominant COPC detected in soil and groundwater at 

Site 43 and is the primary chemical warranting further consideration as a site contaminant.  Lead 

concentrations exceeding the OSWER SSL of 400 mg/kg were detected at six surface soil sampling 

locations (average concentration in the six locations = 2,525 mg/kg) and at six subsurface soil locations 

(average concentration = 1,350 mg/kg).  Lead was detected in 2 of 12 groundwater samples with the 

concentration in one sample exceeding the 15 ug/L USEPA action level.  Because published toxicity 

criteria are not available for lead, exposure to lead in soil was evaluated by the IEUBK Model and the 

TRW Adult Lead Model for residential and non-residential exposure scenarios, respectively.  Results of 

the IEUBK and TRW adult lead model analyses indicate that exposure to average lead concentrations in 

surface and subsurface soil and the maximum detected concentration in groundwater would result in 

risks (i.e., probabilities) exceeding USEPA benchmarks. 

Quantitative estimates of non-carcinogenic and carcinogenic risks were developed for the receptors listed 

above for exposure to COPCs in soil and groundwater. Cancer risk estimates (total ILCRs) developed for 
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excavation/construction workers and maintenance workers exposed to COPCs in surface and subsurface 

soil were less than 1x10-6.  Total ILCRs for full time commercial/industrial workers, lifelong recreational 

users, and future residents hypothetically exposed to COPCs in soil and groundwater were within the 

USEPA target risk range of 1x10-6 to 1x10-4.  The primary risk drivers were carcinogenic PAHs and 

arsenic in soil and chloroform in groundwater.  However, there is considerable uncertainty associated 

with the risks calculated for arsenic and chloroform. The arsenic concentrations detected in soil exceed 

facility background concentrations but are well within naturally occurring levels in the U.S. (the average 

Site 43 soil concentration is approximately 3 mg/kg).  In addition, the soil background dataset for NAS 

Pensacola consists of only two locations and background levels may not be adequately characterized.  

As stated above, chloroform was detected in only 2 of 12 samples; the maximum concentration is well 

below the USEPA MCL and the Florida GCTL.  It is likely that carcinogenic PAHs are a “hotspot” 

contamination issue only because elevated concentrations of carcinogenic PAHs were detected mainly in 

subsurface soil Sample PEN-43-SB1401.  Average carcinogenic PAH concentrations outside this area 

(approximately 0.08 mg/kg) slightly exceed the Region 9 Residential Soil PRG (0.062 mg/kg) and are less 

than the FDEP Residential Soil SCTL (0.1 mg/kg).  This sample (SB1401) also contained the highest 

detected concentrations of lead and other metals in subsurface soil. 

Noncancer risk estimates (total HIs) developed on a target organ/effect basis for all receptors evaluated 

were less than unity (1.0).  Consequently, adverse non-carcinogenic health effects are not anticipated 

under the conditions established in the exposure assessment. 

6.1.8.2 Summary of Risk Assessment per State of Florida Methodology 

The risk assessment conducted per the State of Florida regulations and guidelines evaluated risks to a 

hypothetical future resident and a typical industrial worker using the published SCTLs for the residential 

and industrial land use scenario, respectively.  Risks to a hypothetical future recreational user were 

evaluated using SCTLs specifically developed for this risk assessment as stipulated in the State of 

Florida regulations and guidelines.  The following chemicals were identified as potential COCs for surface 

soils based on a comparison of maximum concentrations or EPCs to these SCTLs: 

FLORIDA SURFACE SOIL EVALUATION 

Residential SCTLs Industrial SCTLs Recreational SCTLs 
Carcinogenic PAHs Lead  
Arsenic   
Barium   
Copper   
Lead   
Vanadium   
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The following chemicals were identified as potential COCs for subsurface soils based on a comparison of 

maximum concentrations or EPCs to the SCTLs: 

FLORIDA SUBSURFACE SOIL EVALUATION 

Residential SCTLs Industrial SCTLs Recreational SCTLs 
Carcinogenic PAHs Carcinogenic PAHs Carcinogenic PAHs 
Arsenic Lead  
Barium   
Copper   
Lead   
Vanadium   

The following chemicals were identified as potential COCs for groundwater based on a comparison of 

maximum concentrations to GCTLs: 

FLORIDA GROUNDWATER EVALUATION 

Residential SCTLs 
Iron
Lead
Manganese

Note that iron and manganese were identified as potential COCs for groundwater because the maximum 

concentrations exceeded CTLs which are USEPA Secondary MCLs.  Secondary MCLs are criteria based 

not on health effects but rather on aesthetic effects such as taste and odor.  Also, note that HQs for iron 

and manganese calculated in the USEPA evaluation were less than the USEPA and Florida goal of unity 

for non-carcinogenic health effects. 

Chemicals detected in soil were also evaluated for the potential to impact groundwater quality at the site 

by comparing maximum concentrations with FDEP SCTLs for migration from soil to groundwater.  This 

evaluation indicated that that the concentrations of constituents detected in soil were unlikely to adversely 

impact groundwater quality. 

Please note that the above risk assessments (USEPA and FDEP) were conducted using maximum and 

UCL concentrations across the entire site but it is likely that several local “hotspot” areas exist within the 

site, as discussed previously (e.g., Section 6.1.5.4). 
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6.2 ECOLOGICAL RISK ASSESSMENT 

This screening-level ecological risk assessment was conducted in accordance with USEPA Ecological 

Risk Assessment Guidance for Superfund (USEPA, 1997), USEPA Amended Guidance on Ecological 

Risk Assessment at Military Bases (USEPA, 2000), and the Navy Policy for Conducting Ecological Risk 

Assessments (DON, 1999).  The risk assessment for Site 43 consists of Steps 1 through 3a of USEPA’s 

8-step ecological risk assessment process. Steps 1 through 3a consist of the following: 

Step 1  Screening-Level Problem Formulation and Ecological Effects Evaluation 

Step 2  Screening-Level Exposure Estimate and Risk Calculation 

Step 3a  Refinement of Preliminary COPCs  

Section 6.2.1.1 provides the environmental setting for Site 43.  The fate and transport characteristics of 

the chemicals detected in soil are provided in Section 6.2.1.2.  The ecotoxicity of site contaminants and 

potential ecological receptors are described in Section 6.2.1.3.  Section 6.2.1.4 describes complete 

exposure pathways, while Section 6.2.1.5 provides assessment and measurement endpoints.  Sections 

6.2.2, 6.2.3, and 6.2.4 describe the ecological effects evaluation, exposure estimates, and risk 

calculation, respectively.  Section 6.2.5 describes the refinement of preliminary COPCs.  Uncertainties 

inherent with the ecological risk assessment are discussed in Section 6.2.6.  The summary and 

conclusions of this ecological risk assessment are provided in Section 6.2.7.

6.2.1 Screening-Level Problem Formulation

6.2.1.1 Environmental Setting 

Site 43 comprises approximately 0.92 acres.  Site 43 is located at the southwest corner of the intersection 

of Murray and Taylor Roads and consists of an area approximately 200 feet by 200 feet in size (see 

Figure 1-2).  The site lies in a shallow depression between these two roads and the site elevation is 

approximately 20 feet above mean sea level.

Site 43 is located in a developed area of the base.  The site and adjacent area are covered with mowed 

turf grass.  A few large oak trees, ornamental shrubs, and smaller trees are present.  Bare soil covers the 

area where tennis courts were formerly located.  Native understory is absent from the site and 

surrounding area.  No perennial streams or other surface water bodies are located within or near Site 43.  

The nearest surface water is a drainage ditch approximately 500 feet east of Murray Road, but surface 

water is present in this ditch only intermittently.  A “water line” shown on some site maps (Figures 1-2 and 

3-1, for example) is an underground utility line, and not a ditch or stream.
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A list of federally listed threatened and endangered species and species of special concern for Escambia 

County was obtained from the Ecological Services and Fisheries Resource Office of the U.S. Fish and 

Wildlife Service in Panama City, Florida (http://www.fws.gov/panamacity/resources/specieslist.html).  Five 

fish, 12 amphibians/reptiles, 14 birds, 4 mammals, and 24 plants are listed as threatened, endangered, or 

a species of special concern for the county.  However, the habitats associated with these special status 

species (i.e., estuarine, palustrine, upland forests, etc.) do not exist at Site 43 or adjacent areas.  None of 

the special status species recorded in Escambia County would be expected at the site.

6.2.1.2 Contaminant Fate and Transport 

Past activities at Site 43 include the undocumented burning and burial of drums containing unknown 

materials.  Drums and buried metallic debris have been found in previous investigations.  Metal debris, 

bricks, and glass are visible on the ground surface.  The presence of these materials and previous 

activities have resulted in the contamination of soils with SVOCs and metals.  A detailed discussion of 

contaminant fate and transport was presented in Section 5.0.  The discussion below is limited to a brief 

review of the fate and transport of contaminants at Site 43 as related to contaminant migration pathways 

and ecological exposure.

Contaminant migration pathways applicable at this site include erosion and infiltration.  Because the site 

is essentially covered with turf grass, wind erosion is not a significant migration pathway.  However, if 

surface soil is disturbed through activities such as excavation, soils could serve as a source for airborne 

transport of contaminants; soil contaminants could then be transported to downwind locations.  Soil 

erosion due to storm water runoff is probably minimal at Site 43 due to the essentially flat terrain and 

grass and vegetation cover.

Infiltrating precipitation has resulted in the contamination of subsurface soil and groundwater at Site 43.  

As explained in Section 6.2.1.1; however, surface water is not present at Site 43  Therefore, groundwater 

seeping into surface water is not a pathway of concern and is not discussed further in this section.

SVOCs detected in Site 43 surface soil consists of PAHs and phthalates.  The fate and transport 

characteristics of PAHs are dependent on their molecular weights.  Low molecular weight PAHs are more 

soluble and volatile, and therefore more mobile.  They may volatilize and photolyze from soil and surface 

water, and they also may be biodegraded.  High molecular weight PAHs tend to be immobile and 

insoluble, binding strongly to organic matter (reducing the potential for leaching to groundwater), and they 

are resistant to volatilization, photolysis, and biodegradation (Eisler, 2000).  Upper tropic level organisms 

are exposed to PAHs primarily through diet, but most wildlife can metabolize and excrete PAHs.  

Foodchain transfer and biomagnification of PAHs is expected to be minimal.  PAHs may be absorbed by 

plants but are expected to be translocated, metabolized, and potentially photodegraded.  Accumulation 
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within plants is likely to occur only in heavily polluted locations where uptake exceeds metabolism and 

degradation (Edwards, 1983). 

Phthalates are relatively persistent in the environment.  Although numerous studies have demonstrated 

that phthalates undergo biodegradation, this is a slow process in soil.  Some microorganisms have been 

shown to excrete products that increase the solubility of phthalates and enhance their biodegradation 

(Gibbons and Alexander, 1989).  Biomagnification of phthalates does not occur.

Metals are highly persistent environmental contaminants.  They do not biodegrade, photolyze, hydrolyze, 

etc.  The major fate mechanisms for metals are adsorption to the soil matrix (as compared to being part 

of the soil structure) and bioaccumulation. 

The mobility of metals is influenced primarily by their physical and chemical properties, in combination 

with the physical and chemical characteristics of the soil matrix.  Factors that assist in predicting the 

mobility of inorganic species are the soil/pore water pH, soil/pore water Eh, and cation exchange 

capacity.  The mobility of metals generally increases with decreasing soil pH and cation exchange 

capacity.

6.2.1.3 Ecotoxicity and Potential Receptors 

SVOCs and metals were detected in surface soil samples.

Few generalizations can be made about the ecotoxicity of PAHs because of the extreme variability in 

toxicity and physiochemical properties of PAHs.  Adverse impacts to plants from PAHs, however, are rare 

(Eisler, 2000).  In most animal species, PAHs are metabolized by a mixed-function oxidase enzyme 

system into intermediates that may be toxic, mutagenic, or carcinogenic to the host.  Some invertebrate 

species cannot efficiently metabolize PAHs (Eisler, 2000), and PAHs can be chronically toxic to 

invertebrates, but overall, very little is known about the toxicological mechanisms of PAHs in 

invertebrates (Erstfield and Snow-Ashbrook, 1999).  PAHs can bind to cellular macromolecules and

thereby disrupt their function in higher level organisms such as mammals and birds.  Biological 

macromolecules include polymers of carbohydrates (e.g., starch), amino acids (proteins), and nucleotides 

(e.g., DNA).  The cellular functions of these polymers include structure, energy storage, energy transfer, 

material transport, and the storage and transmittal of genetic information.  PAHs show little tendency to 

biomagnify in the food web (Eisler, 2000).  USEPA Region IV considers the potential toxicity of PAHs via 

the terrestrial food web to be generally negligible unless PAHs are present at extremely high 

concentrations (i.e., percent levels: 10,000 mg/kg) in soil.  Microbial metabolism is the major process for 

degradation of PAHs in soil (ATSDR, 1997). 



  Rev. 2 
  11/06/06 

TtNUS/TAL-05-056/4821/5.2 6-70 CTO 0355

In general, phthalates have a low acute toxicity to animals (Amdur et al., 1991).  Chronic oral exposures, 

however, have been shown to result in liver toxicity in mammals.  Ingested phthalates metabolize to 

monoesters in the gut and are subsequently absorbed.  Following absorption, phthalates distribute 

primarily to the liver and kidneys and may, in some species, concentrate in the testes (Rhodes et al., 

1986).  Liver carcinogenesis has been observed (ATSDR, 1997).  Many receptors are able to metabolize 

and excrete phthalate esters, so their ability to bioaccumulate varies among species.  Detailed ecotoxicity 

data for birds, plants, and invertebrates plants could not be located.

Many metals occur naturally at various concentrations in surface water and sediment primarily to 

chemical weathering of rocks and fallout from volcanoes.  Most metals are toxic to aquatic (i.e., fish, 

invertebrates) and terrestrial (i.e., plants, invertebrates, vertebrates) ecological receptors above certain 

concentrations, with some metals being more toxic at lower concentrations than others.  Also, different 

chemical forms of the metals may be more toxic than others.  For example, methylmercury is more toxic 

than inorganic mercury.  In addition, the toxicity of several metals (copper and lead) to aquatic receptors 

in freshwater systems decreases with increasing water hardness. 

6.2.1.4 Complete Exposure Pathways 

Soil invertebrates are exposed to soil contaminants at Site 43 through ingestion and dermal contact.  

Higher trophic level animals such as birds and small mammals will be exposed to site-related 

contamination through ingestion of contaminated food items.  These animals can also incidentally ingest 

contaminants in soil while grooming fur, preening feathers, digging, grazing close to the soil, or feeding 

on items to which soil has adhered.  Absorption of contaminants from the gastrointestinal tract is the 

primary pathway of intake for terrestrial receptors.  Exposure to contaminants in the soil through dermal 

contact could occur but is unlikely to represent a major exposure pathway because fur, feathers, and 

chitinous exoskeletons minimize transfer of contaminants across dermal tissue.  Higher trophic level 

animals at the site are expected to be limited to species typically found in urban areas, such as song 

birds, and small mammals such as moles, mice, and gray squirrels.  Species such as rabbits, shrews, 

opossums, raccoons, and snakes might occasionally forage at the site.

The airborne transport of dust is a negligible pathway for terrestrial animals because the area is largely 

covered by turf grass.  Similarly, the inhalation pathway is not significant.

Terrestrial vegetation could be exposed to contaminants via contact with soil and subsequent root 

translocation.  Aerial deposition is a negligible pathway for plants and animals at Site 43 because the site 

is largely covered by turf grass, reducing the amount of bare soil and fugitive dust.
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There are no surface water bodies at Site 43.  A drainage ditch approximately 500 feet to the east of 

Murray Road is the nearest surface water body to Site 43, but surface water is present in this ditch only 

intermittently.  Ecological receptors are not directly exposed to contaminants in groundwater at the site.  

Exposure to groundwater discharging as a seep or directly to a surface water body represents a complete 

exposure pathway when a surface water body is present.  Because surface water is not present at or 

near Site 43, the groundwater pathway is not complete.

A complete exposure pathway has three components: a source of contaminants that can be released to 

the environment; a route of contaminant transport through an environmental medium; and an exposure or 

contact point for an ecological receptor.  As explained in Step 1 of USEPA’s ecological risk assessment 

guidance (USEPA, 1997), if an exposure pathway is not complete, that exposure pathway does not need 

to be evaluated.  This is the case for groundwater at Site 43 and groundwater contaminants will not be 

evaluated in this ecological risk assessment. 

In summary, complete exposure pathways and routes of entry into biota at Site 43 consist of

 Direct contact with soil 

 Ingestion of soil 

 Ingestion of contaminated food items 

6.2.1.5 Preliminary Assessment and Measurement Endpoints 

USEPA Region IV has specified that assessment endpoints for the screening-level assessment should be 

broad and generic.  For the screening level assessment, the preliminary assessment endpoint is the 

protection of terrestrial biota from adverse effects of chemicals on their growth, survival, and 

reproduction.  Measurement endpoints represent the assessment endpoints chosen for a site, and are 

measures of biological effects (USEPA, 1997).  The preliminary measurement endpoints were chemical 

concentrations in surface soil that are associated with no adverse effects on growth, survival, and 

reproduction of terrestrial organisms.  The measurement endpoints are represented by USEPA Region IV 

ecological screening values (ESVs) for surface soil.  USEPA Ecological Soil Screening Levels (Eco-

SSLs) were used in place of the USEPA Region IV ESVs as the measurement endpoints for chemicals 

when Eco-SSLs were available. 

The USEPA Region IV ESVs for surface soil are based on conservative endpoints and sensitive 

ecological effects data, and thus, the screening values represent chemical concentrations associated with 

a low probability of unacceptable risks to ecological receptors.  For this reason, USEPA Region IV 

considers their soil ESVs to be protective of terrestrial invertebrates and plants as well as upper level 

receptors such as birds and mammals.  Additionally, the lowest of the plant, invertebrate, mammal, and 

avian Eco-SSL was used for chemicals when Eco-SSLs were available.  In the SLERA, therefore, a 



  Rev. 2 
  11/06/06 

TtNUS/TAL-05-056/4821/5.2 6-72 CTO 0355

distinction is not made between measurement endpoints associated with direct toxicity to invertebrates 

and plants versus measurement endpoints associated with food chain effects.

6.2.2 Screening-Level Ecological Effects Evaluation

For the SLERA, maximum concentrations of chemicals detected in surface soil were compared to Eco-

SSLs for chemicals which Eco-SSLs are available and to USEPA Region IV ESVs (USEPA, 2001) for all 

other detected chemicals.  If the maximum concentration was less than the Eco-SSL (or the ESV), the 

chemical was eliminated from further consideration.  If the maximum concentration equaled or exceeded 

the screening level, or if a screening level was not available, the chemical was then considered to be an 

ecological COPC and was retained for further study in the ecological risk assessment.

6.2.3 Screening-Level Exposure Estimate

The validated surface soil data set is presented in Appendix D.  The term “surface soil” is used in this risk 

assessment to refer to soil collected form 0 to 1-foot depth, since USEPA Region IV considers this depth 

to be representative of surface soil.

All analytes (except calcium, magnesium, potassium, and sodium) detected in surface soil samples were 

assessed in this investigation.  Calcium, magnesium, potassium, and sodium were excluded because 

they are essential nutrients that are toxic only at extremely high concentrations.  Due to the scarcity of 

data for these essential nutrients, it was not possible to develop ranges of toxicity for them even at high 

concentrations.

6.2.4 Screening-Level Risk Calculation

The preliminary risk calculation step compared maximum concentrations of chemicals in surface soil to 

USEPA Eco-SSLs and USEPA Region IV ESVs.  The ratio of the maximum concentration to the 

screening level is called the screening HQ.  Analytes whose maximum concentrations did not exceed the 

screening level (i.e., HQ < 1.0) were dropped from further consideration, and those that equaled or 

exceeded the screening level (i.e., HQ > 1.0), or did not have a screening level, were retained as 

ecological COPCs.

Four inorganics (barium, copper, lead, and vanadium) and three PAHs (benzo(a)pyrene, fluoranthene, 

and pyrene) as well as total PAHs were retained as COPCs because their maximum concentrations 

exceeded screening values (Table 6-15).  Ten other PAHs and one phthalate (bis[2-ethylhexyl]phthalate) 

were retained as COPCs because screening levels were not available. 
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6.2.5 Refinement of Preliminary Chemicals of Potential Concern

At this point, the first two steps of the ecological risk assessment have been completed.  The ecological 

risk assessment process includes a series of scientific/management decision points (SMDPs) (USEPA, 

1997).  The first SMDP occurs at the end of Step 2, and requires the risk managers to evaluate and 

approve or redirect the work up to that point and determine whether the risk assessment will continue into 

Step 3.  However, USEPA Region IV recognizes that most ecological risk assessments will proceed into 

Step 3, and facilities are encouraged to submit the results of Steps 1 through 3 as a single deliverable 

document (USEPA, 2000).  With this in mind, and since the SLERA indicates a potential for adverse 

effects, a more thorough assessment is warranted.  Therefore, the risk assessment process for Site 43 

will proceed into Step 3 (Baseline Risk Assessment Problem Formulation).

The baseline ecological risk assessment begins with a more balanced evaluation of the conservativeness 

inherent in the first two steps of the risk assessment process (USEPA, 1997; DON, 1999).  The initial 

phase of Step 3 is typically known as Step 3a, and consists of a refinement of the conservative exposure 

assumptions in order to more realistically estimate potential risks to ecological receptors (i.e., plants, 

invertebrates, and wildlife receptors).  Examples of factors considered during Step 3a include 

toxicological evaluation of COPCs, spatial distribution of contaminants, food-chain modeling, and habitat 

quality (USEPA, 1997; DON, 1999).

Food-chain modeling was conducted to investigate potential risks to representative receptors from 

ingested doses of surface soil COPCs that are known to bioaccumulate or biomagnify (USEPA, 2000).  

The methods used to model the doses that representative receptors could receive, as well as the 

selection of toxicity reference values (TRVs), are presented in Appendix F.  The assessment endpoints 

associated with the food-chain modeling were the protection of insectivorous birds and mammals from 

adverse effects of COPCs on growth, survival, and reproduction.  The term “insectivorous” is used here in 

a broad sense to describe birds and mammals that prey not only upon insects but on a variety of 

invertebrates (i.e., adult and larval insects, centipedes, millipedes, other arthropods, and worms).  The 

short-tailed shrew was selected to represent insectivorous mammals and the American robin was 

selected to represent insectivorous birds.  The associated measurement endpoints were doses of 

COPCs associated with adverse effects on growth, survival, and reproduction of these receptor groups.

Large terrestrial carnivorous birds and mammals (e.g., red fox, red-tailed hawk) were not selected as 

assessment endpoints because of the developed nature of the site and its small size compared to the 

typical foraging areas of carnivorous animals.  Omnivores and herbivores were not selected as 

assessment endpoints because exposure to the site COPCs is greater for insectivores than for 

omnivores and herbivores. 
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6.2.5.1 Results of Food-Chain Modeling 

Based on maximum concentrations and conservative assumptions, food-chain HQs exceeded 1.0 for 

copper and lead for both the robin and shrew (Table 6-16).  The lead food chain HQs were greater for 

insectivorous birds (represented by the robin) than for insectivorous small mammals (represented by the 

shrew).  Based on the average concentration scenario (see Appendix F), food-chain HQs exceeded 1.0 

for lead only (Table 6-17).

6.2.5.2 Step 3a Discussion 

The results of the screening level assessment and Step 3a considerations are discussed on a COPC-

specific basis.

6.2.5.2.1 Semivolatile Organic Compounds

PAHs
Maximum screening HQs of three PAHs (benzo(a)pyrene, fluoranthene, and pyrene) as well as total 

PAHs exceeded 1.0, but were relatively low (1.8 to 2.8).  The USEPA Region IV ESVs for these four 

PAHs and for total PAHs are based on concentrations that represent background concentrations in soil or 

detection limits (Friday, 1998).  ESVs were not available for 10 other PAHs; however, the maximum 

concentration of total PAHs (1919 µg/kg, Table 6-15) was well below 20,000 µg/kg, which has been 

described as moderate soil contamination that requires additional study (Friday, 1998). For this reason, 

risks to plants and soil invertebrates from PAHs are negligible.  Additionally, the toxicity of PAHs at Site 

43 via the terrestrial food web is negligible.  Therefore, PAHs pose negligible ecological risk at Site 43.

Bis(2-ethyhexyl)phthalate
An ESV was not available for bis(2-ethylhexyl)phthalate; therefore, the maximum bis(2-ethylhexyl) 

phthalate concentration was compared to other toxicity guidelines to evaluate risks to plants and 

invertebrates.

 Oak Ridge National Laboratory (ORNL) Plant (Diethylphthalate): 100 mg/kg (Efroymson et al., 1997a) 

 ORNL Earthworm (Dimethylphthalate): 200 mg/kg (Efroymson et al., 1997b) 



TABLE 6-16

TERRESTRIAL FOOD CHAIN MODEL - CONSERVATIVE SCENARIO
INSECTIVOROUS RECEPTORS

SITE 43 REMEDIAL INVESTIGATION REPORT
NAS PENSACOLA

 PENSACOLA, FLORIDA

Rev. 1
03/07/06

HQNOAEL HQLOAEL HQNOAEL HQLOAEL

Metals
Copper 4.8E+00 3.6E+00 1.3E+01 9.8E+00
Lead 1.6E+03 1.6E+02 1.5E+02 1.5E+01

Notes:
-Cells are shaded if the HQ value is greater than 1.0.
-See Appendix E for the HQ calculation spreadsheets.
HQ = Hazard Quotient
NOAEL = No observed adverse effect level
LOAEL = Lowest observed adverse effect level

Chemical
American Robin Short-Tailed Shrew

TtNUS/TAL-05-056/4821/5.2 6-76 CTO 0355

Rev. 2
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TABLE 6-17

TERRESTRIAL FOOD CHAIN MODEL - AVERAGE SCENARIO
INSECTIVOROUS RECEPTORS

SITE 43 REMEDIAL INVESTIGATION REPORT
NAS PENSACOLA

PENSACOLA, FLORIDA

Rev. 1
03/107/06

HQNOAEL HQLOAEL HQNOAEL HQLOAEL

Metals
Copper 1.9E-01 1.4E-01 4.5E-01 3.5E-01
Lead 3.9E+01 3.9E+00 3.3E+00 3.3E-01

Notes:
-Cells are shaded if the HQ value is greater than 1.0.
-See Appendix E for the HQ calculation spreadsheets.
HQ = Hazard Quotient
NOAEL = No observed adverse effect level
LOAEL = Lowest observed adverse effect level

Chemical
American Robin Short-Tailed Shrew

TtNUS/TAL-05-056/4821/5.2 6-77 CTO 0355

Rev. 2
11/06/06
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No plant benchmarks are available for bis(2-ethylhexyl) phthalate, therefore, the ORNL plant benchmark 

for diethylphthalate (100 mg/kg) was used.  The diethylphthalate ORNL benchmark for plants is based on 

an EC50 value of 134 mg/kg (which was rounded down to one significant figure for the plant benchmark 

as described in Efroymson et al., 1997a) based on effects on the growth of lettuce from seedling to 

14 days in loam soils.  Even though the ORNL benchmark is based on an EC50 concentration (a value 

indicating adverse effects to 50 percent of the test subjects), the maximum detected concentration (870 

ug/kg) is much lower than the ORNL plant benchmark, so impacts to plants are not expected.  Therefore, 

risks to plants from bis (2-ethylhexyl) phthalate are expected to be negligible.

No benchmarks are available for bis(2-ethylhexyl) phthalate to evaluate risks to earthworms; therefore, 

the ORNL earthworm benchmark for dimethylphthalate (200 mg/kg) was used because the toxicity of 

these two phthalates is probably similar in magnitude.  The ORNL earthworm benchmark for 

dimethylphthalate was developed based on survival of adults of four earthworm species; the 14-day LC50

was 1,064 mg/kg.  The ORNL earthworm value of 200 mg/kg for dimethylphthalate was obtained by 

dividing the LC50 (1,064 mg/kg) by a safety factor 5 (Efroymson et al., 1997b).  Although there are 

uncertainties in comparing the maximum bis(2-ethylhexyl) phthalate concentration to toxicity information 

available for dimethylphthalate, and in applying a safety factor to an LC50 value to estimate a toxicity 

threshold, the maximum bis(2-ethylhexyl) phthalate concentration is less than the ORNL earthworm 

benchmark for dimethylphthalate and impacts to invertebrates are not likely. 

Phthalates are common environmental contaminants due to their use in plastics.  Their presence in 

Site 43 at these low concentrations might be an artifact of the sampling and/or analytical methods.  For 

these reasons, risks to plants and soil invertebrates are probably negligible. 

6.2.5.2.2 Inorganics

Barium
Barium was a COPC because the maximum soil concentration of 726 mg/kg exceeded the USEPA Eco-

SSL for soil invertebrates of 330 mg/kg (USEPA, 2005a).  The USEPA Eco-SSL was developed after a 

review of over 152 technical studies.  Of these, three studies were accepted for inclusion in the 

development of the Eco-SSL based on a ranking that followed USEPA Study Acceptance Criteria.  The 

Eco-SSL is the geometric mean of the EC20 values (based on reproduction) reported for each of three 

test species under three separate test conditions of pH (USEPA, 2005a).  An Eco-SSL for plants is not 

available.  The ORNL plant benchmark of 500 mg/kg is based on a study that found a 38 percent 

reduction in shoot growth of barley 14 days after the addition of 500 mg/kg barium, which was the lowest 

concentration tested (Efroymson et al., 1997a). 
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The three greatest concentrations of barium at Site 43 (710 mg/kg at PEN-43-SS21, 346 mg/kg at PEN-

43-SS24, and 726 mg/kg at PEN-43-SS28) exceeded the Eco-SSL for soil invertebrates (330 mg/kg).  

These locations are in three distinct areas of Site 43: PEN-43-SS21 is within the former tennis court 

boundaries, PEN-43-SS-24 is within Anomaly Area 11, and PEN-43-SS-28 is within Anomaly Area 23.  

Two of these locations (PEN-43-SS-21 and PEN-43-SS-28) had sample concentrations also exceeding 

the 500 mg/kg plant benchmark of Efroymson et al. (1997a).  In addition, location PEN-43-SS21 does not 

appear well bounded to the south, although it is bounded to the north and west by locations where 

concentrations are less than criteria and to the east by the excavated area.  Location PEN-43-SS-24 is 

located on the southeastern corner of Anomaly Area 11 and is well bounded to the north and west by 

locations where concentrations are less than criteria and to the south by the entrance drive to the 

bachelor officer quarters, although it remains unbounded to the east.  Location PEN-43-SS-28 is well 

bounded to the north and west by locations where concentrations are less than criteria and to the south 

and east by the excavation area; therefore, it appears that the elevated barium concentration at this 

location is isolated.

Overall it appears that three potentially isolated areas exist in which soil barium concentrations pose 

potential risks to soil invertebrates at Site 43: the vicinity of PEN-43-SS21, Anomaly Area 11, and 

Anomaly Area 23.  Risks in other areas of the site are negligible.

Copper
Copper was a COPC because the maximum detected soil concentration of 889 mg/kg exceeded the 

Region IV ESV of 40 mg/kg.  The maximum copper concentration was compared to other toxicity 

guidelines to further evaluate risks to plants and invertebrates. 

 Canadian Soil Quality Guideline (SQG): 63 mg/kg (CCME, 1997) 

 ORNL Plant: 100 mg/kg (Efroymson et al., 1997a) 

 ORNL Earthworm: 60 mg/kg (Efroymson et al., 1997b) 

The Canadian SQG of 63 mg/kg for copper is the 25th percentile of effects and no effects data distribution 

for plants and invertebrates, which is the 17th of 69 data points and corresponds to an effect on radish 

seedling emergence [Canadian Council of Ministers for the Environment (CCME), 1997].  Therefore, 

some studies showed effects below 63 mg/kg but many more studies did not show effects at this 

concentration.  Copper concentrations below the Canadian SQG of 63 mg/kg are expected to be 

protective of plants and invertebrates.  However, there is some level of uncertainty in assuming that 

concentrations slightly greater than the SQG present unacceptable risks because the copper sulfate, 

copper nitrate, and copper chloride used in the toxicity studies are likely to be more bioavailable than 

copper in soils from the site.  Also, as discussed above, although some studies demonstrated 
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measurable effects to plants and invertebrates at copper concentrations less than 63 mg/kg, the effects 

concentrations in many other studies were much greater than 63 mg/kg.

The copper ORNL benchmark for plants (100 mg/kg) was based on toxicity data from three studies.  Two 

of the studies demonstrated reductions in root and shoot weights of little bluestem grown in sandy soil to 

which 100 parts per million (ppm) copper (as copper sulfate) was added (Miles and Parker, 1979).  The 

third study showed no effect on leaf and stem weights of bush beans grown in soil to which 100 ppm 

copper (as copper sulfate) was added, but leaf weight was reduced 26 percent when 200 ppm copper 

was added (Wallace et al., 1977).

The copper ORNL benchmark for invertebrates (60 mg/kg) was based on toxicity data from 15 studies.  

The endpoints for most of the studies cited in Efroymson et al. (1997b), are survival or impacts on 

reproduction (i.e., cocoon production, hatchling success).  Because there were more than 10 studies, the 

benchmark was based on a 10th percentile lowest observable effect concentraion (LOEC) value.  

However, a review of the data in Appendix A.1 of Efroymson et al., (1997b) shows that most of the 

studies cited in that document have no observable effect concentrations (NOECs) that are greater than 

60 mg/kg.

Copper was detected at four locations at concentrations exceeding the criteria for plants and soil 

invertebrates (locations PEN-43-SS-21, PEN-43-SS-24, PEN-43SS-25, and PEN-43-SS-34).  Three of 

the four samples at these locations also had elevated barium concentrations (see above).  These three 

samples were collected from within the former tennis court boundaries, Anomaly Area 11, and Anomaly 

Area 24.  Location PEN-43-SS-34 appears to be well bounded on all sides by locations where sample 

concentrations are less than criteria; the elevated copper detection at this location appears isolated.  

Locations PEN-43-SS-24 and PEN-43-SS-25 are located on the southern edge of Anomaly Area 11 and 

are bounded to the north and west by locations where concentrations are less than criteria and to the 

south by the entrance drive to the bachelor officer quarters.  These locations remain unbounded to the 

east.

Food-chain modeling was conducted for copper to evaluate risks to insectivorous mammals and birds.  

Both NOAEL and LOAEL-based HQs were greater than 1.0 under the conservative scenario (i.e., using 

maximum surface soil concentrations); however, no HQs exceeded 1.0 under the average scenario.  The 

average scenario more realistically depicts actual risks to upper level receptors than does the 

conservative scenario because insectivorous small mammals and birds are exposed to chemical 

concentrations throughout the site as opposed to locations of the greatest concentrations only. 
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In summary, risks to plants and invertebrates from copper are possible in the vicinity of location 

PEN-43-SS21 in the former tennis court boundaries, Anomaly Area 11, and in the vicinity of location 

PEN-43-SS34 along the southern border of Anomaly Area 24.  Risks to insectivorous mammals and 

birds, however, are not likely because HQs under the average food-chain scenario were less than 1.0.

Lead
Lead was a COPC because the maximum soil concentration of 7,360 mg/kg exceeded the USEPA Eco-

SSL for birds of 11 mg/kg.  Eight samples collected at Site 43 had lead concentrations ranging from 

290 mg/kg to 7,360 mg/kg.  Using a concentration of 290 mg/kg, food chain HQs for the robin are still 

greater than 1.0 for lead.  The NOAEL-based HQ for the robin is also slightly greater than 1.0 (HQ = 3.4) 

when using the next greatest lead concentration of 88 mg/kg (at location SS19); however, the LOAEL-

based HQ is less than 1.0.  Therefore, the food chain modeling indicates risks to insectivorous mammals 

and especially to birds due to the eight highest lead concentrations (PEN-43-SS21, PEN-43-SS24 

through PEN-43-SS29, and PEN-43-SS34).  Food chain HQs for insectivorous mammals and birds are 

less than 1.0 at all other sample locations under the average scenario.

Because the Eco-SSL used in the conservative COPC screening is based on risks to wildlife and not risks 

to plants and invertebrates, lead concentrations were also compared to the following USEPA Eco-SSLs 

for soil invertebrates and plants to evaluate risks to these receptors. 

 Eco-SSL for plants – 115 mg/kg (USEPA, 2005b) 

 Eco-SSL for soil invertebrates – 1,700 mg/kg (USEPA, 2005b) 

The Eco-SSL for plants is the geometric mean of the maximum acceptable toxicant concentration 

(MATC) values for four test species under three different test conditions (pH of 4.0 to 6.3), and the 

ecological endpoint was growth.  The Eco-SSL for soil invertebrates is the geometric mean of the MATC 

values for one test species (Folsomia candida) under three different test conditions (pH of 4.5 to 6.0) and 

is based on a reproductive endpoint.

Eight samples collected at Site 43 had lead concentrations greater than the USEPA Eco-SSL for plants.  

Of these eight samples, four had concentrations greater than the USEPA Eco-SSL for soil invertebrates.  

These samples were collected from within the former tennis court boundaries, Anomaly Area 11, and 

Anomaly Area 23 and 24 (see Figure 3-1).  These locations are where elevated levels of barium and 

copper have also been detected and represent “hot spots” of contamination.  Lead concentrations at all 

other locations were 88 mg/kg and less, and thus, are less than the Eco-SSL for plants and invertebrates. 
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In summary, potential risks to plants and invertebrates from lead are possible in the vicinity of location 

PEN-43-SS21 in the former tennis court boundaries, Anomaly Area 11, Anomaly Area 23, and in the 

vicinity of location PEN-43-SS34 along the southern border of Anomaly Area 24.  Risks to insectivorous 

mammals and especially birds from lead are also possible at locations PEN-43-SS21, PEN-43-SS24 

through PEN-43-SS29, and PEN-43-SS34. 

Vanadium
Vanadium was a COPC because the maximum concentration of 73.1 mg/kg exceeded the USEPA Eco-

SSL for birds of 7.8 mg/kg.  Because the Eco-SSL used in the conservative COPC screening is based on 

risks to wildlife and not risks to plants and invertebrates, vanadium concentrations at Site 43 were 

compared to the Canadian SQG (130 mg/kg; EC, 1999) to evaluate potential risks to plants and 

invertebrates.

The vanadium Canadian SQG of 130 mg/kg is the 25th percentile of effects and no effects data 

distribution for plants and invertebrates, which is the 4th of 14 data points and corresponds to a LOEC for 

lettuce seedling emergence [Environment Canada (EC), 1999].  The only study cited in the vanadium 

Canadian SQG for earthworms listed a NOEC of 207 mg/kg based on mortality after 14 days and a LOEC 

of 417 mg/kg.  Some of the studies used for the Canadian SQG were conducted by Environment Canada 

and were designed to provide a range of effects (NOEC, EC25, EC50, and LOEC).

The maximum vanadium detection of 73.1 mg/kg is less than the Canadian SQG.  All other detected 

concentrations were 11.6 mg/kg and less, which is less than the lowest NOEC of 55 mg/kg used to 

develop the Canadian SQG.  Therefore, impacts to plants and invertebrates from vanadium in the soil are 

not expected 

6.2.6 Uncertainty

Uncertainty is associated with all aspects of the ecological assessment methodology presented in the 

preceding sections.  This section provides a summary of the uncertainties. 

6.2.6.1 Uncertainty in the Problem Formulation 

A major uncertainty in this risk assessment is the extent to which wildlife actually forage at the site.  The 

site provides poor habitat, and as a result, significant foraging probably does not occur at the site.  Risk to 

insectivorous receptors was evaluated as a conservative measure, but under current habitat conditions, 

the food chain HQs are believed to grossly overestimate risk at the site.  The precise extent of 

overestimation is uncertain. 
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Another uncertainty related to the habitat at Site 43 is choice of representative receptors.  The short-tailed 

shrew was selected to represent small mammals that consume soil invertebrates, but the site provides 

very little cover in which these timid animals can hide.  Under current habitat conditions, the food chain 

HQs for mammals represented by the shrew are believed to grossly overestimate risk to insectivorous 

mammals.

Larger animals such as foxes, bobcats, and hawks were not selected as representative receptors due to 

conditions at the site.  Bobcats are not found in developed areas such as Site 43 and the vicinity.  Foxes 

might forage at Site 43 because these animals sometimes become habituated to developed areas, but 

such use would be only occasional at most.  Similarly, the site would not be expected to provide foraging 

habitat to large predatory birds such as hawks.  Additionally, the home ranges of larger animals are so 

great that the likelihood that these animals are present and forage at Site 43 only is highly unlikely.  The 

uncertainty associated with not including large predatory mammals and birds is negligible. 

Evidence indicates that the groundwater-to-surface water pathway is not complete at the site, and 

therefore, groundwater contaminants are presumed to pose no risk to ecological receptors.  Extensive 

groundwater data, the absence of surface water bodies at the site, and the distance to downgradient 

surface water bodies supports this presumption.  Thus, the uncertainty associated with this presumption 

appears to be negligible.

6.2.6.2 Uncertainty in the Ecological Effects Characterization 

Laboratory-derived NOAELs and LOAELs might not adequately represent toxicity thresholds for receptors 

under field conditions.  In addition, NOAELs and LOAELs derived for species used in toxicity tests might 

not adequately represent toxicity thresholds for other species.  These uncertainties may overestimate or 

underestimate potential risks.

Toxicological data for a few of the chemicals (for a few of the receptor types) are limited or do not exist.  

This occurred for bis(2-ethylhexyl) phthalate in surface soil but it did not affect the outcome of the risk 

assessment because bis(2-ethylhexyl) phthalate was evaluated using a surrogate phthalate and the other 

Step 3a factors discussed in Section 6.2.5.2.  Although there is uncertainty in using a surrogate chemical 

when evaluating toxicity, attempts were made to lessen the uncertainties by providing the toxicological 

basis of the alternate benchmarks when they were used.

Data for investigating toxicity to reptiles and amphibians from oral ingestion of contaminants are sparse.  

Thus, potential risks via the food chain were not evaluated for reptiles and amphibians.  With the 

exception of toads, however, few reptiles and amphibians probably utilize the site.
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6.2.6.3 Uncertainty in the Exposure Assessment 

The dermal exposure for upper-level receptors was not evaluated, potentially underestimating risks.  

However, because few upper-level receptors probably use Site 43, this exposure route is considered 

negligible.

Literature-based bioaccumulation factors used in food-chain modeling often vary between species and 

sites.  This can overestimate or underestimate potential risks.

Soil samples evaluated in this risk assessment consisted of samples no deeper than 1 foot below the soil 

surface.  However, tree roots extend deeper than 1 foot below the surface, and mammals such as moles 

could burrow deeper than 1 foot.  With the exception of moles and trees, terrestrial species at the site 

would rarely (if ever) be exposed to soils deeper than 1 foot below the surface.  The uncertainty resulting 

in evaluating only surface soils is negligible.

6.2.6.4 Uncertainty in the Risk Characterization 

This uncertainty results from the combination of the above uncertainties.  For example, the assessment of 

risks to upper-level receptors via the food chain is hindered by uncertainties such as the derivation of the 

toxicity reference values, the process used to derive bioaccumulation factors, and the choice of the best 

species to represent mammal and bird receptors.  A weight-of-evidence approach to assess risks was 

used to reduce the overall uncertainty in these situations.

Uncertainty in risk characterization also results from the lack of data regarding the toxicity of multiple 

chemicals.  For example, soil concentrations of some COPCs were elevated at numerous locations.  The 

extent to which these concentrations might contribute to cumulative toxicity is uncertain.  

Finally, there is uncertainty in how the predicted risks to a species at a site translate into risk to the 

population in the area as a whole. 

6.2.7 Summary and Conclusions

A SLERA was performed for Site 43 at NAS Pensacola.  Several chemicals were retained as COPCs as 

a result of the initial screening of surface soil.  These chemicals were further evaluated and data were 

scrutinized as a part of the Step 3a refinement.  Section 6.2.5 presents a summary of the refinement of 

the initial COPCs including the overall conclusion of whether chemicals initially selected as COPCs 

actually pose significant ecological risk. 
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Plants and Soil Invertebrates

In surface soil, several chemicals were initially selected as COPCs.  Concentrations of barium, copper, 

and lead pose risks to soil invertebrates and plants, especially from the cumulative toxicity of multiple 

metals.  Concentrations of these metals were greater than alternate toxicity guidelines for plants and 

invertebrates at some locations.  However, the locations where elevated concentrations for the final 

COPCs exist are primarily limited to three small isolated areas: within the vicinity of location PEN-43-

SS21 (located within the former tennis court boundaries), Anomaly Area 11, and Anomaly Area 23.  No 

impacts to plants and invertebrates at Site 43 are expected at other locations. 

Summary of Food Chain Modeling

Potential risks to insectivorous small mammals and birds from copper and lead were evaluated.  Based 

on the food chain modeling results, lead concentrations in eight soil samples pose potential risks to 

insectivorous small mammals and birds (see Section 6.2.5.1) that forage exclusively at Site 43.  These 

eight samples were collected from primarily three isolated areas: the vicinity of location PEN-43-SS21 

(located within the former tennis court boundaries), Anomaly Area 11, and Anomaly Area 23.  The precise 

extent to which birds and mammals forage at Site 43 is uncertain, but due to the poor habitat at the site, 

birds and mammals probably do not forage to a significant extent there.
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7.0 SUMMARY AND CONCLUSIONS 

The primary objective of the RI is to provide data to evaluate the current environmental conditions and 

guide the selection of a remedy for any contamination present at Site 43 that is protective of human 

health and the environment.  In order to achieve this primary objective, samples from various media were 

collected and analyzed to fill data gaps from previous investigations.  Samples from various media were 

used to evaluate the extent of contamination previously documented at the site and evaluate the effect 

remedial actions have had on site conditions. 

7.1 SITE HYDROLOGY 

The depth to groundwater at Site 43 ranges from approximately 12 to 15 feet and is controlled primarily 

by surface topography.  Groundwater flow direction in the shallow groundwater interval is to the east.  

The estimated average groundwater velocity for the shallow zone at the site was calculated at 0.88 

feet/day.  An upward vertical gradient was observed in adjacent pairs of shallow and deep monitoring 

wells.

7.2 SOIL ASSESSMENT 

The release of contaminants at Site 43 appears to have resulted from undocumented burning and 

disposal of unknown materials.  The source and nature of materials, as well as the time of disposal, are 

unknown.  The detections of carcinogenic PAHs and metals at Site 43 supports burning and disposal as 

the probable source of contamination. 

Ten surface soil samples with exceedances of one or more residential SCTL (including some industrial 

exceedances) were collected during the RI, including surface soil samples collected from Anomaly Areas 

11, 12, 23, and 24 and the Tennis Court Area.  Six shallow subsurface soil samples had exceedances of 

one or more residential SCTL (including some industrial exceedances).  Four of these samples were 

collected in the footprint of the IRA excavation, and one each from Anomaly Areas 11 and 23.  

Contaminant concentrations in the deeper subsurface soil samples, collected  from depths greater than 

4 feet were less than SCTLs. 

Anomaly Area 17

Contaminant concentrations in the surface and subsurface soil samples collected from Anomaly Area 17 

were less than SCTLs; therefore, no further delineation is needed in this area. 
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Anomaly Area 11

All three of the surface soil samples and the shallow subsurface soil sample collected at Anomaly 

Area 11, located to the east of the IRA excavation, had exceedances of residential screening critieria.  

Surface soil samples PEN-43-SS24 and PEN-43-SS25 and subsurface soil sample PEN-43-SB2501, 

collected from 2 to 3 feet, had exceedances of the arsenic, barium, copper, lead, and carcinogenic PAH 

SCTLs.  The lead concentrations in these samples exceeded the industrial SCTL.  Surface soil sample 

PEN-43-SS26 exceeded only the residential carcinogenic PAH SCTL and none of the metals SCTLs.  

These analytical results indicate that horizontal and vertical delineation of the surface and subsurface soil 

contaminants has not been completed at Anomaly Area 11. 

Anomaly Area 12

Two of the surface soil samples at collected at Anomaly Area 12 had exceedances of residential SCTLs,  

PEN-43-SS18 exceeded the carcinogenic PAH SCTL and PEN-43-SS19 exceeded the arsenic SCTL.  

The third surface soil sample PEN-43-SS20 had no SCTL exceedances.  No SCTL exceedances were 

reported for the subsurface soil samples collected from PEN-43-SB19. 

Anomaly Area 23

All three of the surface soil samples and one of the shallow subsurface soil sample collected at Anomaly 

Area 23, located adjacent to the northern edge of the IRA excavation, had exceedances of residential 

screening critieria.  Surface soil samples PEN-43-SS27 and PEN-43-SS28 had exceedances of the 

arsenic, barium, and lead SCTLs.  The lead concentration in PEN-43-SS28 also exceeded the industrial 

SCTL.  The carcinogenic PAH concentration for PEN-43-SS28 exceeded the residential SCTL.  Surface 

soil sample PEN-43-SS29 exceeded only the residential carcinogenic PAH SCTL and none of the metals 

SCTLs.  The shallow subsurface soil sample collected at PEN-43-SB14 had exceedances of the arsenic, 

barium, copper, and vanadium residential SCTLs and the lead and carcinogenic PAH industrial SCTLs.  

Sample PEN-43-SB1401 contained some of the highest contaminant concentrations observed in samples 

collected for the RI.  The remaining subsurface soil samples collected at Anomaly Area 23 had no SCTL 

exceedances.

Anomaly Area 24

One of the surface soil samples collected at Anomaly Area 24, located to the north of the IRA excavation, 

had exceedances of residential SCTLs.  PEN-43-SS34 had exceedances of the copper and lead 

residential SCTLs.  PEN-43-SS34 was collected from the southern perimeter of Anomaly Area 24, which 

is closest to Anomaly Area 23 and the IRA excavation.  Contaminant concentrations in the other surface 

and subsurface soil samples collected from Anomaly Area 24 were less than SCTLs. 
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Tennis Court Area

One of the surface soil samples collected at the Tennis Court Area had exceedances of residential and 

industrial SCTLs.  PEN-43-SS21 had exceedances of the arsenic, barium, and copper residential SCTL 

and the lead industrial SCTL.  Contaminant concentrations in the other surface and subsurface soil 

samples collected from the Tennis Court Area were less than SCTLs. 

IRA Excavation Area

Four of the soil boring locations advanced in the excavation area from the IRA had SCTL exceedances.  

The shallow subsurface soil samples collected at PEN-43-SB06, PEN-43-SB08, PEN-43-SB11, and 

PEN-43-SB17 had exceedances of the arsenic, barium, copper, and lead residential SCTLs.  The lead 

concentration in PEN-43-SB1701 also exceeded the industrial SCTL.  The carcinogenic PAH 

concentration for PEN-43-SB1101 and PEN-43-SB1701 exceeded the residential SCTL.  The distribution 

of contaminants in the shallow subsurface zone suggests that subsurface soil contaminantion remaining 

at the site does not extend laterally much further than the IRA excavation.  SCTL exceedances were not 

reported for the subsurface soil samples collected at Anomaly Areas 12, 17, and 24 or the Tennis Court 

Area.

7.3 GROUNDWATER ASSESSMENT 

Groundwater samples collected at Site 43 were analyzed for TAL metals and TCL VOCs based on 

analytical results from previous sampling events.  Detected VOC concentrations in the groundwater 

samples collected for the RI were less than the GCTLs. 

Iron was detected in most of the monitoring wells sampled for the RI at concentrations exceeding the 

GCTL, which is a secondary standard, but less than the NAS Pensacola background iron concentration.  

Iron concentrations exceeded the background concentration in three monitoring wells, PEN-43-06S, 

PEN-43-09S, and PEN-43-10S.  The highest iron concentration was observed in PEN-43-06S.  These 

wells are located up and side gradient to the known disposal area, which would suggest that the iron 

concentrations in these wells are naturally occuring rather than due to site activity. 

Manganese was detected in each of the groundwater samples collected at Site 43.  The reported 

mangnese concentrations in two shallow wells, PEN-43-06S and PEN-43-07S, exceeded the GCTL, 

which is a secondary standard.  PEN-43-06S is located to the south of the IRA excavation area and PEN-

43-07S is located to the north of the IRA excavation area.  The highest manganese concentration was 

observed in PEN-43-06S, which is located side gradient to the known disposal area.  Manganese was 

less than the GCTL in PEN-43-06D, the deep well paired with PEN-43-06S. 
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Lead was detected in only two of the groundwater samples collected at Site 43.  Lead only exceeded the 

GCTL in the sample collected from PEN-43-13S, which is located at the center of Anomaly Area 11, 

where surface and subsurface soil samples had lead concentrations exceeding residential and industrial 

SCTLs. 

7.4 SUMMARY OF RISK ASSESSMENT 

An HHRA was conducted for the chemical concentrations detected in surface soil, subsurface soil, and 

groundwater samples collected at Site 43.  The evaluation was conducted using both USEPA and State 

of Florida regulations and guidelines for HHRA.  The USEPA risk assessment considered five receptors, 

the hypothetical future resident, the typical industrial worker, the construction worker, the maintenance 

worker, and the trespasser/recreational user, assuming exposure via the ingestion, dermal contact, and 

inhalation route of exposures.  However, maintenance workers and trespassers/recreational users are 

considered to be the most likely receptors at Site 43 under current land use. 

The list of COPCs for Site 43 included the following: 

 Surface Soil – carcinogenic PAHs, arsenic, barium, copper, lead, and vanadium 

 Subsurface Soil – carcinogenic PAHs, arsenic, barium, copper, lead, and vanadium 

 Groundwater – chloroform, iron, lead, manganese 

Based on the USEPA evaluation, lead is the predominant COPC detected in soil and groundwater at 

Site 43 and is the primary chemical warranting further consideration as a site contaminant.  Lead 

concentrations exceeding the OSWER SSL of 400 mg/kg were detected at six surface soil sampling 

locations (average concentration in the six locations = 2,525 mg/kg) and at six subsurface soil locations 

(average concentration = 1,350 mg/kg).  Lead was detected in 2 of 12 groundwater samples with the 

concentration in one sample exceeding the 15 ug/L USEPA action level.  Because published toxicity 

criteria are not available for lead, exposure to lead in soil was evaluated by the IEUBK Model and the 

TRW Adult Lead Model for residential and non-residential exposure scenarios, respectively.  Results of 

the IEUBK and TRW adult lead model analyses indicate that exposure to average lead concentrations in 

surface and subsurface soil and the maximum detected concentration in groundwater would result in 

risks (i.e., probabilities) exceeding USEPA benchmarks. 

Quantitative estimates of non-carcinogenic and carcinogenic risks were developed for the receptors listed 

above for exposure to COPCs in soil and groundwater. Cancer risk estimates (total ILCRs) developed for 

excavation/construction workers and maintenance workers exposed to COPCs in surface and subsurface 

soil were less than 1x10-6.  Total ILCRs for full time commercial/industrial workers, lifelong recreational 



  Rev. 2 
  11/06/06 

TtNUS/TAL-05-056/4821/5.2 7-5 CTO 0355

users, and future residents hypothetically exposed to COPCs in soil and groundwater were within the 

USEPA target risk range of 1x10-6 to 1x10-4.  The primary risk drivers were carcinogenic PAHs and 

arsenic in soil and chloroform in groundwater.  However, there is considerable uncertainty associated 

with the risks calculated for arsenic and chloroform. The arsenic concentrations detected in soil exceed 

facility background concentrations but are well within naturally occurring levels in the United States (the 

average Site 43 soil concentration is approximately 3 mg/kg).  In addition, the soil background dataset for 

NAS Pensacola consists of only two locations and background levels may not be adequately 

characterized.  As stated above, chloroform was detected in only 2 of 12 samples; the maximum 

concentration is well below the USEPA MCL and the Florida GCTL.  It is likely that carcinogenic PAHs 

are a “hotspot” contamination issue only because elevated concentrations of carcinogenic PAHs were 

detected mainly in subsurface soil Sample PEN-43-SB1401.  Average carcinogenic PAH concentrations 

outside this area (approximately 0.08 mg/kg) slightly exceed the Region 9 residential soil PRG (0.062 

mg/kg) and are less than the FDEP Residential Soil SCTL (0.1 mg/kg).  This sample (SB1401) also 

contained the highest detected concentrations of lead and other metals in subsurface soil. 

Noncancer risk estimates (total HIs) developed on a target organ/effect basis for all receptors evaluated 

were less than unity (1.0).  Consequently, adverse non-carcinogenic health effects are not anticipated 

under the conditions established in the exposure assessment. 

The risk assessment conducted per the State of Florida regulations and guidelines evaluated risks to a 

hypothetical future resident and a typical industrial worker using the published SCTLs for the residential 

and industrial land use scenario, respectively.  Risks to a hypothetical future recreational user were 

evaluated using SCTLs specifically developed for this risk assessment as stipulated in the State of 

Florida regulations and guidelines.  The following chemicals were identified as potential COCs for surface 

soils based on a comparison of maximum concentrations or EPCs to these SCTLs: 

 Residential SCTL – carcinogenic PAHs, arsenic, barium, copper, lead, and vanadium 

 Industrial SCTL - lead 

The following chemicals were identified as potential COCs for subsurface soils based on a comparison of 

maximum concentrations or EPCs to the SCTLs: 

 Residential SCTL – carcinogenic PAHs, arsenic, barium, copper, lead, and vanadium 

 Industrial SCTL - carcinogenic PAHs, lead 

 Recreational SCTL - carcinogenic PAHs 
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The following chemicals were identified as potential COCs for groundwater based on a comparison of 

maximum concentrations to GCTLs: 

 Iron 

 Lead 

 Manganese 

Note that iron and manganese were identified as potential COCs for groundwater because the maximum 

concentrations exceeded CTLs which are USEPA Secondary MCLs.  Secondary MCLs are criteria based 

not on health effects but rather on aesthetic effects such as taste and odor.  Also, note that HQs for iron 

and manganese calculated in the USEPA evaluation were less than the USEPA and Florida goal of unity 

for non-carcinogenic health effects. 

Chemicals detected in soil were also evaluated for the potential to impact groundwater quality at the site 

by comparing maximum concentrations with FDEP SCTLs for migration from soil to groundwater.  This 

evaluation indicated that that the concentrations of constituents detected in soil were unlikely to adversely 

impact groundwater quality. 

The HHRA identified completed pathways in soil, subsurface soil, and groundwater, to unrestricted 

receptor populations.  The analytes identified in the HHRA as contributing to risk to human receptors 

were lead in soil and groundwater.  In addition, carcinogenic PAH hot spots may influence risk at the site.  

Arsenic, barium, copper, and vanadium were detected in surface and subsurface soil at concentrations 

exceeding FDEP residential risk based criteria.  Lead and carcinogenic PAHs were detected at 

concentrations exceeding FDEP industrial risk based screening criteria. 

The SLERA identified surface soil concentrations of barium, copper, and lead that may pose risks to soil 

invertebrates and plants, especially from the cumulative toxicity of multiple metals.  The locations where 

elevated concentrations for the final COPCs exist are primarily limited to three small isolated areas: within 

the vicinity of location PEN-43-SS21 (located within the former tennis court boundaries), Anomaly Area 

11, and Anomaly Area 23.  No impacts to plants and invertebrates at Site 43 are expected at other 

locations. 

Potential risks to insectivorous small mammals and birds from copper and lead were evaluated.  Based 

on the food chain modeling results, lead concentrations in eight soil samples pose potential risks to 

insectivorous small mammals and birds that forage exclusively at Site 43.  These eight samples were 

collected from primarily three isolated areas: the vicinity of location PEN-43-SS21 (located within the 

former tennis court boundaries), Anomaly Area 11, and Anomaly Area 23.  The precise extent to which 
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birds and mammals forage at Site 43 is uncertain, but due to the poor habitat at the site, birds and 

mammals probably do not forage to a significant extent there. 

7.5 CONCLUSIONS 

Metals and carcinogenic PAHs were detected in surface soil and subsurface soil samples at 

concentrations exceeding risk-based screening criteria.  Metals in groundwater samples exceeded 

risk-based screening criteria (lead) and secondary standards (iron and manganese).  Sample locations 

that exceeded risk based criteria are shown on Figure 7-1.  Both the HHRA and SLERA identified risk to 

human and ecological receptors exceeding USEPA and FDEP benchmarks. 

The remaining contaminants in Site 43 surface and subsurface soil will require measures to eliminate or 

minimize exposure by active cleanup, engineering controls, and/or institutional controls.  To achieve no 

further action for residential or industrial criteria, exposure to surface soil at Anomaly Areas 11, 12, 23, 

24, the Tennis Court Area and exposure to subsurface soil at Anomaly Areas 11, 23, and the the IRA 

area will have to be prevented.  Exposure to groundwater at the site will also require control.  A detailed 

evaluation of alternatives to achieve this goal should be presented in a Feasibility Study for Site 43.  A 

confirmation sampling and analysis protocol will be incorporated in the Feasibility Study to verify that the 

selected remedy for Site 43 is effective for the nature and extent of contaminants at the site. 
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.

William J. Hill  
CodeES31
South Division 
Naval Facilities Engineering Command 
2155 Eagle Dr. 
P.O. Box 190010 
North Charleston, South Carolina, 29419-9010 

Subject:  Remedial Investigation Report Site 43, Naval Air Station – Pensacola in Pensacola, FL 

Dear Mr. Hill: 

EPA has reviewed the above referenced document and we offer the following comments. 

This document was well written and organized. It is obvious that a major investment of time and 
effort was put into this investigation. We agree with the recommendations and conclusions 
outlined in the document. 

If you have any questions or comments, please contact me in writing or at 404.562.8544. 

Sincerely, 

Gregory D. Fraley 
Senior Remedial Project Manager 

cc: Tracie Vaught, FDEP 







Response to University of Florida Comments 
Site 43 RI Report 

Comment 1: Surface soil samples taken on the borders of Anomaly Area 12 exceed residential 
SCTLs for arsenic and Benzo(a)pyrene (BaP).  This suggests that the extent of contamination 
may extend beyond the current borders. 

Response: 
Agreed.  A confirmation sampling and analysis protocol will be established in the Feasibility Study 
(FS) to verify that the selected remedy for Site 43 is effective for the nature and extent of 
contaminants at the site. 

Comment 2: Surface soil samples taken on the borders of Anomaly Area 23 contained a “hot 
spot” of arsenic and exceeded the residential SCTL for barium and vanadium.  The adjacent area 
(Anomaly Area 24) was not analyzed for these metals but may also contain these chemicals of 
potential concern (COPC) in the surface soil. 

Response: 
The selection of analytes for each of the anomaly areas was based on the results of previous 
investigations at the site.  Analytical results for soil samples previously collected at Anomaly 
Area 24 did not indicate that arsenic, barium or vanadium concentrations in this area exceeded 
screening criteria.  However; this concern will be addressed in the FS, please see the response to 
Comment 1. 

Comment 3: Anomaly Area 17 was considered adequately delineated, but the surface soils were 
not tested for arsenic, barium or vanadium.  Adjacent areas have residential exceedances for 
these metals. 

Response: 
Please see the response to Comment 2. 

Comment 4: In Table 6-12 carbazole should be apportioned under the recreational user 
scenario. 

Response: 
The contribution of carbazole to human health risk under the residential user scenario will be 
considered following completion of confirmation sampling and analysis during the FS.   

Comment 5: SPLP tests were not conducted for arsenic, copper, or lead.  Leachability may 
present a problem for arsenic and lead, because these metals were found in surface soil samples 
above their residential and industrial SCTLs.  Additionally, lead was detected above its GCTL in 
shallow groundwater at one location (PEN-43-GW13S01). 

Response: 
The potential for site contaminants to leach to groundwater will be considered in the design of 
confirmation sampling and analysis protocol and the selected remedy in the FS. 



Response to University of Florida Comment # 6 

Comment 6a: The Site 43 ecological risk assessment evaluates risk from surface soil 
contaminants only, as there are no surface water bodies or sediment on site.  In addition, 
groundwater does not appear to pose risk to off-site surface water bodies, as the directional 
groundwater flow does not form an exposure pathway to nearby surface waters.  Maximum 
surface soil contaminants were compared to Region IV Ecological Screening Values as well as 
EPA Eco-Soil Screening Levels.  This method is appropriate.  However, upon comparison to the 
corresponding Region IV value of 1000 µg/kg, total PAHs were not retained even though the 
maximum value exceeded nearly twice the Region IV value (1919 µg/kg).  The reasoning for this 
is not clear.  A study was cited by Friday (1998) that used a value of 20,000 µg/kg to describe 
moderate PAH soil contamination.  We do not believe it is appropriate to use alternative 
screening values without site-specific justification especially during the initial screening step, 
therefore we disagree with the elimination of total PAHs from further consideration.   

Response: 
The Navy concurs that it is not appropriate to use alternative screening values during the initial 
screening step, and this was not done in the Site 43 ecological risk assessment.  Instead, the 
EPA Region IV ecological screening value was used and total PAHs were retained as a 
preliminary COPC in the initial screening step, which is step 2 of USEPA’s 8-step ecological risk 
assessment process (see Section 6.2.4).   

Much of the comment refers to text in Section 6.2.5.1, which is part of Step 3 of USEPA’s 8-step 
ecological risk assessment process.  As explained in the first two paragraphs of Section 6.2.5, 
this step is a refinement of preliminary COPCs, and involves several factors.  For clarity, the first 
paragraph of Section 6.2.5.1 discussing PAHs will be deleted and replaced with the following 
three paragraphs: 

Maximum screening HQs of three PAHs (benzo(a)pyrene, fluoranthene, and pyrene) as well as 
total PAHs exceeded 1.0.  Ecologically based toxicity values are sparse for PAHs in soil, and 
USEPA Region IV has established screening values for only eight of the 18 individual PAHs 
detected at the site.  The USEPA Region IV screening values for six of these eight PAHs are 
based on values established in the Netherlands during the 1980s.  In 1994, the Dutch modified 
their screening values for PAHs, establishing a “target” value of 1,000 g/kg and an ”intervention” 
value of 40,000 g/kg for total PAHs (MHSP&E, 1994).  The Dutch target values represent clean 
soil, the intervention values represent seriously contaminated soil, and the concentration midway 
between the target value and the intervention value was designated as the “intermediate” value.  
The Dutch guidelines specify that concentrations greater than the target value but less than the 
intermediate value require no further investigation (but minor restrictions may be applied on soil 
use), while further investigation is required when concentrations exceed the intermediate value 
but are less than the intervention value (Swartjes, 1999).  The intermediate value for total PAHs 
in soil (i.e., the concentration midway between the target value and the intervention value) is 
20,500 µg/kg.   

The 20,500 µg/kg value is very near the ecological screening value of 20,800 µg/kg for total 
PAHs calculated by Lingenfelser (2000) for assessing risk to soil invertebrates.  Lingenfelser’s 
screening value was derived using toxicity equivalency factors and was based on a study by 
Neuhauser et al (1986) in which the effects of fluorene were evaluated using four species of 
earthworms.  The similarity of Lingenfelser’s screening value relative to the Dutch intermediate 
value provides credence for use of the Dutch value as a conservative screening value for total 
PAHs. 

The toxicity of PAHs is often assumed to be additive, so evaluating PAH toxicity in soil by 
examining total PAH concentrations is especially useful when, as at Site 43, several PAHs were 



detected for which ecological screening values do not exist.  The maximum concentration of total 
PAHs at Site 43 (1,919 µg/kg, Table 6.2-1) was well below both the 20,000 µg/kg Dutch 
intermediate value and the Lingenfelser (2000) soil invertebrate toxicity threshold value of 
20,800 µg/kg.  Thus, risks to plants and soil invertebrates from PAHs are negligible.  Additionally, 
the toxicity of PAHs at Site 43 via the terrestrial food web is negligible (see Section 6.2.1.3).  
Therefore, PAHs pose negligible ecological risk at Site 43.  

Comment 6b: We do concur, however, with the report's conclusions that barium, copper and 
lead pose risks to invertebrates, small birds and mammals. 

Response: 
The ecological risk assessment does not conclude that barium and copper pose risks to small 
birds and mammals.  Instead, the ecological risk assessment concluded that barium and copper 
pose risk to invertebrates and plants, but not to small birds and mammals.   

The ecological risk assessment concluded that lead poses risk to invertebrates, plants, and small 
birds and mammals.  However, potential risk to birds and mammals applies only to those 
individuals that forage exclusively at Site 43.  The precise extent to which birds and mammals 
forage at Site 43 is uncertain, but due to the poor habitat at the site, birds and mammals probably 
do not forage to a significant extent there.   
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STATE AND FEDERAL THREATENED, ENDANGERED, AND OTHER SPECIES OF CONCERN LIKELY TO OCCUR IN 
ESCAMBIA COUNTY FLORIDA 

Compiled by U.S. Fish and Wildlife Service, May, 2004

Common Name Scientific Name
Status 
State

Status 
FWS Natural Communities

FISH: a E
Gulf sturgeon Acipenser oxyrinchus desotoi SSC T           

CH
ESTUARINE: various  MARINE: various habitats  
RIVERINE: alluvial and blackwater streams      

Crystal darter Ammocrypta asprella T ce RIVERINE: alluvial stream            
Harlequin darter Etheostoma histrio SSC RIVERINE: alluvial stream            
Saltmarsh topminnow Fundulus jenkinsi SSC ESTUARINE: estuarine tidal marsh            
Bluenose shiner Pteronotropis welaka SSC RIVERINE: blackwater, alluvial, and spring-run 

streams            
AMPHIBIANS & REPTILES: a
American alligator Alligator mississippiensis SSC T(s/a) ESTUARINE: marshes, various habitats  

LACUSTRINE: marshes, swamps, various habitats  
PALUSTRINE: swamps, floodplains, marshes, 
various habitats  RIVERINE: open water, 
shorelines, various habitats   

Flatwoods salamander Ambystoma cingulatum SSC T PALUSTRINE: wet flatwoods, dome swamp, basin 
swamp, ruderal  TERRESTRIAL: mesic flatwoods 
(reproduces in ephemeral wetlands within this 
community)      

Loggerhead turtle Caretta caretta T T TERRESTRIAL: sandy beaches; nesting    
Green turtle Chelonia mydas mydas E E TERRESTRIAL: sandy beaches; nesting   
Leatherback turtle Dermochelys coriacea E E TERRESTRIAL: sandy beaches; nesting  
Eastern indigo snake Drymarchon corais couperi T T ESTUARINE: tidal swamp  PALUSTRINE: hydric 

hammock, wet flatwoods  TERRESTRIAL: mesic 
flatwoods, upland pine forest, sandhills, scrub, 
scrubby flatwoods, rockland hammock, ruderal      

Hawksbill turtle Eretmochelys imbricata 
imbricata

E E MARINE: open water; no nesting            

Gopher tortoise Gopherus polyphemus SSC ce TERRESTRIAL: sandhills, scrub, scrubby 
flatwoods, xeric hammocks, coastal strand, ruderal  

Pine barrens treefrog Hyla andersonii SSC PALUSTRINE: seepage slope, baygall  RIVERINE: 
seepage stream         

Kemp's Ridley turtle Lepidochelys kempi E E TERRESTRIAL: sandy beaches; nesting   
Alligator snapping turtle Macroclemys temminckii SSC ce ESTUARINE: tidal marsh  LACUSTRINE: river 

floodplain lake, swamp lake  RIVERINE: alluvial 
stream, blackwater stream      

Gulf salt marsh snake Nerodia clarkii clarkii ce ESTUARINE: tidal marsh, tidal swamp  MARINE: 
tidal marsh, tidal swamp         

Florida pine snake Pituophis melanoleucus 
mugitus

SSC ce LACUSTRINE: ruderal, sandhill upland lake  
TERRESTRIAL: sandhill, scrubby flatwoods, xeric 
hammock, ruderal         

BIRDS: a
Bachman's sparrow Aimophila aestivalis ce TERRESTRIAL: various, ruderal            
Southeastern snowy plover Charadrius alexandrinus 

tenuirostris
T ce ESTUARINE: exposed unconsolidated substrate  

MARINE: exposed unconsolidated substrate  
TERRESTRIAL: dunes, sandy beaches, and inlet 
areas      

Piping plover Charadrius melodus T T        
CH

ESTUARINE: exposed unconsolidated substrate  
MARINE: exposed unconsolidated substrate  
TERRESTRIAL: dunes, sandy beaches, and inlet 
areas.  Mostly wintering and migrants. 

Stoddard's yellow-throated 
warbler

Dendroica dominica stoddardi ce TERRESTRIAL: wooded habitats with spanish 
moss, various            

Little blue heron Egretta caerulea SSC ESTUARINE: marshes, shoreline  PALUSTRINE: 
floodplains, swamps  RIVERINE: shoreline      
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STATE AND FEDERAL THREATENED, ENDANGERED, AND OTHER SPECIES OF CONCERN LIKELY TO OCCUR IN 
ESCAMBIA COUNTY FLORIDA 

Compiled by U.S. Fish and Wildlife Service, October, 2003

Common Name Scientific Name
Status 
State

Status 
FWS Natural Communities

Snowy egret Egretta thula SSC ESTUARINE: marshes, tidal swamps, shoreline  
LACUSTRINE: lake edges  PALUSTRINE: swamp, 
floodplain, ruderal  RIVERINE: shoreline   

Tricolored heron Egretta tricolor SSC ESTUARINE: marshes, tidal swamps, shoreline  
LACUSTRINE: lake edges  PALUSTRINE: swamp, 
floodplain, ruderal  RIVERINE: shoreline   

Arctic peregrine falcon Falco peregrinus tundrius E ce ESTUARINE: winters along coasts  LACUSTRINE: 
various  PALUSTRINE: various  TERRESTRIAL: 
various, ruderal   

Southeastern kestrel Falco sparverius paulus T ce ESTUARINE: various habitats  PALUSTRINE: 
various habitats  TERRESTRIAL: open pine 
forests, clearings, ruderal, various      

American oystercatcher Haematopus palliatus SSC ESTUARINE: exposed unconsolidated substrate, 
exposed mollusk reef  MARINE: exposed 
unconsolidated substrate, exposed mollusk reef  
TERRESTRIAL: beaches, ruderal areas    

Bald eagle Haliaeetus leucocephalus T T ESTUARINE: marsh edges, tidal swamp, open 
water  LACUSTRINE: swamp lakes, edges  
PALUSTRINE: swamp, floodplain  RIVERINE: 
shoreline, open water  TERRESTRIAL: pine and 
hardwood forests, clearings

Wood stork Mycteria americana E E ESTUARINE: marshes  LACUSTRINE: floodplain 
lakes, marshes (feeding), various  PALUSTRINE: 
marshes, swamps, various      

Brown pelican Pelecanus occidentalis SSC ESTUARINE: islands for nesting, open water  
MARINE: open water         

Red-cockaded woodpecker Picoides borealis T E TERRESTRIAL:  mature pine forests            
Black Skimmer Rynchops niger SSC ESTUARINE: various  LACUSTRINE: various  

RIVERINE: various  TERRESTRIAL: ocean 
beaches, beach dune, ruderal.  Nests common on 
rooftops.  

Least tern Sterna antillarum T ESTUARINE: various  LACUSTRINE: various  
RIVERINE: various  TERRESTRIAL: beach dune, 
ruderal.  Nests common on rooftops.  

MAMMALS: a
Santa Rosa beach mouse Peromyscus polionotus 

leucocephalus
ce TERRESTRIAL: beach dune, coastal scrub           

Perdido Key beach mouse Peromyscus polionotus 
trissyllepsis

E E          
CH

TERRESTRIAL: beach dune, coastal scrub.  Sites: 
Perdido Key State Rec. Area (CH), Gulf Islands 
National Seashore (CH).          

Southeastern big-eared bat Plecotus rafinesquii ce PALUSTRINE: various, floodplains  
TERRESTRIAL: pine and hardwood forests, 
ruderal, various         

Eastern chipmunk Tamias striatus SSC TERRESTRIAL: slope forest, upland hardwood 
forest, upland pine forest            

West Indian manatee Trichechus manatus latirostris E E ESTUARINE: submerged vegetation, open water  
MARINE: open water, submerged vegetation  
RIVERINE: alluvial stream, blackwater stream, 
spring-run stream      

Florida black bear Ursus americanus floridanus T ce PALUSTRINE: titi swamps, floodplains  
TERRESTRIAL: pine and hardwood forests         

INVERTEBRATES: a
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Common Name Scientific Name
Status 
State

Status 
FWS Natural Communities

Narrow pigtoe Fusconaia escambia C (E) Riverine: small to medium-sized creeks and rivers 
with slow to moderate current over gravel, and 
gravel mixed with sand or some silt.  Endemic to 
the Escambia and Yellow River drainages of 
Alabama and Florida 

Round ebonyshell Fusconaia rotulata C (E) Riverine:  Endemic and restricted to the main 
channel of the Conecuh River AL, and Escambia 
River, FL

Fuzzy pigtoe Pleurobema strodeanum C (E) Riverine: small to medium-sized creeks and rivers 
with slow to moderate currents in sand and sand 
with some silt.  Endemic to the Escambia, Yellow, 
and Choctawhatchee River drainages of Alabama 
and Florida. 

Choctaw bean Villosa choctawensis C (E) Riverine: Small to large creeks and rivers with 
moderate current over sand to silty-sand 
substrates.  Endemic to the Escambia, Yellow, and 
Choctawhatchee River drainages of Alabama and 
Florida.

Downy rainbow (mussel) Villosa villosa ce RIVERINE: small streams to large rivers in sand or 
muddy sand substrates (Panhandle watersheds: 
Apalachicola, Chipola, Escambia, 
Choctawhatchee, Ochlockonee, Suwannee)

PLANTS: a
Sweet shrub Calycanthus floridus E TERRESTRIAL: upland hardwood forest, slope 

forest, bluffs  PALUSTRINE: bottomland forest, 
stream banks, floodplains         

Baltzell's sedge Carex baltzellii T ce TERRESTRIAL: slope forest, moist sandy loam; 
moist sandy loam            

Godfrey's golden aster Chrysopsis godfreyi ce TERRESTRIAL: beach dunes, coastal grassland      
Cruise's golden-aster Chrysopsis gossypina 

cruiseana
E ce TERRESTRIAL: coastal dunes, coastal strand, 

coastal grassland; openings and blowouts            
Spoon-leaved sundew Drosera intermedia T LACUSTRINE: sinkhole lake edges  PALUSTRINE: 

seepage slope, wet flatwoods, depression marsh  
RIVERINE: seepage stream banks, drainage 
ditches      

Trailing arbutus Epigaea repens E TERRESTRIAL: bluff, slope forest, mixed 
hardwood forest            

Heartleaf Hexastylis arifolia T RIVERINE: seepage stream bank  TERRESTRIAL: 
slope forest         

Florida anise Illicium floridanum T PALUSTRINE: floodplain forest, baygall  
RIVERINE: seepage stream bank  TERRESTRIAL: 
slope forest, seepage slope      

Mountain laurel Kalmia latifolia T RIVERINE: seepage stream bank  TERRESTRIAL: 
slope forest, seepage stream banks         

Bog-button Lachnocaulon digynum ce PALUSTRINE: seepage slope, wet flatwoods, bog  
TERRESTRIAL: seepage slopes, wet flatwoods; 
exposed sands         

Southern red lily Lilium catesbaei T PALUSTRINE: wet prairie, wet flatwoods, seepage 
slope  TERRESTRIAL: mesic flatwoods, seepage 
slope; usually with grasses         

Panhandle lily Lilium iridollae E ce PALUSTRINE: baygall, dome swamp edges, 
mucky soil, seepage slope, edges of titi bogs,  
RIVERINE: blackwater stream banks         
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STATE AND FEDERAL THREATENED, ENDANGERED, AND OTHER SPECIES OF CONCERN LIKELY TO OCCUR IN 
ESCAMBIA COUNTY FLORIDA 

Compiled by U.S. Fish and Wildlife Service, October, 2003

Common Name Scientific Name
Status 
State

Status 
FWS Natural Communities

Gulf coast lupine Lupinus westianus T ce TERRESTRIAL: beach dune, scrub, disturbed 
areas, roadsides, blowouts in dunes            

Hummingbird flower Macranthera flammea E PALUSTRINE: seepage slope, dome swamp 
edges, floodplain swamps  RIVERINE: seepage 
stream banks  TERRESTRIAL: seepage slopes      

Piedmont water-milfoil Myriophyllum laxum ce LACUSTRINE: sandhill upland lake, submersed  
PALUSTRINE: floodplain and dome swamp  
RIVERINE: blackwater stream, roadside ditches      

Naked-stemmed panic grass Panicum nudicaule ce PALUSTRINE: seepage slope, bog, wet flatwoods, 
dome swamp            

Chapman's butterwort Pinguicula planifolia T ce PALUSTRINE: wet flatwoods, seepage slopes, bog, 
dome swamp, ditches; in water            

Primrose-flower butterwort Pinguicula primulifolia E PALUSTRINE: bogs, pond margins, margins of 
spring runs            

Yellow fringed orchid Platanthera ciliaris T PALUSTRINE: bogs, wet flatwoods   
TERRESTRIAL: Bluff         

Yellow fringeless orchid Platanthera integra E ce PALUSTRINE: wet prairie, seepage slope  
TERRESTRIAL: mesic flatwoods         

Large-leaved jointweed Polygonella macrophylla T ce TERRESTRIAL: scrub, sand pine/oak scrub ridges   

Florida pondweed Potamogeton floridanus ce RIVERINE: blackwater stream            
Orange azalea Rhododendron austrinum E PALUSTRINE: bottomland forest  RIVERINE: 

seepage stream bank  TERRESTRIAL: slope 
forest, upland mixed forest      

White-top pitcher plant Sarracenia leucophylla E ce PALUSTRINE: wet prairie, seepage slope, baygall 
edges, ditches            

Parrot pitcher plant Sarracenia psittacina T PALUSTRINE: wet flatwoods, wet prairie, seepage 
slope            

Decumbant pitcher plant Sarracenia purpurea T PALUSTRINE: Bogs            
Red-flowered pitcher plant Sarracenia rubra T PALUSTRINE: bog, wet prairie, seepage slope, wet 

flatwoods  RIVERINE: seepage stream banks         
Silky camellia Stewartia malacodendron E PALUSTRINE: baygall  PALUSTRINE: slope forest, 

upland mixed forest,  TERRESTRIAL: slope forest, 
upland mixed forest; acid soils      

Drummond's yellow-eyed 
grass

Xyris drummondii ce PALUSTRINE: wet flatwoods, bog, seepage slopes, 
ditches            

Harper's yellow-eyed grass Xyris scabrifolia T ce PALUSTRINE: seepage slope, wet prairie, bogs       
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