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Figure 1 - LNAPL Distribution Below the Groundwater Table
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Figure 2 - LNAPL Saturation Distribution for Brooks and Corey Model - 3.00 ft 
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Figure 3 - LNAPL Saturation Distribution for Brooks and Corey Model - 2.00 ft 
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Figure 4 - LNAPL Saturation Distribution for Brooks and Corey Model - 1.00 ft 
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Figure 5 - LNAPL Saturation Distribution for Brooks and Corey Model - 0.75 ft 
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Figure 6 - LNAPL Saturation Distribution for Brooks and Corey Model - 0.50 ft 
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Figure 7 - LNAPL Distribution for Varying Soil Types Below the Groundwater Table
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1.0  INTRODUCTION 

The purpose of the data evaluation was to consolidate the various data for conducting the 

Exposure Assessment, in Section 12.0 of the Final OU-3 RI Report, and to facilitate the New 

York State Department of Conservation’s (NYSDEC) task of evaluating the planned remediation 

(proposed IRM) discussed in Section 12.0 of the Final OU-3 Report. 
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2.0  DATA EVALUATION 

This data evaluation focuses exclusively on soil samples collected within OU-3 between August 

1985 and December 2003.  All analytical data included in this evaluation have previously been 

submitted to the NYSDEC.  The following data summaries were included in the analysis: 

Total PCBs at each sampling location and interval; • 

• 

• 

• 

• 

• 

• 

• 

• 

Summary of lead concentrations detected in all surface soil samples and in soils to a 
depth of four feet; 

Total cPAHs at each sampling location and interval; 

Benzo(a)pyrene equivalents (B(a)P equivalents for cPAHs at each sampling location and 
interval; 

Total PAHs at each sampling location and interval; 

Total VOCs at each sampling location and interval; 

Total SVOCs at each sampling location and interval; 

Statistical summary of all metals detected in each horizon; and 

Statistical summary of all SVOCs and VOCs in each horizon. 

Analytical data for samples collected from the following three soil horizons were considered for 

the data analysis: surface soil (0 to 2 feet bls); shallow soil  (2 to 4 feet bls); deep soil (greater 

than or equal to 4 feet bls).  In addition, the surface and shallow horizons were combined to form 

a fourth soil horizon (surface/shallow horizon) for analyzing construction work, which would 

likely entail soil excavation activity in the combined soil horizon.  This was done for the 

purposes of evaluating remedial alternatives. 

The following sections describe the technical approach for summarizing and evaluating the soil 

data. 

2.1  Developing a Summary of Analytical Data 
Samples collected from August 1985 to December 2003 generated an analytical database of 

chemicals within the soil in OU-3.  Samples were analyzed for VOCs, SVOCs (including 

cPAHs), metals, and PCBs. 
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The following list details information within the master database that is relevant to this data 

evaluation for OU-3: 

Sample identification; • 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

Date sampled; 

QA information; 

Analyte grouping; 

Subgroups for PAHs and cPAHs; 

Media; 

Top and bottom of depth interval of sample collected; 

Analyte; 

Concentration; 

Laboratory qualifier; 

Detection limit; and 

Units of measurement. 

The following sections describe the procedures utilized to resolve data associated with laboratory 

qualifiers in the Site analytical database. 

2.1.1  Resolution of Data Qualifiers 
As part of any data quality review process, the laboratory conducting the analyses of 

environmental samples attaches various qualifiers to the data.  Since the qualifiers may indicate 

uncertainties regarding the chemical identity and chemical concentrations, the effect of data 

qualifiers on the data must be considered prior to evaluating the data.  The qualifiers encountered 

in the analytical data and the impacts of these qualifiers on the statistical analysis of the data are 

described below. 

A total of 45 unique qualifier combinations occur in the analytical database for OU-3.  The key 

qualifiers are B, D, J, M, N, P, R, S, U, and V.  A discussion of the qualifiers is presented below. 
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When present with organic data, the “B” qualifier indicates that the organic analyte was found in 

the associated laboratory blank as well as the sample.  When present with inorganic data, the 

“B” qualifier indicates that the sample is below the contract required detection limit (CRDL), but 

greater than the instrument detection limit (IDL).  Consistent with USEPA (1989) guidance, any 

“B” qualified data were considered to be confirmed detections and were therefore used in the 

statistical calculations at the reported concentrations. 

The “D” qualifier indicates that a sample dilution occurred.  The methodology for addressing 

dilutions is described in Section 2.1.2 below.  

The “J” qualifier indicates that the associated numerical value is an estimated quantity (USEPA, 

1989).  For purposes of statistical calculations, all concentrations associated with the 

“J” qualifier were considered to be confirmed detections and were therefore used at the reported 

concentrations. 

The “M”, “N”, “P” and “S” qualifiers all relate to laboratory methods for reporting the data and 

have no affect on the outcome of the analysis.  All data associated with any of these qualifiers 

were considered to be confirmed detections and were therefore used at the reported 

concentrations. 

The “R” qualifier indicates that a data validator rejected the specific data value reported in the 

database.  A total of 42 data points had “R” qualifiers.  In each case the chemical involved was 

an Aroclor (a PCB species).  All data associated with an “R” qualifier was removed from the 

final working database. 

The “U” qualifier indicates that the chemical was analyzed for but not detected in that sample.  

All samples with “U” qualifiers were retained and a discussion of the handling of the 

“U” qualifier is provided in Section 2.1.4. 

Multiple qualifiers were associated with some records within the database.  Except for those that 

had a “D” qualifier, the additional qualifiers were not used in this data analysis. 
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With the exception of the “D” qualifier and the “U” qualifier that were handled according to 

specific rules described in Sections 2.1.2 and 2.1.4, respectively, all remaining qualifiers were 

assumed to indicate representative concentrations at each location.  Thus, the remaining 

qualifiers (other than “D” or “U”) were not used for the purposes of this data analysis, and were 

removed from the working database using a series of update queries. 

2.1.2  Resolution of Sample Dilutions 
Because a minimal number of samples had results associated with sample dilution (i.e., indicated 

by “D”), the result associated with the dilution was compared with the original analysis for the 

same chemical in that sample.  A manual adjustment was made to the database to reflect the 

following: 

If both qualifiers were “U”, then the lower of the two detection limits was assigned to the 
sample, and the “U” qualifier was retained; 

• 

• 

• 

If one sample had a “U” qualifier and the other sample had no qualifier or a “J” qualifier 
(indicating a detection), then the sample that did not have the “U” qualifier was retained 
with the appropriate qualifier; and 

If both samples were without qualifiers (indicating detections of the chemical), then the 
higher of the two analyses was retained and used in the data summary. 

2.1.3  Handling of “U” Qualifier 

The numerical value associated with the “U” qualifier is the sample quantitation limit (SQL).  

Any chemicals that were not detected in any soil samples in a specific horizon were removed 

from the working database.  If a chemical was recorded with at least one detection in any sample 

in a given soil horizon, then that chemical was retained as a constituent of interest in that specific 

horizon.  Thus, tables were created in the working database that contained only chemicals that 

were detected at least one time in a given soil horizon. 

2.1.4  Frequency of Detection 
The frequency of detection of each chemical in each soil horizon was determined for statistical 

purposes.  As previously noted, any chemical that had no detections in a given soil horizon were 

not retained for additional analysis.  For example, in the surface soil, only 48 of the 

131 chemicals for which analysis was conducted were retained.  These 48 constituents included 

three different Aroclor compounds (i.e., PCBs), certain PAHs, several metals, and a limited 
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number of VOCs and SVOCs (non PAHs).  Similar results were obtained in the shallow 

(51 constituents out of 136 chemicals retained) and deep soil (50 constituents out of 

137 chemicals retained); however, the suite of constituents (i.e., with at least one detection) did 

change slightly between the different horizons.  Thus, in the surface/shallow horizon 54 unique 

chemicals were retained out of a total of 138 constituents. 

2.1.5  Range of Concentrations 
The range of concentrations presented in the statistical summary provides the minimum and 

maximum concentrations of a given chemical in a given soil horizon.  Following the count of the 

frequency of detection, all chemicals that were undetected in samples were subsequently 

assumed not to be present at that sampling location and depth interval for purposes of displaying 

the minimum, maximum and average concentrations. 

2.1.6  Range of Sample Quantitation Limits (SQLs) 
For metals, individual VOCs, and individual SVOCs in each soil horizon, the range of sample 

quantitation limits (SQLs) associated with analytical results reported to be non-detects is 

provided.  Where a given chemical had a frequency of detection of 100 percent (i.e., detected in 

all samples), no SQLs are available. 

2.2  Data Consolidation  (Total Concentrations)/Range of Total Concentrations 
At the request of the NYSDEC, for the purpose of this data evaluation, the concentrations of 

individual chemical species were totaled (consolidated) for each chemical grouping (e.g., total 

PCBs, total cPAHs, total PAHs, total VOCs and total SVOCs) at each sampling location. 

Individual compounds flagged as not detected were regarded as not being present in a sample, 

and were not included in the total concentration.  Ranges of concentration of each chemical 

grouping are also included for each soil horizon at the end of this subsection.  However, as 

explained below, B(a)P equivalents were handled differently than the chemical groupings 

mentioned above and will be explained below. 

The concentration values used in the summary tables in this EA are presented in the scientific 

notation format.  For example, a concentration of 10,000 (1 x 104) mg/kg is expressed as 1.0E+4.  
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To be consistent with the computer-generated format shown in the accompanying tables, any 

numbers presented in the text of this data evaluation are presented in the same way. 

Data tables summarizing the total concentrations of each chemical grouping for the three soil 

horizons (0 to 2 feet, 2 to 4 feet, and greater than or equal to four feet) for each sample collected 

during the referenced period (August 1985 to December 2003) are presented in Tables 12-1 to 

12-18.  Statistical summaries of the data from Tables 12-1 to 12-18 are provided for the three soil 

horizons in Tables 12-19 to 12-22 for VOCs, SVOCs, and metals, and a summary of the average 

concentrations for the three soil horizons for PCBs, total B(a)P equivalents, cPAHs, and PAHs is 

provided in Table 12-23. 

The following sections present tables showing the range of total concentrations for each 

chemical grouping (PCBs, cPAHs, B(a)P equivalents, and all PAHs [both cPAHs and 

non-carcinogenic PAHs combined]) for each soil horizon.  These tables are derived from the 

Tables 12-19 to 12-22.  Total VOC and SVOC concentrations are not particularly useful 

parameters from the perspective of potential exposure and are therefore provided in text 

summaries only. 

2.2.1  Total PCBs 
As shown in Tables 12-1 to 12-4, Aroclor 1260 was present in the majority of the samples.  The 

only other Aroclors detected were Aroclor 1248 and Aroclor 1254.  The following table provides 

a summary of the range of total PCB concentrations detected in each horizon: 

Soil Horizon Range Table 

Surface soil (0 – 2 ft bls) 2.7E-2 – 1.4E+1 12-1 

Shallow soil (2 – 4 ft bls) 1.2E-2 – 1.5E+0 12-2 

Surface/shallow soil (0 – 4 ft bls) 1.2E-2 – 1.4E+1 12-3 

Deep soil (>4 ft bls) 6.7E-3 – 5.7E+0 12-4 
 

2.2.2  Total cPAHs 
Detected cPAHs in each sampling location/horizon were totaled for presentation in the data 

summary.  As shown in Table 12-5 to 12-8 there are seven cPAHs that have been detected in 
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some or, all sampling locations.  The following provides a summary of the range of total cPAH 

concentrations detected in each horizon: 

Soil Horizon Range Table 

Surface soil (0 – 2 ft bls) 9.7E-2 – 9.6E+0 12-5 

Shallow soil (2 – 4 ft bls) 1.2E-1 –5.3E+0 12-6 

Surface/shallow soil (0 – 4 ft bls) 9.7E-2 – 9.6E+0 12-7 

Deep soil (>4 ft bls) 2.4E-2 – 6.7E+0 12-8 
 

2.2.3  Benzo(a)pyrene Equivalents 
Numerous scientific studies evaluating the potency of various cPAHs have reached the 

conclusion that carcinogenic potency can vary between these constituents by at least two orders 

of magnitude.  Furthermore, the availability of toxicological studies is highly variable but it is 

generally agreed that the most extensively studied cPAH is B(a)P.  The USEPA has therefore 

concluded that the most effective manner for evaluating cPAHs is to compare the potencies of 

individual cPAHs to the potency of B(a)P.  This is known as B(a)P equivalents.  The following 

table shows the relevant potencies: 

Analyte B(a)P Equivalent 

Benzo[a]anthracene 0.1 

Benzo[a]pyrene 1.0 
Benzo[b]fluoranthene 0.1 

Benzo[k]fluoranthene 0.01 

Chrysene 0.001 

Dibenzo[a,h]anthracene 1.0 

Indeno[1,2,3-cd]pyrene 0.1 
 

For each soil horizon and at each sampling point the concentrations of each individual cPAH was 

converted to a B(a)P equivalent.  The B(a)P equivalents were then totaled for each sampling 

point to give a single B(a)P equivalent that represented the concentration of all detected 

concentrations of cPAHs at that specific location. 
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As shown in Tables 12-9 to 12-12, there are seven cPAHs that have been detected in some, or all 

sampling locations.  The following provides a summary of the range of total B(a)P equivalent 

concentrations detected in each horizon: 

Soil Horizon Range Table 

Surface soil (0 – 2 ft bls) 8.6E-3 – 2.0E+0 12-9 

Shallow soil (2 – 4 ft bls) 8.2E-3 – 1.4E+0 12-10 

Surface/shallow soil (0 – 4 ft bls) 8.2E-3 – 2.0E+0 12-11 

Deep soil (>4 ft bls) 2.4E-5 – 2.0E+0 12-12 
 

2.2.4  Total PAHs 

Detected PAHs from each sampling location/horizon were totaled for presentation in the data 

summary.  As shown in Tables 12-13 to 12-16, 17 PAHs were detected in some, or all, sampling 

locations.  The following provides a summary of the range of total PAH concentrations detected 

in each horizon: 

Soil Horizon Range Table 

Surface soil (0 – 2 ft bls) 1.3E-1 – 1.1E+2 12-13 

Shallow soil (2 – 4 ft bls) 3.1E-2 – 7.3E+1 12-14 

Surface/shallow soil (0 – 4 ft bls) 3.1E-2 – 1.1E+2 12-15 

Deep soil (>4 ft bls) 3.9E-2 – 2.0E+2 12-16 
 

2.2.5  Lead 
Lead was detected in all soil horizons; however, for the purposes of this data summary, data 

analysis focused on the surface soil and the surface/shallow soil horizons.  The rationale for this 

approach is that lead is considered to be relatively immobile such that concentrations in the 

surface and shallow horizons are unlikely to migrate.  Also, lead-based paint impacts from the 

New York City Department of Transportation Bridges that span the Yard would be surficial.  The 
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following provides a summary of the range of lead concentrations detected in the surface and 

surface/shallow horizons: 

Soil Horizon Range Table 

Surface soil (0 – 2 ft bls) 8.1E+0 – 9.9E+2 12-17 

Surface/shallow soil (0 – 4 ft bls) 2.6E+0 – 9.9E+2 12-18 
 

2.2.6  Other Constituents 

In addition to the primary constituents addressed above, there are additional chemicals that have 

been identified in soil associated with OU-3.  These constituents include a limited number of 

VOCs, several SVOCs that are not classified as PAHs, and metals.  The data are summarized in 

Tables 12-19 to 12-22. 

With the exception of the deep soil horizon, no VOC concentrations exceed 1 mg/kg.  In the deep 

soil horizon the maximum concentrations of 2-butanone, ethyl benzene and xylenes ranged from 

2.5E+0 to 1.8E+1 mg/kg.  These are considered to be low concentrations. 

SVOCs were detected in all soil horizons.  Maximum concentrations (not including PAHs – see 

separate summaries above) range from 1.1E-2 to 1.1E+1 for diethyl phthalate in shallow soil and 

dibenzofuran in shallow soil, respectively. 

Metals are naturally occurring constituents in soil.  The number of metals detected varied slightly 

by horizon but the count was between 19 to 23 constituents per horizon.  The key metals (based 

on potential toxicity) and their respective concentrations are summarized below: 

Metal 

Surface soil 
(0 – 2 ft bls) 
Table 12-19 

Shallow soil 
(2 – 4 ft bls) 
Table 12-20 

Surface/shallow 
soil (0 – 4 ft bls) 

Table 12-21 

Deep soil 
(>4 ft bls) 

Table 12-22 

Arsenic 3.0E+0 – 1.7E+1 3.7E-1 – 8.9E+0 3.7E-1 – 1.7E+1 1-6E+0 – 5.0E+0 

Beryllium 2.2E-1 3.1E-1 2.2E-1 - 3.1E-1 4.6E-1 – 6.3E-1 

Cadmium --- 2.1E+0 – 3.7E+0 2.1E+0 – 3.7E+0 7.2E-1 

Chromium 1.9E+1 – 3.9E+1 5.1E+0 – 6.6E+1 5.1E+0 – 6.6E+1 4.4E+0 – 1.6E+1 

Lead 8.1E+0 – 9.9E+2 2.6E+0 – 5.9E+2 2.6E+0 – 9.9E+2 1.5E+0 – 1.8E+2 
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Metal 

Surface soil 
(0 – 2 ft bls) 
Table 12-19 

Shallow soil 
(2 – 4 ft bls) 
Table 12-20 

Surface/shallow 
soil (0 – 4 ft bls) 

Table 12-21 

Deep soil 
(>4 ft bls) 

Table 12-22 

Mercury 2.0E-1 1.2E-1 – 3.7E-1 1.2E-1 – 3.7E-1 9.7E-2 – 1.7E-1 

Thallium --- 2.1E-1 – 2.4E-1 2.1E-1 – 2.4E-1 --- 
 

Interpretation of the range of concentrations for metals will form part of the discussion in the EA 

(Section 12). 

2.2.7  Total VOCs 

A limited number of VOCs were detected at only a few sample locations.  At the request of 

NYSDEC, the VOCs were totaled by individual sampling location.  The total values have little 

meaning for evaluating potential exposure or any possible short or long term toxicity because of 

the variability in both physicochemical and toxicological properties.  Range of total VOCs by 

horizon are summarized below: 

Soil Horizon Range 

Surface soil (0 – 2 ft bls) 4.7E-2 – 2.5E-1 

Shallow soil (2 – 4 ft bls) 1.0E-3 – 6.4E-1 

Surface/shallow soil (0 – 4 ft bls) 1.0E-3 – 6.4E-1 

Deep soil (>4 ft bls) 1.0E-3 – 2.5E+1 
 

2.2.8  Total SVOCs 
A limited number of SVOCs were detected at only a few sample locations.  The total values have 

little meaning for evaluating potential exposure or any possible short or long term toxicity 

because of the variability in both physicochemical and toxicological properties.  Range of total 

SVOCs by horizon are summarized below: 

Soil Horizon Range 

Surface soil (0 – 2 ft bls) 8E-3 – 1.1E+1 

Shallow soil (2 – 4 ft bls) 1.7E-2 – 1.0E+0 

Surface/shallow soil (0 – 4 ft bls) 8E-3 – 1.1E+1 

Deep soil (>4 ft bls) 1.5E-2 – 2.9E+0 
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