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ACRONYMS 

AWQC ambient water quality criteria 

BTAG (USEPA) Biological Technical Advisory Group 

ºC  degrees Celsius 

cis-1,2-DCE cis-1,2-dichloroethene 

COC chain of custody 

COMAR Code of Maryland Regulations 

DO dissolved oxygen 

ESA environmental site assessment 

GIS geographic information system 

GLM Glenn L. Martin Company 

HHRA human health risk assessment 

IDW investigation-derived waste 

Lockheed Martin Lockheed Martin Corporation 

MDE Maryland Department of the Environment 

µg/L microgram(s) per liter 

mg/L milligram(s) per liter 

MRC Middle River Complex 

mS/cm milliSiemen(s) per centimeter 

mv millivolt(s) 

MW monitoring well 

NRWQC national recommended water quality criteria 

NTU nephelometric turbidity unit(s) 

ORP oxidation-reduction potential 

PCB polychlorinated biphenyl 

PDF portable document format 

pH a measure of hydrogen-ion content indicating relative acidity or alkalinity 

PM project manager 

REC recognized environmental condition 

SC specific conductance 

S.U. standard unit(s) 

SW surface water 

TCE Trichloroethene (also known as trichloroethylene) 
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Section 2 

Site Background 

The Middle River Complex (MRC), part of the Chesapeake Industrial Park, is at 2323 Eastern 

Boulevard in Middle River, Maryland, approximately 11.5 miles northeast of Baltimore, 

Maryland. The MRC comprises approximately 161 acres and includes 12 main buildings, an 

active industrial area and yard, perimeter parking lots, an athletic field, a vacant concrete lot, 

trailer storage areas, and numerous grassy spaces along its perimeter. The MRC is bounded by 

Eastern Boulevard (Route 150) to the north, Martin State Airport to the east, Dark Head Cove to 

the south, and Cow Pen Creek to the west. Figure 2-1 shows the MRC layout. 

LMC Properties, Inc. (the current MRC property owner) is responsible for facility and building 

management and maintenance. The main tenant at the site, MRA Systems, Inc. (a subsidiary of 

General Electric Company), designs, manufactures, fabricates, tests, overhauls, repairs, and 

maintains aeronautical structures, parts, and components for military and commercial 

applications. Lockheed Martin Mission Systems & Training (a Lockheed Martin Corporation 

[Lockheed Martin] business segment) conducts engineering activities and fabricates, assembles, 

tests, and otherwise supports vertical-launch systems. A Lockheed Martin subsidiary, Applied 

NanoStructured Solutions, LLC also occupies a portion of MRC, where it researches and designs 

nanotechnology applications. 

In 1929, the Glenn L. Martin Company (GLM) (a predecessor entity of Lockheed Martin) 

acquired a large parcel of undeveloped land in Middle River, Maryland to manufacture aircraft 

for United States government and commercial clients. In the early 1960s, GLM merged with 

American-Marietta Company to form Martin Marietta Corporation. Around 1975, the adjacent 

airport to the east (currently Martin State Airport, comprising approximately 750 acres) was 

transferred to the State of Maryland. In 1995, Martin Marietta Corporation merged with 

Lockheed to form Lockheed Martin Corporation. Shortly after the merger, General Electric 

Company acquired most of Lockheed Martin’s aeronautical business in Middle River and a 

General Electric subsidiary, MRA Systems, Inc., began operations at MRC. 
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Numerous environmental investigations have been conducted at the Lockheed Martin MRC. These 

include underground storage-tank closures and abandonments, soil excavations, Phase I 

environmental site assessments (ESAs), and Phase II ESAs. A 2003 facility-wide Phase I ESA at 

the Lockheed Martin MRC identified 13 recognized environmental conditions (RECs) at the 

facility, associated primarily with then-current site conditions (Earth Tech, 2003). Subsequent 

review of historical site activities identified another 18 RECs at the facility (Tetra Tech, 2004). 

Many RECs are in the southern portion of the facility along the waterfront.  

Soil and groundwater sampling have identified sporadic soil and groundwater contamination in 

environmental media underlying the facility. The MRC was previously entered into the Maryland 

Department of the Environment (MDE) Voluntary Cleanup Program. Studies of soil and 

groundwater are ongoing (Tetra Tech, 2012). Remediation of the MRC is being transitioned to 

the MDE Controlled Hazardous Substances regulatory framework. 

Sampling of surface water and sediment adjacent to the MRC’s southern and western property 

boundaries was first done in March 2005. Subsequent samples were collected in 2005, 2010, 

2011, and 2012 to characterize surface water, to support the objectives of sediment 

characterization and remedy design development, and to support storm drainage investigations.  

The objective of the current annual sampling program is to determine the extent to which key 

groundwater and surface soil contaminants have been transported to surface water.  Table C-2 in 

Appendix C summarizes detected concentrations of trichloroethene [TCE; also known as 

trichloroethylene], cis-12-dichloroethene [cis-12-DCE], vinyl chloride, and 1,4-dioxane (the 

primary chemicals of concern at the site) for sampling episodes conducted between 2012 and 

2014. 

Thirteen surface water samples were collected from Dark Head Cove and Cow Pen Creek in 

June 2013, and chemically analyzed for volatile organic compounds (VOCs). Samples collected 

in Cow Pen Creek were also analyzed for 1,4-dioxane. These samples were collected to evaluate 

VOC and 1,4-dioxane concentrations that may be emanating from stormwater outfalls or 

groundwater plumes. TCE was detected at low concentrations in all Dark Head Cove samples 

and in one of two samples collected in Cow Pen Creek (12 of 13 surface water samples), but no 

TCE concentration (0.35J–1.9J micrograms per liter [µg/L]) exceeded its ecological surface-

water screening level (21 µg/L), its human health consumption-of-aquatic-organism screening 
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level (300 µg/L), or its site-specific swimming screening level (10 µg/L). Acetone was detected 

in 11 samples, at concentrations (1.5J–9.3J µg/L) below its ecological surface-water screening 

level of 1,500 µg/L (Tetra Tech, 2013b). 
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Section 3 

Investigation  
Approach and Methodology 

3.1 SURFACE WATER SAMPLING 

The overall objective of the 2014 surface water sampling is to provide additional and updated 

surface water quality data for Dark Head Cove and Cow Pen Creek. Specifically, the current 

goals are to determine whether: 

• volatile organic compounds (VOCs) detected in groundwater are reaching Dark Head 
Cove and Cow Pen Creek through groundwater infiltration or transport through the 
storm drains 

• 1,4-dioxane detected in groundwater is reaching Cow Pen Creek through groundwater 
infiltration or transport through the storm drains 

• polychlorinated biphenyls (PCBs) detected in Block E soils are reaching Dark Head 
Cove through the storm drain system and/or are there due to contaminants present in the 
sediment. 

Concentrations of PCBs, VOCs, and 1,4-dioxane in surface water were determined through 

laboratory analysis of the samples. These compounds are known contaminants at the Middle 

River Complex (MRC), and may migrate into the adjacent surface bodies through groundwater 

and surface water flow.  

Thirteen surface water samples were collected from Dark Head Cove and Cow Pen Creek on 

June 9, 2014 (Figure 3-1). Eleven were collected in Dark Head Cove and two were collected in 

Cow Pen Creek. All samples were analyzed for VOCs (the primary contaminants of concern in 

MRC groundwater). Samples collected from Dark Head Cove were also analyzed for PCBs, 

whereas samples from Cow Pen Creek were also analyzed for 1,4-dioxane. Sampling was in 

accordance with the 2014-2015 Groundwater and Surface Water Monitoring Work Plan (Tetra 

Tech, Inc. [Tetra Tech], 2014a).  
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3.1.1 Surface Water Sampling and Analyses 

Surface water samples were collected in Dark Head Cove along transects at Outfalls 005 through 

009 (Figure 3-1). Two samples were collected along each transect near Outfalls 006–009: one 

sample per transect was collected 10-feet from shore (“A” sample) and a second was collected 

50-feet from shore (“B” sample). At Outfall 005 (which has two outlets), one sample was collected 

at each outlet 10-feet from shore (“A1” and “A2” samples), and a single sample was collected 

50-feet from shore, approximately midway between the two outlets (“B” sample). Surface water 

samples in Cow Pen Creek were collected near the western trichloroethene (TCE) plume. Samples 

were collected along the approximate centerline of the creek upstream and downstream of the 

estimated boundaries of the western TCE plume. Table 3-1 summarizes (by surface water sampling 

location) the chemical analyses conducted for the 2014 monitoring program (Tetra Tech, 2014a). 

Surface water samples were collected as grab samples using direct-fill sampling techniques. All 

samples were collected approximately one foot below the water surface using a stainless-steel 

discrete-interval sampler (i.e., a “bacon bomb” sampler). The sampler was lowered to 

approximately one foot below the water surface, and the check valve was engaged to allow it to 

fill; the sampler was then brought to the surface, and the water was removed through a valve to 

fill laboratory-supplied containers. Laboratory-cleaned, hydrochloric-acid-preserved, 40-milliliter 

(mL) sample vials were used for VOC analysis; separate containers were used to collect samples 

for 1,4-dioxane and PCB analysis. All equipment was cleaned after each sample had been 

collected.  The discrete-interval sampler was cleaned after each use by rinsing with potable water; 

no decontamination fluids other than potable water were used, so it was not necessary to collect 

and dispose of rinse water generated during this sampling event.  

Samples were analyzed at a fixed-base laboratory for VOCs via United States Environmental 

Protection Agency (USEPA) Method 8260C, for 1,4-dioxane via Method 522, and for PCBs via 

Method 680. One duplicate VOC sample was collected. Trip blanks were provided in each cooler 

containing VOC samples to ensure quality assurance/quality control. Water-quality parameters, 

including temperature, pH (a measure of hydrogen-ion content indicating relative acidity or 

alkalinity), specific conductance (SC), salinity, turbidity, dissolved oxygen (DO), color, and 

oxidation-reduction potential (ORP), were measured at all surface water sampling locations at 

the time of sampling. Although listed in the work plan, hardness was not measured because 
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samples for hardness-dependent metals were not collected during this round. The depth of water 

at each sampling location was also recorded.  

Tidal stages were recorded on June 9, 2014, before sampling started, using the MRC Cow Pen 

Creek direct-read staff gauge. The staff gauge read 4.15 feet at 10:00 a.m. Tide data for the North 

Point station (south of Middle River, Maryland) report high tide at 4:24 a.m., low tide at 

11:26 a.m., and high tide at 4:16 p.m. Surface water samples were collected at low tide between 

10:02 a.m. and 12:02 p.m., at the end of the falling limb of the tidal cycle and the beginning of 

its rising limb (Maryland Department of Natural Resources, 2014). All information was 

documented on surface water sample forms (Appendix A) and in the master site logbook. 

Surface water sampling locations (horizontal locational coordinates) were surveyed using a 

handheld global positioning system receiver and recorded in the field logbook. Sampling 

locations were recorded in degrees, minutes, and seconds using geographical latitude and 

longitude coordinates, and have an accuracy of approximately 15 feet. Coordinates were 

converted to the Maryland State Plane North American Datum 1983 (feet) for use in the MRC 

geographical information system (GIS).  

3.1.2 Documentation 

A master site logbook was maintained as an overall record of field activities. Sample 

documentation includes completing a chain of custody (COC) form and matrix-specific sampling 

log sheets. A COC form is standardized to summarize and document pertinent sample 

information, such as sample identification and type, matrix, date and time of collection, 

preservation, requested analysis, and the times and dates of custody transfers. Sample custody 

procedures document sample acquisition and integrity. The COC form accompanies the 

data-validation report in Appendix B. 

3.1.3 Sample Nomenclature and Handling 

Surface water samples were identified with a unique sample-identification tag. Surface water 

samples were labeled with an “SW” prefix followed by the sample number, followed by an “A” 

(designating a sample collected 10 feet from the shoreline) or a “B” (designating a sample 

collected 50 feet from the shoreline), followed by a six-digit sampling date. For example, a 

surface water sample collected on June 9, 2014 from transect MRC-SW6 at the 10-foot (“A”) 
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location was labeled MRC-SW6A-060914. The trip blank was labeled with a “TB” prefix 

followed by the blank’s six-digit submittal date (e.g., TB-060914). 

Sample handling includes field-related considerations concerning the selection of sample 

containers, preservatives, allowable holding times, and analyses requested. Proper custody 

procedures were followed throughout all phases of sample collection and handling. COC 

protocols used throughout sample handling ensure the evidentiary integrity of sample containers. 

Sample containers were released under signature from the laboratory and accepted under 

signature by the sampler(s) or individual responsible for maintaining custody until the sample 

containers were transferred to the sampler(s). Transport containers returned to the laboratory were 

sealed with strapping tape and a tamper-proof custody seal. The custody seal includes the 

signature of the individual initially releasing the transport container, along with the date and time. 

3.1.4 Equipment Decontamination 

Both dedicated and disposable equipment (e.g., gloves, rope) were used for surface water 

sampling to minimize decontamination. The stainless-steel discrete-interval sampler (i.e., a 

“bacon bomb” sampler) was rinsed with distilled water before the first sample was collected and 

after each use. 

3.1.5 Waste Management 

No investigation-derived waste (IDW) was generated during this surface water sampling event. 

General waste (i.e., gloves, rope, etc.) was disposed of in the proper waste disposal containers at 

the facility.  

3.2 DATA MANAGEMENT 

Laboratory data-handling procedures met the requirements of the laboratory subcontract. All 

analytical and field data are maintained in project files. These files include copies of the COC 

forms, sampling log forms, sampling location maps, and documentation of laboratory quality 

assurance. 
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3.2.1 Data Tracking and Control 

A cradle-to-grave sample-tracking system was used from the beginning to the end of the 

sampling event. This system allows for early detection of errors made in the field so adjustments 

can be made while the field team is still mobilized. Before field mobilization, the field operations 

leader coordinated and initiated sample tracking. Sample jar labels were handwritten in the field 

and reviewed to ensure that they were accurate and adhered to work plan requirements.  

The project manager (PM) coordinated with the analytical laboratory to ensure that they were 

aware of the number and types of samples and analyses being submitted. On each day that 

samples were collected in the field, the field operations leader forwarded that day’s COC forms 

to the PM (or designee) and the laboratory. The PM or their designee confirmed that the COC 

forms provided the information required by the work plan. After all requested analyses had been 

completed, the laboratory submitted an electronic deliverable for every sample delivery group. 

When all electronic deliverables had been received from the laboratory, the PM or their designee 

ensured that the laboratory had performed all requested analyses.  

3.2.2 Sample Information 

Data from field measurements were recorded using appropriate log sheets and summarized in 

tabular form. Raw instrument-data from the laboratory were also tabulated. The field operations 

leader verified field data daily; laboratory data were verified by the group supervisor and then by 

the laboratory’s quality control/documentation department. 

3.2.3 Project Data Compilation 

The analytical laboratory generated a portable document format (PDF) file of the analytical data 

packages, as well as electronic database deliverables. The electronic data were checked against 

the PDF file from the laboratory and updated as required by data-qualifier flags applied during 

data validation. All data, such as units of measure and chemical nomenclature, are consistent 

with the project database. 

3.2.4 Geographical Information System 

Data management systems consist of a relational database and GIS used to manage 

environmental information pertaining to the MRC. The relational database stores chemical, 

geological, hydrogeological, and other environmental data collected during environmental 
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investigations; the GIS is created from the relational database and contains subsets of the larger 

data pool. The GIS allows posting of environmental data onto base maps to represent the 

information graphically. Compiled sampling, chemical, and positional data were incorporated 

into the GIS.  

3.3 DATA REVIEW 

Data from the laboratory were entered into a sample database and evaluated against various 

screening criteria. Data validation (consisting of data completeness, holding time, calibrations, 

laboratory contamination, and detection limits) was completed concurrent with the data 

evaluation. The review was based on USEPA Region 3’s Modifications to the National 

Functional Guidelines for Data Review (USEPA, 1993 and 1994) and the specifics of the 

analytical method used. Data from this sampling event consist of surface water sample chemical 

results. Appendix C contains tables of all 2014 MRC surface water sample analytical data, and 

includes validation qualifiers, non-detects, and analytical detection limits. 

Validation of the MRC data concluded that they are acceptable for their intended uses (i.e., risk 

screening and risk assessment). The data qualifiers (i.e., flags) applied to the chemical results 

during data validation are listed below:  

J The analyte is considered present in the sample, but the value is estimated and may not 
meet highest accuracy or precision standards. In this program, samples were qualified 
with “J” because quantitation was above the method detection limit but below the 
laboratory reporting limit. 

U Not detected; the analyte was not detected at the reported value.  

UJ The analyte was not detected, but the quantitation or detection limit may be inaccurate 
or imprecise. 

The first flag appears on the chemical-results tables in Section 4, and all flags appear in 

Appendices B and C. 
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Table 3-1 
Chemical Analyses of Surface Water Samples, June 2014 

Cow Pen Creek and Dark Head Cove 
Lockheed Martin, Middle River Complex, Middle River, Maryland 

Sampling location Sample number Distance from 
shore (feet) 

Analytical parameters Sampling month Number of samples 

Dark Head Cove 

Outfall 005  SW5A1 
SW5A2 
SW5B 

10(1) 
10(1) 
50 

Volatile organic 
compounds (VOCs), 
polychlorinated biphenyls 
(PCBs) 
field parameters 

June 1 
1 
1 

Outfall 006 and  
near the eastern 
trichloroethene (TCE) plume 

SW6A 
SW6B 

10 
50 

VOCs, PCBs, 
field parameters 

June 1 
1 
 

Outfall 007  SW7A 
SW7B 

10 
50 

VOCs, PCBs, 
field parameters 

June 1 
1 

Outfall 008 and  
near eastern TCE plume  

SW8A 
SW8B 

10 
50 

VOCs, PCBs, 
field parameters 

June 1 
1 

Outfall 009 SW9A 
SW9B 

10 
50 

VOCs, PCBs, 
field parameters 

June 1 
1 

Cow Pen Creek 

Near the western TCE plume SW1A 
SW2A 

Upstream 
downstream 

(both centerline) 

VOCs,  
1,4-dioxane, 
field parameters 

June 1 
1 

(1)Two near-shore samples (10-feet out) were collected at Outfall 005 only. One near-shore sample was collected at the other Dark Head Cove outfalls (006–009). 
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Section 4 

Results 

Validated surface-water chemical data were used to generate a statistical summary table 

(Table 4-1) and a detection table (Table 4-2) listing positive detections (only) of chemical 

analytes in the June 2014 surface water samples. Tables 4-1 and 4-2 are based on the full data 

listing in Appendix C (Table C-1). Table 4-2 compares surface-water sampling results to several 

applicable screening criteria, including: 

• United States Environmental Protection Agency (USEPA) Region 3 Biological Technical 
Advisory Group (BTAG) freshwater screening benchmarks (USEPA, 2006) 

• USEPA Region 5 ecological screening level for 1,4-dioxane in water (USEPA, 2003) 

• USEPA national recommended water quality criteria (NRWQC) for acute and chronic 
aquatic–organism exposures, and NRWQC for human health aquatic–organism 
consumption (USEPA, 2009) 

• State of Maryland ambient water quality criteria (AWQC) for acute and chronic aquatic-
organism-exposures, and AWQC for human health aquatic-organism-consumption (Code 
of Maryland Regulations, 2014) 

• Site-specific screening levels for swimming (developed by Lockheed Martin Corporation 
[Lockheed Martin]) for current assessments of volatile organic compounds (VOCs) at 
Frog Mortar Creek near Martin State Airport (Tetra Tech, Inc., [Tetra Tech], 2013) 

4.1  VOLATILE ORGANIC COMPOUNDS  

As shown in Table 4-1, two VOCs were detected in surface water. Trichloroethene (TCE; also 

known as trichloroethylene), the primary VOC detected in the Middle River Complex (MRC) 

groundwater plumes, was detected in nine of 13 samples (69%). All nine positive detections of 

TCE were in Dark Head Cove; TCE was not detected in any samples collected from Cow Pen 

Creek. The only other VOC detected in surface water samples was carbon disulfide, found in one 

sample (SW5A1).  
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As shown in Table 4-2, all VOC concentrations are low and less than the screening criteria. All 

nine TCE results are “J” qualified, because the concentrations are above the method detection 

limit but below the laboratory practical quantitation limit.  

Figure 4-1 shows the distribution of TCE in the Dark Head Cove and Cow Pen Creek samples. 

Detected TCE concentrations range from 0.3J micrograms per liter (µg/L) (MRC-SW5A2) to 

0.54 µg/L (MRC-SW8A). MRC-SW5A2 (0.3J µg/L) is the only sample collected near 

Outfall 005 that contained a detectable concentration of TCE; this is also the lowest detected 

TCE concentration. 

In the 2013 surface water sampling event (see Table C-2 in Appendix C), the highest TCE 

concentrations (1.1-1.9 µg/L) were from samples MRC-SW5A1, MRC-SW5A2, and 

MRC-SW5B collected near Outfall 005. However the highest TCE concentrations detected in 

2012 (0.55J-0.82J µg/L; see Table C-2) and 2014 (0.52J-0.54J µg/L; see Table C-2 and 

Figure 4-1) were in samples collected at Outfalls 006 and 008, near the eastern TCE groundwater 

plume. The maximum TCE concentration in 2014 (0.54J µg/L at Outfall 008) is approximately 

one-third that of the maximum TCE concentration detected in 2013 (1.9 µg/L at Outfall 005).  

Note that the distribution of the contaminants can be affected by tidal fluxes of the creek. 

Carbon disulfide was detected in only one sample (0.24J µg/L in sample SW5A1) collected near 

the western side of Outfall 005. This carbon disulfide concentration is less than one-third the 

ecological surface water screening-level (0.92 µg/L).  

USEPA and the State of Maryland have not established acute or chronic freshwater criteria for 

TCE or carbon disulfide. However, USEPA and Maryland have established a human health 

consumption-of-aquatic-organism criterion for TCE (equal to 300 µg/L, when adjusted for the 

Maryland Department of the Environment [MDE] risk level of 1×10-05 [i.e., a one in 100,000 risk 

probability]). The BTAG ecological screening levels for TCE and carbon disulfide are 21 µg/L 

and 0.95 µg/L, respectively. The maximum detected TCE concentration (0.54 µg/L) in this 

investigation is at least one order of magnitude (i.e., a factor of 10) lower than the lowest (i.e., 

most conservative) regulatory screening level, and more than 18 times less than its site-specific 

swimming screening-criterion (10 µg/L).  
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4.2  1,4-DIOXANE 

As shown in Figure 4-1, 1,4-dioxane was detected in both samples collected from Cow Pen 

Creek: sample SW1A (0.235J µg/L) and sample SW2A (0.156J µg/L). The highest concentration 

(0.235J µg/L) is nearly six orders of magnitude (nearly 100,000 times) lower than the USEPA 

ecological screening level (22,000 µg/L). Sample SW1A was collected closer to the leading edge 

of the western 1,4-dioxane plume (i.e., well MRC-MW12A) than SW2A was, which may be the 

reason for the higher 1,4-dioxane concentration there. 

4.3  POLYCHLORINATED BIPHENYLS 

Figure 4-1 also shows the distribution of polychlorinated biphenyls (PCBs) detected in surface 

water samples collected in Dark Head Cove in 2014. Pentachlorobiphenyls and 

tetrachlorobiphenyls are the only PCB homologues detected in the samples. 

Pentachlorobiphenyls (0.012-0.015 µg/L) were detected in two of 11 samples analyzed for PCBs, 

and tetrachlorobiphenyls (0.0066J–0.024 µg/L) were detected in six of 11 samples. All detected 

PCB concentrations (seven samples) exceed the BTAG (0.00064 µg/L) and human health 

consumption-of-aquatic-organism (0.000074 µg/L) criteria. PCB concentrations at only three 

samples (SW5A2, SW5B, and SW6B) exceed the chronic NRWQC criterion (0.014 µg/L). The 

highest concentrations of tetrachlorobiphenyls were detected in samples collected near Outfall 

005; lower concentrations were detected near Outfalls 006 and 008. Pentachlorobiphenyls were 

detected in sample MRC-SW6B (0.015 µg/L) and sample MRC-SW7A (0.012 µg/L), collected 

near Outfalls 006 and 007, respectively.  

Appendix D provides the results of a HHRA of the PCB concentrations detected in the surface 

waters of Dark Head Cove assuming recreational swimming in the Cove. The assessment 

assumes that a swimmer is dermally exposed and also ingests a small amount of surface water 

while swimming. The methodology used to conduct the HHRA is similar to that used in previous 

HHRAs conducted for Dark Head Cove and Cow Pen Creek, and considered available MDE and 

USEPA risk assessment guidance. The resultant cancer and non-cancer risk estimates indicate no 

significant risk from exposures due to swimming in Dark Head Cove. The cancer risk estimates 

are less than the MDE risk management benchmark of 1x10-5 (i.e., a one-in-one hundred 

thousand probability of developing cancer) and do not exceed the USEPA target risk range of 
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1x 10-4 to 1x 10-6 (i.e., a one-in-one ten thousand to one-in-one million probability of developing 

cancer).  The non-cancer risk estimates do not exceed a hazard index of one (i.e., adverse 

non-carcinogenic health effects are not anticipated as a consequence of exposure). The HHRA 

was conducted in a very conservative (i.e., health protective) manner. The risk estimates 

presented in Appendix D likely overestimate the risks incurred by human receptors swimming in 

Dark Head Cove. This further supports the conclusion that unacceptable risk would not be 

incurred as a consequence of recreational (swimming) exposure to the PCB concentrations in the 

surface waters of the Cove. 

4.4  WATER QUALITY PARAMETERS 

Field-measured water-quality parameters for each surface water sample are in Table 4-3. Data 

were collected for color, pH, specific conductivity (SC), temperature, turbidity, dissolved oxygen 

(DO), salinity, and oxidation-reduction potential (ORP). The color of the sampled surface water 

was uniformly greenish-brown. The pH varied from 6.38–8.07, with an average pH of 7.49. 

Specific conductivity ranged from 1.09–1.54 milliSiemens per centimeter (mS/cm), with an 

average value of 1.47 mS/cm. The average water temperature was 24.6 degrees Celsius (ºC). 

Turbidity varied between 6.43 and 12.02 nephelometric turbidity units (NTUs), with an average 

value of 8.58 NTUs. DO ranged from 4.46–8.66 milligrams per liter (mg/L), with an average of 

7.38 mg/L. Salinity varied from 0.03 to 0.08%, with an average of 0.072%. ORP ranged from 

200 to 257 millivolts (mv), with an average value of 213.8 mv.  

The pH values measured during this event are consistent with natural surface water in this 

region. SC is closely associated with salinity, and samples with lower salinity had an expected 

lower SC, and vice versa. Water temperature was lower in Cow Pen Creek samples, which also 

had lower salinity and SC as compared to samples from Dark Head Cove. These results may be 

due to runoff into the creek, or restricted water flow into or out of the creek.  

Turbidity was consistent in most samples, but slightly higher in Cow Pen Creek, possibly due to 

the shallow depths of that creek. As expected, DO concentrations are higher in colder water 

samples. All DO levels are typical or perhaps on the high side of typical indicating a healthy 

estuarine environment. ORP values are all positive, which is consistent with an oxygen-rich 

environment. All parameters are typical of a tidally controlled estuarine environment. 
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Table 4-1

Statistical Summary of Analytes Detected in Surface Water Samples, June 2014

Cow Pen Creek and Dark Head Cove

Lockheed Martin Middle River Complex, Middle River, Maryland

number percent

Volatile organic compounds (µg/L)

CARBON DISULFIDE 1/13 8 0.22 U 0.22 U 0.24 J 0.24 J MRC-SW5A1-060914 0.12 0.24 0.04

TRICHLOROETHENE 9/13 69 0.22 U 0.22 U 0.3 J 0.54 J MRC-SW8A-060914 0.35 0.45 0.17

Semivolatile organic compounds (µg/L)

1,4-DIOXANE 2/2 100 -- -- 0.156 J 0.235 J MRC-SW1A-060914 0.196 0.196 0.056

Polychlorinated biphenyls (µg/L)

PENTACHLOROBIPHENYLS 2/11 18 0.0088 U 0.011 U 0.012 0.015 MRC-SW6B-060914 0.0062 0.0135 0.0037

TETRACHLOROBIPHENYLS 6/11 55 0.0054 U 0.0054 U 0.0066 J 0.024 MRC-SW5A2-060914 0.0077 0.0119 0.0069

Footnotes:

Statistical calculations used one-half the sample quantitation limit as a proxy concentration for non-detect samples, and one-half the detection limit for B-qualified data.

J - Positive result is considered estimated

µg/L - micrograms per liter

SW - surface water

U - not detected at the concentration shown left of the letter.

-- Value not available because analyte was detected in all samples analyzed.

Mininum

non-detect

concentration

Maximum

non-detect

concentration

Frequency of

detectionChemical
Standard

deviation

Mean of

all

samples

Mean of

positve

detections

Sample with

maximum detected

concentration

Maximum

detected

concentration

Mininum

detected

concentration



Table 4-2

Analytes Detected in Surface Water Samples, June 2014

Cow Pen Creek and Dark Head Cove

Lockheed Martin Middle River Complex, Middle River, Maryland

Page 1 of 2

LOCATION

SAMPLE ID

SAMPLE DATE
Acute Chronic

Volatile organic compounds (µg/L)

CARBON DISULFIDE NA NA 0.92 NA NA -- -- 0.24 J -- -- --

TRICHLOROETHENE NA NA 21 300(3) 10 -- -- -- 0.3 J -- 0.52 J

Semivolatile organic compounds (µg/L)

1,4-DIOXANE NA NA NA NA NA 0.235 J 0.156 J NA NA NA NA

Polychlorinated biphenyls (µg/L)

PENTACHLOROBIPHENYLS NA 0.014 0.000074 0.00064(3) NA NA NA -- -- -- --

TETRACHLOROBIPHENYLS NA 0.014 0.000074 0.00064(3) NA NA NA 0.011 0.024 0.016 0.0066 J

MRC-SW1A MRC-SW2A MRC-SW5A1
MRC-

SW5A2
MRC-SW5B MRC-SW6A

MRC-SW1A-

060914

MRC-SW2A-

060914

MRC-SW5A1-

060914

MRC-

SW5A2-

MRC-SW5B-

060914

MRC-SW6A-

060914

National

Recommended

Ambient Water

Quality Criteria(1)

Human

Health

Consumption

of Organism

Only(1,3)

Ecological

Surface Water

Screening

Level(2)

Swimming

Screening

Levels(4)
6/9/2014 6/9/2014 6/9/2014 6/9/2014 6/9/2014 6/9/2014



Table 4-2

Analytes Detected in Surface Water Samples, June 2014

Cow Pen Creek and Dark Head Cove

Lockheed Martin Middle River Complex, Middle River, Maryland

Page 2 of 2

LOCATION

SAMPLE ID

SAMPLE DATE
Acute Chronic

Volatile organic compounds (µg/L)

CARBON DISULFIDE NA NA 0.92 NA NA

TRICHLOROETHENE NA NA 21 300(3) 10

Semivolatile organic compounds (µg/L)

1,4-DIOXANE NA NA NA NA NA

Polychlorinated biphenyls (µg/L)

PENTACHLOROBIPHENYLS NA 0.014 0.000074 0.00064(3) NA

TETRACHLOROBIPHENYLS NA 0.014 0.000074 0.00064(3) NA

National

Recommended

Ambient Water

Quality Criteria(1)

Human

Health

Consumption

of Organism

Only(1,3)

Ecological

Surface Water

Screening

Level(2)

Swimming

Screening

Levels(4)

-- -- -- -- -- -- --

0.39 J 0.44 J 0.49 J 0.54 J 0.47 J 0.45 J 0.47 J

NA NA NA NA NA NA NA

0.015 0.012 -- -- -- -- --

0.0071 J -- -- 0.0066 J -- -- --

MRC-SW6B MRC-SW7A MRC-SW7B MRC-SW8A MRC-SW8B MRC-SW9A MRC-SW9B

MRC-SW6B-

060914

MRC-SW7A-

060914

MRC-SW7B-

060914

MRC-SW8A-

060914

4 Site specific screening levels developed for trichloroethene by Lockheed Martin for Frog Mortar Creek studies at Martin

State Airport.

6/9/20146/9/2014 6/9/2014 6/9/2014 6/9/2014 6/9/2014 6/9/2014

1 National Recommended Water Quality Criteria

(http://water.epa.gov/scitech/swguidance/standards/current/index.cfm); and Maryland Numerical Criteria for Toxic

Substances in Surface Waters, Code of Maryland Regulations (COMAR) 26.08.02.03

(http://www.dsd.state.md.us./comar/comarhtml/26/26.08.02.03-2.htm)

2 United States Environmental Protection Agency Region 3 Biological Technical Advisory Group Freshwater Screening

Benchmarks.

3 Carcinogenic criterion is set at incremental cancer risk of 1×10
-5

MRC-SW8B-

060914

MRC-SW9A-

060914

MRC-SW9B-

060914

SW - surface water

Shading indicates value exceeds a screening criterion.

-- - not detected at the method detection limit

J - result is estimated

µg/l - micrograms per liter

NA - criterion not available (columns 2-6) or not analyzed (remaining columns).



 
Table 4-3 

Surface Water Quality Field Measurements, June 2014 
Cow Pen Creek and Dark Head Cove 

Lockheed Martin Middle River Complex, Middle River, Maryland 

Sample 
No. 

Color pH 
(S.U.) 

SC 
(mS/cm) 

Temperature 
 (ºC) 

Turbidity 
(NTU) 

DO 
(mg/L) 

Salinity 
(%) 

ORP 
(mv) 

SW1A Gr/Br 6.38 1.09 22.86 12.02 4.56 0.05 257 

SW2A Gr/Br 6.67 1.34 24 11.67 4.46 0.07 224 

SW5A1 Gr/Br 6.87 1.54 24.32 8.29 7.77 0.08 223 

SW5A2 Gr/Br 7.27 1.54 24.48 7.67 7.89 0.08 214 

SW5B Gr/Br 7.55 1.53 24.4 8.31 7.64 0.08 211 

SW6A Gr/Br 7.89 1.5 25.08 7.72 8.56 0.03 206 

SW6B Gr/Br 7.88 1.51 24.79 6.72 7.45 0.08 203 

SW7A Gr/Br 7.53 1.5 25.03 9.66 8.66 0.08 214 

SW7B Gr/Br 7.65 1.52 24.91 8.84 8.25 0.08 215 

SW8A Gr/Br 8.07 1.51 25.38 6.43 7.2 0.08 203 

SW8B Gr/Br 7.94 1.49 24.88 8.6 8.02 0.07 207 

SW9A Gr/Br 7.78 1.52 24.95 7.82 7.6 0.08 202 

SW9B Gr/Br 7.9 1.5 24.74 7.85 7.85 0.08 200 

Average Gr/Br 7.49 1.47 24.6 8.58 7.38 0.072 213.8 

ºC— degrees Celsius 
DO— dissolved oxygen 
Gr/Br— greenish brown 
mg/L— milligram(s) per liter 
mS/cm— milliSiemen(s) per centimeter 
mv— millivolts 

NTU— nephelometric turbidity unit(s) 
ORP— oxidation-reduction potential 
pH— hydrogen ion content (a measure of 
 acidity or alkalinity) 
SC— specific conductance 
S.U.— standard unit(s)  
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Section 5 

Summary 
A summary Lockheed Martin Corporation’s (Lockheed Martin’s) June 2014 Cow Pen Creek and 

Dark Head Cove surface water investigation follows: 

• Thirteen surface water samples were collected from Cow Pen Creek and Dark Head Cove 
on June 9, 2014 and chemically analyzed for volatile organic compounds (VOCs), 
1,4-dioxane (for the two Cow Pen Creek samples only), and polychlorinated biphenyls 
(PCBs) (for the Dark Head Cove samples only). These analyses were performed to 
determine if these constituents are emanating from stormwater outfalls, sediments, or 
groundwater plumes originating at the Middle River Complex (MRC).  

• In Dark Head Cove, samples were collected along each of five transects spaced along the 
northern shoreline. Along four transects, one sample was collected near the shoreline 
(“A” sample) and a second was collected approximately 50 feet from the shoreline (“B” 
sample). At Outfall 005 (which has two outlets), samples were collected 10-feet offshore 
from each outlet, and a third sample was collected 50-feet offshore between the two 
outlets. Each sample was collected approximately one foot below the water surface.  

• Chemical data were validated in accordance with the United States Environmental 
Protection Agency (USEPA) Region III Modifications to the National Functional 
Guidelines for Organic Data Review (USEPA, 1993 and 1994) and the specifics of the 
analytical methods used.  

• Sampling results were screened against the following standards: 

o United States Environmental Protection Agency Region 3 Biological Technical 
Advisory Group (BTAG) ecological freshwater screening-benchmarks  

o United States Environmental Protection Agency Region 5 ecological screening level 
for 1,4-dioxane 

o United States Environmental Protection Agency national recommended water quality 
criteria (NRWQC) for acute and chronic aquatic-organism exposures and for human 
health aquatic-organism consumption  

o State of Maryland ambient water quality criteria (AWQC) for acute and chronic 
aquatic-organism exposures and for human health aquatic-organism consumption  

o Site-specific screening levels developed by Lockheed Martin Corporation for 
evaluating risks to recreational swimmers from exposure to volatile organic 
compounds in surface water 
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• The volatile organic compound trichloroethene (TCE; also known as trichloroethylene) 

was detected at low concentrations in nine of 13 surface water samples. Trichloroethene 
was detected at low concentrations in all but two Dark Head Cove samples. 
Trichloroethene was not detected in the two Cow Pen Creek samples. 

• Trichloroethene concentrations did not exceed its ecological surface-water screening 
level, the human health consumption-of-aquatic-organism screening level, or the 
site-specific swimming screening level.  

o Only one of three samples collected near Outfall 005 East (MRC-SW5B) produced 
detectable concentrations of trichloroethene.  

o Detected trichloroethene concentrations were relatively low (i.e., much less than 
ecological and human health screening levels), but were slightly higher nearer the 
shoreline at Outfalls 006, 008, and 005 East.  

o The area of two Dark Head Cove outfalls (Outfalls 006 and 008) are suspected to be 
influenced by the lower portion of the eastern trichloroethene plume that originates in 
Tax Block E, north of Chesapeake Park Plaza.    

o Trichloroethene concentrations in transects near Outfalls 007 and 009 vary little with 
distance from the shoreline (i.e., concentrations in samples collected near the 
shoreline are similar to concentrations in samples collected 50 feet from the 
shoreline). 

• The volatile organic compound carbon disulfide was detected in one sample adjacent to 
the Outfall 005 transect, at a low concentration. This concentration is less than one third 
of its ecological surface-water screening level. 

• No other volatile organic compounds were detected. This contrasts with observations 
made in the 2013 sampling episode, during which low estimated concentrations of 
cis-1,2-dichloroethene were detected at three sampling locations. 

• 1,4-Dioxane was detected at low concentrations in both samples collected from Cow Pen 
Creek. 1,4-Dioxane is likely being discharged to Cow Pen Creek from the western 
1,4-dioxane groundwater plume. 1,4-Dioxane was not detected in the 2013 samples. 
1,4-Dioxane was analyzed in 2014 using United Stated Environmental Protection Agency 
Method 522, which yields a lower detection limit (0.02 µg/L) than United States 
Environmental Protection Agency Method 8270D (0.47-0.48 µg/L), which was used for 
the 2013 samples. The 1,4-dioxane concentrations reported for the 2014 samples are less 
than Method 8270D detection limits (and hence would not be detected), but above the 
Method 522 detection limit. 

• Polychlorinated biphenyls (PCBs) were analyzed for the first time in surface water using 
Method 680. Two homologs- (pentachlorobiphenyls and tetrachlorobiphenyls) were 
detected in seven of 11 samples analyzed for polychlorinated biphenyls. The highest 
concentrations of tetrachlorobiphenyls were detected near Outfall 005. 
Pentachlorobiphenyls were detected near Outfalls 006 and 007. All detected PCB 
concentrations (seven samples) exceed the Biological Technical Advisory Group 
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ecological criterion and the human health consumption-of-aquatic-organism criterion. 
The exceedance of the Biological Technical Advisory Group ecological criterion does not 
imply direct toxicity to ecological receptors; instead, it is a value that is expected to 
protect against adverse effects from bioaccumulation and food-chain uptake. The human 
health consumption-of-aquatic-organism criterion is a conservative screening level based 
on food-chain uptake modeling assuming organisms (fish) stay within the area of 
exposure.  Actual risk to human populations is dependent on site-specific factors like 
whether the water is used for drinking, which is not the case for Dark Head Cove, and 
what type and how much fish is consumed and how it is prepared. 

• The results of a HHRA conducted assuming that a swimmer is exposed to the 
polychlorinated biphenyls in the surface waters of Dark Head Cove do not exceed 
USEPA or MDE risk management benchmarks. The HHRA, conducted in a very 
conservative (i.e., health protective) manner, concludes that unacceptable risk would not 
be incurred as a consequence of recreational (swimming) exposure to the PCB 
concentrations in the surface waters of the Cove. 

• The location and magnitude of trichloroethene detections in 2014 are generally consistent 
with those of 2012 (see Table C-2 in Appendix C). In 2012 and 2014, samples with the 
highest trichloroethene concentrations were collected near Outfalls 006 and 008 (i.e., the 
eastern trichloroethene plume discharge area), but the highest trichloroethene 
concentrations in 2013 were in samples collected near Outfall 005. The 2013 
trichloroethene concentrations (1.5-1.9 µg/L) are also two to three times higher than the 
highest concentrations detected in 2012 (0.66-0.82 µg/L) and 2014 (0.52-0.54 µg/L). 
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TABLE C-1

CHEMICAL RESULTS FOR SURFACE WATER SAMPLES - DARK HEAD COVE AND COW PEN CREEK, JUNE 2014

LOCKHEED MARTIN MIDDLE RIVER COMPLEX, MIDDLE RIVER, MARYLAND

PAGE 1 OF 4

LOCATION

SAMPLE ID

SAMPLE DATE

VOLATILES (UG/L)

1,1,1,2-TETRACHLOROETHANE 0.22 U 0.22 U 0.22 U 0.22 U 0.22 U 0.22 U 0.22 U 0.22 U

1,1,1-TRICHLOROETHANE 0.36 U 0.36 U 0.36 U 0.36 U 0.36 U 0.36 U 0.36 U 0.36 U

1,1,2,2-TETRACHLOROETHANE 0.25 U 0.25 U 0.25 U 0.25 U 0.25 U 0.25 U 0.25 U 0.25 U

1,1,2-TRICHLOROTRIFLUOROETHANE 0.31 U 0.31 U 0.31 U 0.31 U 0.31 U 0.31 U 0.31 U 0.31 U

1,1-DICHLOROETHANE 0.2 U 0.2 U 0.2 U 0.2 U 0.2 U 0.2 U 0.2 U 0.2 U

1,1-DICHLOROETHENE 0.57 U 0.57 U 0.57 U 0.57 U 0.57 U 0.57 U 0.57 U 0.57 U

1,1-DICHLOROPROPENE 0.29 U 0.29 U 0.29 U 0.29 U 0.29 U 0.29 U 0.29 U 0.29 U

1,2,3-TRICHLOROBENZENE 0.82 U 0.82 U 0.82 U 0.82 U 0.82 U 0.82 U 0.82 U 0.82 U

1,2,3-TRICHLOROPROPANE 0.7 U 0.7 U 0.7 U 0.7 U 0.7 U 0.7 U 0.7 U 0.7 U

1,2,4-TRICHLOROBENZENE 0.23 U 0.23 U 0.23 U 0.23 U 0.23 U 0.23 U 0.23 U 0.23 U

1,2,4-TRIMETHYLBENZENE 0.2 U 0.2 U 0.2 U 0.2 U 0.2 U 0.2 U 0.2 U 0.2 U

1,2-DIBROMO-3-CHLOROPROPANE 0.74 U 0.74 U 0.74 U 0.74 U 0.74 U 0.74 U 0.74 U 0.74 U

1,2-DIBROMOETHANE 0.24 U 0.24 U 0.24 U 0.24 U 0.24 U 0.24 U 0.24 U 0.24 U

1,2-DICHLOROBENZENE 0.21 U 0.21 U 0.21 U 0.21 U 0.21 U 0.21 U 0.21 U 0.21 U

1,2-DICHLOROETHANE 0.36 U 0.36 U 0.36 U 0.36 U 0.36 U 0.36 U 0.36 U 0.36 U

1,2-DICHLOROPROPANE 0.2 U 0.2 U 0.2 U 0.2 U 0.2 U 0.2 U 0.2 U 0.2 U

1,3-DICHLOROBENZENE 0.2 U 0.2 U 0.2 U 0.2 U 0.2 U 0.2 U 0.2 U 0.2 U

1,3-DICHLOROPROPANE 0.27 U 0.27 U 0.27 U 0.27 U 0.27 U 0.27 U 0.27 U 0.27 U

1,4-DICHLOROBENZENE 0.2 U 0.2 U 0.2 U 0.2 U 0.2 U 0.2 U 0.2 U 0.2 U

2,2-DICHLOROPROPANE 0.27 U 0.27 U 0.27 U 0.27 U 0.27 U 0.27 U 0.27 U 0.27 U

2-BUTANONE 0.81 UJ 0.81 UJ 0.81 UJ 0.81 UJ 0.81 UJ 0.81 UJ 0.81 UJ 0.81 UJ

2-CHLOROETHYL VINYL ETHER 0.44 U 0.44 U 0.44 U 0.44 U 0.44 U 0.44 U 0.44 U 0.44 U

2-CHLOROTOLUENE 0.2 U 0.2 U 0.2 U 0.2 U 0.2 U 0.2 U 0.2 U 0.2 U

2-HEXANONE 1.7 U 1.7 U 1.7 U 1.7 U 1.7 U 1.7 U 1.7 U 1.7 U

4-CHLOROTOLUENE 0.24 U 0.24 U 0.24 U 0.24 U 0.24 U 0.24 U 0.24 U 0.24 U

4-ISOPROPYLTOLUENE 0.2 U 0.2 U 0.2 U 0.2 U 0.2 U 0.2 U 0.2 U 0.2 U

4-METHYL-2-PENTANONE 0.67 U 0.67 U 0.67 U 0.67 U 0.67 U 0.67 U 0.67 U 0.67 U

ACETONE 2.8 U 1.9 U 1.6 U 1.6 U 1.3 U 1.6 U 1.6 U 1.3 UJ

BENZENE 0.2 U 0.2 U 0.2 U 0.2 U 0.2 U 0.2 U 0.2 U 0.2 U

BROMOBENZENE 0.28 U 0.28 U 0.28 U 0.28 U 0.28 U 0.28 U 0.28 U 0.28 U

BROMOCHLOROMETHANE 0.32 U 0.32 U 0.32 U 0.32 U 0.32 U 0.32 U 0.32 U 0.32 U

BROMODICHLOROMETHANE 0.32 U 0.32 U 0.32 U 0.32 U 0.32 U 0.32 U 0.32 U 0.32 U

BROMOFORM 0.42 U 0.42 U 0.42 U 0.42 U 0.42 U 0.42 U 0.42 U 0.42 U

BROMOMETHANE 0.29 U 0.29 U 0.29 U 0.29 U 0.29 U 0.29 U 0.29 U 0.29 U

CARBON DISULFIDE 0.22 U 0.22 U 0.24 J 0.22 U 0.22 U 0.22 U 0.22 U 0.22 U

CARBON TETRACHLORIDE 0.45 U 0.45 U 0.45 U 0.45 U 0.45 U 0.45 U 0.45 U 0.45 U

CHLOROBENZENE 0.29 U 0.29 U 0.29 U 0.29 U 0.29 U 0.29 U 0.29 U 0.29 U

CHLORODIBROMOMETHANE 0.31 U 0.31 U 0.31 U 0.31 U 0.31 U 0.31 U 0.31 U 0.31 U

CHLOROETHANE 0.24 U 0.24 U 0.24 U 0.24 U 0.24 U 0.24 U 0.24 U 0.24 U

CHLOROFORM 0.25 U 0.25 U 0.25 U 0.25 U 0.25 U 0.25 U 0.25 U 0.25 U

CHLOROMETHANE 0.21 U 0.21 U 0.21 U 0.21 U 0.21 U 0.21 U 0.21 U 0.21 U

CIS-1,2-DICHLOROETHENE 0.3 U 0.3 U 0.3 U 0.3 U 0.3 U 0.3 U 0.3 U 0.3 U

MRC-SW1A MRC-SW2A MRC-SW5A1 MRC-SW5A2 MRC-SW5B MRC-SW6A MRC-SW6B MRC-SW7A

MRC-SW1A-060914 MRC-SW2A-060914 MRC-SW5A1-060914 MRC-SW5A2- MRC-SW5B-060914 MRC-SW6A-060914 MRC-SW6B-060914 MRC-SW7A-060914

20140610 20140610 20140610 20140610 20140610 20140610 20140610 20140610
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LOCATION

SAMPLE ID

SAMPLE DATE

MRC-SW1A MRC-SW2A MRC-SW5A1 MRC-SW5A2 MRC-SW5B MRC-SW6A MRC-SW6B MRC-SW7A

MRC-SW1A-060914 MRC-SW2A-060914 MRC-SW5A1-060914 MRC-SW5A2- MRC-SW5B-060914 MRC-SW6A-060914 MRC-SW6B-060914 MRC-SW7A-060914

20140610 20140610 20140610 20140610 20140610 20140610 20140610 20140610

CIS-1,3-DICHLOROPROPENE 0.24 U 0.24 U 0.24 U 0.24 U 0.24 U 0.24 U 0.24 U 0.24 U

DIBROMOMETHANE 0.32 U 0.32 U 0.32 U 0.32 U 0.32 U 0.32 U 0.32 U 0.32 U

DICHLORODIFLUOROMETHANE 0.46 U 0.46 U 0.46 U 0.46 U 0.46 U 0.46 U 0.46 U 0.46 U

DIISOPROPYL ETHER 0.2 U 0.2 U 0.2 U 0.2 U 0.2 U 0.2 U 0.2 U 0.2 U

ETHYL TERT-BUTYL ETHER 0.2 U 0.2 U 0.2 U 0.2 U 0.2 U 0.2 U 0.2 U 0.2 U

ETHYLBENZENE 0.2 U 0.2 U 0.2 U 0.2 U 0.2 U 0.2 U 0.2 U 0.2 U

HEXACHLOROBUTADIENE 0.62 U 0.62 U 0.62 U 0.62 U 0.62 U 0.62 U 0.62 U 0.62 U

ISOPROPYLBENZENE 0.2 U 0.2 U 0.2 U 0.2 U 0.2 U 0.2 U 0.2 U 0.2 U

M+P-XYLENES 0.33 U 0.33 U 0.33 U 0.33 U 0.33 U 0.33 U 0.33 U 0.33 U

METHYL TERT-BUTYL ETHER 0.29 U 0.29 U 0.29 U 0.29 U 0.29 U 0.29 U 0.29 U 0.29 U

METHYLENE CHLORIDE 0.32 U 0.32 U 0.32 U 0.32 U 0.32 U 0.32 U 0.32 U 0.32 U

NAPHTHALENE 0.2 U 0.2 U 0.2 U 0.2 U 0.2 U 0.2 U 0.2 U 0.2 U

N-BUTYLBENZENE 0.21 U 0.21 U 0.21 U 0.21 U 0.21 U 0.21 U 0.21 U 0.21 U

N-PROPYLBENZENE 0.2 U 0.2 U 0.2 U 0.2 U 0.2 U 0.2 U 0.2 U 0.2 U

O-XYLENE 0.2 U 0.2 U 0.2 U 0.2 U 0.2 U 0.2 U 0.2 U 0.2 U

SEC-BUTYLBENZENE 0.27 U 0.27 U 0.27 U 0.27 U 0.27 U 0.27 U 0.27 U 0.27 U

STYRENE 0.2 U 0.2 U 0.2 U 0.2 U 0.2 U 0.2 U 0.2 U 0.2 U

TERT-AMYL METHYL ETHER 0.2 U 0.2 U 0.2 U 0.2 U 0.2 U 0.2 U 0.2 U 0.2 U

TERT-BUTYLBENZENE 0.2 U 0.2 U 0.2 U 0.2 U 0.2 U 0.2 U 0.2 U 0.2 U

TERTIARY-BUTYL ALCOHOL 11 UJ 11 UJ 11 UJ 11 UJ 11 UJ 11 UJ 11 UJ 11 UJ

TETRACHLOROETHENE 0.3 U 0.3 U 0.3 U 0.3 U 0.3 U 0.3 U 0.3 U 0.3 U

TOLUENE 0.2 U 0.2 U 0.2 U 0.2 U 0.2 U 0.2 U 0.2 U 0.2 U

TOTAL XYLENES 0.53 U 0.53 U 0.53 U 0.53 U 0.53 U 0.53 U 0.53 U 0.53 U

TRANS-1,2-DICHLOROETHENE 0.33 U 0.33 U 0.33 U 0.33 U 0.33 U 0.33 U 0.33 U 0.33 U

TRANS-1,3-DICHLOROPROPENE 0.2 U 0.2 U 0.2 U 0.2 U 0.2 U 0.2 U 0.2 U 0.2 U

TRICHLOROETHENE 0.22 U 0.22 U 0.22 U 0.3 J 0.22 U 0.52 J 0.39 J 0.44 J

TRICHLOROFLUOROMETHANE 0.2 U 0.2 U 0.2 U 0.2 U 0.2 U 0.2 U 0.2 U 0.2 U

VINYL ACETATE 1.1 U 1.1 U 1.1 U 1.1 U 1.1 U 1.1 U 1.1 U 1.1 U

VINYL CHLORIDE 0.32 U 0.32 U 0.32 U 0.32 U 0.32 U 0.32 U 0.32 U 0.32 U

SEMIVOLATILES (UG/L)

1,4-DIOXANE 0.235 J 0.156 J NA NA NA NA NA NA

POLYCHLORINATED BIPHENYLS (UG/L)

DECACHLOROBIPHENYL NA NA 0.018 U 0.022 U 0.018 U 0.018 U 0.018 U 0.018 U

DICHLOROBIPHENYLS NA NA 0.0044 U 0.0054 U 0.0044 U 0.0044 U 0.0044 U 0.0044 U

HEPTACHLOROBIPHENYLS NA NA 0.011 U 0.014 U 0.011 U 0.011 U 0.011 U 0.011 U

HEXACHLOROBIPHENYL NA NA 0.01 U 0.013 U 0.01 U 0.01 U 0.01 U 0.01 U

NONACHLOROBIPHENYLS NA NA 0.019 U 0.024 U 0.019 U 0.019 U 0.019 U 0.019 U

OCTACHLOROBIPHENYLS NA NA 0.0084 U 0.011 U 0.0084 U 0.0084 U 0.0084 U 0.0084 U

PENTACHLOROBIPHENYLS NA NA 0.0088 U 0.011 U 0.0088 U 0.0088 U 0.015 0.012

TETRACHLOROBIPHENYLS NA NA 0.011 0.024 0.016 0.0066 J 0.0071 J 0.0054 U

TOTAL MONOCHLOROBIPHENYLS NA NA 0.0017 U 0.0021 U 0.0017 U 0.0017 U 0.0017 U 0.0017 U

TRICHLOROBIPHENYLS NA NA 0.0034 U 0.0042 U 0.0034 U 0.0034 U 0.0034 U 0.0034 U
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LOCATION

SAMPLE ID

SAMPLE DATE

VOLATILES (UG/L)

1,1,1,2-TETRACHLOROETHANE

1,1,1-TRICHLOROETHANE

1,1,2,2-TETRACHLOROETHANE

1,1,2-TRICHLOROTRIFLUOROETHANE

1,1-DICHLOROETHANE

1,1-DICHLOROETHENE

1,1-DICHLOROPROPENE

1,2,3-TRICHLOROBENZENE

1,2,3-TRICHLOROPROPANE

1,2,4-TRICHLOROBENZENE

1,2,4-TRIMETHYLBENZENE

1,2-DIBROMO-3-CHLOROPROPANE

1,2-DIBROMOETHANE

1,2-DICHLOROBENZENE

1,2-DICHLOROETHANE

1,2-DICHLOROPROPANE

1,3-DICHLOROBENZENE

1,3-DICHLOROPROPANE

1,4-DICHLOROBENZENE

2,2-DICHLOROPROPANE

2-BUTANONE

2-CHLOROETHYL VINYL ETHER

2-CHLOROTOLUENE

2-HEXANONE

4-CHLOROTOLUENE

4-ISOPROPYLTOLUENE

4-METHYL-2-PENTANONE

ACETONE

BENZENE

BROMOBENZENE

BROMOCHLOROMETHANE

BROMODICHLOROMETHANE

BROMOFORM

BROMOMETHANE

CARBON DISULFIDE

CARBON TETRACHLORIDE

CHLOROBENZENE

CHLORODIBROMOMETHANE

CHLOROETHANE

CHLOROFORM

CHLOROMETHANE

CIS-1,2-DICHLOROETHENE

0.22 U 0.22 U 0.22 U 0.22 U 0.22 U

0.36 U 0.36 U 0.36 U 0.36 U 0.36 U

0.25 U 0.25 U 0.25 U 0.25 U 0.25 U

0.31 U 0.31 U 0.31 U 0.31 U 0.31 U

0.2 U 0.2 U 0.2 U 0.2 U 0.2 U

0.57 U 0.57 U 0.57 U 0.57 U 0.57 U

0.29 U 0.29 U 0.29 U 0.29 U 0.29 U

0.82 U 0.82 U 0.82 U 0.82 U 0.82 U

0.7 U 0.7 U 0.7 U 0.7 U 0.7 U

0.23 U 0.23 U 0.23 U 0.23 U 0.23 U

0.2 U 0.2 U 0.2 U 0.2 U 0.2 U

0.74 U 0.74 U 0.74 U 0.74 U 0.74 U

0.24 U 0.24 U 0.24 U 0.24 U 0.24 U

0.21 U 0.21 U 0.21 U 0.21 U 0.21 U

0.36 U 0.36 U 0.36 U 0.36 U 0.36 U

0.2 U 0.2 U 0.2 U 0.2 U 0.2 U

0.2 U 0.2 U 0.2 U 0.2 U 0.2 U

0.27 U 0.27 U 0.27 U 0.27 U 0.27 U

0.2 U 0.2 U 0.2 U 0.2 U 0.2 U

0.27 U 0.27 U 0.27 U 0.27 U 0.27 U

0.81 UJ 0.81 UJ 0.81 UJ 0.81 UJ 0.81 UJ

0.44 U 0.44 U 0.44 U 0.44 U 0.44 U

0.2 U 0.2 U 0.2 U 0.2 U 0.2 U

1.7 U 1.7 U 1.7 U 1.7 U 1.7 U

0.24 U 0.24 U 0.24 U 0.24 U 0.24 U

0.2 U 0.2 U 0.2 U 0.2 U 0.2 U

0.67 U 0.67 U 0.67 U 0.67 U 0.67 U

1.4 U 1.8 U 1.5 U 1.3 UJ 1.5 U

0.2 U 0.2 U 0.2 U 0.2 U 0.2 U

0.28 U 0.28 U 0.28 U 0.28 U 0.28 U

0.32 U 0.32 U 0.32 U 0.32 U 0.32 U

0.32 U 0.32 U 0.32 U 0.32 U 0.32 U

0.42 U 0.42 U 0.42 U 0.42 U 0.42 U

0.29 U 0.29 U 0.29 U 0.29 U 0.29 U

0.22 U 0.22 U 0.22 U 0.22 U 0.22 U

0.45 U 0.45 U 0.45 U 0.45 U 0.45 U

0.29 U 0.29 U 0.29 U 0.29 U 0.29 U

0.31 U 0.31 U 0.31 U 0.31 U 0.31 U

0.24 U 0.24 U 0.24 U 0.24 U 0.24 U

0.25 U 0.25 U 0.25 U 0.25 U 0.25 U

0.21 U 0.21 U 0.21 U 0.21 U 0.21 U

0.3 U 0.3 U 0.3 U 0.3 U 0.3 U

MRC-SW7B MRC-SW8A MRC-SW8B MRC-SW9A MRC-SW9B

MRC-SW7B-060914 MRC-SW8A-060914 MRC-SW8B-060914 MRC-SW9A-060914 MRC-SW9B-060914

20140610 20140610 2014061020140610 20140610
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LOCATION

SAMPLE ID

SAMPLE DATE

CIS-1,3-DICHLOROPROPENE

DIBROMOMETHANE

DICHLORODIFLUOROMETHANE

DIISOPROPYL ETHER

ETHYL TERT-BUTYL ETHER

ETHYLBENZENE

HEXACHLOROBUTADIENE

ISOPROPYLBENZENE

M+P-XYLENES

METHYL TERT-BUTYL ETHER

METHYLENE CHLORIDE

NAPHTHALENE

N-BUTYLBENZENE

N-PROPYLBENZENE

O-XYLENE

SEC-BUTYLBENZENE

STYRENE

TERT-AMYL METHYL ETHER

TERT-BUTYLBENZENE

TERTIARY-BUTYL ALCOHOL

TETRACHLOROETHENE

TOLUENE

TOTAL XYLENES

TRANS-1,2-DICHLOROETHENE

TRANS-1,3-DICHLOROPROPENE

TRICHLOROETHENE

TRICHLOROFLUOROMETHANE

VINYL ACETATE

VINYL CHLORIDE

SEMIVOLATILES (UG/L)

1,4-DIOXANE

POLYCHLORINATED BIPHENYLS (UG/L)

DECACHLOROBIPHENYL

DICHLOROBIPHENYLS

HEPTACHLOROBIPHENYLS

HEXACHLOROBIPHENYL

NONACHLOROBIPHENYLS

OCTACHLOROBIPHENYLS

PENTACHLOROBIPHENYLS

TETRACHLOROBIPHENYLS

TOTAL MONOCHLOROBIPHENYLS

TRICHLOROBIPHENYLS

MRC-SW7B MRC-SW8A MRC-SW8B MRC-SW9A MRC-SW9B

MRC-SW7B-060914 MRC-SW8A-060914 MRC-SW8B-060914 MRC-SW9A-060914 MRC-SW9B-060914

20140610 20140610 2014061020140610 20140610

0.24 U 0.24 U 0.24 U 0.24 U 0.24 U

0.32 U 0.32 U 0.32 U 0.32 U 0.32 U

0.46 U 0.46 U 0.46 U 0.46 U 0.46 U

0.2 U 0.2 U 0.2 U 0.2 U 0.2 U

0.2 U 0.2 U 0.2 U 0.2 U 0.2 U

0.2 U 0.2 U 0.2 U 0.2 U 0.2 U

0.62 U 0.62 U 0.62 U 0.62 U 0.62 U

0.2 U 0.2 U 0.2 U 0.2 U 0.2 U

0.33 U 0.33 U 0.33 U 0.33 U 0.33 U

0.29 U 0.29 U 0.29 U 0.29 U 0.29 U

0.32 U 0.32 U 0.32 U 0.32 U 0.32 U

0.2 U 0.2 U 0.2 U 0.2 U 0.2 U

0.21 U 0.21 U 0.21 U 0.21 U 0.21 U

0.2 U 0.2 U 0.2 U 0.2 U 0.2 U

0.2 U 0.2 U 0.2 U 0.2 U 0.2 U

0.27 U 0.27 U 0.27 U 0.27 U 0.27 U

0.2 U 0.2 U 0.2 U 0.2 U 0.2 U

0.2 U 0.2 U 0.2 U 0.2 U 0.2 U

0.2 U 0.2 U 0.2 U 0.2 U 0.2 U

11 UJ 11 UJ 11 UJ 11 UJ 11 UJ

0.3 U 0.3 U 0.3 U 0.3 U 0.3 U

0.2 U 0.2 U 0.2 U 0.2 U 0.2 U

0.53 U 0.53 U 0.53 U 0.53 U 0.53 U

0.33 U 0.33 U 0.33 U 0.33 U 0.33 U

0.2 U 0.2 U 0.2 U 0.2 U 0.2 U

0.49 J 0.54 J 0.47 J 0.45 J 0.47 J

0.2 U 0.2 U 0.2 U 0.2 U 0.2 U

1.1 U 1.1 U 1.1 U 1.1 U 1.1 U

0.32 U 0.32 U 0.32 U 0.32 U 0.32 U

NA NA NA NA NA

0.018 U 0.018 U 0.018 U 0.018 U 0.018 U

0.0044 U 0.0044 U 0.0044 U 0.0044 U 0.0044 U

0.011 U 0.011 U 0.011 U 0.011 U 0.011 U

0.01 U 0.01 U 0.01 U 0.01 U 0.01 U

0.019 U 0.019 U 0.019 U 0.019 U 0.019 U

0.0084 U 0.0084 U 0.0084 U 0.0084 U 0.0084 U

0.0088 U 0.0088 U 0.0088 U 0.0088 U 0.0088 U

0.0054 U 0.0066 J 0.0054 U 0.0054 U 0.0054 U

0.0017 U 0.0017 U 0.0017 U 0.0017 U 0.0017 U

0.0034 U 0.0034 U 0.0034 U 0.0034 U 0.0034 U

J - Positive result is considered estimated as a result of technical noncompliance.

MRC - Middle River Complex

NA - not analyzed

SW - surface water

U - Not detected at the detection limit shown left of the letter.

UG/L - micrograms per liter (i.e., parts per billion)

UJ -The analyte was not detected. However, the quantitation or detection limit may be inaccurate or imprecise.



Table C-2

Primary VOC and 1,4-Dioxane Results for Surface Water Samples, 2012-2014

Cow Pen Creek and Dark Head Cove

Lockheed Martin Middle River Complex, Middle River, Maryland

Location/Date

Trichloroethene

(µg/L)

cis-1,2-Dichloroethene

(µg/L)

Vinyl chloride

(µg/L)

1,4-Dioxane

(µg/L)

Cow Pen Creek

SW1A

2014 (June) -- -- -- 0.235 J

2013 (June) 0.33 J -- -- --

2012 (June) -- -- -- NA

SW2A

2014 (June) -- -- -- 0.156 J

2013 (June) -- -- -- --

2012 (June) -- -- -- NA

Dark Head Cove

SW5A1

2014 (June) -- -- -- NA

2013 (June) 1.1 0.17 J -- NA

2012 (June) 0.17 J -- -- NA

SW5A2

2014 (June) 0.3 J -- -- NA

2013 (June) 1.9 0.26 J -- NA

2012 (June) 0.19 J -- -- NA

SW5B

2014 (June) -- -- -- NA

2013 (June) 1.5 0.35 J -- NA

2012 (June) 0.19 J -- -- NA

SW6A

2014 (June) 0.52 J -- -- NA

2013 (June) 0.46 J -- -- NA

2012 (June) 0.55 J -- -- NA

SW6B

2014 (June) 0.39 J -- -- NA

2013 (June) 0.81 J -- -- NA

2012 (June) 0.63 J -- -- NA

SW7A

2014 (June) 0.44 J -- -- NA

2013 (June) 0.7 J -- -- NA

2012 (June) -- -- -- NA

SW7B

2014 (June) 0.49 J -- -- NA

2013 (June) 0.51 J -- -- NA

2012 (June) 0.32 J -- -- NA

SW8A

2014 (June) 0.54 J -- -- NA

2013 (June) 0.65 J -- -- NA

2012 (June) 0.66 J -- -- NA

SW8B

2014 (June) 0.47 J -- -- NA

2013 (June) 0.65 J -- -- NA

2012 (June) 0.82 J -- -- NA

SW9A

2014 (June) 0.45 J -- -- NA

2013 (June) 0.62 J -- -- NA

2012 (June) 0.33 J -- -- NA

SW9B

2014 (June) 0.47 J -- -- ``

2013 (June) 0.35 J -- -- NA

2012 (June) 0.34 J -- -- NA

-- not detected NA - not analyzed

J - estimated concentration VOC - volatile organic compound

µg/L - micrograms per liter
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Memorandum 
 
To: Michael Martin, P.G. Tetra Tech 
 

From:  
  Edmund Crouch 
 
Date: November 18, 2014 
 
Subject: Risk estimates for recreational swimming in Dark Head Cove 
 

As requested, we have evaluated risk estimates for recreational contact with water containing 
dissolved PCBs in the water column at Dark Head Cove.  These risk estimates are conservative, in 
that they address the activity associated with the greatest level of exposure  — that is, swimming  
— and make very conservative exposure assumptions for exposure time, duration and contact rates  
in the absence of site-specific measurements.  In particular, we assume: 

• The measurements represent dissolved PCBs in the water column (i.e., the samples include 
no contaminated sediment).  The samples were not filtered and the total PCB values 
reported may include some component of suspended sediment which would result in an 
overestimation of dissolved PCB concentrations.  

• The measurements are representative of the water in Dark Head Cove where recreational 
swimming might occur. The samples were collected off the Middle River Complex outfalls 
where the concentrations would be expected to be the highest in the cove.  

• The recreational swimmer is in the water for 4 hours/day, 70 days/year, for 6 years as a 
child and 20 years as an adult.  

• The tetrachlorobiphenyls and pentachlorobiphenyls detected have an ingestion 
carcinogenic potency equal to the highest current estimate for the most carcinogenic tested 
PCB mixture. Other cancer potency values are available which would result in lower 
estimated potential risk. 

• The tetrachlorobiphenyls and pentachlorobiphenyls detected have an ingestion reference 
dose (RfD) equal to that of Aroclor 1254, the lowest among PCB mixtures that have assigned 
RfDs.  

• Cancer potency and RfD are the same for dermal exposure as for ingestion exposure. 
 

The recreational activity exposure assumptions of 4 hours/day and 70 days/year were initially 
introduced in the January 2006 Revised Human Risk Assessment for Martin State Airport prepared 
for Lockheed Martin by Tetra Tech.  In the subsequent April 2006 report Surface Water and 
Sediment Sampling Report Lockheed Martin Middle River Complex prepared by Tetra Tech, the 70 
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day/year exposure frequency assumption was used for swimming exposures, but with a 2 
hours/day exposure time.  It is important to note for a recreational swimming exposure scenario, 
adjusting the exposure time from four hours to two hours does not reduce the cancer or noncancer 
risk by a factor of two. For ingestion of surface water, the risk estimate scales linearly with the daily 
exposure time; while for dermal contact with surface water, the risk estimate is a sub-linear 
function of the daily exposure time. In other words, for dermal exposure absorption continues even 
after the exposure time in the water has ended. 

With the stated site-specific exposure assumptions, and using other default exposure assumptions 
from the Regional Screening Level (RSL) table (EPA 2014a), together with the dermal exposure 
methodology described in the Risk Assessment Guidance for Superfund, Volume 1E, and the 
estimated 95 percent upper confidence limit (95% UCL) of the mean of the measurements as 
exposure point concentrations, the lifetime risk estimates are: 

 Incidental water ingestion 1.7 × 10−8 
 Dermal absorption  4.9 × 10−6 

with highest hazard quotients (for children) 

 Incidental water ingestion 0.003 
 Dermal absorption  0.47  

The calculations documenting these estimates are included in the accompanying workbook Dark 
Head Cove Swimming PCBs.xlsx, which also contains references for the values of all parameters used. 

Modifying the daily exposure period to 2 hours/day halves the incidental water ingestion lifetime 
risk estimate and reduces the dermal absorption estimate to 3.2 × 10−6, with similar effects on the 
hazard quotients (0.0014 and 0.30). 

There are considerable uncertainties in these estimates that have been resolved in a conservative 
direction.  As noted, the samples were not filtered, allowing potential incorporation of 
contaminated sediment, which would not contribute to dermal absorption — the dermal 
absorption calculation assumes dissolved PCBs.  Two observations support the likelihood of 
sediment incorporation in the samples — the lack of detection of the more soluble (lower 
chlorinated) homologs, and the analysis of sample MRC-SW8B.  This sample as originally tested 
contained a higher total PCB content than any other sample; but those results were rejected 
because of low recovery of the spike surrogates.  Re-extraction and re-analysis of the sample 
produced non-detect results, suggesting that the first extraction included contaminated sediment 
(that may also have contributed to the low surrogate recovery) that was missing from the second. 

The default ingestion rate of 50 ml/hour assumed for both children and adults as presented in 
EPA’s RSL Risk-Based Concentration Table Equations for a recreational user exposed to surface 
water may be a conservative assumption for this evaluation. The Exposure Factors Handbook 
(EPA 2011) recommends a swimming water ingestion rate of 50 ml/hour for children under 18, but 
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a value of 21 ml/hour for adults which likely contributes to an overestimation of risk for the adult 
population swimming in Dark Head Cove. Further, the 50 ml/hour value is based on mean ingestion 
rates derived from swimming pool studies, while results from seawater ingestion studies indicate 
lower mean values for children (31 ml/hour), men (27 ml/hour and women (18 ml/hour) (EPA 
2011).  Dark Head Cove averages approximately 2% salt content, closer to seawater than the fresh 
water of swimming pools. Therefore, the use of the EPA default surface water ingestion rate likely 
overestimates ingestion risk.  

There are additional uncertainties related to dermal risk estimates. In general, chemical specific 
permeability coefficients (Kp) are used to estimate dermal absorption of a chemical from water. A 
Kp is a predicted value obtained from a regression equation using a chemical-specific octanol-water 
coefficient (Kow) and molecular weight (MW). However, for some chemicals, the Kow value or the 
MW may be too high or too low (outside the effective prediction domain) and the estimated Kp 
using the regression is uncertain. For PCBs, both the Kow and MW values are high outside of 
effective prediction domain resulting in an uncertain predicted Kp value that is combined with a 
theoretical correction factor (EPA 2004).  

The assignment of the highest (most conservative) carcinogenic and noncarcinogenic toxicity 
values measured for any PCB mixtures for the combinations of PCB homologs measured here 
(where only tetrachlorobiphenyls and pentachlorobiphenyls were detected) likely overestimates 
risk calculations 

Even with the use of conservative assumptions, the resultant risk estimates lie below the MDE 
threshold of 1 × 10−5 lifetime increased cancer risk and hazard quotient of 1.0, and within the EPA’s 
range 1 × 10−6 to 1 × 10−4 and hazard quotient of 1.0, indicating no significant risk from exposures 
due to swimming in Dark Head Cove. 
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Recreational swimming in Dark Head Cove (1)

Copy the relevant two columns from here (ranges I9:J27 or L9:M27) to the active location at D9:E27.

Upper end estimate used Alternative estimate that could be used, taking better account of measurements.

Exposure parameters

Unit Value Source Value Source Value Source

Water ingestion rate while swimming

Child ml/hr 50 EPA 2014 50 EPA 2014 28.61538

Adults ml/hr 50 EPA 2014 50 EPA 2014 31.17073

Activity factors (common to children and adults)

Daily events events/day 1 (2)(3) 1 (2)(3) 1 (2)(3)

Event duration child hr/event 4 (3)(4) 4 (3)(4) 1.083333 Schets et al. (2011); EPA (2011) (EFH) Table 3-92. Mean value, seawater. (5)

Event duration adult hr/event 4 (3)(4) 4 (3)(4) 0.716667 Schets et al. (2011); EPA (2011) (EFH) Table 3-92. Mean value, seawater, average of men & women. (5)

Annual number of days days/yr 70 (2)(3) 70 (2)(3) 70 (2)(3)

Exposure period

Child yr 6 EPA 2014 (Resident exposure duration - child) 6 EPA 2014 6 EPA 2014

Adult yr 20 EPA 2014 (Resident exposure duration -adult) 20 EPA 2014 5.7 EFH 2011, Table 16-108 mean value of residence time.

Body weight

Child kg 15 EPA 2014 15 EPA 2014 15 EPA 2014

Adult kg 80 EPA 2014 80 EPA 2014 80 EPA 2014

Skin surface area

Child cm^2 6378 EPA 2014 6378 EPA 2014 6378 EPA 2014

Adult cm^2 20900 EPA 2014 20900 EPA 2014 20900 EPA 2014

Averaging time for carcinogens

Lifetime yr 70 EPA 2014 70 EPA 2014 70 EPA 2014

days 25567.5

PCB-specific

Potency kg-d/mg 2 IRIS 2014; upper bound, high risk & persistence; assumed equal for ingestion & dermal exposure

RfD mg/kg-d 2.00E-05 IRIS 2014; Aroclor 1254

Ingestion

Total PCB concentration mg/ml 2.35E-08 See sheet PCBs. Sum of ProUCL95 recommended UCL95 estimates for tetra- & penta-chlorobiphenyl

Child dose-rate during exposuremg/kg-d 6.01E-08

Adult dose-rate during exposuremg/kg-d 1.13E-08

Lifetime average dose-rate mg/kg-d 8.36E-09

Lifetime risk estimate 1.7E-08 Non-mutagenic so no early life adjustment to potency.

Child hazard quotient 0.003

Adult hazard quotient 0.0006

Dermal absorption

Child absorbed dose per eventmg/cm^2-event 1.16E-07 See sheet PCBs for calculation of DA_event for each homolog.

Adult absorbed dose per event 1.16E-07 See sheet PCBs for calculation of DA_event for each homolog.

Child dose-rate during exposuremg/kg-d 9.47E-06

Adult dose-rate during exposuremg/kg-d 5.82E-06

Lifetime average dose rate mg/kg-d 2.47E-06

Lifetime risk estimate 4.9E-06 Non-mutagenic so no early life adjustment to potency.

Child hazard quotient 0.47

Adult hazard quotient 0.29

Schets et al. (2011); EFH Table 3-92. Mean value (ratio of means for ingestion volume and duration) for

seawater. (5)
Schets et al. (2011); EFH Table 3-92. Mean value (ratio of means for ingestion volume and duration) for

seawater. Average of men and women. (5)



Total risk 5.0E-06

Hazard index 0.48

References

(1) Recreational user is a local resident who swims in Dark Head Cove, with the assumption that the entire body is exposed to surface water.

(2) Exposure assumption was employed in the 2006 HHRA for Dark Head Cove in Surface Water and Sediment Sampling Report Lockheed Martin Middle River Complex prepared by Tetra Tech.

(3) Exposure assumption in the 2006 Revised Human Risk Assessment for Martin State Airport prepared for Lockheed Martin by Tetra Tech.

(5) Schets et al. (2011) state that frequency of bathing, duration of bathing, and swallowed volume were effectively uncorrelated.

IRIS 2014 Integrated Risk Information System at http://www.epa.gov/iris/subst/0294.htm

EPA 2011. Exposure Factors Handbook: 2011 Edition. EPA/600/R-09/052F, September 2011. Available at http://www.epa.gov/ncea/efh/pdfs/efh-complete.pdf.

EPA 2014. Regional Screening Table - User's Guide Table 1 at http://www.epa.gov/reg3hwmd/risk/human/rb-concentration_table/usersguide.htm

Schets FM, Schijven JF, de Roda Husman AM. Exposure assessment for swimmers in bathing waters and swimming pools. Water Res. 2011 Mar;45(7):2392–2400. doi: 10.1016/j.watres.2011.01.025.

(4) The dermal risk estimate is sub-linear in event duration, while the ingestion estimate is linear, for exposure to dissolved PCBs in water. The 2006 HHRA for Dark Head Cove used a 2 hr event duration, but the risk estimate for dermal exposure to PCBs from sediments in

that HHRA is independent of event duration.



Estimate Kp using RAGS 1E equation 3.8, ignoring possibility of being outside effective prediction domain (EPD)

Then follow RAGS 1E Appendix A, setting FA to the nearest 0.1 (rounded up) from Exhibit A-5 of RAGS 1E

Calculation of DA_event for each homolog

Child Adult Effective Prediction Domain for Kp

Li et al (2003)RAGS 1E Eq. 3.8 RAGS 1E Appendix A ------------------------------------------------------------------------------------------------------> Boundary 1 Boundary 2

MW logKow logKp Kp/cm/hr B l_sc/cm Dsc/cm^2/hrtau_event/hrc b t* FA (from Exhibit A-5 in RAGS 1E)Conc./mg/mlDA_event/mg/cm2-eventDA_event/mg/cm2-event EPD_low Actual EPD_high EPD_low Actual EPD_high Inside or outside EPD

Tetrachlorobiphenyl 291.99 6.108273 -0.40368 0.394745 2.59434 1.00E-03 3.67E-08 4.53934 2.687078 5.537589 18.94638 0.9 1.24E-08 5.18845E-08 5.19E-08 -0.06831 0.492043 0.5577 -0.301 0.194038 0.1758 Outside

Pentachlorobiphenyl 326.43 6.545661 -0.30787 0.492185 3.420188 1.00E-03 2.36E-08 7.077123 3.495599 8.942716 30.21214 0.8 1.11E-08 6.42733E-08 6.43E-08 -0.06831 0.534182 0.5577 -0.301 0.201027 0.1758 Outside

Tot_dermal 1.16158E-07 1.16E-07

Solubility check; are the measurements consistent with dissolved PCBs? Solubility estimates from Li et al (2003) see above

Temperature 20 C

Gas_Constant 8.314462 J/K/mol Solubility (sub-cooled liquid)Typical values Approx solubility (solid)

MW logS_WL S_WL/mol/m3ug/L DeltaS_fus/J/K/mol multiplier ug/L

Tetrachlorobiphenyl 291.99 -3.43825 0.000365 106.4437 56 87 0.214519 22.83424 Measurements are far below solubility so may represent dissolved PCBs

Pentachlorobiphenyl 326.43 -3.96174 0.000109 35.64955 56 100 0.15913 5.672902

Check of typical values for DeltaS_fus and T_m; values as given by Li et al (2003) see above:

DeltaS_fus/J/K/molT_m/C

2,5,2',5'-tetrachlorobiphenyl 46.1 86.5

2,3,4,5-tetrachlorobiphenyl 69.1 90

2,4,5,2',5'-pentachlorobiphenyl 53.6 77

2,3,4,3',4'-pentachlorobiphenyl 56 117

2,4,5,3',4'-pentachlorobiphenyl 56 110

Measurements in Dark Head Cove only

Approximate DL by 1/2 the lowest measured value.

Treat J values as accurate enough for this evaluation.

Date 6/9/2014 Input file for ProUCL5 (data columns in microgram/liter)

Tetra D_Tetra Penta D_Penta

MRC-SW5A1 0.011 1 0.0088 0

MRC-SW5A2 0.024 1 0.011 0

MRC-SW5B 0.016 1 0.0088 0

MRC-SW6A 0.0066 1 0.0088 0

MRC-SW6B 0.0071 1 0.015 1

MRC-SW7A 0.0054 0 0.012 1

MRC-SW7B 0.0054 0 0.0088 0

MRC-SW8A 0.0066 1 0.0088 0

MRC-SW8B 0.0054 0 0.0088 0

MRC-SW9A 0.0054 0 0.0088 0

MRC-SW9B 0.0054 0 0.0088 0

ProUCL5 suggested UCL95 0.0124 0.0111 microgram/liter See sheet 'ProUCL5.0 Output'.

ProUCL5 suggested UCL95 1.24E-08 1.11E-08 mg/ml

Correlations for logKow and log S_WL using Table 21 of Li N, Wania F, Lei YD, Daly GL. A Comprehensive and Critical Compilation, Evaluation, and Selection of Physical–Chemical Property Data for Selected Polychlorinated Biphenyls. J

Phys Chem Ref Data 2003;32(4):1545–1590.

RAGS 1E. U.S. EPA 2004. Risk Assessment Guidance for Superfund, Volume 1: Human Health Evaluation Manual (Part E, Supplemental Guidance for Dermal Risk Assessment) Final. EPA/540/R/99/005, OSWER 9285.7-02EP, July 2004.
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A B C D E F G H I J K L

95% Gamma Approximate KM-UCL (use when n>=50) 0.0127 95% Gamma Adjusted KM-UCL (use when n<50) 0.0134

MLE Mean (bias corrected) 0.0119 MLE Sd (bias corrected) 0.00812

Theta hat (MLE) 0.00292 Theta star (bias corrected MLE) 0.00554

nu hat (MLE) 48.78 nu star (bias corrected) 25.72

5% K-S Critical Value 0.333 Detected data appear Gamma Distributed at 5% Significance Level

Detected data appear Gamma Distributed at 5% Significance Level

Gamma Statistics on Detected Data Only

k hat (MLE) 4.065 k star (bias corrected MLE) 2.144

Gamma GOF Tests on Detected Observations Only

A-D Test Statistic 0.494 Anderson-Darling GOF Test

5% A-D Critical Value 0.7 Detected data appear Gamma Distributed at 5% Significance Level

K-S Test Statistic 0.284 Kolmogrov-Smirnoff GOF

97.5% KM Chebyshev UCL 0.0207 99% KM Chebyshev UCL 0.0277

95% KM (z) UCL 0.012 95% KM Bootstrap t UCL 0.0174

90% KM Chebyshev UCL 0.0146 95% KM Chebyshev UCL 0.0171

SD 0.0057 95% KM (BCA) UCL 0.0121

95% KM (t) UCL 0.0124 95% KM (Percentile Bootstrap) UCL

5% Lilliefors Critical Value 0.362 Detected Data appear Normal at 5% Significance Level

0.0119

Detected Data appear Normal at 5% Significance Level

Kaplan-Meier (KM) Statistics using Normal Critical Values and other Nonparametric UCLs

Mean 0.00894 Standard Error of Mean 0.00188

Normal GOF Test on Detects Only

Shapiro Wilk Test Statistic 0.825 Shapiro Wilk GOF Test

5% Shapiro Wilk Critical Value 0.788 Detected Data appear Normal at 5% Significance Level

Lilliefors Test Statistic 0.254 Lilliefors GOF Test

Mean of Logged Detects -4.561 SD of Logged Detects 0.538

Median Detects 0.00905 CV Detects 0.587

Skewness Detects 1.276 Kurtosis Detects 0.826

Variance Detects 4.8650E-5 Percent Non-Detects 45.45%

Mean Detects 0.0119 SD Detects

Number of Detects 6 Number of Non-Detects 5

Number of Distinct Detects 5 Number of Distinct Non-Detects 1

0.00697

Minimum Detect 0.0066 Minimum Non-Detect 0.0054

Maximum Detect 0.024 Maximum Non-Detect 0.0054

Confidence Coefficient 95%

General Statistics

Total Number of Observations 11 Number of Distinct Observations 6

Number of Bootstrap Operations 2000

Tetra

UCL Statistics for Data Sets with Non-Detects

User Selected Options

Date/Time of Computation 11/10/2014 5:14:31 PM

From File WorkSheet.xls

Full Precision OFF
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Note: Suggestions regarding the selection of a 95% UCL are provided to help the user to select the most appropriate 95% UCL.

Recommendations are based upon data size, data distribution, and skewness.

These recommendations are based upon the results of the simulation studies summarized in Singh, Maichle, and Lee (2006).

However, simulations results will not cover all Real World data sets; for additional insight the user may want to consult a statistician.

Suggested UCL to Use

95% KM (t) UCL 0.0124 95% KM (Percentile Bootstrap) UCL 0.0119

DL/2 is not a recommended method, provided for comparisons and historical reasons

Nonparametric Distribution Free UCL Statistics

Detected Data appear Normal Distributed at 5% Significance Level

SD in Original Scale 0.00688 SD in Log Scale 0.803

95% t UCL (Assumes normality) 0.0115 95% H-Stat UCL 0.0152

DL/2 Statistics

DL/2 Normal DL/2 Log-Transformed

Mean in Original Scale 0.00771 Mean in Log Scale -5.176

KM SD (logged) 0.49 95% Critical H Value (KM-Log) 2.163

KM Standard Error of Mean (logged) 0.162

95% H-UCL (Log ROS) 0.0193

UCLs using Lognormal Distribution and KM Estimates when Detected data are Lognormally Distributed

KM Mean (logged) -4.861 95% H-UCL (KM -Log) 0.0122

SD in Original Scale 0.00703 SD in Log Scale 0.952

95% t UCL (assumes normality of ROS data) 0.0114 95% Percentile Bootstrap UCL 0.0111

95% BCA Bootstrap UCL 0.0119 95% Bootstrap t UCL 0.0141

5% Lilliefors Critical Value 0.362 Detected Data appear Lognormal at 5% Significance Level

Detected Data appear Lognormal at 5% Significance Level

Lognormal ROS Statistics Using Imputed Non-Detects

Mean in Original Scale 0.00755 Mean in Log Scale -5.275

Lognormal GOF Test on Detected Observations Only

Shapiro Wilk Test Statistic 0.862 Shapiro Wilk GOF Test

5% Shapiro Wilk Critical Value 0.788 Detected Data appear Lognormal at 5% Significance Level

Lilliefors Test Statistic 0.264 Lilliefors GOF Test

95% Gamma Approximate UCL (use when n>=50) 0.0139 95% Gamma Adjusted UCL (use when n<50) 0.0145

Adjusted Level of Significance (β)      0.0278

Approximate Chi Square Value (112.79, α)      89.27 Adjusted Chi Square Value (112.79, β)      85.87

nu hat (MLE) 153.3 nu star (bias corrected) 112.8

MLE Mean (bias corrected) 0.011 MLE Sd (bias corrected)

Maximum 0.024 Median 0.01

SD 0.00503 CV 0.456

0.00487

k hat (MLE) 6.966 k star (bias corrected MLE) 5.127

Theta hat (MLE) 0.00158 Theta star (bias corrected MLE) 0.00215

Minimum 0.0066 Mean 0.011

Gamma ROS Statistics using Imputed Non-Detects

GROS may not be used when data set has > 50% NDs with many tied observations at multiple DLs

GROS may not be used when kstar of detected data is small such as < 0.1

For such situations, GROS method tends to yield inflated values of UCLs and BTVs

For gamma distributed detected data, BTVs and UCLs may be computed using gamma distribution on KM estimates
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95% t UCL (assumes normality of ROS data) 0.00894 95% Percentile Bootstrap UCL 0.00875

95% BCA Bootstrap UCL 0.00909 95% Bootstrap t UCL 0.0104

95% H-UCL (Log ROS) 0.00986

Lognormal ROS Statistics Using Imputed Non-Detects

Mean in Original Scale 0.0069 Mean in Log Scale -5.095

SD in Original Scale 0.00372 SD in Log Scale 0.505

Adjusted Level of Significance (β)      0.0278

Approximate Chi Square Value (554.94, α)    501.3

Lognormal GOF Test on Detected Observations Only

Not Enough Data to Perform GOF Test

Adjusted Chi Square Value (554.94, β)    493

Gamma Kaplan-Meier (KM) Statistics

k hat (KM) 25.22 nu hat (KM) 554.9

95% Gamma Approximate KM-UCL (use when n>=50) 0.0107 95% Gamma Adjusted KM-UCL (use when n<50) 0.0109

MLE Mean (bias corrected) N/A MLE Sd (bias corrected) N/A

Theta hat (MLE) 1.6736E-4 Theta star (bias corrected MLE) N/A

nu hat (MLE)

N/A

97.5% KM Chebyshev UCL 0.0148 99% KM Chebyshev UCL 0.0178

322.7 nu star (bias corrected) N/A

Gamma GOF Tests on Detected Observations Only

Not Enough Data to Perform GOF Test

Gamma Statistics on Detected Data Only

k hat (MLE) 80.67 k star (bias corrected MLE)

95% KM (t) UCL 0.0111 95% KM (Percentile Bootstrap) UCL N/A

95% KM (z) UCL 0.011 95% KM Bootstrap t UCL N/A

90% KM Chebyshev UCL 0.0121 95% KM Chebyshev UCL 0.0132

Not Enough Data to Perform GOF Test

Kaplan-Meier (KM) Statistics using Normal Critical Values and other Nonparametric UCLs

Mean 0.00965 Standard Error of Mean 8.1967E-4

SD 0.00192 95% KM (BCA) UCL N/A

Skewness Detects N/A Kurtosis Detects N/A

Warning: Data set has only 2 Detected Values.

This is not enough to compute meaningful or reliable statistics and estimates.

Normal GOF Test on Detects Only

Mean of Logged Detects -4.311 SD of Logged Detects 0.158

Variance Detects 4.5000E-6 Percent Non-Detects 81.82%

Mean Detects 0.0135 SD Detects 0.00212

Median Detects 0.0135 CV Detects 0.157

Number of Distinct Detects 2 Number of Distinct Non-Detects 2

Minimum Detect 0.012 Minimum Non-Detect 0.0088

Maximum Detect 0.015 Maximum Non-Detect 0.011

Penta

General Statistics

Total Number of Observations 11 Number of Distinct Observations 4

Number of Detects 2 Number of Non-Detects 9
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However, simulations results will not cover all Real World data sets; for additional insight the user may want to consult a statistician.

Warning: One or more Recommended UCL(s) not available!

Note: Suggestions regarding the selection of a 95% UCL are provided to help the user to select the most appropriate 95% UCL.

Recommendations are based upon data size, data distribution, and skewness.

These recommendations are based upon the results of the simulation studies summarized in Singh, Maichle, and Lee (2006).

95% t UCL (Assumes normality) 0.00818 95% H-Stat UCL 0.00821

Suggested UCL to Use

95% KM (t) UCL 0.0111 95% KM (% Bootstrap) UCL N/A

DL/2 is not a recommended method, provided for comparisons and historical reasons

Nonparametric Distribution Free UCL Statistics

Data do not follow a Discernible Distribution at 5% Significance Level

DL/2 Statistics

DL/2 Normal DL/2 Log-Transformed

Mean in Original Scale 0.00615 Mean in Log Scale -5.203

SD in Original Scale 0.00371 SD in Log Scale 0.449



Data Package: Appendix B -SDG R1404414 - LOCKHEED MARTIN MRC - Proj. 06247.pdf

Inputs for ProUCL

Tetrachlorobiphenyl Pentachlorobiphenyl

MRC-SW5A1 0.011 0.0088 U

MRC-SW5A2 0.024 0.011 U

MRC-SW5B 0.016 0.0088 U

MRC-SW6A 0.0066 J 0.0088 U

MRC-SW6B 0.0071 J 0.015

MRC-SW7A 0.0054 U 0.012

MRC-SW7B 0.0054 U 0.0088 U

MRC-SW8A 0.0066 J 0.0088 U

MRC-SW8B 0.0054 U 0.0088 U

MRC-SW9A 0.0054 U 0.0088 U

MRC-SW9B 0.0054 U 0.0088 U

Appendix A, Qualified Analytical Results

Unclear why Appendix A separates these two entries in this way

MRC-SW5A1-060914 MRC-SW5A2-060914 MRC-SW5B-060914 MRC-SW6A-060914 MRC-SW6B-060914 MRC-SW7A-060914 MRC-SW7B-060914 MRC-SW8A-060914 MRC-SW8B-060914 MRC-SW8B-060914 MRC-SW9A-060914 MRC-SW9B-060914

1 TOTAL MONOCHLOROBIPHENYLS0.0017 U 0.0021 U 0.0017 U 0.0017 U 0.0017 U 0.0017 U 0.0017 U 0.0017 U 0.0017 U 0.0017 U 0.0017 U

2 DICHLOROBIPHENYLS 0.0044 U 0.0054 U 0.0044 U 0.0044 U 0.0044 U 0.0044 U 0.0044 U 0.0044 U 0.0044 U 0.0044 U 0.0044 U

3 TRICHLOROBIPHENYLS 0.0034 U 0.0042 U 0.0034 U 0.0034 U 0.0034 U 0.0034 U 0.0034 U 0.0034 U 0.0034 U 0.0034 U 0.0034 U

4 TETRACHLOROBIPHENYLS 0.011 0.024 0.016 0.0054 J 0.0054 J 0.0054 U 0.0054 U 0.0054 J 0.0054 U 0.0054 U 0.0054 U

5 PENTACHLOROBIPHENYLS 0.0088 U 0.011 U 0.0088 U 0.0088 U 0.015 0.012 0.0088 U 0.0088 U 0.0088 U 0.0088 U 0.0088 U

6 HEXACHLOROBIPHENYL 0.01 U 0.013 U 0.01 U 0.01 U 0.01 U 0.01 U 0.01 U 0.01 U 0.01 U 0.01 U 0.01 U

7 HEPTACHLOROBIPHENYLS 0.011 U 0.014 U 0.011 U 0.011 U 0.011 U 0.011 U 0.011 U 0.011 U 0.011 U 0.011 U 0.011 U

8 OCTACHLOROBIPHENYLS 0.0084 U 0.011 U 0.0084 U 0.0084 U 0.0084 U 0.0084 U 0.0084 U 0.0084 U 0.0084 U 0.0084 U 0.0084 U

9 NONACHLOROBIPHENYLS 0.019 U 0.024 U 0.019 U 0.019 U 0.019 U 0.019 U 0.019 U 0.019 U 0.019 U 0.019 U 0.019 U

10 DECACHLOROBIPHENYL 0.018 U 0.022 U 0.018 U 0.018 U 0.018 U 0.018 U 0.018 U 0.018 U 0.018 U 0.018 U 0.018 U

Reconstruction from Appendix B First extraction, QC fail 2nd extraction

MRC-SW5A1-060914 MRC-SW5A2-060914 MRC-SW5B-060914 MRC-SW6A-060914 MRC-SW6B-060914 MRC-SW7A-060914 MRC-SW7B-060914 MRC-SW8A-060914 MRC-SW8B-060914 MRC-SW8B-060914 MRC-SW9A-060914 MRC-SW9B-060914

Monochlorobiphenyls, Total0.0017 U 0.0021 U 0.0017 U 0.0017 U 0.0017 U 0.0017 U 0.0017 U 0.0017 U 0.0017 U 0.0017 U 0.0017 U 0.0017 U

Dichlorobiphenyls, Total 0.0044 U 0.0054 U 0.0044 U 0.0044 U 0.0044 U 0.0044 U 0.0044 U 0.0044 U 0.0044 U 0.0044 U 0.0044 U 0.0044 U

Trichlorobiphenyls, Total 0.0034 U 0.0042 U 0.0034 U 0.0034 U 0.0034 U 0.0034 U 0.0034 U 0.0034 U 0.0061 0.0034 U 0.0034 U 0.0034 U

Tetrachlorobiphenyls, Total 0.011 0.024 0.016 0.0066 J 0.0071 J 0.0054 U 0.0054 U 0.0066 J 0.0061 J 0.0054 U 0.0054 U 0.0054 U

Pentachlorobiphenyls, Total0.0088 U 0.011 U 0.0088 U 0.0088 U 0.015 0.012 0.0088 U 0.0088 U 0.018 0.0088 U 0.0088 U 0.0088 U

Hexachlorobiphenyls, Total 0.01 U 0.013 U 0.01 U 0.01 U 0.01 U 0.01 U 0.01 U 0.01 U 0.01 U 0.01 U 0.01 U 0.01 U

Heptachlorobiphenyls, Total0.011 U 0.014 U 0.011 U 0.011 U 0.011 U 0.011 U 0.011 U 0.011 U 0.011 U 0.011 U 0.011 U 0.011 U

Octachlorobiphenyls, Total0.0084 U 0.011 U 0.0084 U 0.0084 U 0.0084 U 0.0084 U 0.0084 U 0.0084 U 0.0084 U 0.0084 U 0.0084 U 0.0084 U

Nonachlorobiphenyls, Total 0.019 U 0.024 U 0.019 U 0.019 U 0.019 U 0.019 U 0.019 U 0.019 U 0.019 U 0.019 U 0.019 U 0.019 U

Decachlorobiphenyls, Total 0.018 U 0.022 U 0.018 U 0.018 U 0.018 U 0.018 U 0.018 U 0.018 U 0.018 U 0.018 U 0.018 U 0.018 U

Check for differences between Appendix B and Appendix A

Monochlorobiphenyls, Total 1 1

Dichlorobiphenyls, Total 1 1

Trichlorobiphenyls, Total 1 1 1 1

Tetrachlorobiphenyls, Total 1 1 1 1 1

Pentachlorobiphenyls, Total 1 1 1 1

Hexachlorobiphenyls, Total 1 1

Heptachlorobiphenyls, Total 1 1

Octachlorobiphenyls, Total 1 1

Nonachlorobiphenyls, Total 1 1

Decachlorobiphenyls, Total 1 1



Appendix B, Results as reported by the Laboratory

Extracted from the direct copy Reconstruct Appendix A entries

Direct copy Result Q MRL MDL

MRC-SW5A1-060914 MRC-SW5A1-060914

Monochlorobiphenyls, Total 0.0049 U 0.0049 0.0017 0.0049 U 0.0049 0.0017 0.0017 U

Dichlorobiphenyls, Total 0.0049 U 0.0049 0.0044 0.0049 U 0.0049 0.0044 0.0044 U

Trichlorobiphenyls, Total 0.0049 U 0.0049 0.0034 0.0049 U 0.0049 0.0034 0.0034 U

Tetrachlorobiphenyls, Total 0.011 0.0098 0.0054 0.011 0.0098 0.0054 0.011

Pentachlorobiphenyls, Total 0.0098 U 0.0098 0.0088 0.0098 U 0.0098 0.0088 0.0088 U

Hexachlorobiphenyls, Total 0.010 U 0.010 0.010 0.01 U 0.01 0.01 0.01 U

Heptachlorobiphenyls, Total 0.015 U 0.015 0.011 0.015 U 0.015 0.011 0.011 U

Octachlorobiphenyls, Total 0.015 U 0.015 0.0084 0.015 U 0.015 0.0084 0.0084 U

Nonachlorobiphenyls, Total 0.020 U 0.020 0.019 0.02 U 0.02 0.019 0.019 U

Decachlorobiphenyls, Total 0.025 U 0.025 0.018 0.025 U 0.025 0.018 0.018 U

MRC-SW5A2-060914 MRC-SW5A2-060914

Monochlorobiphenyls, Total 0.0061 U 0.0061 0.0021 0.0061 U 0.0061 0.0021 0.0021 U

Dichlorobiphenyls, Total 0.0061 U 0.0061 0.0054 0.0061 U 0.0061 0.0054 0.0054 U

Trichlorobiphenyls, Total 0.0061 U 0.0061 0.0042 0.0061 U 0.0061 0.0042 0.0042 U

Tetrachlorobiphenyls, Total 0.024 0.012 0.0066 0.024 0.012 0.0066 0.024

Pentachlorobiphenyls, Total 0.012 U 0.012 0.011 0.012 U 0.012 0.011 0.011 U

Hexachlorobiphenyls, Total 0.013 U 0.013 0.013 0.013 U 0.013 0.013 0.013 U

Heptachlorobiphenyls, Total 0.018 U 0.018 0.014 0.018 U 0.018 0.014 0.014 U

Octachlorobiphenyls, Total 0.018 U 0.018 0.011 0.018 U 0.018 0.011 0.011 U

Nonachlorobiphenyls, Total 0.024 U 0.024 0.024 0.024 U 0.024 0.024 0.024 U

Decachlorobiphenyls, Total 0.030 U 0.030 0.022 0.03 U 0.03 0.022 0.022 U

MRC-SW5B-060914 MRC-SW5B-060914

Monochlorobiphenyls, Total 0.0048 U 0.0048 0.0017 0.0048 U 0.0048 0.0017 0.0017 U

Dichlorobiphenyls, Total 0.0048 U 0.0048 0.0044 0.0048 U 0.0048 0.0044 0.0044 U

Trichlorobiphenyls, Total 0.0048 U 0.0048 0.0034 0.0048 U 0.0048 0.0034 0.0034 U

Tetrachlorobiphenyls, Total 0.016 0.0096 0.0054 0.016 0.0096 0.0054 0.016

Pentachlorobiphenyls, Total 0.0096 U 0.0096 0.0088 0.0096 U 0.0096 0.0088 0.0088 U

Hexachlorobiphenyls, Total 0.010 U 0.010 0.010 0.01 U 0.01 0.01 0.01 U

Heptachlorobiphenyls, Total 0.014 U 0.014 0.011 0.014 U 0.014 0.011 0.011 U

Octachlorobiphenyls, Total 0.014 U 0.014 0.0084 0.014 U 0.014 0.0084 0.0084 U

Nonachlorobiphenyls, Total 0.019 U 0.019 0.019 0.019 U 0.019 0.019 0.019 U

Decachlorobiphenyls, Total 0.024 U 0.024 0.018 0.024 U 0.024 0.018 0.018 U

MRC-SW6A-060914 MRC-SW6A-060914

Monochlorobiphenyls, Total 0.0047 U 0.0047 0.0017 0.0047 U 0.0047 0.0017 0.0017 U

Dichlorobiphenyls, Total 0.0047 U 0.0047 0.0044 0.0047 U 0.0047 0.0044 0.0044 U

Trichlorobiphenyls, Total 0.0047 U 0.0047 0.0034 0.0047 U 0.0047 0.0034 0.0034 U

Tetrachlorobiphenyls, Total 0.0066 J 0.0094 0.0054 0.0066 J 0.0094 0.0054 0.0066 J

Pentachlorobiphenyls, Total 0.0094 U 0.0094 0.0088 0.0094 U 0.0094 0.0088 0.0088 U

Hexachlorobiphenyls, Total 0.010 U 0.010 0.010 0.01 U 0.01 0.01 0.01 U

Heptachlorobiphenyls, Total 0.014 U 0.014 0.011 0.014 U 0.014 0.011 0.011 U

Octachlorobiphenyls, Total 0.014 U 0.014 0.0084 0.014 U 0.014 0.0084 0.0084 U

Nonachlorobiphenyls, Total 0.019 U 0.019 0.019 0.019 U 0.019 0.019 0.019 U

Decachlorobiphenyls, Total 0.024 U 0.024 0.018 0.024 U 0.024 0.018 0.018 U

MRC-SW6B-060914 MRC-SW6B-060914

Monochlorobiphenyls, Total 0.0047 U 0.0047 0.0017 0.0047 U 0.0047 0.0017 0.0017 U

Dichlorobiphenyls, Total 0.0047 U 0.0047 0.0044 0.0047 U 0.0047 0.0044 0.0044 U

Trichlorobiphenyls, Total 0.0047 U 0.0047 0.0034 0.0047 U 0.0047 0.0034 0.0034 U

Tetrachlorobiphenyls, Total 0.0071 J 0.0094 0.0054 0.0071 J 0.0094 0.0054 0.0071 J

Pentachlorobiphenyls, Total 0.015 0.0094 0.0088 0.015 0.0094 0.0088 0.015

Hexachlorobiphenyls, Total 0.010 U 0.010 0.010 0.01 U 0.01 0.01 0.01 U



Heptachlorobiphenyls, Total 0.014 U 0.014 0.011 0.014 U 0.014 0.011 0.011 U

Octachlorobiphenyls, Total 0.014 U 0.014 0.0084 0.014 U 0.014 0.0084 0.0084 U

Nonachlorobiphenyls, Total 0.019 U 0.019 0.019 0.019 U 0.019 0.019 0.019 U

Decachlorobiphenyls, Total 0.024 U 0.024 0.018 0.024 U 0.024 0.018 0.018 U

MRC-SW7A-060914 MRC-SW7A-060914

Monochlorobiphenyls, Total 0.0050 U 0.0050 0.0017 0.005 U 0.005 0.0017 0.0017 U

Dichlorobiphenyls, Total 0.0050 U 0.0050 0.0044 0.005 U 0.005 0.0044 0.0044 U

Trichlorobiphenyls, Total 0.0050 U 0.0050 0.0034 0.005 U 0.005 0.0034 0.0034 U

Tetrachlorobiphenyls, Total 0.010 U 0.010 0.0054 0.01 U 0.01 0.0054 0.0054 U

Pentachlorobiphenyls, Total 0.012 0.010 0.0088 0.012 0.01 0.0088 0.012

Hexachlorobiphenyls, Total 0.010 U 0.010 0.010 0.01 U 0.01 0.01 0.01 U

Heptachlorobiphenyls, Total 0.015 U 0.015 0.011 0.015 U 0.015 0.011 0.011 U

Octachlorobiphenyls, Total 0.015 U 0.015 0.0084 0.015 U 0.015 0.0084 0.0084 U

Nonachlorobiphenyls, Total 0.020 U 0.020 0.019 0.02 U 0.02 0.019 0.019 U

Decachlorobiphenyls, Total 0.025 U 0.025 0.018 0.025 U 0.025 0.018 0.018 U

MRC-SW7B-060914 MRC-SW7B-060914

Monochlorobiphenyls, Total 0.0047 U 0.0047 0.0017 0.0047 U 0.0047 0.0017 0.0017 U

Dichlorobiphenyls, Total 0.0047 U 0.0047 0.0044 0.0047 U 0.0047 0.0044 0.0044 U

Trichlorobiphenyls, Total 0.0047 U 0.0047 0.0034 0.0047 U 0.0047 0.0034 0.0034 U

Tetrachlorobiphenyls, Total 0.0094 U 0.0094 0.0054 0.0094 U 0.0094 0.0054 0.0054 U

Pentachlorobiphenyls, Total 0.0094 U 0.0094 0.0088 0.0094 U 0.0094 0.0088 0.0088 U

Hexachlorobiphenyls, Total 0.010 U 0.010 0.010 0.01 U 0.01 0.01 0.01 U

Heptachlorobiphenyls, Total 0.014 U 0.014 0.011 0.014 U 0.014 0.011 0.011 U

Octachlorobiphenyls, Total 0.014 U 0.014 0.0084 0.014 U 0.014 0.0084 0.0084 U

Nonachlorobiphenyls, Total 0.019 U 0.019 0.019 0.019 U 0.019 0.019 0.019 U

Decachlorobiphenyls, Total 0.024 U 0.024 0.018 0.024 U 0.024 0.018 0.018 U

MRC-SW8A-060914 MRC-SW8A-060914

Monochlorobiphenyls, Total 0.0047 U 0.0047 0.0017 0.0047 U 0.0047 0.0017 0.0017 U

Dichlorobiphenyls, Total 0.0047 U 0.0047 0.0044 0.0047 U 0.0047 0.0044 0.0044 U

Trichlorobiphenyls, Total 0.0047 U 0.0047 0.0034 0.0047 U 0.0047 0.0034 0.0034 U

Tetrachlorobiphenyls, Total 0.0066 J 0.0094 0.0054 0.0066 J 0.0094 0.0054 0.0066 J

Pentachlorobiphenyls, Total 0.0094 U 0.0094 0.0088 0.0094 U 0.0094 0.0088 0.0088 U

Hexachlorobiphenyls, Total 0.010 U 0.010 0.010 0.01 U 0.01 0.01 0.01 U

Heptachlorobiphenyls, Total 0.014 U 0.014 0.011 0.014 U 0.014 0.011 0.011 U

Octachlorobiphenyls, Total 0.014 U 0.014 0.0084 0.014 U 0.014 0.0084 0.0084 U

Nonachlorobiphenyls, Total 0.019 U 0.019 0.019 0.019 U 0.019 0.019 0.019 U

Decachlorobiphenyls, Total 0.024 U 0.024 0.018 0.024 U 0.024 0.018 0.018 U

MRC-SW8B-060914 MRC-SW8B-060914

Monochlorobiphenyls, Total 0.0047 U 0.0047 0.0017 0.0047 U 0.0047 0.0017 0.0017 U

Dichlorobiphenyls, Total 0.0047 U 0.0047 0.0044 0.0047 U 0.0047 0.0044 0.0044 U

Trichlorobiphenyls, Total 0.0061 0.0047 0.0034 0.0061 0.0047 0.0034 0.0061

Tetrachlorobiphenyls, Total 0.0061 J 0.0094 0.0054 0.0061 J 0.0094 0.0054 0.0061 J

Pentachlorobiphenyls, Total 0.018 0.0094 0.0088 0.018 0.0094 0.0088 0.018

Hexachlorobiphenyls, Total 0.010 U 0.010 0.010 0.01 U 0.01 0.01 0.01 U

Heptachlorobiphenyls, Total 0.014 U 0.014 0.011 0.014 U 0.014 0.011 0.011 U

Octachlorobiphenyls, Total 0.014 U 0.014 0.0084 0.014 U 0.014 0.0084 0.0084 U

Nonachlorobiphenyls, Total 0.019 U 0.019 0.019 0.019 U 0.019 0.019 0.019 U

Decachlorobiphenyls, Total 0.024 U 0.024 0.018 0.024 U 0.024 0.018 0.018 U

MRC-SW8B-060914 MRC-SW8B-060914

Monochlorobiphenyls, Total 0.0047 U 0.0047 0.0017 0.0047 U 0.0047 0.0017 0.0017 U

Dichlorobiphenyls, Total 0.0047 U 0.0047 0.0044 0.0047 U 0.0047 0.0044 0.0044 U

Trichlorobiphenyls, Total 0.0047 U 0.0047 0.0034 0.0047 U 0.0047 0.0034 0.0034 U

Tetrachlorobiphenyls, Total 0.0094 U 0.0094 0.0054 0.0094 U 0.0094 0.0054 0.0054 U

Pentachlorobiphenyls, Total 0.0094 U 0.0094 0.0088 0.0094 U 0.0094 0.0088 0.0088 U

Hexachlorobiphenyls, Total 0.010 U 0.010 0.010 0.01 U 0.01 0.01 0.01 U

Heptachlorobiphenyls, Total 0.014 U 0.014 0.011 0.014 U 0.014 0.011 0.011 U

Octachlorobiphenyls, Total 0.014 U 0.014 0.0084 0.014 U 0.014 0.0084 0.0084 U

Nonachlorobiphenyls, Total 0.019 U 0.019 0.019 0.019 U 0.019 0.019 0.019 U

Decachlorobiphenyls, Total 0.024 U 0.024 0.018 0.024 U 0.024 0.018 0.018 U

MRC-SW9A-060914 MRC-SW9A-060914



Monochlorobiphenyls, Total 0.0047 U 0.0047 0.0017 0.0047 U 0.0047 0.0017 0.0017 U

Dichlorobiphenyls, Total 0.0047 U 0.0047 0.0044 0.0047 U 0.0047 0.0044 0.0044 U

Trichlorobiphenyls, Total 0.0047 U 0.0047 0.0034 0.0047 U 0.0047 0.0034 0.0034 U

Tetrachlorobiphenyls, Total 0.0094 U 0.0094 0.0054 0.0094 U 0.0094 0.0054 0.0054 U

Pentachlorobiphenyls, Total 0.0094 U 0.0094 0.0088 0.0094 U 0.0094 0.0088 0.0088 U

Hexachlorobiphenyls, Total 0.010 U 0.010 0.010 0.01 U 0.01 0.01 0.01 U

Heptachlorobiphenyls, Total 0.014 U 0.014 0.011 0.014 U 0.014 0.011 0.011 U

Octachlorobiphenyls, Total 0.014 U 0.014 0.0084 0.014 U 0.014 0.0084 0.0084 U

Nonachlorobiphenyls, Total 0.019 U 0.019 0.019 0.019 U 0.019 0.019 0.019 U

Decachlorobiphenyls, Total 0.024 U 0.024 0.018 0.024 U 0.024 0.018 0.018 U

MRC-SW9B-060914 MRC-SW9B-060914

Monochlorobiphenyls, Total 0.0047 U 0.0047 0.0017 0.0047 U 0.0047 0.0017 0.0017 U

Dichlorobiphenyls, Total 0.0047 U 0.0047 0.0044 0.0047 U 0.0047 0.0044 0.0044 U

Trichlorobiphenyls, Total 0.0047 U 0.0047 0.0034 0.0047 U 0.0047 0.0034 0.0034 U

Tetrachlorobiphenyls, Total 0.0094 U 0.0094 0.0054 0.0094 U 0.0094 0.0054 0.0054 U

Pentachlorobiphenyls, Total 0.0094 U 0.0094 0.0088 0.0094 U 0.0094 0.0088 0.0088 U

Hexachlorobiphenyls, Total 0.010 U 0.010 0.010 0.01 U 0.01 0.01 0.01 U

Heptachlorobiphenyls, Total 0.014 U 0.014 0.011 0.014 U 0.014 0.011 0.011 U

Octachlorobiphenyls, Total 0.014 U 0.014 0.0084 0.014 U 0.014 0.0084 0.0084 U

Nonachlorobiphenyls, Total 0.019 U 0.019 0.019 0.019 U 0.019 0.019 0.019 U

Decachlorobiphenyls, Total 0.024 U 0.024 0.018 0.024 U 0.024 0.018 0.018 U



Errors in the data package: Appendix B -SDG R1404414 - LOCKHEED MARTIN MRC - Proj. 06247.pdf

Corrected in ProUCL input.

Tetrachlorobiphenyls

NSAMPLE MRC-SW6A-060914 MRC-SW6B-060914 MRC-SW8A-060914

LAB_ID R1404414-006 R1404414-007 R1404414-010

Appendix A (Qualified results) page in PDF 14 15 15

RESULT (J qualified) 0.0054 0.0054 0.0054

Appendix B (Lab results) page in PDF 64 65 68

RESULT (J-qualified) 0.0066 0.0071 0.0066

MDL 0.0054 0.0054 0.0054
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