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EXECUTIVE SUMMARY 

A human health risk assessment (HRA) was conducted to 



ugldl. The concentrations in the subsurface soil predicted a blood level of 8.5 ug/dl 

compared to an acceptable level of 10 ug/dl. 

The estimated risks and hazard indices are presented in the following table: 

Estimated Estimated 

Exposure Scenario Carcinogenic Risks Hazard Index 

On-Site Worker 
Soil 3 E-05 0.02 

Sediment 3 E-06 -- 
Future Construction 
Worker 

Soil 4.E-06 5 

Sediment 1E-06 -- 
Recreational User 

Sediment 1E-06 0.007 

Surface Water 8.E-08 0.002 

Although exposures to the surface water and sediments in Frog Mortar 



The calculated RBLs for surface water in the creek are presented in the table below. 

Analyte Risk-based Levels in 

Surface Water 

TeE 0.01 mg/L 

cis-1,2-DCE 1.1 mg/L 

Vinyl chloride O.004mg/L 

Cadmium 0.2 mg/L 

The corresponding target cleanup goals for groundwater are the chemical 

concentrations that will not exceed the surface water RBLs when, and if, the chemical 

plumes in groundwater will ultimately reach Frog Mortar Creek. To calculate the target 

groundwater 
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Section 1 

INTRODUCTION 

On behalf of Lockheed Martin Corporation, Tetra Tech has prepared this human health 

risk assessment (HRA) that was conducted for the southeast portion of Martin State 

Airport located in Middle River, Maryland ("Site"). A Draft Technical Memorandum - 

Human Health 





accomplished by identifying the complete 



Section 2 

SITE BACKGROUND 

2.1 Site Location and Description 

The Site is located at 701 Wilson Point Road in Middle River, Maryland on the southeast 

portion of Martin State Airport. The Site is bounded by Frog Mortar Creek to the east, 

and the main airport runway to the west (Figure 1 in Appendix A). 

2.2 Site Geology 

The uppermost 10 to 20 feet of soil consists of fill materials that were placed during 

construction of the airport in the 1950s (Army Corps of Engineers Soil Profile Map, 

1956). The fill materials 



2.4 Previous Investigations 

This section summarizes the Site investigations conducted by the Maryland Aviation 

Administration (MAA) and by Lockheed Martin Corporation. 

2.4.1 MAA's Investigations 

The MAA identified the investigation area in July 1991 when four drums were 

encountered adjacent to Taxiway Tango during trenching activities for 



2.4.2 Lockheed Martin Corporation's Investigations 

SamlJ/ina Groundwater Monitorina Wells - 1999 

In March 1999, Lockheed Martin collected groundwater monitoring well data to obtain 

updated chemical data on groundwater quality, groundwater elevation, and flow direction 

at the Site. Samples were collected from six monitoring wells, and the results showed 

that five volatile organic compounds (VOCs) [cis-1,2-dichloroethene, toluene, 1,1 1- 

trichloroethane (TCA), trichloroethene (TeE), and vinyl chloride] and two dissolved 

metals (beryllium and cadmium) were present above the Maximum Contaminant Levels 

(MCLs) for drinking water. 

Source Identification and Assessment Proaram - 2000 

Additional investigations (Source Identification and Assessment Program, Tetra Tech, 

2000) were conducted from March through June 2000 to identify the potential 

sourcelsources of the chemicals in groundwater. Each of the four AOCs listed in 

Section 2.4.1 was investigated through a combination of excavations, localized 

trenching, soil borings, and sampling and analyses of soil, sediments, and groundwater 

samples (Tetra Tech, 9/2000). VOCs, petroleum hydrocarbons, and metals were 

detected in the soil and groundwater during this investigation. VOCs and metals were 

detected in the soil, and VOCs were detected in the groundwater above MCLs. 

Chemical Delineation Investiaations - 2001 -2002 

Based on the results of the source identification and assessment, further investigations 

were conducted from December 2001 through December 2002. The objective was to 

delineate the lateral extent of chemical occurrence in the near-surface groundwater at 

the Site. A limited number of deep wells were installed to evaluate the vertical extent of 
of 





current actual chemical levels, if any, that could be used to evaluate the 





site investigations focused on collecting soil samples from a depth of one foot bgs to a 

maximum depth of 15 feet bgs. The data from the one-foot samples were used to evaluate 

surface soil exposures, and the data from one-foot bgs to a maximum depth of 15 feet bgs 

were used to evaluate subsurface soil exposures. 

3.2 Identification of Chemicals of Potential Concern (COPCs) 

This section describes the methodology of the screening evaluation that was intended to 

generate a reduced set of chemicals that will be evaluated quantitatively in the risk 

assessment. The methodology was consistent with the recommended methodology in 

the Risk Assessment: Technical Guidance Manual (USEPA Region 3, 2003). 

3.2.1 Soil COPCs 

Tables 1 and 2 in Appendix B show the list of analytes detected in surface and 

subsurface soil, respectively. Each Table also shows the number of samples collected, 
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. A chemical that was reported as a non-detect in all of the soil samples but had a 

reporting limit that was higher than the industrial RBC, was also identified as a 

COPC. 

. A chemical with a maximum concentration that was lower than the industrial RBC 

was not identified as a COPC, thus, was eliminated from the quantitative health 

risk assessment. 

. A chemical that was not detected in all of the soil samples and with a reporting 

limit that was lower than the industrial soil RBC was also eliminated from further 

evaluation in the risk assessment. 

. A detected chemical without a published industrial RBC was identified as a 

COPC. 

The soil COPCs are listed in the 

wbeowe.
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of comparison was the tap water RBC established by USEPA Region Ill. Based on 

these screening criteria, the groundwater COPCs include arsenic, cadmium, benzene, 

carbon tetrachloride, 1,1-dichloroethane (DCA), 1.2-DCA, 1,1-dichloroethene (DCE), cis- 

1.2-DCE. trans-1,2-DCE. toluene, ethylbenzene, methylene chloride, trichloroethene 

(TCE), tetrachloroethene (PCE), 1,2,3-trichlorobenzene, 1,1,2-trichloroethane (TCA), 

1,2,4-trimethylbenzene (TMB), 1,3,5-TMB, vinyl chloride, xylenes. and naphthalene. 

3.2.3 Sediment COPCs 

The sediment samples 





If anyone of the four elements is missing, the exposure pathway is considered incomplete. 

Only complete exposure pathways would result in exposures. 

Current 



To summarize, the current and future exposure pathways for on-Site workers include the 

following: 

. incidental ingestion of surface soil and sediments, 

. Dermal contact with surface soil and sediments, 

. Inhalation of air-borne particulates 

To allow for the possibility that operations at the Site might require occasional or 

intermittent construction/excavation activities to a maximum depth of five feet bgs, the 

current and future construction worker was assumed to come into contact with the 

surface and subsurface soil. Since the shallowest groundwater table is deeper than five 

feet bgs, the current and future construction worker is not anticipated to have potential 

exposures to groundwater. Therefore, the current and future construction worker is 

assumed to have potential exposures through: 

. Incidental ingestion of surface and subsurface soil, and sediments, 

. Inhalation of air-bome particulates, and 

. Dermal contact with surface and subsurface soil, and sediments. 

Human receptors have restricted access to the existing ponds where benzo (a) pyrene was 

detected in one out of six sediment samples. Despite the restricted access, however, the 

HRA proceeded to evaluate potential exposures of the on-site worker to benzo (a) pyrene 

detected in the sediment sample from Pond #1. Arsenic was the only sediment COPC 

detected in Frog Mortar Creek. 

Potential exposures of the current and future recreational user to arsenic, the only sediment 

CO PC in Frog Mortar Creek, were evaluated in the HRA. 
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Air exposure pathways to the non-volatile COPCs could occur through inhalation of 

chemicals bound to dust-borne particulates. Potential transport of chemicals in the soil 

through dust particulates was based on a particulate emission factor (PEF). 

The highest chemical concentrations that were detected in sediments and surface water 

were used to evaluate the potential exposures of a recreational user. 

4.2.2 Exposure Parameters 

The exposure parameters for this HRA are presented in the following Table. Default 

exposure frequency of an industrial worker (EPA, 1989; EPA ,1997) are not applicable at 

this Site because the on-site worker would not be present within the boundaries of the Site 

5 days a week for 50 weeks a year. Instead, the HRA assumed that the on-site worker 

would be present at the Site for only 2 days a week for 50 weeks a year. 

The exposure duration of one year for a construction worker was based on a more 

conservative estimate of the extent of most redevelopment activities. Activities associated 

with excavation or non-redevelopment activities will 





where: 

Inhalation Dose 

InhR 

EPCa 

= inhalation dose (mg/kg-<lay) 

inhalation rate (m'/day or m'/hr) 

EPC in air particulates (mg/m') 

(concentration in sailor sediment) x (1/PEF) 

= 

= 

= 

where: 

PEF = particulate emission factor (m3/kg), 

ED = exposure duration (years) 

EF = exposure frequency (days/year) 

BW = body weight (kg) 

AT = averaging time (days) 

4.2.5 Dermal Algorithm 

The equation for calculating intake through dermal contact with soii is as follows: 

Dermal Dose = rCs or Csw) x SSA x ABS x AF x EF x ED x CF 
BWxAT 

where: 

Dermal Dose = dermal dose (mg/kg-day) 

Cs = EPC in soil or sediment (mglkg) or 

CSoN = EPC in surface water 

AF = soil to skin adherence factor (mg/cm2). 

OrPC = permeability constant (cmlhr) for water 

SSA = exposed skin surface area (cm2/day) 

ABS = absorption fraction of chemical from sailor 

sediment 

EF = exposure frequency (days/year) 

ED = exposure duration (years) 

CF = unit conversion 

BW = body weight (kg) 

AT = averaging time (days) 

TETRA TECH; MARTIN STATE AIRPORT, HUMAN HEALTH RISK ASSESSMENT PAGE 4-7 



Section 5 

TOXICITY ASSESSMENT 

Toxicity assessment is based on the ability of a compound, at an administered dose, to 

elicit an adverse human 
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actual slope factors estimating carcinogenic potency could be lower, but are not likely to be 

higher. 

5.2 Noncarcinogenic Toxicity 

The threshold dose for noncarcinogenic effects can be related 



Section 6 

RISK CHARACTERIZATION 

This section of the BHHRA describes how calculated exposure doses were integrated 

with the toxicity criteria 



dose of carcinogens received over a 



and skin contact with benzo(a)pyrene in soils within one foot of 





cancer risk estimate due to levels of detected carcinogens is in the acceptable range. 

Based on the assumption that a construction worker could come into contact with the 

sediments in the ponds, the risk estimate demonstrated that there are no potentially 

adverse health effects associated with the construction worker scenario. 

The 



Section 7 

UNCERTAINTY 

7.1 Uncertainties 



7.1.2 Uncertainties in the Risk Estimates 

The estimated carcinogenic and noncarcinogenic risks are based on the assumption that 

effects 



Section 8 

CONCLUSIONS 

The results of the risk characterization demonstrate that potential exposures to the soil 

and sediments at the Site resulted in theoretical risk and hazard index estimates that are 

either within an acceptable range or that 



Section 9 

DEVELOPMENT OF CLEANUP GOALS 

Although exposures to the surface water and sediments in Frog Mortar Creek resulted in 

risk estimates that are below the di minimis risk of 1 E-06, the results of the fate and 

transport modeling (Final Data Gap Investigation and Modeling Report, Tetra Tech, 

2004) predicted that the chemical plumes on-Site could ultimately reach the Creek. 

Risk-based cleanup goals will be developed for specific constituents in groundwater that 

could be transported to the Creek. These constituents included TCE, cis-1,2-DCE, vinyl 

chloride, and dissolved cadmium. 

The development of risk-based levels (RBLs) in surface water that would be health- 

protective of the recreational users at Frog Mortar Creek is based on a target risk of 1 E- 

06 and a target hazard index of 0.1 for each 
the c
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TABLES 



Tabla'. Identlflcation of Surface Soil 



Table 1. Identification of Surface Soil Chemicals of 



Table 1. Identification of Surface Soli Chemicals of Potential Concern 
Martin State Airport 

Middle River, Maryland 

11311IÎII.III' 
PA& 

CeDlI htbcne 9 0.42 2 22'}ó 0.2.0.92 0.92 61000 No 

eml bthvlcne 9 0.42 0 0% 61000 No 

threcene 9 0.4 3 33% 0.2-9.1 9.1 3lÜDOO No 

tnzo a)anthnlcene 9 0.4 4 44% O.99-3J 31 3.9 y" 
enzo 111. r rene 9 0.4 4 44% 



Teble 2. Identlfieetion of Subsurfelce Soli ChemIcals of Potential Concern 
Martin Stattl Airport 





Table 3. Identification of Groundwat~r Chemicals of Potential Concern 
Martin Stat~ AIrport 

Middle River, Maryland 

1M 31llu 
AntÎmon 236 0.13 I 0% 29 29 15 No 

Arsellic 235 5,0-50 33 14% 5.2-46 46 0.05 y~ 7.9 
B Hum 235 5 24 10% 5,1-9.7 97 73 No 

CadmÎum 235 0,259-5 76 32% 10-2,600 2600 18.00 y~ 283 

hrornium(Total) 235 0.1-5 121 5!% 5.1-480 480 55555 No 
C ~ 235 0.235 139 59% 5.4.690 690 1500 No 
IroIl II 



Table 3. Identification of GroundwatÐr Chemicals of Potential 





Tabla 3. Idantlflcation ofOroundwatiH Chemicals of PotQntlal Concørn 
Martin State Airport 

Middle RIver, Maryland 

PM. 
""m, 



Table 4. IdentiflcatÎon of Sediment and Surface Water 



Table 4. Idontification of Sediment and Surface Water Chemicals of Potential Concern 
Martin State Airport 

Middle River, Maryland 

~URFACEWATERCOPCs !L fL 
... anh:s 

" ß 5 4 13.17 17 1500 No 
& 50 1 95 95 11000 No 

oc.. 
.l.2.Dicbloroethenc ß 2 ]_0 ~ 3.0 3 61 No 
ridllonethene ß 2 3.0 -4.0 4 0.026 y" 
tth I--t-b Inhtr ß 2 7.0.7.0 7 2.6 y" 

NA - not available 



TABLES 
Estbnated Risks due to Potential SoU Exposures 

On~SUe Worker Scenarlo 

Martin State Airport 





TABLE 7 

Estimated Risks due to Potential Soil Exposures 

Construction Worker Scenario 

ManinState Airport 

PARAMETERS UNITS VALUES 
Eres = Concentration in gail mg/kg see table 

Ei" "" Expo~~re Frequency dll.y~/)'ear 250 
ED .. Exposure Duration (EPA, I 996a) years I 

BW "" Büdy Weighl, adult kg 70 

A Tne "" A veraging Time - noncarcinogen days 365 

ATe = Averagínil Time ~ carcinogen da}'s 25550 
Kp = Permeabili!)' CoeffiCÎent cmthour sectable 

]ngRad' = Ingestion Rate, adult rug/day 480 

InbRad =Adult Inhalation Rale(EPA, 1996a, p.5-20) mJlbour 15 
IT "" Exposure 



TABLE 8 

Estimated Risks due to PotcntiaÌ Sediment Exposures 

Construction Worker Scenario 

Martin Stale Airport 

PARAMETERS UNITS VALUES 
EPCs Concentration ill soil mg/kg seelablc 

EF '= Exposure Frequency days/year 250 

ËD "'" Exposure Duration (EPA,1996a) }'CllrS I 

ßW '" Body Weight. adult kg 70 

ATnc '" Averaging Time - noncarcìnogen days 365 

ATe = A veragíng Time - carcinogen days 2.5550 

Kp = Permeability CoeíÏtciem cmlhollr see 
25tlc 

= 





TABLE 10 

Risk Estimates due to Potential Surface Water Exposures 
Recreational Scenario 

Martin State Airport 
Middle River, Maryland 

Parameter Descri tion Units Value 

Dose Dose of chemical mglkg.day See below 
m Target hazard index unitless See below 
Risk Risk unitless See below 

Cw Chemical concentration in groundwater mgIL See below 
Ca Chemical concentration in air mg/m3 See below 
'Rw Groundwater ingestion rate Uday 0,05 
InhR Inhalation rate m3ihour ] 

ET Exposure Time hrs/day 8 

FE Exposure frequency days/year 70 

ED Exposure duration years 25 

BW Body weight kg 70 
AP Averaging period daY' See below 
SSA Skin surface area em' 5670 

Kp Permeability constant emlhr See below 
f:F] Conversion factor, ug to rug mgtug I,OOE.03 

eF2 Conversion factor, em' to L UcmJ I,QOE-03 

RIDo Oral reference dose mgikg-day See below 

rSFo Oral cancer slone factor (mglkg_dayr1 SeebeJow 

arclnollens AP- 25550 days Total 
Compound Cw VF Ca CSfo CSF] Kp Dosejn Ð05eder DOSl'jAII Ris~. Rlsk.J.. Risk;nll Risk 

richloroetb~fle 0.004 3,3E+03 1,2E-06 4,OE-OI 4.0E-0] L2E-02 2.0E-07 2.7E-1O O,OE+OO 7.8E-08 J.lE-1O O.OE+OO 7.8E-08 
!'-UBE 0.007 4.7E+03 I.5E-06 4.0E-03 2,6E-03 3.4E-07 1.0[-10 O.OE+OO 1.4E-09 4,OE-13 O.OE+OO 1.4E-09 

Total Cumulative Risk 8.0E-08 





Table 11 



LEAD RISK ASSESSMENT 



LEAD RISK ASSESSMENT SPREADSHEET 

Table 13. Evaluation of Lead in Subsurface Soil 

USER'S GUIDE to version 7 

INPUT 

MEDIUM 

Lead in 
in  104.4 446.81



TABLE14 
Calculation of Surlace Water Risk-Based Levels 

Martin State Airport 
Middle River, Maryland 

Parameter Description Units Value Reference 

Dose Dose of chemical mglkg-day See below Calculated 

HI Target hazard index unitless Seebelo\V Calculated 
Risk Risk 1.lf1Ì1less See below Calculated 

C'W Chemical conCentration in sUI'face water mglL See below Calculated 

C, Chemical concentration in air mglm3 See below Modeled 

IRw Groundwater ingestion rate Uday 0.05 USEPA, 1996a 

InhR Inhalation rate m3/day 20 USEPA, 1996a 
EF Exposure frequency days/year 70 USEPA, 19963 

ED Exposure duration years 25 USEP A, 1996a 

ET Exposure time hours/day , USEPA, !9lJ6a 

BW Body weight kg 70 USEPA,1996a 
AP A veragil1g period days See below USEPA,1989 
SSA Skin surface area 

, 
5670 USEPA,1996a em 

Kp Permeability f,:onstant ,mJhc See below USEPA,1992 
eFI Conversion factor, ug to mg mg/ug I.OOE-OJ Constant 

CF2 Conversion factor, em} to L UcmJ 1.00E-OJ Constant 

RID, Oral reference dose mglkg-day See below USEPA, 1998, 1996 

r:SFo Oral cancer slotJe factor (mglkg-day)"l See below USEPA 1998,1996 

Carclnol!ens AP 25,550 d, , T(ltal 
Compound Cw VF C. CSFo CSFI Kp DoselM Doseð.r D08Clnn RIsk,n Rlsk.!.r Ris~nn Risk 

richloroethene 0.01 3.3E+03 3.0E-04 4.0E..Ql 4.0E-Ol L2E-02 2.4E.Q7 2.7E-06 O.OE+OO 9.gE-OS I.!E.06 O.OE+OO I.2E..(l6 
Vin'l chloride 0.004 3.3E+03 3.0E-04 7.SE-0! 1.6E-02 6.4E-03 2.0E-07 J.1E-06 O.OE+OO J.SE-07 8.5E-07 Q,OE+OO J.OE-06 

~admjum -- O.OE+OO I 6.3E+OO LOE.03 .. 
3.3

Q.OE+OO 7.S

.26undwate..2457 Tf
0 T971 0 0 1 452.88 392.2286 Tm
5.65 TL
(D08T971 0 )'
/Q0 5.25 Tf
/F0 540 1 518.76 29465985 Tm
5.7OE+OOL
(Q.OE+OO )(Inha7OO )'
/F0 5.0143 Tf
/F 5.6628 Tf
1 0 0 1 527.76 333.79Tm
567F0 68 TL
0.0444 Tc
(10 5-06 )'Tot5.0538 Tf
1 0 .5638 Tf
1 0 0 1 587.88 481.8299 Tm65.3878 TL
0.1373 Tc
(Ca4ation )Cum
/F0 v.31 Tf
/F0 55.2305 Tf
/F890 1 221.04 29563299 Tm65.9703 TL
0.890 1 
(Compo7)'
/F0 4.9757 Tf
/F0 5.4874 Tf
1 0 0 1 91.44 276. 60

~kin 




