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This revised Technical Memorandum [TM] incorporates suggestions provided by SCOHEC
after review of the original TM at the November 2000 BCT meeting.

Introduction

Polycyclic aromatic hydrocarbons (PAHs) are detected in environmental media at the CNC,
including areas that did not have site-specific operations involving PAHs. Grid soil samples
collected from un-impacted industrial and non-industrial areas also had detectable levels of
PAHs. Since human health and ecological protection based criteria (e.g., RBC values) for
several PAHs are below typical detection limits, any detection of these PAHs indicates an
exceedence of an RBC value. Because PAHs are detected across the CNC, with similar
distribution at sites (i.e., SWMU/AOCs}) and non-sites, remediation of the PAHs strictly
based on RBCs is not technically feasible or defensible.

The RCRA Facility Investigations (RFIs) conducted .o date for CNC did not include an
evaluation of or establish a “background” or reference PAH concentration. This technical
memorandum presents an approach for estimating a reference or base-specific background
value for PAHs in soils at the CNC. This approach follows the EPA Region IV guidance for
evaluating background values for risk management decisions (EPA, 1998). The approach
that is proposed in this paper provides a reference PAH value that may be used as a guide
during site-specific risk management decision making by the BCT. The PAH reference value
is not proposed as an absolute number to determine when active remediation must be
implemented.

PAH Occurrence in the Environment

PAHs are a group of chemicals that are formed during the incomplete buming of coal, oil,
gas, wood, garbage, or other organic substances, such as tobacco, and charbroiled meat.
PAHs are ubiquitous in the urban environment and Zenerally occur as complex mixtures,
not as single compounds. There are more than 100 different PAHs. Table 1 provides typical
representative PAH concentrations reported by ATSDR in rural, agricultural and urban soil

types.

Calculation of BEQ Values

About 15 PAHs are typically included in analytical list at hazardous waste sites, due to their
relatively higher toxicity, and are, hence, part of the EPA’s Target Compound List (TCL). Of
these, 7 are identified as carcinogenic PAHs. Table 2 presents the TCL PAHs and identifies
the seven carcinogenic PAHs. Fach of these carcinogenic PAHs is assigned a toxicity
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EVALUATION OF BACKGROUND OR REFERENCE VALUE FOR PAHS IN SOILS AT CNC - REVISED DRAFT 1

equivalency factor (TEF) relative to benzo(a)pyrene. To calculate a benzo(a) pyrene
equivalent (BEQ) value for a sample, the value for each of these seven PAHSs is first
multiplied by its respective TEF. The sum of the seven resulting values is the BEQ value for
that sample.

PAH Sources at CNC

A variety of sources are likely to have contributed PAHS to the environment at CNC. At
sites where petroleum products or waste oil handling operations were performed, PAHs in
soils could have originated from these site operations. However, a variety of other PAH
sources could also have contributed PAHs to the soils. These other potential sources
include:

e coal-tar/creosote used in asphalt roads, and railroad ties,

¢ oil leaks from motor vehicles (automobiles, train engines, buses, tractor trailers),

e exhaust air emissions from motor vehicles,

* air emissions from coal burning facilities (steam plant, steam engines, incinerators})
e air emissions from Naval ships,

e spraying of used oils mixed with pesticide formulations.

The precise source of PAHs detected within CNC can not be established due to ubiquitous
occurrence and high variation in the detected concentration levels, age of the source, and
varied rates of weathering of the source material in surface and subsurface environments in
which it is incorporated.

The relative proportion of the PAHs in various petroleum hydrocarbons, creosote/coal tar
materials were reported by several authors. Some of these references are listed here: 1)
Millner, James, and Nye, 1992; 2) Heath, Koblis, and Sager, 1993; 3) ATSDR, 1995; 4) ATSDR,
1994- Toxicological Profile for Creosote; and 5) EPA 1982. Table 4 summarizes the PAH
content of some representative petroleum, diesel, heating oils, creosote, and coal tar
products. When oils are burnt or partially bumt (e.g., crank case oil) the PAH content
increases, thus waste oils are reported with higher PAHs (see Table 4).

Additionally, some of the older base maintenance practices may have included use of the
waste motor oils in the pesticide formulations leading to widespread distribution of PAHs.
This particular practice is not reported for CNC in existing documentation, however it is one
that has occurred historically at many similar DOD facilities. Also, areas that are free of
industrial activities at the present time may have been impacted by PAH-containing source
material, such as asphalt pavements or railroad lines, that are currently not present. All
these potential source imaterials are likely to have contributed to the PAHs detected at the
CNC.

Degradation Rates for PAH in Different Media

PAHs originating from different sources tend to degrade with time. The degradation half-
life estimates for individual PAH constituents are reported in Howard, et. al., 1991. The
lighter PAHs (e.g., naphthalene) degrade faster than heavier (e.g., Bal’) PAHs. Aerobic
environment (e.g., surface soil) degrades PAHs faster than anaerobic (e.g., sediments) and
subsurface environment. Typically, PAHs released into air are likely to degrade within a
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very short period of time. Table 3 include the estimated half-lives for individual PAH
constituents. The half-lives are estimated for individual chemicals, and these rates are
much slower when PAHs are incorporated into matrix of hardened asphaltic material.

Degradation rates of PAHs can be affected by a variety of factors, including the number of
aromatic rings, adsorption onto clays, presence of other PAHs, oxygen concentrations,
temperature, nutrients, and degradable organic matter. There is extensive technical
literature available on this subject that should be consulted for more detail.

PAHSs in Grid-based soil samples

PAHs have been analyzed in a significant number of surface and subsurface soils collected
at grid locations. The documentation and justification for grid sampling locations were
previously discussed in reports prepared by Ensafe.

Approximately 212 surface soil samples, and 153 subsurface soil samples with several
duplicate samples were collected from soils across CNC and analyzed for all PAH
constituents. A qualitative DQO process has been performed for CNC. Much of the
complex has asphalt streets and railroad tracks that contribute to the general PAH
background. There are a small number of sites with PAH concentrations arising from site-
specific waste operations. PAH concentrations at sites with potential sources, and sites with
elevated PAHs will be identified. The chances of both Type 1 errors (false negatives) and
Type II errors (false posmves) are minimal because of two factors (i‘)'ﬂTE‘UbVIO‘[Is

large sample size of the background data set.

Figures 1a and 1b (previously pres:ated in the initial version of this TM) show rid sample
locations and station identification numbers included for the development of a reference
value for PAHs at CNC. These grid samples were collected systematically from areas
outside of known SWMUs/AOC of CNC. Appendix A (previously provided to BCT
members electronically) includes the analytical data for the PAH constituents from these
samples. BEQ values were calculated for these samples. Figures 2a and 2b (previously
presented in the initial version of this TM) presents the distribution of BEQ concentrations
across the CNC at background sample locations.

The BEQ data from these samples were evaluated to determine the nature of the sample
concentration distribution. Figures 3a through 3f illustrate different graphing techniques
(referred to as descriptive statistics) to assess the nature of the concentration distribution.
Figure 3a (surface soil) and 3b (subsurface soil) presents the simple concentration plot of all
the samples within background data set. The PAH concentration for non-detect samples
was estimated at half the detection iimit, which is EPA’s preferred method for addressing
non-detect values.

Figures 3c through 3f present probability plots for normal and log-transformed data. A
straight-line through the XY coordinates would indicate a normal distribution. None of the
plots indicates a normal or log-normal distribution.

Because of a large variation in the concentration levels within the data set, an upper
confidence limit (UCL) at 95% on the mean could not be established using parametric
methods (H-statistic by Land’s method). This is because the data did not fit 2 normal
distribution for either normal or log-transformed data, which is essential in estimating a
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UCL95% concentration. Because of the high variability, further attempts were not made to
fit the data to a particular type of distribution. To keep this reference value assessment
simple and avoid extensive statistical exploratory work required to implement an acceptable
non-parametric method, a decision was made to proceed following EPA Region IV guidance
that is in common practice (and SCDHEC's preferred method) and use a value of 2 times the
mean concentration as an estimated reference value for BEQs in surface and subsurface
soils.

Development of Reference BEQ Value

Two sets of mean concentrations were estimated using the grid PAH soil data: 1) the mean
of detected concentrations only, and 2) a combined mean of the detects and non-detects,
using a value of half the detection limit for non-detects. This value is referred to as the
adjusted mean value. Table 5 presents the summary statistics of the grid sample data sets
for surface and subsurface soils, along with the 2xMean concentration for detect
concentrations only, and for detects and non-detects using half the detection limit value. The
more conservative (lower) of the two values is proposed as the CNC reference value. Thus, a
value of 2 x mean calculated using the adjusted mean value is the proposed PAH reference
value. All duplicate sample results were removed from the data set before calculating these
values.

Data Evaluation Summary

This section presents several conclusions that can be reached after a review of the data sets
for the grid and non-grid (AOC and SMWU related) PAH results.

Variability of Sample Detection Limits

The sample detection limits varied in a similar manner across the data sets {both
background and site-related) (See Appendix A for values). The samples from site and
background data sets identified with a ‘U’ qualifier flag were similar in the variability of
their reporting limits. The range of "U’ values was between 340 ug/kg and 4000 ug/kg. The
highest ‘U’ value is lower than the maximum detected concentration.

Variability of Sample Results

A review of the data quality indicates that analytical methods were the same for
background and onsite data and the techniques and reporting limits met the required data
quality. Thus, it can be concluded that the observed high variability in results for both site
and background samples is innate to the soil sample PAHs, and is independent of sample
location and sampling event.

Discussion of Additional Factors Suggested by SCDHEC

SCDHEC provided recommendations for evaluating the PAH data with regard to its spatial
variability at the CNC. This section presents a summary of these data subsets evaluated. The
data were separated into several subgroups as per DHEC's suggestion and BEQs were
estimated for each subgroup. These subgroups are described below.
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Background BEQs per zone

Table 6 presents surface soil grid-sample BEQ results per zone and for all zones. Table 7
presents subsurface soil grid-sample BEQ results per zone and for all zones (last data set} for
comparison. As can be noted from these two tables, there is no particular pattern to the
distribution of the PAHs across different zones. Zones A and B have higher levels than all
other zones. Zone F, which has a highly industrial area and is adjacent to Zone E, has one of
the lowest BEQs reported in the background samples.

One problem in attempting to develop a zone-specific BEQ value is the wide variability in
the number of grid samples collected in different zones. For example, in Zone F only 5 grid
samples were collected and analyzed for PAHs. Five samples provides a poor statistical data
set for this zone and increases the uncertainty regarding decision errors. By contrast, Zone H
had 96 surface soil grid samples analyzed for PAHs. Typically, for effectively applying
environmental statistics for developing average site concentrations, at least 12 samples is
preferred. It can be seen that in addition to Zone F, Zones D and G had fewer than 12 grid
samples analyzed for PAHs.

For this reason, CH2M HILL believes that a basewide calculation approach to determining
background PAH concentrations is a technically more defensible approach compared to a
zone-by-zone calculation.

Background PAH Concentrations Related to Site Features

Background BEQs in surface soil along railroad (RR), roadways, asphalt-paved areas, and
all other areas combined are summarized in Table 8. This table includes BEQs estitnated for
data identified to be within a RR and 10 ft buffer zones, roadways and within 10 ft from
roadways, and asphalt paved parking areas and 10 ft buffer zones. There are 2 samples
identified within railroad tracks, 20 samples were identified within or near roadways and 50
samples were identified within asphalt paved areas. As can be noted from the table, there is
not a significant variability in the calculated values between these different groups.

While the highest calculated values are for the samples collected within 10 ft of railroads,
there is a limited number of samples (2} in this set, raising questions about the
representativeness of this value.

Impact on BEQ Calculation from Removing 10 Highest Samples

The background BEQ)s estimated by removing the top 10 highest values are presented in
Table 9. As can be noted, removal of the highest concentrations only slighted decreased the
overall estimated BEQs. Table 10 includes the individual sample IDs and the associated
BEQ concentrations for these top 10 samples.

Summary

Overall BEQ levels do not appear to differ significantly between different ways of looking at
the data. Where a difference can be observed, there is no particular readily identified
association/reason for the variability observed. For the reasons previously presented,
CH2M HILL believes that a basewide value for PAH background will provide the most
defensible approach and a consistent basis for remedial decision-making and planning. The
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values presented in Table 5, calculated using twice the adjusted mean value, are
recommended as the surface soil and subsurface soil background BEQ values for CNC.

The proposed reference values could be used for screening evaluations at sites that are being
investigated, recommended for no further actions, limited removal action or a CMS study. It
should be noted that a single value estimate does not fully describe the internal variability
of the data distributions and the occurrence of values well above the 2 x mean values within
the reference data sets. Therefore, for sites where the reference value is exceeded, further
evaluation may be considered following EPA Region IV guidance for background
evaluations (EPA, 1998).
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TABLE 1:BACKGROUND SOIL PAH CONCENTRATIONS IN UNITED STATES

Chemical Concentration (ug/kg)

Rural Soil Agricultural Soil Urban Soil
Acenapththene 1.7 6 -
Acenapththylene - 5 .
Anthracene 11-13
Benzo(a)athracene 5-20 56-110 169-59,000
Benzo(a)pyrene 2-1,300 4.6-900 165-220
Benzo({b)fluoranthene 20-30 58-220 1,500-62,000
Benzo(g,h,l)perylene 10-70 66 900-47,000
Benzo{k}fluoranthene 10-110 58-250 300-26,000
Chrysene 38.3 78-120 251-640
Fluoranthene 0.3-40 120-210 200-166,000
Fluorene - 8.7 -
Indenc(1,2,3-¢,dipyrene 10-15 63-100 8,000-61,000
Phenanthrene 30 48-140 -
Pyrene 1-19.7 98-150 145-147.,000

Note: This table is adapted from Table 5-3 from ATSDR’s Toxicological Profile for Polycyclic Aromatic
Hydrocarbons (PAHSs), August 1995,
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TABLE 2: LIST OF PAHS COMMONLY REPCRTED IN SOIL SAMPLES

PAH Carcinogen? TEF for BEQ
Acenaphthene No

Anthracene No

Benz(a)anthracene Yes 0.1
Benzo(b)fluoranthene Yes c.1
Benzo(k)fluoranthene Yes 0.01
Benzo(a)pyrene Yes 1.0
Carbazole™ Yes

Chrysene Yes 0.001
Dibenz(a,hjanthracene Yes 1.0
Dibenzofuran No

Fluoranthene No

Fluorene No

Indeno(1,2,3-c,djpyrene Yes 0.1
2-methylnaphthalene No

Naphthalene No

Pyrene No

Carbazole is included in risk assessment separalely; TEF = Toxicity equivalency factor; BEQ =
benzo(a)pyrene equivalent concentration.
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TABLE3
Half-Life Estimates for PAHs (in days)

Media Naphthalene Anthracene Benzo(a)pyrene
Soil (aerobic) 17 50 57
Groundwater 1 100 114
Sediments{anaerobic) 25 200 228
Surface Water <0.5 <01 <0.1
Air <0.12 <0.1 <0.1
Notes:

Biodegradation half-life estimates in days for surface and subsurface media. Values are the low-end estimates

selecled for comparison between different PAH constituents.
Surface water attenuation primarily attributed to volatilization and photolysis in the water column. Does not consider

sediment partitioning (Howard, 1991).
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TABLE 4: PAH CONTENT OF DIFFERENT POTENTIAL SOURCE MATERIAL AT CNC

Potential Source PAH Content (mg/kg)
Gasoline 7.0

Diesel >8000*

Fuel Oil No. 2 0.07 — BaP

Used Motor Oil** BaP — <0.1 to 405
Coal-tar/Creosote 163,000 — 750,000 / (300 to 3600 ppm BaP)
European asphalt cements 10

US asphalt cements (average 24

of 12)

European Coaltar 152,647

US Low temperature Coal tar 63,180

- Diesel has mostly di- and trimethyl naphthalenes, with negligible <1 mg/kg of BaP content

**_From ATSDR, 1995
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TABLE 5: PROPOSED PAH REFERENCE VALUES USING 'U' VALUES FOR ADJUSTED MEAN ESTIMATES

Number Adjusted 2X
of Number of Min Max Mean Mean |Mean of | 2X Adjusted
Parameter Name Analysis Detects Detect | Detect | Detect | Value* | Detects tMean Value*
Surface Soil 1
BENZO{a)ANTHRACENE 212 53 34 | 2100 | 342 299 683 507
BENZO(a)PYRENE 212 51 45 1500 | 341 29 681 593
BENZO(bFLUORANTHENE | 212 | 44 49 1800 | 383 304 765 607
BENZO(K)FLUORANTHENE | 212 48 %) 1700 | 348 295 697 590
CHRYSENE o2 57 40 | 3000 | 377 302 754 603
DIBENZ(a,n)ANTHRACENE | 212 15 o4 440 175 258 351 515
INDENO(1,2,3-c,dPYRENE | 212 36 42 670 215 258 431 516
BEQ | 1213 ' 1258

Subsurface Soll
BENZO(a)ANTHRACENE | 153 19 55 | 3400 | 444 309 888 ! 618
BENZO(a)PYRENE 153 17 52 1 2600 | 403 305 805 610
BENZO(b)FLUORANTHENE | 153 14 57 2600 | 384 307 768 613
BENZO(K)FLUORANTHENE | 153 13 o 2300 | 448 303 896 06
CHRYSENE 153 21 57 | 3000 | a2 302 84l 608
DIBENZ(a,h)ANTHRACENE | 153 4 160 | 780 | aas 285 895 569
INDENO(1,2,3-c,d)PYRENE 153 10 54 1600 | 341 289 681 576

| I‘ BEQ 1744 1367

Note: * - Includes non-detects at half of the reported detection limit value

All values in ug/kg
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FIGURE 3D
Probability Piot of Background Surtace Soil BEQ Concentrations of normal data.
Charleston Navy Complex

FIGURE 3F
Probability Pict of Background Subsurface Soil BEQs assuming a normal data distribution
Charfeston Navy Complex
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Table 6 : Surface soil background BEQs per zone and combined for all zones |
i | | Minirmurm | Maximum x|
Zone- i No. No, Minimum | Mox.of | Meanof | Adjusted | ofNon- | of Non- |2xMeanof Adjusted | BEQ (2x Msan | BEQ (2x Ad)
Medium Chemical Name Units ; Analysls ' Cetects | of Detects | Delects Delect | Mean | Detecs | Detects Detects Mean | Value) Mean Value)
A-8S [BENZO()ANTHRACENE — \UG/KG . 13 1 4 | 250 | &0 | 423 | 3% 720 i 880 845 } 793 | .. _8 ! 73
ASS  |BENZO(PYRENE |ueke 3 4 | 340 | 830 490 a17 | 720 84D 980 835 | 980 B3
A-85 BENZO(b)LUORANTHENE  |UG/KG | 13 4 3% | 1800 743 01 | ..720 860 | 1525 . 1002 153 109
A-SS IBENZO(K)FLUORANTHENE ~ [UG/KG | 13 4 | %0 | 450 720 860 1es i %00 12 e
ASS  ICHRYSENE UGKG | 13 | 5 190 A2 720 _825 N S SN S
A-85 IDIBENZ(Q.N)ANTHRACENE  {UG/KG | 13 1. 230 372 720 L7244 | 450 744 _
A-SS IMﬁNOUZ3LdWYMNE UGKG 3 1 4 210 365 720 738 67 74
; BEQ 1756 1842
B-55 %mommmmmxwwm UG/KG | 15 2 | 10 1 260 210 372 420 743 42 I
B-58 _ |BENZO(a)PYRENE _UGKG | 2 150 ;210 | 180 368 30 | 735 360 738,
B-58 [BENZO(DIFLUORANTHENE | UG/ 1 220 | 220 220 382 440 | 764 | a4 76
B-55 BENZOUOFLUORANTHENE  JUG/KG | - N o 391 | 783 0 8 .
8-55 CHRYSENE UG/KG | 160 280 220 373 440 e | 0 1
B-5S DIRENZ(Q,n)ANTHRACENE  (UG/KG o I 39 | 783 o 783
B-S5 INDENCX1.2,3-¢,d)PYRENE  [UG/KG | 2 130 a0 ] 135 362 270 723 27 72
\ | : BEQ 473 1750
C-35 BENZO(ANTHRACENE IUG/KG | 12 | 4 50 |20 ;131 C 292 J26 | 780 262 | 585 i 26 .58
C-$5 | BENZO(aPYRENE UG/KG, 12 | & & 330 158 o282 i 720 770 36 | 584 316 564
C-85  ‘BENZO(M)FLUORANTHENE  UG/KG 12 § |49 1o 30 0 192 | 332 .66
Cc-ss {BENZO(K)FLUORANTHENE UGG | 12 |5 i 200 287 - -
C-ss JCHRYSENE UGG | 12 4 124 | i 0
C-55 DIBENZ(MANTHRACENE  IUG/KG | 12 - 24 483
C-S8 INDENG(1,2.3-¢.d)PYRENE MGMG‘ 12 2 115 235 47
; 1226
D-55 BENZO(QANTHRACENE  [UG/KG | 6 | 2 M 1 38 36 136 .
D-55 BENZO(Q)PYRENE VGKG | 6 | 1 45 45 4 | 162 323 __
D-55 BENZOMFLUORANTHENE  |UG/KG | & - 72 58 | 58 143 29
D55 BENZO(KFLUORANTHENE  |UG/KG | | 6 | 2 | 7 77 1 | 149 O
D-5§ ICHRYSENE veke | 6 |2 54 57 56 143 0
D55 DIBENZ(Q,m)ANTHRACENE | UG/KG 6 L T 183 365
D-55 INDENO(1,2.3-c.d)PYRENE  |UG/KG 6 ! 183 37
! BEQ 170 784
E-SS BENZOQ(Q)ANTHRACENE UG/KG | 28 |1 62 | 2100 | 463 407 ¢ 380 | 4000 | 926 | 813 o3 LB
ESS BENZO(Q)PYRENE |UG/KG | 28 12 |82 1 500 a7e 374 350 4000 757 748 C 751 748
E-SS BENZO(D)FLUORANTHENE _ |UG/KG 8 | _ 8 __ 6% 700 | 317 33 I I ==Y .63 _67
E-SS [BENZO(FLUGRANTHENE  |UG/KG | 28 12 | 85 950 98 1 383 350 000 | 797 766 8 8
ESS |CHI’2VSENE B UG/KG | 28 13 4 3000 540 456 350 4000 1079 212 T
£S5 !DIBENI(OMANTHRACENE  |UG/KG | 28 § | 68 | a0 190 309 350 4000 319 o7z 379 &7
E-S5 [INDENOQ1.2.3-¢.d)PYRENE EUG/KG 28 11 58 450 191 300 350 4000 3a2 400 38 60
BEQ 1339 1582
F-S5 |BENZO(G)AN_[ﬁR_AQENE iUG/KG R 78 70| 93 370 370 140 | 188 | 9.
F-35 |BENZOQ(a)PYRENE fUG/KG 5 4 72|90 1 82 s | 30 | 370 165, _206 165 1. 206
F-SS BENZO(DYLUCRANTHENE  UG/KG : 5 3 1 77sa | ‘1o 94 146 0 | 530 188 R A
F-S5 BENZO(KFLUORANTHENE _ |UG/KG 8 ' a4 | ~ 114 370 370 | 194 229 2 ! 2
F-§5 | CHRYSENE _UG/KG Y 6 L 4 ; 126 _370 a0 | 22§ os1 [ O R
F-55 DIBENZ(GMANTHRACENE  [UG/KG |6 | - 197 340 530 | ] 4 | 0 {394
F-55 ONDENO(L.2.3-c.dPYRENE US/KkG T 5 1 a7 "4 T & _ 50 126 1 370 530 | 119 251 12 ! 25
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Table 6 : Surface soil background BEQs per zone and combined for all zones

{
| |
| ; ; Minlimum | Maximum 2x
Zone- | No. No. Minimum | Max. of | Meanof | Adjusted | of Non- | of Non- |2xMean of| Adjusted | BEGQ (2x Mean BEQ (2x Adj
Medium Chemical Name Unlts | Analysis | Delects | of Datacts | Detecls Detect Mean Delecs Delects Detects Mean Value) Mean Value)

675

G§5  [BENZO(Q)ANTHRACENE USKG; o | .6 | & | 470 183 | 86 [ 30 [ d0C [ 366 ) 37

G-S5 |BENZO(G)PYRENE dueke o Y e 48 | 500 185 188 | 370 37| _ 376

G55 ‘BENZO(b)FLUOI?ANT,HE,NE UG/KG: @ | 5 | &4 710 273 [ 238 370 48

G55 IBENZOGOFLUORANTHENE  [UG/KG | 9 4 42 350 171 179 370 4

G55 sCHRYSENE [UG/KG 9 6 | 5 680 243 226 370 o

G835 DIBENZ(C.MANTHRACENE  [UG/KG | _ 9 3 0 64 J_ 80 06 | e | 370 338

G-88 INDENO(1.2,3-c.cPYRENE  [UG/KG i 9 3 95 300 185 196 370 3%
842

H-SS BENZO(Q)ANTHRACENE WlUQ/Kf@ 96 17 48 1900 | 513 | 277 340, 1700 1025 55 7

HSS  [BENZO(a)PYRENE _|uske | Tos 6 [ 8l [ T1400 | 511 273 340 1700

H-55 | BENZOW)FLUORANTHENE — [UG/KG |~ 94 12 | e L1700 &2 | 280 340 1700 _% |

H-5S BENZO(OFLUORANTHENE  UG/KG % 10 88 1700 637 274 | 340 1700

HS35  _ CHRYSENE o UG/KG 9% 18 50 1700 503 278 p 340 : 1700

H-55  :DIBENZ(Qh)ANTHRACENE  .UG/KG %6 4 B4 270 189 230 | 360 | 1800

H-55 iNDENO(] 2.3-c.d)PYRENE UG/KG %6 11 80 650 281 238 340 1700

-85 IBENZO(o)ANTHRAQENE NGKE 15 2 43 50 | 51 381 | 710 | 1000

-85 IBENZO()PYRENE lueks 18 1] = 50 | 50 a4 T 70 1000 |

155 BENZO(LYFLUORANTHENE  1UG/KG [,, 15 4 81 97 o0 | Tasl 830 | 100 |

-85 |BENZQ(OFLUORANTHENE UGG T 15 . 4 | 97 120 | 104 | 317 670 | %20

1-$5 {CHRYSENE IUG/KG | 15 2 14 49 45 312 580 830

155 'DIBENZ(Q.N)ANTHRACENE  IUG/KG | 15 : B 279 460 660

185 LINDENO(I 2,3-c,dPYRENE  UG/KG 15 298 500 700

K55 ,,,@Eﬂl@(o)_AmH_reACENE o wUG/KG | 13 1 110 110 # 10 | 187 | 360 | 480 _ 3

K55 [BENZO(o)PYRENE _ueke'. T3 « 195 360 450

KSS  [BENZO(LFLUORANTHENE _ [UG/KG ; 13+ i L 360 450

K-SS  IBENZO(KFLUORANIHENE  |UG/KG: 13| 1 200 200 | om 194 360 450

KSS  ICHRYSENE . lueme i s ] 9% _ 1% | 9 186 | 30 [ a5 [

K5 __ iDBENZ(QMANTHRACENE _|UG/KG ; 13 e 195 360 450 |

K-8 INMNOU23CdPW¥M§ UGS/HKG | 13 : ! 195 360 450

i | ) !

SS-BACKGI BENZO(a)ANTHRACENE UGKG | 212 53 34 2100 342 299 340 | 4000

SS-BACKGIBENZO(QPYRENE UG/KG | 212 51 ___ 45 1600 | a1 | 298 | 340 | 4000

85- BACKC!BENZO(D)FLUOBANJHENE ueike 22 | 44 | 49 1800 383 304 _ 340 000 |

SS-BACKG! BENZCO(K)FLUORANTHENE lUG/KG 212 48 42 1700 348 1295 | 340 | 4000

SSBACKGICHRYSENE |UG/KG [ _ 212 | &7 | 40 | 3000_| 377 | 302 | 340 | 40C0

SS-BACKGI DIBENZ(q, MANTHRACENE  [UGKG |~ 212 | 15 | ea | 4& . 175 258 3o 4000

S5-BACKGIINDENO(1,2.3-¢.d)PYRENE UG/KG 212 36 | 42 670|215 258 340 4000

’ |
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Table 7 : Subsurface soil background BEQs per zone and combined for all zones

Maximum BEG (2x BEG (2x Ad]
Zone- Minimum ot Max, of Mean of Adjusted Minimumof  of Non- 2X Mean of 2x Adjusted Mean Mean
Medlum Chemical Name Units No. Analysis No. Detects Detects Detects Detect Mean Non-Delecs  Detects Detects Mean Value) Value)
A-5B BENZO(a)ANTHRACENE UG/KG 12 425 770 1000 850 o] 85
A-SB BENZO{OYPYRENE UG/KG 12 425 770 1000 a50 6] 850
A-3B BENZO(D)FLUORANTHENE UG/KG 12 425 770 1000 850 o] 85
A-SB BENZO(KFLUORANTHENE UG/KG 12 425 770 1000 850 o] Q
A-58 CHRYSENE UG/KG 2 ] 160 160 160 406 780 1000 320 813 0 1
A-SB DIBEMNZ(a.k)ANTHRACENE UG/KG 12 425 770 1000 850 0 850
A-SB INDENO(1,2,3-¢,d)PYRENE UG/KG 12 425 770 1000 830 Q 85
BEG 0 1964
B-58 BENZO(a)yANTHRACENE UG/KG 14 1 190 190 1590 419 880 1600 380 838 as 84
B-56 BENZO({a)PYRENE UG/KG 14 437 880 1600 874 o] 874
B-58 BENZO(B)FLUORANTHENE UG/KG 14 437 680 1600 874 0 87
B-5B BENZO(KFLUORANTHENE UGIKG i4 437 680 1600 a74 6] Q
B-5B CHRYSENE UG/KG 14 1 230 230 230 422 680 1600 450 844 0 1
B-3B DIBENZ{ct NANTHRACENE UG/KG 14 437 &80 1600 a74 6] 874
B-SB INDENO(1.2.3-C,)PYRENE UG/KG 14 437 680 1600 874 Q 87
BEQ a8 2015
C-58 BENZO{@)ANTHRACENE UG/KG o} a 130 180 150 258 &0 800 ano 515 30 52
C-5B BEMNZO(O)PYRENE UG/KG 6 2 120 150 135 328 690 1200 270 655 270 655
C-8B BENZO(I)FLUORANTHENE UG/KG 6 2 180 240 210 399 800 1400 420 798 42 80
C-58 BENZO(K)FLUORANTHENE UG/KG 6 2 96 200 148 320 640 7200 206 640 3 e}
C-38 CHRYSENE UG/KG & 3 7] 190 149 224 560 660 297 447 0] 0
-8 DIBENZ(a.mANTHRACENE USHKG [ 265 450 800 530 0 530
C-SB INDENO(1.2.3-c,d)PYRENE UG/KG 5 1 82 82 82 255 480 860 164 511 16 51
BEQ 362 1374
D-5B BENZO(ayANTHRACENE UG/KG o 192 350 430 383 D 38
0-58 BENZC(OWPYRENE UG KG [} 192 350 430 383 0 383
D-5B BENZO(D)FLUORANTHENE UG/KG 4 192 350 430 383 0 38
D-58B BENZOFLUQRANTHENE UG/KG [} 192 350 430 383 Q 4
D-58 CHRYSENE UG/KG & 192 350 430 383 Q 0
D-58 CIBENZ(a,h)ANTHRACENE UG/KG [ 192 350 430 383 4] 383
D-58 INDENO{,2,3-¢, dPYRENE UG/KE o) 192 350 430 383 Q 38
BEQ 0 886
E-SB BENZO(Q)ANTHRACENE US/KG 29 5 130 3400 798 434 350 1100 1595 868 140 87
£-58 BENZO(@PYRENE UG/KG 29 q 120 2600 809 394 350 1100 1218 788 1218 788
E-SB BENZO(b)FLUORANTHENE UG/KG 20 7 120 2600 617 380 350 1100 1234 760 123 76
E-5B BENZOKFLUORANTHENE UG /KG 20 8 92 2300 646 aBs 350 1100 1202 772 13 8
€58 CHRYSENE UG/KG 29 Q 58 3400 731 434 350 1100 1462 867 1 1
E-50 DIBENZ{a MAMNTHRACENE UG/KG 20 4 140 780 348 307 350 1100 895 514 495 514
E-58 INDENC{1,2,3-c.d)PYRENE UG/KG 29 o] 83 1600 428 342 350 1100 93 685 100 &8
BEQ 2310 1642
F-5B BENZO(@)ANTHRACENE UG/KG 5 215 380 530 430 o} 43
F-5B BENZO(0)PYRENE UG/KG 5 218 380 530 430 ¢ 430
F-5B BENZO(D)FLUORANTHENE UG /KG 5 215 380 530 430 8] 43
F-SB BENZO(KFLUORANTHENE UG/KG 5 215 380 530 430 0 4
F-5B CHRYSENE UG /KG 5 215 380 530 430 0 0
F-5B DIBENZ(a.h)ANTHRACENE UG/KG 5 215 380 530 430 0 430
F-58 INDENO(1.2,3-c.cd)PYRENE UG/KG 5 215 380 530 430 0 43
BE& 0 994




Table 7 : Subsurface soil background BEQs per zone and combined for all zones

Maoximum BEQ (2x  BEQ (2x Ad]
Zone- Minimum of  Max, of Mean of Adjusted Minimumof  of Non- 2x Mean ot Ix Adjusted Mean Mean
Medium Chemical Name Unlts  No. Analysis No. Dotecls Delecls Detects Detect Mean Non-Delecs  Detéecls Detecls Mean value) value)
c-S8 BENZO(@)ANTHRACENE UG/KG 7 3 55 180 12 181 400 630 223 363 22 36
G-58 BENZO(Q)PYRENE UG/KG 7 2 3 150 122 200 400 630 243 399 243 399
G-5B BENZO(DYFLUCRANTHENE UG/KG 7 3 57 130 82 169 400 630 165 338 16 34
=-58 BENZO(k)FLUORANTHENE UG/KG 7 2 110 120 115 198 400 630 230 3946 2 4
-5B CHRYSENE UG/KG 7 3 57 200 ne 185 400 630 238 349 0 o]
G-S8 DIBENZ (0 MANTHRACENE UG/KG 7 231 400 &30 461 8] 461
G-88 INDENO(, 2.3-¢.cd)PYRENE UG/KG 7 2 54 45 40 182 400 630 N 364 12 36
BEQ 206 972
H-58 BENZO()ANTHRACENE UG/HG 38 3 120 440 N7 251 360 210 633 501 63 50
H-SB8 BENZO(a)PYRENE UG/KG 58 3 140 480 267 248 360 210 533 494 533 494
H-5B BENZO(b)FLUCRANTHENE UG/KG 58 1 270 270 270 249 340 910 540 498 54 50
H-58 BENZO(k)F LUORANTHENE UE/KG 58 248 360 10 494 0 5
H-3B CHRYSENE UG/KG 58 3 140 580 307 250 340 210 613 500 1 1
H-5B DIBENZ{Q.h)ANTHRACENE UG/KG 58 249 380 910 498 0 408
H-58 INDENQ(1.2.3-¢,cPYRENE UG/KG 58 1 220 220 220 247 340 210 440 494 44 49
BEQ 695 1148
1-5B8 BENZO(O)ANTHRACENE UG/KG 6 1 130 130 130 372 750 80 260 743 26 74
1-58 BENZO(a)PYRENE UG/KG 6 1 52 52 52 359 750 @80 104 717 104 77
1-58 BENZO(L)FLUCORANTHENE UG/KG 3} 1 120 120 120 423 870 1100 240 847 24 85
1-5B BENZO(KFLUORANTHENE UG/KG ) 1 130 130 130 351 700 920 260 702 3 7
I-58 CHRYSENE UG/KG 6 1 140 140 140 309 610 800 280 618 0] ]
1-SB DIBENZ(t hJANTHRACENE UGIKG & 280 490 540 560 0 60
1-SB INDENO(1.2.3-¢,d)PYRENE UG/KG o 298 520 680 595 0 &0
BEQ 157 1503
K-SB BENZO(C)HANTHRACENE UG/KG 10 191 350 490 381 o] 38
K-58 BENZO()PYRENE UG/KG 10 191 350 4390 381 0 381
K-SR BENZO(DWLUORANTHENE UG /KG 10 191 350 490 381 0 ag
K-5B BENZO(OFLUORANTHENE UG/KG 10 191 350 490 381 0 4
K. 5B CHRYSENE UG/KG 10 191 350 490 381 0 0
K-5B DIBENZ(a,MANTHRACENE UG/XG 10 191 350 490 381 0 381
K-SB INDENC(1.2.3-¢,JIPYRENE UG/KG 10 191 350 490 a8l g 38
BEQ [1] 880
SB-BACKE BENZO{)ANTHRACENE UG/KG 153 19 55 3400 444 309 350 1600 888 418 8% 62
SB-BACKE BENZO(a)PYRENE UG/KG 153 17 52 2600 403 305 350 1600 805 410 805 610
3B-BACKE BENZO(D)FLUORANTHENE UG/KG 153 14 57 2600 384 307 350 1600 768 613 77 81
SB-BACKE BENZO)FLUORANTHENE UG/KG 153 13 2 2300 448 303 350 1400 895 606 Q )
SB-BACKGE CHRYSENE UG/HKG 153 21 57 3400 421 304 350 1600 841 408 ) 1
SB-BACKE DIBENZ{c, IMANTHRACENE UG/KG 153 4 160 780 348 285 350 1600 695 569 695 569
SB-BACKG INDENO(1.2,3-¢. d)PYRENE UG/KG 153 10 54 1600 341 289 350 1600 681 578 &8 58
BEQ 1744 1347




Table 8 : Surface soil background BEQs Near and Away from Pofenhcl Anthropogenlc Source Areas ! !
‘ i i
| ‘ I | Minimum 1 Maximum i 2X i BEQ (2x Adj
' No. Ne. | Minimum | Maox. of | Adjusted | of Non- | of Non- | 2x Mean ot/ Ad|usled | BEQ (2x Mean Meaan
Chemical Name . Unils \ Analysis ‘ Detects | of Detects| Detacls | Mean of Detect;, Mean Detecs Defects i Detects Mean ? Value) Valueg)
| ] 1 . . | . o R
§gng§swnmggpgggqr00ﬁ)RmhoadnucksAﬁfw o ) o o o] B - T
BENZO(GHANTHRACENE UG/KG| 2| 1 T 530 | 830 | 530 360 [ 30 | 380 | 1060 | 720 _ e 72
BENZO{@)PYRENE UG/IKGE .2 4 1 1 860 50 | 30 . 375 | 380 . 380 M20 | __750 | 1120 0 750
BENZOMFLUORANTHENE  {UG/KG] 2 S R B ..l 200 | 30 | 40 | o} 400 |___ O . 4 _
BENZOJOFLUORANTHENE - UG/KG 2 _1 260760 760 C.A75 0380 | 380 950__ 15 10
CHRYSENE GG 2 ol 650 | 650 650 | 420 | 380_ | 380 840 _ | .-
DIBENZ(qQ, h)ANTHRAQEi\[E IUG/KG 2 | 1T | 130 S0 | 130 | 160, 380 ! 380 | 320 260 I 320
INDENO(1.2,3-¢, HPYRENE UG/KG 2 1 310 310 310 250 380 1+ 380 500 62 i &0
! ; i i i 1565 1242
Samples within and near (10ft) Apshailt Paved Areas  ~  + L 1 e I s
BENZO(@ANTHRACENE  _ |UG/KG | 50 _ 8 34 | 30 ;179 | 253 | 360 __ 860 . .359 506 36 L.
BENZO(Q)PYRENE o Ke| 80 _ | _ 7 45 1400 | 387 278 360 860 AL 5% | 715 556
BENZO(b)FLUORANTHENE UGG 50 | 8 57 __1700__ _.384 204 | 360 930 | 748 . s8 77 59
BENZOQOFLUORANTHENE _ [UG/KG| 80 9 71 1200 !_ 37 | 20 | 360 | 860 | 634 B0 b 5
CHRYSENE UG/KG) 80 D sa | 810, 267 | 254 260 | 860 534 | s07 | Vv 1
DIBENZ(Q,h)ANTHRACENE  [UG/KG| 80 | 2 [ 68 T 270 | 189 240 340 860 | 338 480 | 338 | 480
INDENO(1.2.3-¢, d)PYRENE UG /KG 50 o] 42 b65D 214 23¢ 340 860 | 427 478 43 48
. . 1215 1199
Samples within and near (10f) Roadways i} e I I e i I
BENZO(@ANTHRACENE  [UG/KG| 200 | _ 7 ‘48 [ 1900 | Tsaa [ 389 360 | 1000 1128 | 77e 0 13 T8
BENZO(CHPYRENE ~ JVG/KG! 20 6 | 8 1200 802 3652 | 360 | 1000 1004 | 704 ;. 1064 | ._.704 .
BENZODFLUCRANTHENE ~~ TuG/kG] 20 "™ 74 " 1 e | 1400 570 | 382 360 1300 | 1139 704 na |70
BENZO(OFLUCRANTHENE_ _ [UG/«G| 20 | "4 | 88 | 1100 | 690 | | 386 | 360 1000 1379 2 a4 F 7
CHRYSENE _JUeKe| _ 20 T 7 |80 7000 sel o a2 | 360 [T 0000 0 23 ¢ o7as_ |1 0
DIBENZ(q.)ANTHRACENE UG/KG. 20 3 130 | 210 167 1220 | 360 | 1000 33 . 459 | 333 459
INDENGC(1,2,3-c.d)FYRENE UG/KG | 20 5 94 380 251 T 248 360 1000 502 [ 426 S0 50
‘ \ | | 1629 1368
Surface Soil Samples from Other Areas e , R e P e S Y S
BENZO(ANTHRACENE  |UG/KG]. 140 3 |45 T 2100 1 335 |30 340 4000 | 669 | 602 | 67 | 80 .
BENZO(@)PYRENE JGKG] 140 38 ) 48 1800 [ 312 204 340 4000 | 624 | &B@ | TTa2A | 888
BENZOMIFLUORANTHENE  (UG/KG| 140 | 32 | 49 | 1800 | 359 299 | 340 | 4000 | 718 599 72|, 60
BENZO(ELUORANTHENE  [UG/KG, 140 35 42 ¢ 1700 317 294 340 4000 | 435 589 |\ b 6
CHRRYSENE Slug/ke! 140 41 | 40 . 3000 | 370 ._308 340 | 4000 7% L _6le | 1. R
DIBENZ(QFANTHRACENE  [UG/KG | 140 _ | 10 | 64 440 | 179 267 | 380 4000 358 535 | 38 1 B3
INDENO(1,2.3-¢c, HPYRENE UG/KG 140 25 58 L 670 209 206 340 4000 418 532 42 | 53
i 1170 1303
All surface Soil Background Samples Across CNC | = A I S A o . ,
BENZO(@)ANTHRACENE 212 83 | 3% 2100 | 342 299 ] 340 4000 683 897 g 68 60
BENZO(Q)PYRENE UG G| 22 | s L a4 | 1500 3 296 340 | 4000 | 681 503 681 593
BENZO(M)FLUORANTHENE UG/KG| 212 | a4 49 _ | 1800 | 383 | 304 | 34p | 4000 | 765 607 77 =2
BENZOJOFLUORANTHENE  [UG/KG| 212 48 | a2 1700 ) 348 295 | 340 | 4000 |  &%7 ! 520 7 6
CHRYSENE _|UG/KG] 212 857 { 40 3000 1 377 302 340 (4000 i »754 } 603 1 | 1
DJBENZ(O h)ANTHRACENE LT A N - Wi a4 440 175 . 258 340 4000 351 i 515 as1 ””'}F"' 515
INDENO(1,2.3-c dPYRENE UG /KG 212 36 : 42 b7 ! 215 258 340 4000 | 431 | 516 | 43 i 52
! ’ ; | BEQ 1228 1287
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Table 9 : Surface and Subsurface background BEQs after removing top 10 samples

Minimum  Maximum
No. Minimum  Max. of Mean of Adjusted of Non- of Non- 2xMeon of 2x Adjusied BEQ (2x Mean BEQ (2x Adj

Chemical Name Units  No. Analysis Detects of Detects Detects Detact Mean Detecs Detects Detects Mean Value) Mean Value)
Surface Soil
BENZO(@)ANTHRACENE UG/KG 202 a6 34 860 214 256 340 1000 428 512 43 51
BENZO()PYRENE UG/KG 202 44 45 710 217 256 340 1000 435 511 435 511
BENZO(BFLUORANTHENE UG/KG 202 37 49 710 224 260 340 1100 448 520 45 52
BENZOUOFLUORANTHENE  UG/KG 202 12 42 950 235 255 340 980 470 510 5 5
CHRYSENE UG/KG 202 50 40 1200 238 253 340 Q80 476 505 0 1
DIBEMNZ{G, F)ANTHRACENE  UG/KG 202 Q 64 200 119 241 340 280 238 483 238 483
INDENC(1,2,3-c.d)PYRENE  UG/KG 202 30 42 370 154 235 340 280 308 469 I 47
BE& 796 1150
Subsurface Saoil
BENZO(ANTHRACENE UG/KG 143 16 55 640 228 270 350 980 457 539 46 54
BENZO(a)PYRENE UG/KG 143 15 52 610 217 270 350 %80 434 539 434 539
BENZO(DIFLUORANTHENE  UG/KG 143 13 57 620 214 274 350 1100 427 548 13 55
BENZOUFLUORANTHENE  UG/KG 143 1 92 440 184 266 3650 Q40 368 532 4 5
CHRYSENE UG/KG 143 18 57 630 224 264 350 940 452 529 0 1
DIBENZ(c. MANTHRACENE  UG/KG 143 2 160 160 160 267 350 940 320 534 320 534
INDENO{(1,2,3-C, d)PYRENE UG /KG 143 8 54 360 167 264 350 240 314 527 31 53
BEQ 878 1241
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top 10

Table 10: Top BEQ Concentrations Removed
Matrix | SumOfBEQ | SamplelD . Rank

SB 1 4166.4| GDESBO1502 1
SB 1848.8| GDBSB00102 2
SB 1519.7| GDESBO1402 3
SB __1386.6|GDBSBO0202 4
SB 1271,05{GDESBO0OG02 5
SBE - 1155.5|GDASB00S02 b
SB 1155,5|GDASB01102 b
SB 1 1137.16|GDCSB00402a | 8
SB 1120.835|GDESBOO702 9
SB 1109,28|GDASBO0102 10
S5 4622|GDESBOD40] 1
S 2277 5|GDESB0O1801 2
55 _2014.35|GDHSB08301 3
S5 2006.7 | GDHSB02801 4
s 1 1955.811GDHSBO0101 5
S5 ~1790.7|GDHSB02601 6
S5 1761.06| GDHSB08101 6
58 1384.98| GDASBCOS01 8
35S 1257.73|GDHSB05601 Q
8 1155.5|GDBSBO0101 10
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