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Site-to-Background Comparison for Metals in Soil, Sediment, 
Groundwater, and Surface Water 

at the Iron Mountain Road Ranges 
Fort McClellan, Calhoun County, Alabama 

 
 

1.0  Introduction  
 
This appendix provides the methodology and results of the site-to-background comparison of 
inorganic constituents in soil, sediment, groundwater, and surface water samples from the Iron 
Mountain Road Ranges, Fort McClellan, Calhoun County, Alabama.  Site samples used in the 
comparison include 120 surface soil samples (0 to 0.5 and 0 to 1 foot below ground surface 
[bgs]) collected from March 2000 through May 2003; 37 subsurface soil samples (various depths 
ranging from 1 to 9 feet bgs) collected in March 2000, April 2001, and February 2008; 9 
sediment samples collected in April 2000; 6 unfiltered groundwater samples collected in October 
and November 2001; and 9 unfiltered surface water samples collected in April 2000.  All of the 
site sediment, groundwater, and surface water samples were analyzed for the full suite of 23 
target analyte list (TAL) metals, including aluminum, iron, and manganese.  Only 51 surface soil 
samples and 17 subsurface soil samples were analyzed for TAL metals.  Sixty-nine surface soil 
samples and twenty subsurface soil samples were analyzed only for lead; these samples are 
referred to in this report as “non-TAL” samples. 
 
A three-tiered site-to-background comparison methodology has been established for the Fort 
McClellan project (Shaw Environmental, Inc., 2005).  The site-to-background comparison 
consists of two statistical evaluations (Tiers 1 and 2), followed by geochemical evaluation (Tier 
3).  In the first step of the comparison, the maximum detected concentration (MDC) of each 
element is compared to two times the arithmetic mean (2x mean) of the background data 
(Science Applications International Corporation [SAIC], 1998).  Any element that has an MDC 
greater than two times the background mean is carried forward for Tier 2 evaluation, which 
includes the hot measurement test and the Wilcoxon rank sum (WRS) test.  Any element that 
fails either the hot measurement test or the WRS test is then carried forward for geochemical 
evaluation, to determine if the elevated site concentration(s) have a natural source. 
 
The following sections provide the methodology and results of the site-to-background 
comparison for the Iron Mountain Road Ranges.  The Fort McClellan installation-wide work 
plan (IT Corporation, 2002) also provides details on the site-to-background comparison 
methodology.  The methodology has been slightly modified since the work plan was issued, 
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pursuant to the technical memorandum dated March 14, 2005 (Shaw Environmental, Inc., 2005) 
and agreements reached during Fort McClellan’s Base Realignment and Closure Cleanup Team 
(BCT) meetings.  The 2005 technical memorandum is included as an attachment to this 
appendix.  It should be noted that the site soil sample collection methodology, analytical results, 
and sample location map are provided within the body of the remedial investigation report and 
are not reproduced in this appendix. 
 
Background distributions and screening values have been established for TAL metals in surface 
soil, subsurface soil, sediment, groundwater, and surface water at Fort McClellan (SAIC, 1998; 
IT Corporation, 2002), and they are used in the following comparison. 
 

2.0  Comparison Methodology  

 
This section describes the statistical and geochemical evaluation techniques that were employed 
in the site-to-background comparison for the Iron Mountain Road Ranges.  Descriptive statistics 
for the background data set are provided in the background study report (SAIC, 1998) and the 
February 2002 installation-wide work plan (IT Corporation, 2002). 
 
2.1  Statistical Procedures 
Contamination can be caused by a variety of processes that yield different spatial distributions of 
elevated contaminant concentrations.  Slight but pervasive contamination can occur from non-
point-source releases and can result in slight increases in contaminant concentrations in a large 
percentage of samples.  Localized, or “hot-spot,” contamination can result in elevated 
concentrations in a small percentage of the total number of site samples.  No single, two-sample 
statistical comparison test is sensitive to both of these modes of contamination.  For this reason, 
the use of multiple simultaneous tests is recommended for a valid and complete comparison of 
site versus background distributions (U.S. Environmental Protection Agency [EPA], 1989, 1992, 
1994, and 2006; U.S. Navy, 2002). 
 
2.1.1  Tier 1 
In the first step of the background screening process, the MDC of each element in the site data 
set is compared to the corresponding 2x mean value in the background data set (SAIC, 1998).  
Elements for which the site MDC does not exceed this background screening value are 
considered to be present at background concentrations, and thus they are not considered site-
related chemicals.  Elements for which the site MDC exceeds this background screening value 
undergo further evaluation (Tier 2). 
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Table 1 lists the 2x mean values for the Fort McClellan background data set.  It should be noted 
that 100 percent of the background groundwater samples are nondetect for chromium, nickel, 
and selenium, and 100 percent of the background surface water samples are nondetect for cobalt, 
mercury, and selenium.  Two-times-the-background mean values are lacking for these elements 
(SAIC, 1998); accordingly, the corresponding site data are carried forward for Tier 2 evaluation, 
as long as site detections are present. 
 
2.1.2  Tier 2 
The WRS test is sensitive to slight but pervasive contamination but is not sensitive to localized 
or more extreme hot-spot situations.  The background threshold comparison, or “hot 
measurement test,” is effective in identifying localized contamination but is not sensitive to 
slight but pervasive contamination.  The WRS test and hot measurement test are thus 
complementary.  Both tests are nonparametric, meaning that they do not require that assumptions 
be made regarding the type of distribution (normal, lognormal, etc.), and they are valid for a 
wide variety of distributional shapes.  In addition to the quantitative WRS and hot measurement 
tests, box-and-whisker plots are used to visually compare the site and background distributions 
and to properly interpret the results of the WRS test. 
 
Analytes that fail either of the quantitative comparison tests are subject to a geochemical 
evaluation to determine if the elevated concentrations are most likely due to natural processes.  
The hot measurement test, WRS test, and box plots are described below. 
 
Hot Measurement Test.  The hot measurement test consists of comparing each site 
measurement with a concentration value that is representative of the upper limit of the 
background distribution (EPA, 1994).  Ideally, a site sample with a concentration above the 
background screening value would have a low probability of being a member of the background 
distribution, and may be an indicator of contamination.  It is important to select such a 
background screening value carefully so that the probability of falsely identifying site samples as 
contaminated or uncontaminated is minimized. 
 
The 95th upper tolerance limit (UTL) is recommended as a screening value for normally or 
lognormally distributed analytes, and the 95th percentile is recommended as a screening value for 
nonparametrically distributed analytes (EPA, 1989, 1992, and 1994).  On average, roughly five 
percent of uncontaminated site samples are expected to exceed the background screening value.  
Site samples with concentrations above these values are not necessarily contaminated, but should 
be considered suspect. 
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To perform the test, each analyte’s site MDC is compared to the background 95th UTL or 95th 
percentile, in accordance with the type of background distribution.  If the site MDC exceeds the 
background screening value, then that analyte will undergo a geochemical evaluation.  If the 
MDC does not exceed the background screening value, then that indicates that hot-spot 
contamination is not present.  Table 2 lists the background 95th UTLs and background 95th 
percentiles for TAL metals in Fort McClellan surface soil, subsurface soil, sediment, 
groundwater, and surface water.  These background screening values are also provided and 
discussed in the installation-wide work plan (IT Corporation, 2002). 
 
Wilcoxon Rank Sum Test.  The WRS test has been recommended for use in site-to-
background comparisons (EPA, 2000 and 2006; U.S. Navy, 2002).  In this report, the WRS test 
is performed when the site and background data sets each contain less than 50 percent nondetects 
(i.e., measurements reported as not detected below the laboratory reporting limit).  The WRS test 
is not performed on data sets containing 50 percent or more nondetects.  The medians of such 
data sets are unknown, and hence the test lacks sufficient power to yield reliable results.  
Likewise, the WRS test is not performed on data sets of size n < 4; in such cases, the test lacks 
sufficient power to identify differences between the two samples. 
 
The WRS test compares two data sets of size n and m (n > m), and tests the null hypothesis that 
the samples were drawn from populations with distributions having the same medians.  To 
perform the test, the two sets of observations are pooled and arranged in order from smallest to 
largest.  Each observation is assigned a rank; that is, the smallest is ranked 1, the next largest is 
ranked 2, and so on up to the largest observation, which is ranked (n + m).  If ties occur between 
or within samples, each one is assigned the midrank.  Next, the sum of the ranks of smaller data 
set m is calculated.  Then the test statistic Z is determined, 
 

)/12 1 + n + (m mn
)/2 1 + n + (m m - W = Z  

 
Where: 
 
 W = Sum of the ranks of the smaller data set 
 m = Number of data points in smaller group 
 n = Number of data points in larger group. 
 
This test statistic Z is used to find the two-sided significance.  For example, if the test statistic 
yields a probability of a Type I error (p-level) less than 0.05, then there is a statistically 
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significant difference between the medians at the 95 percent confidence level.  A Type I error 
involves rejecting the null hypothesis when it is true.  If the p-level is greater than 0.05, then 
there is no reasonable justification to reject the null hypothesis at the 95 percent confidence level.  
It can therefore be concluded that the medians of the two data sets are similar and can be 
assumed to be drawn from the same population. 
 
At the request of EPA Region 4 and as confirmed during the May 2007 BCT meeting, the Fort 
McClellan WRS tests are performed at a significance level (α) of 0.20.  If the p-level is less than 
0.20, then the medians of the two distributions are significantly different at the 80 percent 
confidence level.  This can occur if the site data are shifted higher or lower than the background 
data.  If the site data are shifted higher relative to background, then contamination may be 
indicated, and the analyte in question will be carried on for geochemical evaluation.  However, if 
the site data are shifted lower relative to background, then contamination is not indicated.  If the 
p-level is greater than 0.20, then pervasive site contamination is not suspected. 
 
Box Plots.  The box-plot comparison is a quick, robust graphical method to visualize and 
compare two or more groups of data, and is recommended in EPA guidance (EPA, 1989 and 
1992).  Box-and-whisker plots provide a summary view of the entire data set, including the 
overall location and degree of symmetry.  The box encloses the central 50 percent of the data 
points so that the top of the box represents the 75th percentile and the bottom of the box 
represents the 25th percentile.  The median of the data set is represented by a small box within the 
larger box.  The upper whisker extends outward from the box to the maximum point, and the 
lower whisker extends to the minimum point.  Nondetect results are set equal to one-half of the 
reporting limit for plotting purposes. 
 
For each analyte, box plots of site and background data are placed side by side to visually 
compare the distributions and qualitatively determine whether the data sets are similar or distinct.  
Accordingly, the box plots are a necessary adjunct to the WRS test.  As described previously, the 
WRS test may indicate that the medians of the site and background data sets are significantly 
different.  Examination of the box plots will confirm whether that difference is caused by site 
data that are shifted higher or lower relative to background. 
 
2.2  Geochemical Evaluation 
Statistical site-to-background comparisons for trace elements in environmental media commonly 
have high false-positive error rates.  A large number of background samples is required to 
adequately characterize the upper tails of most trace element distributions, which are typically 
right-skewed and span a wide range of concentrations, but such a large background data set is 
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not always feasible.  There are also concerns regarding the statistical validity of comparing site 
data from a small parcel with facility-wide background data that typically display higher 
variance than the site data.  Higher false-positive error rates are expected if the site sample size is 
greater than the background sample size.  The presence of estimated concentrations and 
nondetects with differing reporting limits can also cause statistical comparison tests to fail. 
 
Statistical tests consider only the absolute concentrations of individual elements, and they 
disregard the interdependence of element concentrations and the geochemical mechanisms 
controlling element behavior.  However, it is well established that trace elements naturally 
associate with specific minerals in soil and sediment (and specific suspended minerals in 
groundwater and surface water), and the preferential enrichment of a sample with these minerals 
will result in elevated trace element concentrations.  It is thus important to be able to identify 
these naturally high concentrations and distinguish them from potential contamination. 
 
If an analyte fails either of the Tier 2 statistical tests described in Section 2.1.2, then a 
geochemical evaluation is performed to determine if the elevated concentrations are caused by 
natural processes.  Recent publications indicate that geochemical evaluations are assuming a 
larger role in environmental investigations (e.g., EPA, 1995; Barclift, et al., 2000; U.S. Navy, 
2002 and 2003; Myers and Thorbjornsen, 2004; Thorbjornsen and Myers, 2007a, 2007b, and 
2008).  A properly executed geochemical evaluation can distinguish between naturally high 
element concentrations versus contamination, and it can identify the specific samples that may 
contain some component of site-related contamination. 
 
Geochemical evaluation of inorganic data is not a new concept, and it is based in part on the 
well-understood processes of trace element adsorption that are described in the literature (e.g., 
Gulledge and O’Connor, 1973; McKenzie, 1980; Electric Power Research Institute [EPRI], 
1984; Hem, 1985; EPRI, 1986; Belzile and Tessier, 1990; Bowell, 1994; Manceau, 1995; Stumm 
and Morgan, 1996; Sullivan and Aller, 1996; Drever, 1997; Belzile et al., 2000; Nickson et al., 
2000; Kabata-Pendias, 2001; Lai and Chen, 2001; Emmanuel and Erel, 2002; Munk et al., 2002; 
Roddick-Lanzilotta et al., 2002; Smedley and Kinniburgh, 2002; Cornell and Schwertmann, 
2003; Welch and Stollenwerk, 2003).  These papers, texts, and monographs provide the technical 
basis for the geochemical evaluations performed for the Fort McClellan project.  This 
fundamental research has been applied in numerous peer-reviewed papers that employ 
correlation plots of trace elements versus specific major elements.  The aims of these applied-
science papers are to determine the likely mechanisms controlling element concentrations and 
identify potentially contaminated samples (e.g., Windom et al., 1989; Hanson et al., 1993; 
Daskalakis and O’Connor, 1995; Schiff and Weisberg, 1997; Barclift et al., 2000; Kuss et al., 



 

KN9\FTMC\IMR\RIR\Final\APH\H-Txt.doc\05/08/08(1:35:48 PM) 7 

2001; Chen et al., 2002; El Bilali et al., 2002; Mostafa et al., 2004).  In some cases, these papers 
use the same types of analytical data that are obtained during the Fort McClellan investigations 
and typical environmental investigations at other sites. 
 
2.2.1  Geochemical Evaluation Methodology for Soil and Sediment 
Trace elements naturally associate with specific minerals in soil and sediment, and geochemical 
evaluations are predicated on these known associations.  For example, in most uncontaminated 
oxic soils, arsenic exhibits an almost exclusive association with iron oxide minerals (Bowell, 
1994; Schiff and Weisberg, 1997).  Arsenic exists in oxic soil pore fluid as oxyanions such as 
HAsO4

–2 and H2AsO4
– (Brookins, 1988), and these negatively charged species have a strong 

affinity to adsorb on iron oxides, which tend to maintain a net positive surface charge (EPRI, 
1986).  (In this report, the term “iron oxide” encompasses oxides, hydroxides, oxyhydroxides, 
and hydrous oxides of iron.)  This association is expressed as a positive correlation between 
arsenic concentrations and iron concentrations for uncontaminated samples:  soil samples with a 
low percentage of iron oxides will contain proportionally lower arsenic concentrations, and soil 
samples that are enriched in iron oxides will contain proportionally higher arsenic 
concentrations.  Although there is variability in the absolute concentrations of arsenic and iron in 
soil at a site, the As/Fe ratios of the samples will be relatively constant if no contamination is 
present (Daskalakis and O’Connor, 1995).  Samples that contain excess arsenic from a 
contaminant source (e.g., arsenic-bearing compounds such as arsenical herbicides) will exhibit 
anomalously high As/Fe ratios compared to the uncontaminated samples. 
 
To perform the geochemical evaluation, correlation plots are constructed to explore the 
elemental associations and identify potentially contaminated samples.  The detected 
concentrations of the trace element of interest (dependent variable) are plotted against the 
detected concentrations of the reference element (independent variable), which represents the 
mineral to which the trace element may be adsorbed.  In the case of arsenic, the arsenic 
concentrations for a given set of samples would be plotted on the y-axis, and the corresponding 
iron concentrations would be plotted on the x-axis.  If no contamination is present, then the 
samples will exhibit a common trend and consistent As/Fe ratios, and the samples with the 
highest arsenic concentrations will lie on this trend.  This indicates that the elevated arsenic is 
due to the preferential enrichment of iron oxides in those samples and that the arsenic has a 
natural source.  If, however, the samples with high arsenic concentrations have low or moderate 
iron concentrations (anomalously high As/Fe ratios), then they will lie above the trend 
established by the other samples.  This would indicate that the anomalous samples contain excess 
arsenic beyond that which can be explained by the natural iron oxide content, and such samples 
may contain a component of contamination. 
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The reference elements against which trace elements are evaluated reflect the affinity that the 
trace elements have for specific minerals.  The concentrations of iron, aluminum, and manganese 
serve as qualitative indicators of the amounts of iron oxide, clay, and manganese oxide minerals 
in the soil samples.  Along with arsenic, selenium and vanadium are present in oxic soil pore 
fluid as anions and have an affinity to adsorb on iron oxides, which tend to maintain a net 
positive surface charge.  Concentrations of arsenic, selenium, or vanadium in a set of samples 
can be evaluated through comparison to the corresponding iron concentrations.  Barium, 
cadmium, lead, and zinc are typically present in soil as divalent cations and have an affinity to 
adsorb on clay minerals, which tend to maintain a net negative surface charge.  Concentrations of 
barium, cadmium, lead, or zinc can be evaluated through comparison to the corresponding 
aluminum concentrations.  Manganese oxides have a strong affinity to adsorb barium, cobalt, and 
lead (Kabata-Pendias, 2001), so concentrations of these elements can be compared to the 
corresponding manganese concentrations, as long as there is enough manganese present in the 
soil to form discrete manganese oxides. 
 
It is important to note that some trace elements have very strong affinities for a particular type of 
mineral, whereas other elements will partition themselves among several minerals.  For instance, 
vanadium has a particularly strong affinity for iron oxides, so correlation coefficients for 
vanadium versus iron in uncontaminated samples are usually very high, and this is expressed on 
a correlation plot as a consistent trend with little to no scatter.  In contrast, chromium forms 
several coexisting aqueous species with different charges [Cr(OH)2

+, Cr(OH)3
0, and Cr(OH)4

–] 
that will adsorb on several different types of minerals, including clays and iron oxides.  This 
behavior will yield lower correlation coefficients for chromium versus iron or chromium versus 
aluminum relative to the coefficients observed for vanadium versus iron, and more scatter may 
be observed on the correlation plots.  Some elements are more selective than others with respect 
to adsorption on specific mineral surfaces, and this selectivity is dependent on site-specific 
conditions, including soil pH, redox conditions, and concentrations of competing elements. 
 
It should be noted that the geochemical evaluations rely in part on professional judgment.  
Samples that plot off the background trend on a correlation plot are certainly suspect, but 
because all uncertainty cannot be eliminated from the evaluation, such plots cannot be construed 
as definitive proof of contamination.  Unless otherwise noted, anomalous samples are flagged as 
suspect, and their results should be used as a basis for further investigation, risk assessment, or 
remediation, as appropriate. 
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Ratio Plots.  Site samples with a trace element present as a contaminant will exhibit 
anomalously high trace-versus-major element ratios compared to background trace-versus-major 
element ratios.  These elevated ratios may not always be apparent in log-log correlation plots, 
especially at the upper range of concentrations.  Therefore, ratio plots, which depict trace 
element concentrations on the y-axis and trace/major element ratios on the x-axis, are employed 
in conjunction with correlation plots in those cases where it is not immediately apparent which 
site samples have anomalously high elemental ratios on the correlation plots.  The ratio plots 
permit easy identification of samples with anomalously high elemental ratios relative to 
background, and they have high resolution over the entire concentration range.  The presence of 
an anomalously high elemental ratio is not definitive proof of site-related contamination; 
however, such samples are discussed in the text and, unless otherwise noted, are flagged as 
representing potential site-related contamination.  This is a conservative approach. 
 
It is important to note that there is natural variability, as well as analytical uncertainty, in the 
elemental ratios of uncontaminated soil samples.  Trace/major element ratios are calculated from 
two uncertain analytical results, so the resulting uncertainties in the ratios can produce some 
scatter in the points on a ratio plot.  This is especially true when estimated (“J”-qualified) 
analytical results are used.  This can be seen on many of the plots that show more scatter of the 
points at the lower end of the concentration range, where analytical uncertainties are higher and 
analytical results are reported with fewer significant figures. 
 
On ratio plots, vertical trends should be expected only in those cases where the trace element 
adsorption is a linear process, where the trace element concentrations are controlled exclusively 
by adsorption on a given mineral type, and where the variances of the reference and trace 
element concentrations are similar.  Nonvertical trends are much more common in ratio plots, 
however, because adsorption processes often are not linear, trace elements often have affinities 
for more than one type of sorptive surface, and the reference and trace element concentrations 
usually possess different variances.  Nonlinear adsorption of a trace element on mineral surfaces 
will manifest itself as a curve rather than a straight line on a correlation plot and as a nonvertical 
trend on a ratio plot.  In addition, the presence of competing ions in soil and differences in pH 
and redox conditions among the sample locations can add to the natural variability of elemental 
ratios. 
 
Ratio plots may also be prepared for the major elements (e.g., aluminum versus Al/Fe ratios).  
However, adsorption is not the dominant process controlling major element concentrations.  For 
example, aluminum and iron concentrations covary largely because they are controlled by the 
abundance of fine-grained minerals in the samples.  The plots thus reflect physical effects rather 
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than chemical effects such as adsorption.  Constant ratios are not necessarily observed for major 
versus major elements. 
 
2.2.2  Geochemical Evaluation Methodology for Groundwater and Surface Water 
Trace element behavior in groundwater and surface water is more complex than in soil and 
sediment because it is subject to a wider range of pH and redox conditions, and trace elements 
are more sensitive to the presence of natural complexing ligands (chloride, hydroxyl, sulfate, 
phosphate, etc.) and organic contaminants in aqueous systems.  Although there are more 
dimensions to interpretation of the data, more parameters are available to aid in the 
interpretation.  These additional parameters include pH, dissolved oxygen (DO), oxidation-
reduction potential (ORP), filtered/unfiltered ratios, turbidity, specific conductivity, organic 
compound concentrations, etc. 
 
Elevated concentrations of inorganic constituents in surface water samples may be due to 
naturally high dissolved concentrations, the presence of suspended particulates in the samples, 
reductive dissolution, or contamination resulting from site activities.  The effects of suspended 
particulates and reductive dissolution are discussed below. 
 
Effects of Suspended Particulates.  Under natural conditions, metals concentrations are 
commonly controlled through adsorption on suspended particulates.  The most common 
suspended particulates in surface water samples are clay minerals, hydrous aluminum oxides 
(Al2O3•nH2O), and aluminum hydroxides [Al(OH)3], hereafter referred to as “clays”; and iron 
oxide (Fe2O3), hydrous iron oxide, iron hydroxide [Fe(OH)3], and iron oxyhydroxide (FeO•OH) 
minerals, hereafter referred to as “iron oxides.”  Aluminum is  a primary component of all clay 
minerals, which have low solubilities over the neutral pH range (6 to 8).  Measured 
concentrations of aluminum greater than approximately 1 milligram per liter (mg/L) indicate the 
presence of suspended clay minerals (Hem, 1985; Stumm and Morgan, 1996); the higher the 
aluminum concentration, the greater the mass of suspended clay minerals in the sample.  Iron 
oxides also have very low solubilities under oxic neutral-pH conditions, but they are redox-
sensitive.  Measured iron concentrations above approximately 1 mg/L under neutral-pH and 
moderate to oxidizing redox conditions indicate the presence of suspended iron oxides (Hem, 
1985). 
 
The same concepts involved in the evaluation of soil and sediment data also apply to 
groundwater and surface water data, although pH and redox conditions need to be carefully 
considered.  Samples containing trace elements adsorbed on suspended clay particulates should 
show a positive correlation with aluminum concentrations, and samples containing trace 
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elements adsorbed on suspended iron oxides should show a positive correlation with iron 
concentrations.  These correlations are evaluated by generating x-y plots of the concentrations of 
an elevated trace metal versus aluminum or iron (depending on the trace element).  Divalent 
cations such as barium, lead, and zinc have an affinity to adsorb on clay surfaces, which tend to 
maintain a net negative charge (EPRI, 1984; Brookins, 1988).  Concentrations of barium, lead, or 
zinc in a set of samples can be evaluated through comparison to the corresponding aluminum 
concentrations.  Under oxidizing conditions, elements such as arsenic, selenium, and vanadium 
are usually present as oxyanions and have a strong affinity to adsorb on iron oxide surfaces, 
which tend to maintain a net positive charge (Pourbaix, 1974; Hem, 1985; Brookins, 1988; 
Bowell, 1994).  Concentrations of arsenic, selenium, or vanadium can be evaluated through 
comparison to the corresponding iron concentrations.  Chromium can exist as a mixture of 
aqueous species with different charges [Cr(OH)2

+, Cr(OH)3
o, and Cr(OH)4

–], depending on pH 
(EPRI, 1984), so it can be distributed on several different types of sorptive surfaces, including 
clay and iron oxide minerals. 
 
As an example geochemical evaluation for groundwater or surface water, the detected 
concentrations of zinc would be plotted on the y-axis, and the corresponding detected 
concentrations of aluminum would be plotted on the x-axis.  A trend with a positive slope 
(positive correlation) indicates that the zinc in those samples is associated with suspended clay 
minerals at a relatively constant ratio and that the zinc is natural.  A sample that plots above this 
trend contains excess zinc beyond that which can be explained by the suspended clay content and 
may contain a component of contamination. 
 
Ratio plots are also a useful tool for interpreting the relationship between trace and major 
elements and for identifying anomalous samples that may contain a component of contamination.  
Ratio plots display trace element concentrations on the y-axis and trace/major element ratios on 
the x-axis, and they are employed in conjunction with correlation plots in those cases where it is 
not immediately apparent which site samples have anomalously high elemental ratios on the 
correlation plots.  However, ratio plots must be used with care when depicting aqueous data, and 
they should only be used for samples from oxidizing waters.  For samples from low-redox areas, 
redox-sensitive elements (such as arsenic, iron, and manganese) are expected to display a higher 
degree of scatter on correlation plots and, hence, a wider range of ratios on ratio plots. 
 
In addition to the evaluation of trace-versus-major element correlations, the effects of suspended 
particulates can be assessed via the evaluation of element-versus-turbidity correlations, element-
versus-total suspended solids (TSS) correlations, and the comparison of filtered versus unfiltered 
splits.  Evaluations of turbidity and TSS measurements provide additional lines of evidence that 



 

KN9\FTMC\IMR\RIR\Final\APH\H-Txt.doc\05/08/08(1:35:48 PM) 12 

support the conclusions drawn from the evaluation of trace-versus-major element correlations.  
However, turbidity and TSS measurements are qualitative and cannot distinguish between 
suspended iron oxides, clay minerals, and natural organic material.  Consequently, they do not 
provide the mechanistic information afforded by the correlations of trace elements versus 
aluminum or trace elements versus iron.  Comparisons of filtered versus unfiltered splits of 
samples are highly informative and permit the identification of elements that are present as 
suspended particulates versus those that are in true solution. 
 
Effects of Reductive Dissolution.  Iron oxides and manganese oxides concentrate several 
trace elements such as arsenic, selenium, and vanadium on mineral surfaces, as discussed above.  
In soils and sedimentary aquifers, these elements are almost exclusively associated with iron and 
manganese oxide minerals and grain coatings, as long as the redox conditions are moderate to 
oxidizing. 
 
The release of organic contaminants such as jet fuel, gasoline, or chlorinated solvents can 
establish local reducing environments caused by microbial degradation of the organic 
compounds.  The establishment of local reducing conditions can drive the dissolution of iron and 
manganese oxides, which become soluble as the redox potential drops below a threshold value.  
Dissolution of these oxide minerals can mobilize the trace elements adsorbed on the oxide 
surfaces, which is a process termed “reductive dissolution.”  Several investigations have 
documented the mobilization of arsenic, selenium, and other trace elements under locally 
reducing redox conditions (Sullivan and Aller, 1996; Nickson et al., 2000; Belzile et al., 2000).  
Reducing conditions can also exist naturally in groundwaters and surface waters that are 
associated with swamp or wetland environments. 
 
Evidence for reductive dissolution includes high Fe/Al ratios and correlation between elevated 
trace elements (arsenic, selenium, and vanadium in particular) versus lower redox conditions.  
Low redox conditions can be identified by local depressions in ORP or DO measurements or by 
the presence of reducing gases such as hydrogen, methane, ethane, or ethene.  Anaerobic 
microbes can also reduce sulfate to sulfide and nitrate to ammonia, resulting in local depressions 
in sulfate and nitrate concentrations and local detections of sulfide and ammonia.  In areas 
impacted by chlorinated solvents, additional evidence for the establishment of anaerobic 
reducing conditions is the presence of cis-1,2-dichloroethene and/or vinyl chloride, which are 
reductive dechlorination products resulting from the microbial degradation of trichloroethene or 
tetrachloroethene under anaerobic conditions. 
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3.0 Results of the Site-to-Background Comparison for the 
Iron Mountain Road Ranges  

 
This section presents the results of the site-to-background comparison for 23 TAL metals in 
surface soil, subsurface soil, sediment, groundwater, and surface water samples from the Iron 
Mountain Road Ranges.  Tables 3 through 7 list the results of the statistical tests for each 
medium.  Box plots are provided in Attachment 1, and geochemical correlation plots and ratio 
plots are included in Attachment 2. 
 
3.1  Soil 
The results of the statistical site-to-background comparison tests for surface soil and subsurface 
soil are summarized below, and the individual test results for each element are listed in Tables 3 
and 4.  The two soil intervals were combined for purposes of geochemical evaluation. 
 
Surface Soil.  One hundred percent of the site surface soil samples are nondetect for cadmium. 
 Aluminum, barium, chromium, cobalt, iron, magnesium, manganese, mercury, sodium, thallium, 
and vanadium passed statistical comparison to background (Tier 1 or Tier 2; Table 3).  The 
detected concentrations of these eleven elements are within their respective background ranges.  
Antimony, arsenic, beryllium, calcium, copper, lead, nickel, potassium, selenium, silver, and 
zinc failed statistical comparison to background (Tier 2) and required geochemical evaluation. 
 
Subsurface Soil.  One hundred percent of the site subsurface soil samples are nondetect for 
cadmium.  Aluminum, arsenic, barium, beryllium, calcium, chromium, cobalt, magnesium, 
manganese, mercury, nickel, potassium, silver, sodium, thallium, vanadium, and zinc passed 
statistical comparison to background (Tier 1 or Tier 2; Table 4).  The detected concentrations of 
these 17 elements are within their respective background ranges.  Antimony, copper, iron, lead, 
and selenium failed statistical comparison to background (Tier 2) and required geochemical 
evaluation.  Iron (along with aluminum) is evaluated first because it is one of the primary 
reference elements used to evaluate the other trace elements. 
 
Aluminum – Geochemical Evaluation 
Aluminum is the second most abundant element analyzed in the site soil samples, with a mean 
concentration of 7,220 mg/kg (approximately 0.7 weight percent).  Aluminum is a primary 
component of common soil-forming minerals such as clays, feldspars, and micas.  Aluminum 
also substitutes for ferric iron in iron oxide minerals, and can adsorb on iron oxide surfaces 
(Cornell and Schwertmann, 2003).  Iron is the most abundant element analyzed in the site soil 
samples (mean concentration of 15,100 mg/kg, or 1.5 weight percent), and is mostly present as 
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iron oxides, which are common soil-forming minerals.  Clays and iron oxides tend to exist as 
very fine particles, so both aluminum and iron are enriched in samples with finer grain sizes. 
 
A plot of aluminum versus iron concentrations provides a qualitative indicator of the relative 
abundance of clay and iron oxide minerals in site soil (Figure 1).  Site surface soil samples are 
represented by open triangles, site subsurface soil samples by filled triangles, and background 
soil samples by filled circles.  For both soil intervals, most of the site samples exhibit aluminum 
and iron concentrations that are similar to that of the background samples.  The samples with 
high aluminum concentrations also contain high iron and lie on the general background trend 
(Figure 1).  This indicates that the Al/Fe ratios of the site and background samples are similar, 
and that the aluminum and iron have a natural source.  It is important to note that clays and iron 
oxides adsorb specific trace elements (as discussed previously), so samples that plot on the upper 
end of the trend in Figure 1 are expected to contain proportionally higher concentrations of trace 
elements. 
 
Antimony – Geochemical Evaluation 
Antimony is geochemically similar to arsenic; like arsenic it has an affinity to adsorb on the 
surfaces of iron oxides, so a positive correlation between antimony and iron is expected for 
uncontaminated samples.  The background samples form a common trend with a positive slope 
in a plot of antimony versus iron (Figure 2); the background samples with high antimony contain 
proportionally higher iron.  This indicates that antimony in the background soil samples is 
associated with iron oxides at consistent ratios, and is natural. 
 
Most of the site samples lie above the background trend in Figure 2 and to the right of the 
background samples in the ratio plot of Figure 3.  Their anomalously high Sb/Fe ratios suggests 
that they contain excess antimony from a contaminant source.  The Iron Mountain Road Ranges 
encompass several firing ranges, and lead is a known contaminant due to its presence in bullets 
and bullet fragments.  Antimony is used as a hardening agent in bullets (Interstate Technology 
and Regulatory Council [ITRC], 2003), and is present in lead bullets at concentrations of 3 to 8 
percent; elevated antimony concentrations, therefore, would be expected in soil samples from 
firing ranges.  The correlation between antimony and lead in the site samples (Figure 4) and the 
presence of elevated antimony concentrations in samples with high lead indicate that lead and 
antimony are co-contaminants at the site. 
 
The anomalous site samples identified in Figures 2 and 3 include multiple surface soil samples 
and one subsurface soil sample with antimony concentrations of 2.8 mg/kg and higher.  These 
samples exhibit low to moderate iron content (as well as low to moderate aluminum and 
manganese), elevated lead, and anomalously high Sb/Fe ratios relative to background.  They 
contain an excess amount of antimony that cannot be explained by natural processes, and are 
most likely contaminated (Table 8). 
 
Arsenic – Geochemical Evaluation 
As discussed previously, arsenic in oxic soil pore fluid is commonly present as oxyanions 
(H2AsO4

−, HAsO4
2−) that have a strong affinity to adsorb on iron oxides, which tend to maintain 

a net positive surface charge.  Positive correlations between arsenic and iron are typically 
observed for uncontaminated samples under those conditions.  A plot of arsenic versus iron 
reveals a common trend for the background samples and most of the site samples (Figure 5).  
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Most of the site samples lie on the background trend in the correlation plot, which suggests that 
arsenic in these site samples is associated with iron oxides ratios consistent with those of the 
background samples, and that it is natural. 
 
Another perspective on the data sets is provided in Figure 6, which displays the arsenic 
concentrations of the site and background samples (y-axis) versus their corresponding As/Fe 
ratios (x-axis).  If a site sample contains excess arsenic from a contaminant source, then it will 
exhibit an anomalously high As/Fe ratio relative to background and will plot to the right of the 
background samples in Figure 6.  Three site surface soil samples have As/Fe ratios that exceed 
the background range, which suggests that they may contain a component of arsenic 
contamination (Table 8). 
 
Beryllium – Geochemical Evaluation 
Beryllium concentrations in soil are commonly controlled through adsorption on iron oxides 
(Vesely, et al., 2002), so positive correlations between beryllium and iron concentrations are 
often observed for uncontaminated samples.  A plot of beryllium versus iron is provided in 
Figure 7.  The site and background samples form a common trend, and the Be/Fe ratios of the 
site samples are consistent with those of the background samples.  These observations suggest a 
natural source for the beryllium detected in the site samples. 
 
Calcium – Geochemical Evaluation 
Calcium and magnesium have similar chemical properties, and magnesium often substitutes for 
calcium in minerals.  Positive correlations between calcium and magnesium concentrations are 
thus commonly observed in uncontaminated soil samples.  A plot of calcium versus magnesium 
is provided in Figure 8.  The site and background samples with elevated calcium concentrations 
have proportionally higher magnesium and form a common trend with a positive slope.  Calcium 
in these samples has a natural source. 
 
Copper – Geochemical Evaluation 
Copper in soil has an affinity to adsorb on the surfaces of minerals such as clays and iron oxide 
minerals (Kabata-Pendias, 2001).  The background samples form a common trend with a positive 
slope in a plot of copper versus iron (Figure 9).  Many of the site samples lie on the background 
trend, but many other site samples exhibit anomalously high Cu/Fe ratios and lie above the 
background trend in the correlation plot (Figure 9) and to the right of the background samples in 
the ratio plot (Figure 10).  Copper, along with zinc, is a primary component of shell casings and 
jackets (ITRC, 2003), so copper contamination would be expected at firing-range sites such as 
the Iron Mountain Road Ranges.  Lead is a known contaminant at firing ranges; a plot of copper 
versus lead reveals that the samples with elevated copper also have high lead content (Figure 11).  
This indicates that copper and lead are co-contaminants in site soil. 
 
Many site samples have Cu/Fe ratios that are within the background range, and copper in these 
samples is most likely natural.  However, the site soil samples with anomalously high Cu/Fe 
ratios relative to background (Figure 10) most likely contain a component of contamination 
(Table 8). 
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Lead – Geochemical Evaluation 
Manganese oxides are a class of naturally occurring minerals that are common in soils and 
sediments (Post, 1999).  They exist either as discrete mineral grains or as coatings on other 
minerals.  As a result of their large surface areas and high negative surface charges, these 
minerals have a strong affinity to adsorb divalent cations such as Ba2+, Co2+, and Pb2+.  A soil 
sample that is naturally enriched in manganese oxides will have high concentrations of 
manganese and associated trace elements, such as lead. 
 
A common trend with a positive slope is observed for the background samples and some of the 
site samples in a plot of lead versus manganese (Figure 12).  Many site samples have Pb/Mn 
ratios that are within the background range, as seen in the ratio plot of Figure 13.  It can be 
concluded that lead in these samples is associated with manganese oxides at ratios consistent 
with those of the background samples, and is natural.  However, many other site soil samples 
contain elevated lead but only moderate manganese.  The anomalously high Pb/Mn ratios of 
these samples suggest that they contain a component of contamination (Table 8). 
 
It is important to note that 69 of the 120 surface soil samples and 20 of the 37 subsurface soil 
samples were analyzed only for lead, instead of the full suite of 23 TAL metals.  These non-TAL 
samples could not be subjected to geochemical evaluation to determine if their lead 
concentrations have a natural source.  The non-TAL samples with lead concentrations above the 
background screening values are listed in Table 9. 
 
Nickel – Geochemical Evaluation 
A plot of nickel versus manganese reveals a common trend with a positive slope for most of the 
background samples, and all of the site samples lie on this trend (Figure 14).  The site samples 
with high nickel concentrations are also characterized by high manganese content, and they lie 
on the background trend.  This suggests that nickel in the site samples is associated with 
manganese oxides at ratios consistent with those of the background samples, and that it is 
natural. 
 
Potassium – Geochemical Evaluation 
Potassium is a major element that is a common constituent of minerals such as clays, which also 
contain aluminum.  Positive correlations between potassium and aluminum concentrations are 
often observed for uncontaminated soil samples.  Most of the background samples form a 
common trend in a plot of potassium versus aluminum, and the site samples lie on this trend 
(Figure 15).  The similarity between the site and background K/Al ratios suggests a natural 
source for the potassium detected in the site samples. 
 
Selenium – Geochemical Evaluation 
As noted previously, selenium is typically present in oxic soil pore fluid as oxyanions  (HSeO3

−, 
SeO3

2−) and has an affinity to adsorb on iron oxides, which tend to maintain a net positive 
surface charge.  Positive correlations between selenium and iron concentrations are thus 
expected for uncontaminated soil samples.  However, selenium detections are often estimated 
concentrations below the reporting limit, and the uncertainty associated with such values means 
that weak correlations are often observed, even in uncontaminated samples. 
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Comparison to background is hindered because of the high percentage of nondetects in the 
background data set.  The site surface soil samples form a common trend with a shallow positive 
slope in a plot of selenium versus iron, and one of the two background samples with detectable 
selenium lies on this trend (Figure 16).  The samples with high selenium also contain 
proportionally higher iron, suggesting that the selenium in these samples is associated with iron 
oxides at a relatively constant ratio, and is natural.  One site surface sample (0.592 J mg/kg) lies 
below the trend established by the other samples, but it is below the background maximum of 
1.28 mg/kg.  Furthermore, this concentration is an estimated value below the reporting limit of 
1.31 mg/kg, and such values are highly uncertain.  This uncertainty likely explains the lower 
Se/Fe ratio observed for this sample. 
 
Silver – Geochemical Evaluation 
A plot of detectable silver versus iron concentrations in the site and background samples is 
provided in Figure 17.  The three site samples with detectable silver have higher concentrations 
than most of the background samples.  However, two of these site samples exhibit Ag/Fe ratios 
that are similar to those of the background samples, which suggests that the silver has a natural 
source.  The site sample with the highest silver concentration (HGG0004; 3.69 mg/kg), however, 
has only moderate iron (as well as only moderate aluminum and manganese), and lies well above 
the background trend in the correlation plot.  This sample contains an excess amount of silver 
beyond that which can be explained by the reference element content, and it may contain a 
component of contamination (Table 8).  A ratio plot is provided in Figure 18, and this plot 
confirms that only one site sample has a Ag/Fe ratio that exceeds the background ratio range. 
 
Zinc – Geochemical Evaluation 
Zinc in soils is commonly associated with clay minerals and hydrous iron and aluminum oxides 
(Kabata-Pendias, 2001), so positive correlations for zinc versus aluminum and zinc versus iron 
are expected for uncontaminated samples.  A plot of zinc versus aluminum is provided in Figure 
19.  The background samples and many of the site samples form a common trend with a positive 
slope.  Some of the site samples with high zinc also contain proportionally higher aluminum, and 
lie on the background trend.  This suggests that zinc in these samples is associated with clays and 
other aluminum-bearing minerals at ratios consistent with those of the background samples, and 
is natural. 
 
Several site samples exhibit anomalously high Zn/Al ratios and lie above the background trend in 
the correlation plot of Figure 19 and to the right of the background samples in Figure 20.  Zinc, 
along with copper, is a primary component of shell casings and jackets (ITRC, 2003), so zinc 
contamination would be expected at firing-range sites such as the Iron Mountain Road Ranges.  
Lead is a known contaminant at firing ranges; a plot of zinc versus lead reveals that the samples 
with elevated zinc also have high lead content (Figure 21).  This indicates that zinc and lead are 
co-contaminants in site soil.  Table 8 identifies the soil samples that have anomalously high 
Zn/Al ratios and likely zinc contamination. 
 
 
3.2  Sediment 
One hundred percent of the site sediment samples are nondetect for cadmium, selenium, silver, 
and sodium.  Aluminum, beryllium, calcium, chromium, cobalt, magnesium, mercury, 
potassium, vanadium, and zinc passed statistical comparison to background (Tier 1 or Tier 2; 
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Table 5).  The detected concentrations of these ten elements are within their respective 
background ranges.  Antimony, arsenic, barium, copper, iron, lead, manganese, nickel, and 
thallium failed statistical comparison to background (Tier 2) and required geochemical 
evaluation.  Iron (along with aluminum) is evaluated first because it is one of the primary 
reference elements used to evaluate the trace elements of concern. 
 
Aluminum and Iron – Geochemical Evaluation 
Aluminum is the second most abundant element analyzed in the site sediment samples, with a 
mean concentration of 3,630 mg/kg (0.4 weight percent).  Aluminum is a primary component of 
minerals such as clays, feldspars, and micas.  Aluminum also substitutes for ferric iron in iron 
oxide minerals, and can adsorb on iron oxide surfaces (Cornell and Schwertmann, 2003).  Iron is 
the most abundant element analyzed in the site sediment samples (mean concentration of 23,878 
mg/kg; 2.4 weight percent), and is mostly present as iron oxides, which are common minerals in 
soil and sediment.  Clays and iron oxides tend to exist as very fine particles, so both aluminum 
and iron are enriched in samples with finer grain sizes. 
 
A plot of aluminum versus iron concentrations can be as a qualitative indicator of the relative 
abundance of clay and iron oxide minerals in site sediment (Figure 22).  Site sediment samples 
are represented by filled triangles and background sediment samples are represented by filled 
circles.  The site and background samples form a common trend with a positive slope, and the 
site samples have Al/Fe ratios that are similar to those of the background samples.  This indicates 
that the aluminum in the site samples has a natural source.  It is important to note that clays and 
iron oxides adsorb specific trace elements (as discussed in Section 2.2), so samples that plot on 
the upper end of the trend in Figure 22 are expected to contain proportionally higher 
concentrations of natural trace elements. 
 
Antimony – Geochemical Evaluation 
Antimony is geochemically similar to arsenic; like arsenic it has an affinity to adsorb on the 
surfaces of iron oxides, so a positive correlation between antimony and iron is expected for 
uncontaminated samples.  The background samples and one of the site samples form a common 
trend with a positive slope in a plot of antimony versus iron (Figure 23).  Antimony in these 
samples is most likely associated with iron oxides at consistent ratios and is natural. 
 
Three site sediment samples lie above the background trend in the correlation plot (Figure 23) 
and to the right of the background samples in the ratio plot (Figure 24).  Their anomalously high 
Sb/Fe ratios suggest they contain a component of antimony contamination.  As discussed 
previously, the Iron Mountain Road Ranges encompass several firing ranges, and lead is a 
known contaminant due to its presence in bullets and bullet fragments.  Antimony is used as a 
hardening agent in bullets  (ITRC, 2003), and is present in lead bullets at concentrations of 3 to 8 
percent; elevated antimony concentrations, therefore, would be expected in samples from firing 
ranges.  The correlation between antimony and lead in the site samples (Figure 25) and the 
presence of elevated antimony concentrations in samples with high lead indicate that lead and 
antimony are co-contaminants at the site. 
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The anomalous site samples identified in Figures 23 and 24 contain antimony concentrations of 
3.4 mg/kg and higher (samples HJ1002, HJ1006, and HJ1009).  These samples exhibit low to 
moderate iron content (as well as low to moderate aluminum and manganese), elevated lead, and 
have anomalously high Sb/Fe ratios relative to background.  They contain an excess amount of 
antimony that cannot be explained by natural processes, and are most likely contaminated (Table 
8). 
 
Arsenic – Geochemical Evaluation 
A plot of arsenic versus manganese reveals a common trend with a positive slope for the site and 
background samples (Figure 26).  The site sample with the highest arsenic concentration also 
contains the highest manganese concentration, and lies on the trend established by the other 
samples.  These observations suggest that arsenic in the site samples is associated with 
manganese oxides at ratios consistent with those of the background samples, and is most likely 
natural. 
 
Barium – Geochemical Evaluation 
Manganese oxides are a class of naturally occurring minerals that are common in soils and 
sediments (Post, 1999).  They exist either as discrete mineral grains or as coatings on other 
minerals.  As a result of their large surface areas and high negative surface charges, these 
minerals have a strong affinity to adsorb divalent cations such as Ba2+, Co2+, and Pb2+.  A sample 
that is naturally enriched in manganese oxides will have high concentrations of manganese and 
associated trace elements, such as barium. 
 
A plot of barium versus manganese reveals a common trend with a positive slope for the site and 
background samples (Figure 27).  The site sample with the highest barium concentration also has 
the highest manganese, and it lies on the background trend.  All of the site samples have Ba/Mn 
ratios that are within the background Ba/Mn ratio range, as seen in the ratio plot (Figure 28).  
This suggests that barium in the site samples is associated with manganese oxides at ratios 
consistent with those of the background samples, and that it is natural. 
 
Copper – Geochemical Evaluation 
Copper has an affinity to adsorb on the surfaces of minerals such as clays and iron oxide 
minerals (Kabata-Pendias, 2001).  The background samples form a common trend with a positive 
slope in a plot of copper versus aluminum (Figure 29).  Most of the site samples lie on the 
background trend, but two site samples exhibit anomalously high Cu/Al ratios; they lie above the 
background trend in the correlation plot (Figure 29) and to the right of the background samples 
in the ratio plot (Figure 30).  Copper, along with zinc, is a primary component of shell casings 
and jackets (ITRC, 2003), so copper contamination would be expected at firing-range sites such 
as the Iron Mountain Road Ranges.  Lead is a known contaminant at firing ranges; a plot of 
copper versus lead reveals that the samples with elevated copper also have high lead content 
(Figure 31).  This indicates that copper and lead are co-contaminants in site sediment. 
 
The two anomalous site samples identified in Figures 29 and 30 contain copper concentrations of 
39.9 mg/kg and 73 mg/kg (samples HJ1002 and HJ1006, respectively).  These samples exhibit 
only low to moderate aluminum content (as well as only moderate iron), elevated lead and 
antimony, and anomalously high Cu/Al ratios relative to background.  They contain an excess 
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amount of copper that cannot be explained by natural processes, and are most likely 
contaminated (Table 8). 
 
Lead – Geochemical Evaluation 
As discussed in previously, manganese oxides have an affinity to adsorb divalent cations such as 
lead (Kabata-Pendias, 2001).  A sample that is naturally enriched in manganese oxides will have 
high concentrations of manganese and associated trace elements, such as lead.  The background 
samples and most of the site samples form a common trend with a positive slope in a plot of lead 
versus manganese (Figure 32).  The lead in these samples is associated with manganese oxides at 
a relatively constant ratio, and is natural.  The three site samples with the highest lead 
concentrations (247 mg/kg and higher; samples HJ1002, HJ1006, and HJ1009), however, contain 
only moderate manganese (as well as only moderate aluminum and iron) and lie above the 
background trend in the correlation plot of Figure 32.  Their anomalously high Pb/Mn ratios can 
also be seen in the ratio plot of Figure 33.  Elevated lead in these samples, which also contain 
anomalously high concentrations of copper and/or antimony, should be considered suspect.  The 
Iron Mountain Road Ranges encompass several firing ranges, and thus lead is an expected 
contaminant due to its presence in bullets and bullet fragments (Table 8). 
 
Manganese – Geochemical Evaluation 
Manganese oxides are a class of naturally occurring minerals that are common in soils and 
sediments (Post, 1999).  They exist either as discrete mineral grains or as coatings on other 
minerals.  Iron oxides are also common soil-forming minerals, and the iron and manganese 
concentrations of soil and sediment samples can reflect the relative abundance of these minerals.  
In addition to being present in the form of manganese oxides, manganese (as the divalent cation 
Mn2+) can adsorb on the surfaces of iron oxides and can replace Fe2+ and Mg2+ in silicate and 
oxide minerals (Kabata-Pendias, 2001; Cornell and Schwertmann, 2003).  Figure 34 depicts 
manganese concentrations versus the corresponding iron concentrations in the site and 
background sediment samples.  The site samples exhibit Mn/Fe ratios that are identical to those 
of the background samples, which indicates a natural source for their manganese detections.   
 
Nickel – Geochemical Evaluation 
Nickel is commonly present in soil and sediment as the cation (Ni2+), which binds to hydroxyl 
groups (OH–) on the surfaces of iron oxides.  This adsorption affinity increases as the pH 
approaches neutrality (Cornell and Schwertmann, 2003).  As a result of this behavior, positive 
correlations between nickel versus iron concentrations are often observed in uncontaminated 
samples.  If a sample contains a high proportion of iron oxides, then it is expected to contain 
naturally high concentrations of iron and associated cations such as nickel.  A plot of nickel 
versus iron reveals a common trend with a positive slope for the background samples (Figure 
35).  The site samples with high nickel concentrations are also characterized by high iron content 
and lie on the background trend.  This suggests that nickel in the site samples is associated with 
iron oxides at ratios consistent with those of the background samples and is natural. 
 
Thallium – Geochemical Evaluation 
A plot of thallium versus manganese in the site and background samples is provided in Figure 
36.  The background samples form a weak trend with a shallow positive slope.  The three site 
samples with detectable thallium lie above this trend, but they exhibit consistent Tl/Mn ratios, as 
seen in Figure 37.  The site sample with the highest thallium concentration (2.7 mg/kg) also 
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contains the highest manganese concentration of both site and background data sets (2,830 J 
mg/kg).  These observations suggest a natural source for the thallium in the site samples.  It is 
important to note that two of the site concentrations are estimated values (0.71 J mg/kg) below 
the reporting limit, and such values are highly uncertain.  In comparison, the background 
detections are all unestimated concentrations, ranging from 0.012 to 0.221 mg/kg, with a mean of 
0.0634 mg/kg.  Additionally, the site samples are most likely characterized by higher reporting 
limits relative to the background samples:  the site reporting limits range from 1.2 to 1.5 mg/kg, 
with a mean of 1.34 mg/kg.  Reporting limit data are unavailable for the background samples, 
but their low unestimated detections (which are one to two orders of magnitude below the site 
reporting limits) suggest that the background reporting limits are significantly lower than those 
of the site samples.  The uncertainty associated with estimated concentrations and the difference 
in reporting limits likely explain why the site samples exhibit slightly higher Tl/Mn ratios 
relative to most of the background samples.  However, the site Tl/Mn ratios are within the 
background ratio range (Figure 37), which suggests that the site samples do not contain excess 
thallium from a contaminant source. 
 
Given the low, mostly estimated nature of the site concentrations and the difference in site versus 
background reporting limits, a difference in Tl/Mn ratios between the two data sets is expected.  
When there is an order of magnitude difference in reporting limits, estimated concentrations in 
the samples with higher reporting limits are expected to be higher than estimated concentrations 
in the samples with lower reporting limits. 
 
 
3.3  Groundwater 
One hundred percent of the site groundwater samples are nondetect for antimony, arsenic, 
cadmium, chromium, copper, mercury, nickel, silver, thallium, vanadium, and zinc.  Aluminum, 
barium, beryllium, calcium, iron, lead, magnesium, potassium, selenium, and sodium passed 
statistical comparison to background (Tier 1 or Tier 2; Table 6).  The detected concentrations of 
these ten elements are within their respective background ranges.  Cobalt and manganese in the 
site data set failed statistical comparison to background (Tier 2) and required geochemical 
evaluation. 
 
Field-measured pH readings for the site groundwater samples range from 4.81 to 7.74, with a 
median of 5.55 and mean of 5.75.  These values indicate slightly acidic conditions at most of the 
groundwater sample locations.  Field-measured DO readings range from 2.49 to 9.50 mg/L, with 
a median of 5.15 mg/L and mean of 5.80 mg/L, and ORP readings range from +55 to +311 
millivolts (mV), with a median of +166 mV and mean of +169 mV.  These values suggest 
oxidizing conditions at the sample locations.  Turbidity measurements range from 3 to 999 
nephelometric turbidity units (NTU), with a median of 7.6 NTU and mean of 179 NTU.  
Although one site sample (HJJ3001, from monitoring well HR-69Q-MW01) contained a 
significant mass of suspended particulates (turbidity of 999 NTU), most of the samples did not 



 

KN9\FTMC\IMR\RIR\Final\APH\H-Txt.doc\05/08/08(1:35:48 PM) 22 

(turbidity of 54 NTU or lower).  It should be noted that field readings are not available for the 
background samples. 
 
Aluminum and iron are discussed here because they are the primary reference elements used to 
evaluate cobalt and manganese.  Aluminum was detected in five of the six unfiltered site 
groundwater samples, at concentrations ranging from 0.0644 J mg/L to 1.03 mg/L.  As discussed 
previously, aluminum concentrations in excess of approximately 1 mg/L in neutral-pH 
groundwater indicate the presence of suspended clays.  Some fraction of detected aluminum will 
be present in solution at a pH below about 4 and above 10 (Drever, 1997), but all of the site pH 
readings are either neutral or only slightly acidic (see the above discussion of field readings).  
Iron was detected in all six unfiltered site groundwater samples, at concentrations ranging from 
0.0312 J mg/L to 3.54 mg/L.  Iron concentrations in excess of approximately 1 mg/L in neutral-
pH, moderate to oxidizing groundwater conditions indicate the presence of suspended iron 
oxides.  Iron, unlike aluminum, is a redox-sensitive element, and its dissolved concentrations 
will increase under reducing conditions (reducing conditions can be natural, or they can be 
induced by the microbial degradation of chlorinated solvents and fuels).  As noted above, the DO 
and ORP readings suggest oxidizing conditions at most sample locations.  This suggests that iron 
in the site samples is present primarily as suspended iron oxides. 
 
A plot of aluminum versus iron can be used as a qualitative indicator of the amount of suspended 
particulates in the groundwater samples, as well as an indicator of the redox conditions at the 
sample locations (Figure 38).  A linear trend with a positive slope is typically observed when 
both elements are present in particulate form (as clays and iron oxides), with Al/Fe ratios close to 
1.  Such a trend is observed in Figure 38 for the site samples and the majority of background 
samples.  The consistent Al/Fe ratios observed in the plot suggest that the aluminum and iron 
concentrations in the site samples have a natural source. 
 
Cobalt – Geochemical Evaluation 
Cobalt was detected in only one of the six site groundwater samples.  Cobalt has an affinity to 
adsorb on the surfaces of manganese oxides under oxidizing conditions.  A plot of cobalt versus 
manganese is provided in Figure 39.  Comparison to background is hindered by the high 
percentage of nondetects in the background data set.  The single site sample with detectable 
cobalt (HJJ3001, collected from well HR-69Q-MW01) has a higher concentration (0.0359 mg/L) 
than the background samples with detectable cobalt.  However, this site sample also has high 
manganese, which suggests that the cobalt in sample HJJ3001 is associated with suspended 
particulates such as manganese oxides, and that it is natural.  This conclusion is corroborated by 
the turbidity reading of 999 NTU, which indicates a high mass of suspended particulates in the 
sample.  These observations suggest that the cobalt in the sample has a natural source. 
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Manganese – Geochemical Evaluation 
Manganese was detected in five of the six site groundwater samples.  Manganese behaves 
similarly to iron in that it is redox-sensitive and soluble only under reducing conditions.  
Reducing conditions can be natural, or they can be caused by the anaerobic degradation of 
chlorinated solvents or fuels.  However, field readings for the site samples indicate oxidizing 
conditions at all of the sample locations, and VOCs were detected in only one site sample – and 
all three detections were estimated values below the reporting limit.  Under these conditions, 
both manganese and iron are expected to be present primarily as suspended particulates.  A plot 
of manganese versus iron is provided in Figure 40.  Two of the site samples lie on the general 
background trend.  The two site samples with the highest manganese concentrations (2.42 and 
5.6 mg/L) lie slightly above the trend formed by the majority of background samples.  However, 
these concentrations are below the background maximum of 5.82 mg/L, so any contamination, if 
present, would not be significant.  None of the site samples exhibits excess manganese relative to 
background, suggesting a natural source for the manganese in the site samples. 
 
 
3.4  Surface Water 
One hundred percent of the site surface water samples are nondetect for antimony, arsenic, 
beryllium, cadmium, chromium, cobalt, mercury, nickel, selenium, silver, thallium, and 
vanadium.  Aluminum, barium, calcium, copper, iron, magnesium, manganese, potassium, 
sodium, and zinc passed statistical comparison to background (Tier 1 or Tier 2; Table 7).  The 
detected concentrations of these ten elements are within their respective background ranges.  
Lead in the site data set failed statistical comparison to background (Tier 2) and required 
geochemical evaluation. 
 
Field-measured pH readings for the site surface water samples range from 3.93 to 8.03, with a 
median of 5.69 and mean of 5.66.  These values indicate slightly acidic to neutral conditions at 
the sample locations.  Field-measured DO readings range from 2.01 to 9.27 mg/L, with a median 
of 7.76 mg/L and mean of 6.75 mg/L, and ORP readings range from +70 to +265 mV, with a 
median of +120 mV and mean of +153 mV.  These readings suggest oxidizing conditions at the 
sample locations.  Turbidity measurements range from 2 to 201 NTU, with a median of 7 NTU 
and mean of 31.4 NTU.  Although one sample was characterized by high turbidity (HJ2006; 201 
NTU), most of the site samples did not contain a significant mass of suspended particulates 
(turbidity of 33 NTU or lower).  It should be noted that field readings are not available for the 
background samples. 
 
Aluminum and iron are discussed here because they are the primary reference elements used to 
evaluate lead.  Aluminum was detected in all nine unfiltered site surface water samples, at 
concentrations ranging from an estimated 0.151 mg/L to 0.522 mg/L.  As discussed previously, 
aluminum concentrations of approximately 1 mg/L or higher in neutral-pH surface water indicate 
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the presence of suspended clays.  Some fraction of detected aluminum will be present in solution 
at a pH below about 4 and above 10 (Drever, 1997), but most of the site pH readings are either 
near-neutral or only slightly acidic (see the above discussion of field readings).  Iron was 
detected in all nine unfiltered site surface water samples, at concentrations ranging from an 
estimated 0.0634 mg/L to 0.643 mg/L.  Iron concentrations of approximately 1 mg/L or higher in 
neutral-pH, moderate to oxidizing groundwater conditions indicate the presence of suspended 
iron oxides.  Iron, unlike aluminum, is a redox-sensitive element, and its dissolved 
concentrations will increase under reducing conditions (reducing conditions can be natural, or 
they can be induced by the microbial degradation of chlorinated solvents and fuels).  As noted 
above, the DO and ORP readings suggest oxidizing conditions at most sample locations.  This 
suggests that iron in the site samples is present primarily as suspended iron oxides. 
 
A plot of aluminum versus iron can be used as a qualitative indicator of the amount of suspended 
particulates in the surface water samples, as well as an indicator of the redox conditions at the 
sample locations (Figure 41).  A linear trend with a positive slope is typically observed when 
both elements are present in particulate form (as clays and iron oxides), with Al/Fe ratios close to 
1.  Such a trend is observed in Figure 41, in which it can also be seen that the Al/Fe ratios of the 
site samples are consistent with those of the background samples.  These observations suggest 
that the aluminum and iron concentrations in the site samples have a natural source.  The fact 
that the site samples have lower aluminum and iron concentrations than many background 
samples indicates that the site samples contain a relatively lower mass of suspended clays and 
iron oxides. 
 
Lead – Geochemical Evaluation 
Lead was detected in four of the nine site surface water samples.  As noted previously, lead in 
natural waters has an affinity to adsorb on suspended clay particulates.  A plot of lead versus 
aluminum is provided in Figure 42.  Most of the background and site samples form a common 
trend with a positive slope, indicating that lead in these samples is associated with clay 
particulates at a relatively constant ratio, and is natural.  Two site samples (HJ2006 and HJ2002) 
lie above this trend.  However, the ratio plot reveals that both samples have Pb/Al ratios that are 
below the maximum background ratio (Figure 43).  Site sample HJ2006, which contains the 
second-highest lead concentration in the site data set (0.0356 mg/L), contains relatively low 
aluminum but its Pb/Al ratio of 0.107 is well below the maximum background Pb/Al ratio of 
0.404.  Trace element behavior is more complex in groundwater and surface water than in soil 
because it is subject to a wider range of pH and redox conditions, and trace elements are more 
sensitive to the presence of natural complexing ligands (chloride, hydroxyl, sulfate, phosphate, 
etc.) in aqueous systems.  Natural variability in elemental ratios is expected for aqueous media, 
and the Fort McClellan background surface water data set likely reflects this natural variability.  
The pH reading for site sample HJ2006 (sample location SAR-RC-SW/SD10) is 3.93, whereas 
the remaining eight site samples have pH readings of 4.35 to 8.03, with a median of 5.85 and 
mean of 5.88.  Under the acidic conditions at location SAR-RC-SW/SD10, lead is not expected 
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to strongly adsorb to the surfaces of suspended clay minerals (because of increased competition 
for sorption sites from H+ ions).  The Pb/Al ratios in such waters are therefore not expected to be 
identical to ratios from samples reflecting circumneutral conditions; natural variability in the 
ratios is expected. 
 
The site maximum of 0.0871 mg/L is observed in a sample (HJ2002) with low aluminum (as 
well as low iron), and this sample lies well above the background trend in the correlation plot 
(Figure 42).  Elevated lead in this sample might reflect contamination (Table 8).  Given that its 
Pb/Al ratio is consistent with background, this is a conservative assessment. 
 
 

4.0  Summary  

 
The methodology used to compare the site and background data sets for 23 elements in surface 
soil, subsurface soil, sediment, groundwater, and surface water consisted of a combination of 
statistical and geochemical evaluations.  Tier 1 consisted of a comparison of the site MDC to two 
times the mean of the background data set.  Elements passing this step were considered to be 
present at background concentrations.  Any element failing the Tier 1 evaluation was carried 
forward for Tier 2 evaluation, which consisted of a hot measurement test, nonparametric two-
sample WRS test, and box-and-whisker plots.  Analytes that failed either of the Tier 2 statistical 
tests were subjected to geochemical evaluation to determine if the elevated concentrations could 
be explained by natural processes. 
 
Tables 3 through 7 summarize the results of the Tiers 1 and 2 statistical tests.  Table 8 lists the 
samples identified via geochemical evaluation as containing anomalously high element 
concentrations that may reflect site-related contamination.  Table 9 lists the non-TAL surface and 
subsurface soil samples that could not be included in the geochemical evaluation and that contain 
lead concentrations above the corresponding background screening values. 
 
Surface Soil.  One hundred percent of the site surface soil samples are nondetect for cadmium. 
 Aluminum, barium, chromium, cobalt, iron, magnesium, manganese, mercury, sodium, thallium, 
and vanadium passed statistical comparison to background (Tier 1 or Tier 2 evaluation).  The 
detected concentrations of these eleven elements are within their respective background ranges.  
Antimony, arsenic, beryllium, calcium, copper, lead, nickel, potassium, selenium, silver, and 
zinc failed statistical comparison to background (Tier 2) and were subjected to geochemical 
evaluation.  Geochemical evaluation indicates that all detected concentrations of beryllium, 
calcium, nickel, potassium, and selenium in the site surface soil samples are most likely natural.  



 

KN9\FTMC\IMR\RIR\Final\APH\H-Txt.doc\05/08/08(1:35:48 PM) 26 

Anomalously high concentrations of antimony, arsenic, copper, lead, silver, and zinc are present 
in 1 to 21 samples each and may contain a component of contamination (Table 8). 
 
Sixty-nine surface soil samples were not analyzed for Al, Fe, and Mn and could not be included 
in the geochemical evaluation to determine if their lead concentrations have a natural source.  
Thirty-eight of these lead-only (non-TAL) samples have lead concentrations that exceed the 
background 95th UTL (63.8 mg/kg), and they may reflect site-related contamination (Table 9). 
 
Subsurface Soil.  One hundred percent of the site subsurface soil samples are nondetect for 
cadmium.  Aluminum, arsenic, barium, beryllium, calcium, chromium, cobalt, magnesium, 
manganese, mercury, nickel, potassium, silver, sodium, thallium, vanadium, and zinc passed 
statistical comparison to background (Tier 1 or Tier 2 evaluation).  The detected concentrations 
of these 17 elements are within their respective background ranges.  Antimony, copper, iron, 
lead, and selenium failed statistical comparison to background (Tier 2) and were subjected to 
geochemical evaluation.  Geochemical evaluation indicates that all detected concentrations of 
iron and selenium in the site subsurface soil samples are most likely natural.  Anomalously high 
concentrations of antimony, copper, and lead are present in one to three samples each and may 
contain a component of contamination (Table 8). 
 

Twenty subsurface soil samples were not analyzed for Al, Fe, and Mn and could not be included 
in the geochemical evaluation to determine if their lead concentrations have a natural source.  
Five of these lead-only (non-TAL) samples have lead concentrations that exceed the background 
95th percentile (28.8 mg/kg), and they may reflect site-related contamination (Table 9). 
 
Sediment.  One hundred percent of the site sediment samples are nondetect for cadmium, 
selenium, silver, and sodium.  Aluminum, beryllium, calcium, chromium, cobalt, magnesium, 
mercury, potassium, vanadium, and zinc passed statistical comparison to background (Tier 1 or 
Tier 2).  The detected concentrations of these ten elements are within their respective 
background ranges.  Antimony, arsenic, barium, copper, iron, lead, manganese, nickel, and 
thallium failed statistical comparison to background (Tier 2) and were subjected to geochemical 
evaluation.  Geochemical evaluation indicates that all detected concentrations of arsenic, barium, 
iron, manganese, nickel, and thallium in the site sediment samples are most likely natural.  
Anomalously high concentrations of antimony, copper, and lead are present in two to three 
samples each and may contain a component of contamination (Table 8). 
 
Groundwater.  One hundred percent of the site groundwater samples are nondetect for 
antimony, arsenic, cadmium, chromium, copper, mercury, nickel, silver, thallium, vanadium, and 
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zinc.  Aluminum, barium, beryllium, calcium, iron, lead, magnesium, potassium, selenium, and 
sodium passed statistical comparison to background (Tier 1 or Tier 2).  The detected 
concentrations of these ten elements are within their respective background ranges.  Cobalt and 
manganese in the site data set failed statistical comparison to background (Tier 2) and were 
subjected to geochemical evaluation.  Geochemical evaluation indicates that all detected 
concentrations of cobalt and manganese in the site groundwater samples are most likely natural.  
The available data do not indicate inorganics contamination in the site groundwater samples. 
 
Surface Water.  One hundred percent of the site surface water samples are nondetect for 
antimony, arsenic, beryllium, cadmium, chromium, cobalt, mercury, nickel, selenium, silver, 
thallium, and vanadium.  Aluminum, barium, calcium, copper, iron, magnesium, manganese, 
potassium, sodium, and zinc passed statistical comparison to background (Tier 1 or Tier 2).  The 
detected concentrations of these ten elements are within their respective background ranges.  
Lead in the site data set failed statistical comparison to background (Tier 2) and was subjected to 
geochemical evaluation.  Geochemical evaluation indicates that one surface water sample 
(HJ2002) contains an anomalously high lead concentration that might reflect contamination 
(Table 8).  The other detected concentrations of lead in the site samples are most likely natural. 
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TABLES



Table 1

Tier 1 2x Mean Background Screening Values for TAL Metals
in Soil, Sediment, Groundwater, and Surface Water

Fort McClellan, Calhoun County, Alabama

Surface Soil Subsurface Soil Sediment Groundwater Surface Water
Element mg/kg mg/kg mg/kg μg/L μg/L
Aluminum 16,306 13,591 8,593 2,335 5,259
Antimony 2 1.3 0.73 3.2 --
Arsenic 13.7 18.3 11.3 17.8 2.2
Barium 124 234 98.9 127.5 75.4
Beryllium 0.8 0.9 0.97 1.3 0.39
Cadmium 0.29 0.22 0.43 2.5 1.13
Calcium 1,723 637 1,112 56,493 25,166
Chromium 37 38.3 31.2 -- 11.13
Cobalt 15.2 17.5 11.0 23.4 --
Copper 12.7 19.4 17.12 25.5 12.7
Iron 34,154 44,817 35,267 7,040 19,628
Lead 40.1 38.5 37.8 8 9
Magnesium 1,033 766 906 21,282 10,972
Manganese 1,579 1,355 712 580.5 565
Mercury 0.08 0.07 0.11 -- --
Nickel 10.3 12.9 13.02 -- 22.5
Potassium 800 711 1,013 7,195 2,564
Selenium 0.48 0.47 0.72 -- --
Silver 0.36 0.24 0.32 4 --
Sodium 634 702 692 14,846 3,437
Thallium 3.4 1.4 0.13 1.5 2.5
Vanadium 58.8 65 40.9 17 15.2
Zinc 40.6 35 52.7 220 40.4

Source:  Science Applications International Corporation, 1998, Final Background Metals Survey Report,
              Fort McClellan, Anniston, Alabama , July.
" -- " - Analyte not detected in the background groundwater data set (SAIC, 1998).
mg/kg - Milligram(s) per kilogram.
μg/L - Microgram(s) per liter.
TAL - Target analyte list.
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Table 2

Background 95th UTLs and 95th Percentiles for TAL Metals
in Soil, Sediment, Groundwater, and Surface Water

Fort McClellan, Calhoun County, Alabama

Surface Soil Subsurface Soil Sediment Groundwater Surface Water
Element mg/kg mg/kg mg/kg μg/L μg/L
Aluminum 22,900 16,574 14,331 5,950 13,700
Antimony < 7.14 < 7.14 0.878  < 10 < 10
Arsenic 25.42 54.9 28.4  < 117 3.40
Barium 193.8 320 190.6 472 115
Beryllium 1.189 2.19 1.826  < 5 0.40
Cadmium < 1.2 0.620 0.787  < 6.78 < 5
Calcium 3,545 1,710 2,856 71,400 37,800
Chromium 64.4 53.4 63.27  < 16.8 < 16.8
Cobalt 32.5 54.7 29.07 20.2 < 25
Copper 22.5 34.2 36.79 207 50.6
Iron 55,399 41,800 70,845 22,000 118,000
Lead 63.8 28.8 76.4  < 43.4 22.1
Magnesium 2,160 2,270 2,440 22,000 50,536
Manganese 4,658 3,790 2,611 4,134 1,829
Mercury 0.125 0.094 0.137 < 0.243 < 0.243
Nickel 19.96 29.2 25.8 < 34.3 40.0
Potassium 1,830 1,420 2,300 16,000 4,251
Selenium < 0.563 < 0.574 1.03 < 97.1 < 5
Silver 0.774 0.880 0.530 < 10 < 4.6
Sodium 451 588 547 49,028 5,580
Thallium < 6.62 < 6.62 0.211 < 10 < 2
Vanadium 99.4 91.7 67.7 < 27.6 21.1
Zinc 73.7 85.0 122.9 1,155 45.6

Note:  95th UTLs are listed for elements with normal or lognormal background distributions.  95th percentiles
         are listed for elements with neither normal nor lognormal background distributions (i.e., those elements
         with nonparametric distributions).  Please see the installation-wide work plan (IT Corporation, 2002).
mg/kg - Milligram(s) per kilogram.
μg/L - Microgram(s) per liter.
TAL - Target analyte list.
UTL - Upper tolerance limit.
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Table 3

Summary of Tier 1 and Tier 2 Site-to-Background Comparison for Surface Soil
Iron Mountain Road Ranges

Fort McClellan, Calhoun County, Alabama

Carried Forward
for Tier 3

Element n  > 2x mean Result n  > Hm Result p-levelc Result Geochemical Evaluation
Aluminum 51 / 51 0 Passed NA NA NA NA
Antimony 24 / 51 13 Failed 9 Failed < 0.001 (Site > BG) Failed Yes
Arsenic 46 / 51 6 Failed 3 Failed 0.288 Passed Yes
Barium 51 / 51 0 Passed NA NA NA NA
Beryllium 30 / 51 10 Failed 2 Failed < 0.001 (Site > BG) Failed Yes
Cadmium 0 / 51 NA NA NA NA NA NA
Calcium 50 / 51 2 Failed 1 Failed 0.335 Passed Yes
Chromium 51 / 51 0 Passed NA NA NA NA
Cobalt 48 / 51 1 Failed 0 Passed 0.502 Passed
Copper 51 / 51 31 Failed 25 Failed < 0.001 (Site > BG) Failed Yes
Iron 51 / 51 0 Passed NA NA NA NA
Lead 120 / 120 79 Failed 69 Failed < 0.001 (Site > BG) Failed Yes
Magnesium 51 / 51 0 Passed NA NA NA NA
Manganese 51 / 51 1 Failed 0 Passed 0.931 Passed
Mercury 36 / 51 3 Failed 0 Passed NA NA
Nickel 51 / 51 6 Failed 0 Passed 0.012 (Site > BG) Failed Yes
Potassium 47 / 51 2 Failed 0 Passed 0.020 (Site > BG) Failed Yes
Selenium 6 / 51 6 Failed 8 Failed NA NA Yes
Silver 2 / 51 2 Failed 1 Failed NA NA Yes
Sodium 10 / 51 0 Passed NA NA NA NA
Thallium 12 / 51 0 Passed NA NA NA NA
Vanadium 51 / 51 0 Passed NA NA NA NA
Zinc 51 / 51 15 Failed 7 Failed < 0.001 (Site > BG) Failed Yes

Hm - Background 95th upper tolerance limit (or background 95th percentile).  See Table 2 for values.
NA - Not applicable.
a  Tier 1 evaluation consists of a comparison of the site maximum detected concentration to two times the background mean.  Performed in accordance
       with the technical memorandum entitled "Selecting Site-Related Chemicals for Human Health and Ecological Risk Assessments for FTMC:
      Revision 3," dated 14 March 2005, by K. Thorbjornsen, J. Myers, and P. Goetchius (Shaw Environmental).
b  The Wilcoxon rank sum test is not performed on data sets containing 50% or more nondetects.
c  Relative positions of site and background (BG) medians are provided in parentheses for p-levels < 0.20.  See box plots.

Detection

Tier 1 
Evaluationa Hot Measurement Test

Tier 2 Evaluation
Wilcoxon Rank Sum Testb

Frequency
of
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Table 4

Summary of Tier 1 and Tier 2 Site-to-Background Comparison for Subsurface Soil
Iron Mountain Road Ranges

Fort McClellan, Calhoun County, Alabama

Carried Forward
for Tier 3

Element n  > 2x mean Result n  > Hm Result p-levelc Result Geochemical Evaluation
Aluminum 17 / 17 0 Passed NA NA NA NA
Antimony 3 / 17 2 Failed 1 Failed NA NA Yes
Arsenic 16 / 17 1 Failed 0 Passed 0.560 Passed
Barium 17 / 17 0 Passed NA NA NA NA
Beryllium 7 / 17 1 Failed 0 Passed NA NA
Cadmium 0 / 17 NA NA NA NA NA NA
Calcium 15 / 17 0 Passed NA NA NA NA
Chromium 17 / 17 1 Failed 0 Passed 0.147 (Site < BG) Passed
Cobalt 15 / 17 0 Passed NA NA NA NA
Copper 17 / 17 1 Failed 1 Failed 0.942 Passed Yes
Iron 17 / 17 1 Failed 1 Failed 0.006 (Site < BG) Passed Yes
Lead 37 / 37 7 Failed 11 Failed 0.026 (Site > BG) Failed Yes
Magnesium 16 / 17 0 Passed NA NA NA NA
Manganese 17 / 17 0 Passed NA NA NA NA
Mercury 13 / 17 0 Passed NA NA NA NA
Nickel 17 / 17 2 Failed 0 Passed 0.524 Passed
Potassium 14 / 17 0 Passed NA NA NA NA
Selenium 1 / 17 1 Failed 1 Failed NA NA Yes
Silver 1 / 17 1 Failed 0 Passed NA NA
Sodium 1 / 17 0 Passed NA NA NA NA
Thallium 2 / 17 0 Passed NA NA NA NA
Vanadium 17 / 17 0 Passed NA NA NA NA
Zinc 17 / 17 2 Failed 0 Passed 0.301 Passed

Hm - Background 95th upper tolerance limit (or background 95th percentile).  See Table 2 for values.
NA - Not applicable.
a  Tier 1 evaluation consists of a comparison of the site maximum detected concentration to two times the background mean.  Performed in accordance
       with the technical memorandum entitled "Selecting Site-Related Chemicals for Human Health and Ecological Risk Assessments for FTMC:
      Revision 3," dated 14 March 2005, by K. Thorbjornsen, J. Myers, and P. Goetchius (Shaw Environmental).
b  The Wilcoxon rank sum test is not performed on data sets containing 50% or more nondetects.
c  Relative positions of site and background (BG) medians are provided in parentheses for p-levels < 0.20.  See box plots.

Detection

Tier 1 
Evaluationa

Tier 2 Evaluation
Hot Measurement Test Wilcoxon Rank Sum Testb

Frequency
of
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Table 5

Summary of Tier 1 and Tier 2 Site-to-Background Comparison for Sediment
Iron Mountain Road Ranges

Fort McClellan, Calhoun County, Alabama

Carried Forward
for Tier 3

Element n  > 2x mean Result n  > Hm Result p-levelc Result Geochemical Evaluation
Aluminum 9 / 9 0 Passed NA NA NA NA
Antimony 4 / 9 4 Failed 4 Failed NA NA Yes
Arsenic 9 / 9 2 Failed 1 Failed 0.095 (Site > BG) Failed Yes
Barium 9 / 9 1 Failed 1 Failed 0.342 Passed Yes
Beryllium 6 / 9 2 Failed 0 Passed NA NA
Cadmium 0 / 9 NA NA NA NA NA NA
Calcium 9 / 9 1 Failed 0 Passed 0.208 Passed
Chromium 9 / 9 1 Failed 0 Passed 0.421 Passed
Cobalt 9 / 9 2 Failed 0 Passed 0.600 Passed
Copper 9 / 9 2 Failed 2 Failed 0.037 (Site > BG) Failed Yes
Iron 9 / 9 1 Failed 0 Passed 0.140 (Site > BG) Failed Yes
Lead 9 / 9 5 Failed 4 Failed 0.021 (Site > BG) Failed Yes
Magnesium 9 / 9 0 Passed NA NA NA NA
Manganese 9 / 9 1 Failed 1 Failed 0.491 Passed Yes
Mercury 5 / 9 0 Passed NA NA NA NA
Nickel 9 / 9 1 Failed 1 Failed 0.514 Passed Yes
Potassium 9 / 9 0 Passed NA NA NA NA
Selenium 0 / 9 NA NA NA NA NA NA
Silver 0 / 9 NA NA NA NA NA NA
Sodium 0 / 9 NA NA NA NA NA NA
Thallium 3 / 9 3 Failed 3 Failed NA NA Yes
Vanadium 9 / 9 1 Failed 0 Passed 0.315 Passed
Zinc 9 / 9 1 Failed 0 Passed 0.298 Passed

Hm - Background 95th upper tolerance limit (or background 95th percentile).  See Table 2 for values.
NA - Not applicable.
a  Tier 1 evaluation consists of a comparison of the site maximum detected concentration to two times the background mean.  Performed in accordance
       with the technical memorandum entitled "Selecting Site-Related Chemicals for Human Health and Ecological Risk Assessments for FTMC:
      Revision 3," dated 14 March 2005, by K. Thorbjornsen, J. Myers, and P. Goetchius (Shaw Environmental).
b  The Wilcoxon rank sum test is not performed on data sets containing 50% or more nondetects.
c  Relative positions of site and background (BG) medians are provided in parentheses for p-levels < 0.20.  See box plots.

Frequency
of

Detection

Tier 1 Tier 2 Evaluation
Evaluationa Hot Measurement Test Wilcoxon Rank Sum Testb
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Table 6

Summary of Tier 1 and Tier 2 Site-to-Background Comparison for Groundwater
Iron Mountain Road Ranges

Fort McClellan, Calhoun County, Alabama

Carried Forward
for Tier 3

Element n  > 2x mean Result n  > Hm Result p-levelc Result Geochemical Evaluation
Aluminum 5 / 6 0 Passed NA NA NA NA
Antimony 0 / 6 NA NA NA NA NA NA
Arsenic 0 / 6 NA NA NA NA NA NA
Barium 5 / 6 1 Failed 0 Passed 0.941 Passed
Beryllium 1 / 6 1 Failed 0 Passed NA NA
Cadmium 0 / 6 NA NA NA NA NA NA
Calcium 6 / 6 0 Passed NA NA NA NA
Chromium 0 / 6 NA NA NA NA NA NA
Cobalt 1 / 6 1 Failed 1 Failed NA NA Yes
Copper 0 / 6 NA NA NA NA NA NA
Iron 5 / 6 0 Passed NA NA NA NA
Lead 2 / 6 0 Passed NA NA NA NA
Magnesium 6 / 6 0 Passed NA NA NA NA
Manganese 5 / 6 2 Failed 1 Failed 0.183 (Site > BG) Failed Yes
Mercury 0 / 6 NA NA NA NA NA NA
Nickel 0 / 6 NA NA NA NA NA NA
Potassium 4 / 6 0 Passed NA NA NA NA
Selenium 1 / 6 NAd Failed NA NA NA NA
Silver 0 / 6 NA NA NA NA NA NA
Sodium 3 / 6 0 Passed NA NA NA NA
Thallium 0 / 6 NA NA NA NA NA NA
Vanadium 0 / 6 NA NA NA NA NA NA
Zinc 0 / 6 NA NA NA NA NA NA

Hm - Background 95th upper tolerance limit (or background 95th percentile).  See Table 2 for values.
NA - Not applicable.
a  Tier 1 evaluation consists of a comparison of the site maximum detected concentration to two times the background mean.  Performed in accordance
       with the technical memorandum entitled "Selecting Site-Related Chemicals for Human Health and Ecological Risk Assessments for FTMC:
      Revision 3," dated 14 March 2005, by K. Thorbjornsen, J. Myers, and P. Goetchius (Shaw Environmental).
b  The Wilcoxon rank sum test is not performed on data sets containing 50% or more nondetects.
c  Relative positions of site and background (BG) medians are provided in parentheses for p-levels < 0.20.  See box plots.
d  Element is 100 percent nondetect in the background data set.  Site data are therefore carried forward for Tier 2 evaluation.

Frequency
of

Detection

Tier 1 Tier 2 Evaluation
Evaluationa Hot Measurement Test Wilcoxon Rank Sum Testb

KN9\FTMC\IMR\RIR\Final\APH\IMR Site2BG 08 Tbls1-9.xls\Table 6 GW\5/5/2009\1:39 PM



Table 7

Summary of Tier 1 and Tier 2 Site-to-Background Comparison for Surface Water
Iron Mountain Road Ranges

Fort McClellan, Calhoun County, Alabama

Carried Forward
for Tier 3

Element n  > 2x mean Result n  > Hm Result p-levelc Result Geochemical Evaluation
Aluminum 2 / 9 0 Passed NA NA NA NA
Antimony 0 / 9 NA NA NA NA NA NA
Arsenic 0 / 9 NA NA NA NA NA NA
Barium 9 / 9 0 Passed NA NA NA NA
Beryllium 0 / 9 NA NA NA NA NA NA
Cadmium 0 / 9 NA NA NA NA NA NA
Calcium 9 / 9 0 Passed NA NA NA NA
Chromium 0 / 9 NA NA NA NA NA NA
Cobalt 0 / 9 NA NA NA NA NA NA
Copper 1 / 9 0 Passed NA NA NA NA
Iron 9 / 9 0 Passed NA NA NA NA
Lead 4 / 9 2 Failed 2 Failed NA NA Yes
Magnesium 9 / 9 0 Passed NA NA NA NA
Manganese 9 / 9 0 Passed NA NA NA NA
Mercury 0 / 9 NA NA NA NA NA NA
Nickel 0 / 9 NA NA NA NA NA NA
Potassium 9 / 9 0 Passed NA NA NA NA
Selenium 0 / 9 NA NA NA NA NA NA
Silver 0 / 9 NA NA NA NA NA NA
Sodium 9 / 9 0 Passed NA NA NA NA
Thallium 0 / 9 NA NA NA NA NA NA
Vanadium 0 / 9 NA NA NA NA NA NA
Zinc 5 / 9 0 Passed NA NA NA NA

Hm - Background 95th upper tolerance limit (or background 95th percentile).  See Table 2 for values.
NA - Not applicable.
a  Tier 1 evaluation consists of a comparison of the site maximum detected concentration to two times the background mean.  Performed in accordance
       with the technical memorandum entitled "Selecting Site-Related Chemicals for Human Health and Ecological Risk Assessments for FTMC:
      Revision 3," dated 14 March 2005, by K. Thorbjornsen, J. Myers, and P. Goetchius (Shaw Environmental).
b  The Wilcoxon rank sum test is not performed on data sets containing 50% or more nondetects.
c  Relative positions of site and background (BG) medians are provided in parentheses for p-levels < 0.20.  See box plots.

Frequency
of

Detection

Tier 1 Tier 2 Evaluation
Evaluationa Hot Measurement Test Wilcoxon Rank Sum Testb
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Table 8

Samples With Anomalously High Element Concentrations
Iron Mountain Road Ranges

Fort McClellan, Calhoun County, Alabama

Medium Location Sample Date Element(s)
Surface Soil HR-221Q-GP01 NB0001 2-Apr-01 Antimony, Copper, Lead
Surface Soil HR-69Q-DEP01 HJJ0003 20-Aug-01 Copper, Lead
Surface Soil HR-69Q-SS01 HJJ0001 15-Aug-01 Antimony, Copper, Lead
Surface Soil HR-70Q-SS01 HEE0001 16-Aug-01 Antimony, Copper, Lead
Surface Soil HR-70Q-SS01 RW0001 13-May-03 Antimony, Arsenic, Copper, Lead
Surface Soil HR-70Q-SS02 HEE0002 16-Aug-01 Antimony, Copper, Lead
Surface Soil HR-71Q-SS01 HFF0001 16-Aug-01 Arsenic, Copper, Lead
Surface Soil HR-75Q-SS01 HGG0001 15-Aug-01 Antimony, Copper, Lead, Zinc
Surface Soil HR-75Q-SS02 HGG0002 15-Aug-01 Copper, Lead
Surface Soil HR-75Q-SS03 HGG0004 15-Aug-01 Antimony, Copper, Lead, Silver, Zinc
Surface Soil SAR-69-SS11 RW0021 12-May-03 Antimony, Arsenic, Copper, Lead
Surface Soil SAR-69-SS29 HJ0032 18-Mar-00 Lead
Surface Soil SAR-69-SS32 HJ0035 18-Mar-00 Antimony, Lead
Surface Soil SAR-69-SS39 HJ0055 18-Mar-00 Copper
Surface Soil SAR-70-SS12 HE0013 17-Mar-00 Antimony, Lead
Surface Soil SAR-70-SS12 RW0024 8-May-03 Lead
Surface Soil SAR-70-SS15 HE0018 17-Mar-00 Copper, Zinc
Surface Soil SAR-71-SS05 RW0005 8-May-03 Copper, Lead
Surface Soil SAR-71-SS09 RW0006 8-May-03 Lead
Surface Soil SAR-71-SS20 HF0025 17-Mar-00 Antimony, Copper, Lead
Surface Soil SAR-71-SS21 HF0028 17-Mar-00 Copper, Lead
Surface Soil SAR-75-SS20 HG0030 18-Mar-00 Copper, Lead
Surface Soil SAR-RC-DEP08 HJ1004 1-Apr-00 Antimony, Copper, Lead

Subsurface Soil SAR-71-SS20 HF0026 17-Mar-00 Lead
Subsurface Soil SAR-71-SS21 HF0030 17-Mar-00 Lead
Subsurface Soil SAR-75-SS19 HG0028 18-Mar-00 Antimony, Copper, Lead

Sediment SAR-RC-SW/SD06 HJ1002 1-Apr-00 Antimony, Copper, Lead
Sediment SAR-RC-SW/SD10 HJ1006 1-Apr-00 Antimony, Copper, Lead
Sediment SAR-RC-SW/SD13 HJ1009 1-Apr-00 Antimony, Lead

Surface Water SAR-RC-SW/SD06 HJ2002 1-Apr-00 Lead

Note:    Not listed above are soil samples that were analyzed only for lead; they could not be included
        in the geochemical evaluation to determine whether their lead concentrations have a natural source.
        Thirty-eight of the "non-TAL" surface samples and five of the "non-TAL" subsurface soil samples
        have lead concentrations that exceed the background 95th upper tolerance limit (surface soil)
        or background 95th percentile (subsurface soil). The elevated lead in these samples should be
        considered suspect (Table 9).
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Table 9

Non-TAL Samples With Lead Concentrations Above Background Screening Values
Iron Mountain Road Ranges

Fort McClellan, Calhoun County, Alabama

Medium Location Sample Date
Surface Soil HR-221Q-GP01E NB0012 17-May-02
Surface Soil HR-221Q-GP01N NB0010 17-May-02
Surface Soil HR-221Q-GP01S NB0011 17-May-02
Surface Soil HR-221Q-GP01W NB0013 17-May-02
Surface Soil SAR-69-SS11 HJ0012 18-Mar-00
Surface Soil SAR-69-SS13 HJ0015 18-Mar-00
Surface Soil SAR-69-SS14 HJ0016 18-Mar-00
Surface Soil SAR-69-SS17 HJ0019 18-Mar-00
Surface Soil SAR-69-SS18 HJ0020 18-Mar-00
Surface Soil SAR-69-SS20 HJ0023 18-Mar-00
Surface Soil SAR-69-SS22 HJ0025 18-Mar-00
Surface Soil SAR-69-SS33 HJ0036 18-Mar-00
Surface Soil SAR-69-SS34 HJ0039 18-Mar-00
Surface Soil SAR-69-SS35 HJ0042 18-Mar-00
Surface Soil SAR-69-SS36 HJ0046 18-Mar-00
Surface Soil SAR-70-SS06 HE0007 17-Mar-00
Surface Soil SAR-70-SS08 HE0009 17-Mar-00
Surface Soil SAR-70-SS16 HE0021 17-Mar-00
Surface Soil SAR-71-SS04 HF0004 17-Mar-00
Surface Soil SAR-71-SS05 HF0005 17-Mar-00
Surface Soil SAR-71-SS06 HF0006 17-Mar-00
Surface Soil SAR-71-SS07 HF0008 17-Mar-00
Surface Soil SAR-71-SS08 HF0009 17-Mar-00
Surface Soil SAR-71-SS09 HF0010 17-Mar-00
Surface Soil SAR-71-SS10 HF0012 17-Mar-00
Surface Soil SAR-71-SS11 HF0013 17-Mar-00
Surface Soil SAR-71-SS12 HF0014 17-Mar-00
Surface Soil SAR-71-SS15 HF0017 17-Mar-00
Surface Soil SAR-71-SS16 HF0018 17-Mar-00
Surface Soil SAR-71-SS18 HF0020 17-Mar-00
Surface Soil SAR-75-SS01 HG0001 17-Mar-00
Surface Soil SAR-75-SS02 HG0002 17-Mar-00
Surface Soil SAR-75-SS04 HG0004 17-Mar-00
Surface Soil SAR-75-SS07 HG0008 18-Mar-00
Surface Soil SAR-75-SS09 HG0010 17-Mar-00
Surface Soil SAR-75-SS15 HG0016 17-Mar-00
Surface Soil SAR-75-SS16 HG0017 17-Mar-00
Surface Soil SAR-75-SS18 HG0022 18-Mar-00

Subsurface Soil SAR-69-SS35 HJ0044 18-Mar-00
Subsurface Soil SAR-69-SS35 HJ0045 18-Mar-00
Subsurface Soil SAR-69-SS36 HJ0047 18-Mar-00
Subsurface Soil SAR-70-SS16 HE0024 17-Mar-00
Subsurface Soil SAR-75-SS18 HG0024 18-Mar-00

Note:  The background screening value consists of the 95th upper
       tolerance limit (surface soil) or 95th percentile (subsurface soil).
TAL - Target analyte list.
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Box-Plot Comparison for Antimony in IMR Surface Soil

 Median 
 25%-75% 
 Min-Max 

Background IMR
0.01

0.10

1.00

10.00

100.00

1000.00

10000.00

A
nt

im
on

y 
(m

g/
kg

)

Box-Plot Comparison for Arsenic in IMR Surface Soil
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Box-Plot Comparison for Beryllium in IMR Surface Soil
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Box-Plot Comparison for Calcium in IMR Surface Soil
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Box-Plot Comparison for Cobalt in IMR Surface Soil
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Box-Plot Comparison for Copper in IMR Surface Soil
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Box-Plot Comparison for Lead in IMR Surface Soil
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Box-Plot Comparison for Manganese in IMR Surface Soil
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Box-Plot Comparison for Nickel in IMR Surface Soil
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Box-Plot Comparison for Potassium in IMR Surface Soil
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Box-Plot Comparison for Zinc in IMR Surface Soil
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Box-Plot Comparison for Arsenic in IMR Subsurface Soil
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Box-Plot Comparison for Chromium in IMR Subsurface Soil
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Box-Plot Comparison for Copper in IMR Subsurface Soil
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Box-Plot Comparison for Iron in IMR Subsurface Soil
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Box-Plot Comparison for Lead in IMR Subsurface Soil
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Box-Plot Comparison for Nickel in IMR Subsurface Soil
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Box-Plot Comparison for Zinc in IMR Subsurface Soil
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Box-Plot Comparison for Arsenic in IMR Sediment
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Box-Plot Comparison for Barium in IMR Sediment
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Box-Plot Comparison for Calcium in IMR Sediment
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Box-Plot Comparison for Chromium in IMR Sediment
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Box-Plot Comparison for Cobalt in IMR Sediment
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Box-Plot Comparison for Copper in IMR Sediment
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Box-Plot Comparison for Iron in IMR Sediment
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Box-Plot Comparison for Lead in IMR Sediment
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Box-Plot Comparison for Manganese in IMR Sediment
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Box-Plot Comparison for Nickel in IMR Sediment
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Box-Plot Comparison for Vanadium in IMR Sediment
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Box-Plot Comparison for Zinc in IMR Sediment
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GROUNDWATER BOX PLOTS 



Box-Plot Comparison for Barium in IMR Groundwater
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Box-Plot Comparison for Manganese in IMR Groundwater
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ATTACHMENT 2 
 

GEOCHEMICAL CORRELATION PLOTS AND RATIO PLOTS 



Figure 1.  Aluminum vs. Iron in Soil
Iron Mountain Road Ranges
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Figure 2.  Antimony vs. Iron in Soil
Iron Mountain Road Ranges
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Figure 3.  Antimony vs. Sb/Fe Ratios in Soil
Iron Mountain Road Ranges
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Figure 4.  Antimony vs. Lead in Soil
Iron Mountain Road Ranges
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Figure 5.  Arsenic vs. Iron in Soil
Iron Mountain Road Ranges
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Figure 6.  Arsenic vs. As/Fe Ratios in Soil
Iron Mountain Road Ranges
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Figure 7.  Beryllium vs. Iron in Soil
Iron Mountain Road Ranges
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Figure 8.  Calcium vs. Magnesium in Soil
Iron Mountain Road Ranges
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Figure 9.  Copper vs. Iron in Soil
Iron Mountain Road Ranges
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Figure 10.  Copper vs. Cu/Fe Ratios in Soil
Iron Mountain Road Ranges
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Figure 11.  Copper vs. Lead in Soil
Iron Mountain Road Ranges
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Figure 12.  Lead vs. Manganese in Soil
Iron Mountain Road Ranges
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Figure 14.  Nickel vs. Manganese in Soil
Iron Mountain Road Ranges
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Figure 13.  Lead vs. Pb/Mn Ratios in Soil
Iron Mountain Road Ranges
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Figure 15.  Potassium vs. Aluminum in Soil
Iron Mountain Road Ranges
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Figure 16.  Selenium vs. Iron in Soil
Iron Mountain Road Ranges
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Figure 17.  Silver vs. Iron in Soil
Iron Mountain Road Ranges
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Figure 18.  Silver vs. Ag/Fe Ratios in Soil
Iron Mountain Road Ranges
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Figure 19.  Zinc vs. Aluminum in Soil
Iron Mountain Road Ranges
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Figure 20.  Zinc vs. Zn/Al Ratios in Soil
Iron Mountain Road Ranges
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Figure 21.  Zinc vs. Lead in Soil
Iron Mountain Road Ranges
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Figure 22.  Aluminum vs. Iron in Sediment
Iron Mountain Road Ranges
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Figure 23.  Antimony vs. Iron in Sediment
Iron Mountain Road Ranges
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Figure 24.  Antimony vs. Sb/Fe Ratios in Sediment
Iron Mountain Road Ranges
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Figure 25.  Antimony vs. Lead in Sediment
Iron Mountain Road Ranges
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Figure 27.  Barium vs. Manganese in Sediment
Iron Mountain Road Ranges
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Figure 26.  Arsenic vs. Manganese in Sediment
Iron Mountain Road Ranges
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Figure 29.  Copper vs. Aluminum in Sediment
Iron Mountain Road Ranges
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Figure 28.  Barium vs. Ba/Mn Ratios in Sediment
Iron Mountain Road Ranges
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Figure 30.  Copper vs. Cu/Al Ratios in Sediment
Iron Mountain Road Ranges
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Figure 31.  Copper vs. Lead in Sediment
Iron Mountain Road Ranges
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Figure 32.  Lead vs. Manganese in Sediment
Iron Mountain Road Ranges
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Figure 33.  Lead vs. Pb/Mn Ratios in Sediment
Iron Mountain Road Ranges

1

10

100

1,000

10,000

0.001 0.01 0.1 1 10 100

Pb/Mn Ratio

Le
ad

 (m
g/

kg
)

BG Site

Fig 22-37 IMR Site2BG 2008 Sed GC Figures.xls(Sediment Figures)\5/5/2009 Sed Geochem  6 of 8



Figure 34.  Manganese vs. Iron in Sediment
Iron Mountain Road Ranges
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Figure 35.  Nickel vs. Iron in Sediment
Iron Mountain Road Ranges
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Figure 36.  Thallium vs. Manganese in Sediment
Iron Mountain Road Ranges
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Figure 37.  Thallium vs. Tl/Mn Ratios in Sediment
Iron Mountain Road Ranges
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Figure 39.  Cobalt vs. Manganese in Groundwater
Iron Mountain Road Ranges
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Figure 38.  Aluminum vs. Iron in Groundwater
Iron Mountain Road Ranges
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Figure 40.  Manganese vs. Iron in Groundwater
Iron Mountain Road Ranges
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Figure 41.  Aluminum vs. Iron in Surface Water
Iron Mountain Road Ranges
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Figure 42.  Lead vs. Aluminum in Surface Water
Iron Mountain Road Ranges
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Figure 43.  Lead vs. Pb/Al Ratios in Surface Water
Iron Mountain Road Ranges
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ATTACHMENT 3 
 

MARCH 2005 TECHNICAL MEMORANDUM: 
“SELECTING SITE-RELATED CHEMICALS  

FOR HUMAN HEALTH AND ECOLOGICAL RISK ASSESSMENTS 
FOR FTMC:  REVISION 3” 
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APPENDIX I 
 

STREAMLINED HUMAN HEALTH RISK ASSESSMENT 
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APPENDIX I-1 
 

PRO UCL OUTPUT 



General UCL Statistics for Data Sets with Non-Detects (Surface Soil)
User Selected Options
Full Precision   OFF
Confidence Coefficient   95%
Number of Bootstrap Operations   2000

Antimony

General Statistics
Number of Valid Samples 51 Number of Detected Data 24
Number of Unique Samples 24 Number of Non-Detect Data 27

Percent Non-Detects 52.94%

Raw Statistics Log-transformed Statistics
Minimum Detected 0.52 Minimum Detected -0.654
Maximum Detected 1620 Maximum Detected 7.39
Mean of Detected 129.3 Mean of Detected 1.712
SD of Detected 405 SD of Detected 2.248
Minimum Non-Detect 3.4 Minimum Non-Detect 1.224
Maximum Non-Detect 6.9 Maximum Non-Detect 1.932

Note: Data have multiple DLs - Use of KM Method is recommended Number treated as Non-Detect 42
For all methods (except KM, DL/2, and ROS Methods), Number treated as Detected 9
Observations < Largest ND are treated as NDs Single DL Non-Detect Percentage 82.35%

UCL Statistics
Normal Distribution Test with Detected Values Only Lognormal Distribution Test with Detected Values Only
Lilliefors Test Statistic 0.354 Lilliefors Test Statistic 0.859
5% Lilliefors Critical Value 0.916 5% Lilliefors Critical Value 0.916
Data not Normal at 5% Significance Level Data not Lognormal at 5% Significance Level

Assuming Normal Distribution Assuming Lognormal Distribution
DL/2 Substitution Method DL/2 Substitution Method
Mean 62.12 Mean 1.243
SD 282 SD 1.602
   95% DL/2 (t) UCL 128.3    95%  H-Stat (DL/2) UCL 23.92

Maximum Likelihood Estimate(MLE) Method N/A Log ROS Method
MLE yields a negative mean Mean in Log Scale 0.993

SD in Log Scale 1.738
Mean in Original Scale 61.77
SD in Original Scale 282.1
   95% Percentile Bootstrap UCL 132.5
   95% BCA Bootstrap UCL 165.6

Gamma Distribution Test with Detected Values Only Data Distribution Test with Detected Values Only
k star (bias corrected) 0.228 Data do not follow a Discernable Distribution (0.05)
Theta Star 567.5
nu star 10.94

A-D Test Statistic 3.589 Nonparametric Statistics
5% A-D Critical Value 0.882 Kaplan-Meier (KM) Method
K-S Test Statistic 0.882 Mean 61.61
5% K-S Critical Value 0.196 SD 279.4
Data not Gamma Distributed at 5% Significance Level SE of Mean 39.96

   95% KM (t) UCL 128.6
Assuming Gamma Distribution    95% KM (z) UCL 127.3
Gamma ROS Statistics using Extrapolated Data    95% KM (jackknife) UCL 127.8
Minimum 0.52    95% KM (bootstrap t) UCL 1273
Maximum 1620    95% KM (BCA) UCL 141.6
Mean 136.8    95% KM (Percentile Bootstrap) UCL 134
Median 95.28 95% KM (Chebyshev) UCL 235.8
SD 275.9 97.5% KM (Chebyshev) UCL 311.2
k star 0.419 99% KM (Chebyshev) UCL 459.2
Theta star 326.4
Nu star 42.76 Potential UCLs to Use
AppChi2 28.76    99% KM (Chebyshev) UCL 459.2
   95% Gamma Approximate UCL 203.4
   95% Adjusted Gamma UCL 205.7
Note: DL/2 is not a recommended method.
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Arsenic

General Statistics
Number of Valid Samples 46 Number of Unique Samples 44

Raw Statistics Log-transformed Statistics
Minimum 1.24 Minimum of Log Data 0.215
Maximum 560 Maximum of Log Data 6.328
Mean 19.93 Mean of log Data 1.844
Median 5.5 SD of log Data 1.019
SD 81.78
Coefficient of Variation 4.103
Skewness 6.685

Relevant UCL Statistics
Normal Distribution Test Lognormal Distribution Test
Shapiro Wilk Test Statistic 0.207 Shapiro Wilk Test Statistic 0.865
Shapiro Wilk Critical Value 0.945 Shapiro Wilk Critical Value 0.945
Data not Normal at 5% Significance Level Data not Lognormal at 5% Significance Level

Assuming Normal Distribution Assuming Lognormal Distribution
   95% Student's-t UCL 40.18    95% H-UCL 15.21
   95% UCLs (Adjusted for Skewness)    95% Chebyshev (MVUE) UCL 18.53
   95% Adjusted-CLT UCL 52.46  97.5% Chebyshev (MVUE) UCL 22.02
   95% Modified-t UCL 42.16    99% Chebyshev (MVUE) UCL 28.88

Gamma Distribution Test Data Distribution
k star (bias corrected) 0.525 Data do not follow a Discernable Distribution (0.05)
Theta Star 37.98
nu star 48.28
Approximate Chi Square Value (.05) 33.33 Nonparametric Statistics
Adjusted Level of Significance 0.0448    95% CLT UCL 39.77
Adjusted Chi Square Value 32.93    95% Jackknife UCL 40.18

   95% Standard Bootstrap UCL 40.04
Anderson-Darling Test Statistic 6.799    95% Bootstrap-t UCL 211
Anderson-Darling 5% Critical Value 0.809    95% Hall's Bootstrap UCL 117.1
Kolmogorov-Smirnov Test Statistic 0.307    95% Percentile Bootstrap UCL 43.95
Kolmogorov-Smirnov 5% Critical Value 0.138    95% BCA Bootstrap UCL 56.73
Data not Gamma Distributed at 5% Significance Level 95% Chebyshev(Mean, Sd) UCL 72.49

97.5% Chebyshev(Mean, Sd) UCL 95.24
Assuming Gamma Distribution 99% Chebyshev(Mean, Sd) UCL 139.9
   95% Approximate Gamma UCL 28.87
   95% Adjusted Gamma UCL 29.22

Potential UCL to Use Use 99% Chebyshev (Mean, Sd) UCL 139.9
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Copper

General Statistics
Number of Valid Samples 51 Number of Unique Samples 50

Raw Statistics Log-transformed Statistics
Minimum 1.99 Minimum of Log Data 0.688
Maximum 991 Maximum of Log Data 6.899
Mean 80.18 Mean of log Data 3.229
Median 22.3 SD of log Data 1.45
SD 169.1
Coefficient of Variation 2.108
Skewness 3.907

Relevant UCL Statistics
Normal Distribution Test Lognormal Distribution Test
Lilliefors Test Statistic 0.322 Lilliefors Test Statistic 0.12
Lilliefors Critical Value 0.124 Lilliefors Critical Value 0.124
Data not Normal at 5% Significance Level Data appear Lognormal at 5% Significance Level

Assuming Normal Distribution Assuming Lognormal Distribution
   95% Student's-t UCL 119.9    95% H-UCL 128.7
   95% UCLs (Adjusted for Skewness)    95% Chebyshev (MVUE) UCL 150.1
   95% Adjusted-CLT UCL 133  97.5% Chebyshev (MVUE) UCL 185
   95% Modified-t UCL 122    99% Chebyshev (MVUE) UCL 253.6

Gamma Distribution Test Data Distribution
k star (bias corrected) 0.524 Data appear Lognormal at 5% Significance Level
Theta Star 153
nu star 53.45
Approximate Chi Square Value (.05) 37.66 Nonparametric Statistics
Adjusted Level of Significance 0.0453    95% CLT UCL 119.1
Adjusted Chi Square Value 37.27    95% Jackknife UCL 119.9

   95% Standard Bootstrap UCL 119.4
Anderson-Darling Test Statistic 2.68    95% Bootstrap-t UCL 156.5
Anderson-Darling 5% Critical Value 0.811    95% Hall's Bootstrap UCL 149.9
Kolmogorov-Smirnov Test Statistic 0.174    95% Percentile Bootstrap UCL 122.7
Kolmogorov-Smirnov 5% Critical Value 0.131    95% BCA Bootstrap UCL 132.1
Data not Gamma Distributed at 5% Significance Level 95% Chebyshev(Mean, Sd) UCL 183.4

97.5% Chebyshev(Mean, Sd) UCL 228
Assuming Gamma Distribution 99% Chebyshev(Mean, Sd) UCL 315.7
   95% Approximate Gamma UCL 113.8
   95% Adjusted Gamma UCL 115

Potential UCL to Use Use 95% H-UCL 128.7
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Aldrin

General Statistics
Number of Valid Samples 15 Number of Detected Data 3
Number of Unique Samples 3 Number of Non-Detect Data 12

Percent Non-Detects 80.00%

Raw Statistics Log-transformed Statistics
Minimum Detected 0.0012 Minimum Detected -6.725
Maximum Detected 0.034 Maximum Detected -3.381
Mean of Detected 0.0122 Mean of Detected -5.559
SD of Detected 0.0189 SD of Detected 1.888
Minimum Non-Detect 0.0011 Minimum Non-Detect -6.812
Maximum Non-Detect 0.0014 Maximum Non-Detect -6.571

Note: Data have multiple DLs - Use of KM Method is recommended Number treated as Non-Detect 13
For all methods (except KM, DL/2, and ROS Methods), Number treated as Detected 2
Observations < Largest ND are treated as NDs Single DL Non-Detect Percentage 86.67%

UCL Statistics
Normal Distribution Test with Detected Values Only Lognormal Distribution Test with Detected Values Only
Shapiro Wilk Test Statistic 0.755 Shapiro Wilk Test Statistic 0.784
5% Shapiro Wilk Critical Value 0.767 5% Shapiro Wilk Critical Value 0.767
Data not Normal at 5% Significance Level Data appear Lognormal at 5% Significance Level

Assuming Normal Distribution Assuming Lognormal Distribution
DL/2 Substitution Method DL/2 Substitution Method
Mean 0.00292 Mean -7.055
SD 0.0086 SD 1.056
   95% DL/2 (t) UCL 0.00683    95%  H-Stat (DL/2) UCL 0.00224

Maximum Likelihood Estimate(MLE) Method N/A Log ROS Method
MLE method failed to converge properly Mean in Log Scale -10.95

SD in Log Scale 3.308
Mean in Original Scale 0.00245
SD in Original Scale 0.00874
   95% Percentile Bootstrap UCL 0.0069
   95% BCA Bootstrap UCL 0.00925

Gamma Distribution Test with Detected Values Only Data Distribution Test with Detected Values Only
k star (bias corrected)     N/A    Data appear Lognormal at 5% Significance Level
Theta Star     N/A    
nu star     N/A    

A-D Test Statistic 0.57 Nonparametric Statistics
5% A-D Critical Value     N/A    Kaplan-Meier (KM) Method
K-S Test Statistic     N/A    Mean 0.0034
5% K-S Critical Value     N/A    SD 0.00818
Data not Gamma Distributed at 5% Significance Level SE of Mean 0.00259

   95% KM (t) UCL 0.00796
Assuming Gamma Distribution    95% KM (z) UCL 0.00765
Gamma ROS Statistics using Extrapolated Data    95% KM (jackknife) UCL 0.00712
Minimum     N/A       95% KM (bootstrap t) UCL 0.384
Maximum     N/A       95% KM (BCA) UCL     N/A    
Mean     N/A       95% KM (Percentile Bootstrap) UCL 0.034
Median     N/A    95% KM (Chebyshev) UCL 0.0147
SD     N/A    97.5% KM (Chebyshev) UCL 0.0196
k star     N/A    99% KM (Chebyshev) UCL 0.0291
Theta star     N/A    
Nu star     N/A    Potential UCLs to Use
AppChi2     N/A     97.5% KM (Chebyshev) UCL 0.0196
   95% Gamma Approximate UCL     N/A    
   95% Adjusted Gamma UCL     N/A
Note: DL/2 is not a recommended method.
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Benzo(a)anthracene

General Statistics
Number of Valid Samples 42 Number of Detected Data 3
Number of Unique Samples 3 Number of Non-Detect Data 39

Percent Non-Detects 92.86%

Raw Statistics Log-transformed Statistics
Minimum Detected 0.07 Minimum Detected -2.659
Maximum Detected 0.88 Maximum Detected -0.128
Mean of Detected 0.345 Mean of Detected -1.755
SD of Detected 0.464 SD of Detected 1.412
Minimum Non-Detect 0.18 Minimum Non-Detect -1.715
Maximum Non-Detect 0.235 Maximum Non-Detect -1.448

Note: Data have multiple DLs - Use of KM Method is recommended Number treated as Non-Detect 41
For all methods (except KM, DL/2, and ROS Methods), Number treated as Detected 1
Observations < Largest ND are treated as NDs Single DL Non-Detect Percentage 97.62%

UCL Statistics
Normal Distribution Test with Detected Values Only Lognormal Distribution Test with Detected Values Only
Shapiro Wilk Test Statistic 0.763 Shapiro Wilk Test Statistic 0.804
5% Shapiro Wilk Critical Value 0.767 5% Shapiro Wilk Critical Value 0.767
Data not Normal at 5% Significance Level Data appear Lognormal at 5% Significance Level

Assuming Normal Distribution Assuming Lognormal Distribution
DL/2 Substitution Method DL/2 Substitution Method
Mean 0.117 Mean -2.266
SD 0.121 SD 0.35
   95% DL/2 (t) UCL 0.149    95%  H-Stat (DL/2) UCL 0.13

Maximum Likelihood Estimate(MLE) Method N/A Log ROS Method
MLE method failed to converge properly Mean in Log Scale -2.459

SD in Log Scale 0.705
Mean in Original Scale 0.115
SD in Original Scale 0.134
   95% Percentile Bootstrap UCL 0.151
   95% BCA Bootstrap UCL 0.176

Gamma Distribution Test with Detected Values Only Data Distribution Test with Detected Values Only
k star (bias corrected)     N/A    Data appear Lognormal at 5% Significance Level
Theta Star     N/A    
nu star     N/A    

A-D Test Statistic 0.554 Nonparametric Statistics
5% A-D Critical Value     N/A    Kaplan-Meier (KM) Method
K-S Test Statistic     N/A    Mean 0.0961
5% K-S Critical Value     N/A    SD 0.123
Data not Gamma Distributed at 5% Significance Level SE of Mean 0.0239

   95% KM (t) UCL 0.136
Assuming Gamma Distribution    95% KM (z) UCL 0.135
Gamma ROS Statistics using Extrapolated Data    95% KM (jackknife) UCL 0.132
Minimum     N/A       95% KM (bootstrap t) UCL 0.244
Maximum     N/A       95% KM (BCA) UCL 0.88
Mean     N/A       95% KM (Percentile Bootstrap) UCL 0.88
Median     N/A    95% KM (Chebyshev) UCL 0.2
SD     N/A    97.5% KM (Chebyshev) UCL 0.245
k star     N/A    99% KM (Chebyshev) UCL 0.334
Theta star     N/A    
Nu star     N/A    Potential UCLs to Use
AppChi2     N/A       95% KM (BCA) UCL 0.88
   95% Gamma Approximate UCL     N/A    
   95% Adjusted Gamma UCL     N/A
Note: DL/2 is not a recommended method.

KN9\FTMC\IMR\RIR\Final\API\I-1.xls\ss UCLs\5/8/2009\11:49 AM



Benzo(a)pyrene

General Statistics
Number of Valid Samples 42 Number of Detected Data 3
Number of Unique Samples 3 Number of Non-Detect Data 39

Percent Non-Detects 92.86%

Raw Statistics Log-transformed Statistics
Minimum Detected 0.073 Minimum Detected -2.617
Maximum Detected 1.9 Maximum Detected 0.642
Mean of Detected 0.714 Mean of Detected -1.249
SD of Detected 1.028 SD of Detected 1.691
Minimum Non-Detect 0.18 Minimum Non-Detect -1.715
Maximum Non-Detect 0.235 Maximum Non-Detect -1.448

Note: Data have multiple DLs - Use of KM Method is recommended Number treated as Non-Detect 41
For all methods (except KM, DL/2, and ROS Methods), Number treated as Detected 1
Observations < Largest ND are treated as NDs Single DL Non-Detect Percentage 97.62%

UCL Statistics
Normal Distribution Test with Detected Values Only Lognormal Distribution Test with Detected Values Only
Shapiro Wilk Test Statistic 0.79 Shapiro Wilk Test Statistic 0.928
5% Shapiro Wilk Critical Value 0.767 5% Shapiro Wilk Critical Value 0.767
Data appear Normal at 5% Significance Level Data appear Lognormal at 5% Significance Level

Assuming Normal Distribution Assuming Lognormal Distribution
DL/2 Substitution Method DL/2 Substitution Method
Mean 0.144 Mean -2.23
SD 0.278 SD 0.469
   95% DL/2 (t) UCL 0.216    95%  H-Stat (DL/2) UCL 0.144

Maximum Likelihood Estimate(MLE) Method N/A Log ROS Method
MLE method failed to converge properly Mean in Log Scale -2.117

SD in Log Scale 0.865
Mean in Original Scale 0.189
SD in Original Scale 0.292
   95% Percentile Bootstrap UCL 0.275
   95% BCA Bootstrap UCL 0.329

Gamma Distribution Test with Detected Values Only Data Distribution Test with Detected Values Only
k star (bias corrected)     N/A    Data appear Normal at 5% Significance Level
Theta Star     N/A    
nu star     N/A    

A-D Test Statistic 0.411 Nonparametric Statistics
5% A-D Critical Value     N/A    Kaplan-Meier (KM) Method
K-S Test Statistic     N/A    Mean 0.164
5% K-S Critical Value     N/A    SD 0.275
Data not Gamma Distributed at 5% Significance Level SE of Mean 0.0656

   95% KM (t) UCL 0.274
Assuming Gamma Distribution    95% KM (z) UCL 0.272
Gamma ROS Statistics using Extrapolated Data    95% KM (jackknife) UCL 0.296
Minimum     N/A       95% KM (bootstrap t) UCL 0.344
Maximum     N/A       95% KM (BCA) UCL 1.9
Mean     N/A       95% KM (Percentile Bootstrap) UCL     N/A    
Median     N/A    95% KM (Chebyshev) UCL 0.45
SD     N/A    97.5% KM (Chebyshev) UCL 0.574
k star     N/A    99% KM (Chebyshev) UCL 0.817
Theta star     N/A    
Nu star     N/A    Potential UCLs to Use
AppChi2     N/A       95% KM (t) UCL 0.274
   95% Gamma Approximate UCL     N/A       95% KM (Percentile Bootstrap) UCL     N/A    
   95% Adjusted Gamma UCL     N/A
Note: DL/2 is not a recommended method.
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42 12

0.18 -1.715
0.41 -0.892

0.205 -1.597
0.195 0.132

0.0356
0.174
4.913

0.488 0.609
0.942 0.942

0.214 0.212
0.222

0.218 0.23
0.214 0.246

45.83
0.00446

3850
3707

0.0443 0.214
3702 0.214

0.213
4.429 0.226
0.746 0.25
0.234 0.215
0.136 0.221

0.228
0.239
0.259

0.212
0.213

0.214
0.214

Dibenz(a,h)anthracene

General Statistics
Number of Valid Samples Number of Unique Samples

Raw Statistics Log-transformed Statistics
Minimum Minimum of Log Data
Maximum Maximum of Log Data
Mean Mean of log Data
Median SD of log Data
SD
Coefficient of Variation
Skewness

Relevant UCL Statistics
Normal Distribution Test Lognormal Distribution Test
Shapiro Wilk Test Statistic Shapiro Wilk Test Statistic
Shapiro Wilk Critical Value Shapiro Wilk Critical Value
Data not Normal at 5% Significance Level Data not Lognormal at 5% Significance Level

Assuming Normal Distribution Assuming Lognormal Distribution
   95% Student's-t UCL    95% H-UCL
   95% UCLs (Adjusted for Skewness)    95% Chebyshev (MVUE) UCL
   95% Adjusted-CLT UCL  97.5% Chebyshev (MVUE) UCL
   95% Modified-t UCL    99% Chebyshev (MVUE) UCL

Gamma Distribution Test Data Distribution
k star (bias corrected) Data do not follow a Discernable Distribution (0.05)
Theta Star
nu star
Approximate Chi Square Value (.05) Nonparametric Statistics
Adjusted Level of Significance    95% CLT UCL
Adjusted Chi Square Value    95% Jackknife UCL

   95% Standard Bootstrap UCL
Anderson-Darling Test Statistic    95% Bootstrap-t UCL
Anderson-Darling 5% Critical Value    95% Hall's Bootstrap UCL
Kolmogorov-Smirnov Test Statistic    95% Percentile Bootstrap UCL
Kolmogorov-Smirnov 5% Critical Value    95% BCA Bootstrap UCL
Data not Gamma Distributed at 5% Significance Level 95% Chebyshev(Mean, Sd) UCL

97.5% Chebyshev(Mean, Sd) UCL
Assuming Gamma Distribution 99% Chebyshev(Mean, Sd) UCL
   95% Approximate Gamma UCL
   95% Adjusted Gamma UCL

Potential UCL to Use Use 95% Student's-t UCL
or 95% Modified-t UCL
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17 3
3 14

82.35%

0.75 -0.288
76.3 4.335

26.35 1.58
43.26 2.435

3.3 1.194
5.95 1.783

16
1

94.12%

0.762 0.901
0.767 0.767

6.372 0.861
18.03 0.954
14.01 5.249

N/A
0.502
1.205
6.026
18.14
14.71
19.49

    N/A    
    N/A    
    N/A    

0.45
    N/A    
    N/A    5.782
    N/A    17.64

5.261
14.97
14.44

13.6
    N/A    85.25
    N/A    76.3
    N/A        N/A    
    N/A    28.72
    N/A    38.64
    N/A    58.13
    N/A    
    N/A    
    N/A    58.13
    N/A    
    N/A

General UCL Statistics for Full Data Sets in (Subsurface Soil)
User Selected Options
Full Precision   OFF
Confidence Coefficient   95%
Number of Bootstrap Operations   2000

General Statistics

Antimony

Percent Non-Detects

Number of Valid Samples
Number of Unique Samples Number of Non-Detect Data

Number of Detected Data

Raw Statistics Log-transformed Statistics
Minimum Detected Minimum Detected
Maximum Detected Maximum Detected
Mean of Detected Mean of Detected
SD of Detected SD of Detected
Minimum Non-Detect Minimum Non-Detect
Maximum Non-Detect Maximum Non-Detect

Note: Data have multiple DLs - Use of KM Method is recommended Number treated as Non-Detect
For all methods (except KM, DL/2, and ROS Methods), Number treated as Detected
Observations < Largest ND are treated as NDs Single DL Non-Detect Percentage

UCL Statistics
Normal Distribution Test with Detected Values Only Lognormal Distribution Test with Detected Values Only
Shapiro Wilk Test Statistic Shapiro Wilk Test Statistic
5% Shapiro Wilk Critical Value 5% Shapiro Wilk Critical Value
Data not Normal at 5% Significance Level Data appear Lognormal at 5% Significance Level

Assuming Normal Distribution Assuming Lognormal Distribution
DL/2 Substitution Method DL/2 Substitution Method
Mean Mean
SD SD
   95% DL/2 (t) UCL    95%  H-Stat (DL/2) UCL

Maximum Likelihood Estimate(MLE) Method Log ROS Method
MLE method failed to converge properly Mean in Log Scale

SD in Log Scale
Mean in Original Scale
SD in Original Scale
   95% Percentile Bootstrap UCL
   95% BCA Bootstrap UCL

Gamma Distribution Test with Detected Values Only Data Distribution Test with Detected Values Only
k star (bias corrected) Data appear Lognormal at 5% Significance Level
Theta Star
nu star

A-D Test Statistic Nonparametric Statistics
5% A-D Critical Value Kaplan-Meier (KM) Method
K-S Test Statistic Mean
5% K-S Critical Value SD
Data not Gamma Distributed at 5% Significance Level SE of Mean

   95% KM (t) UCL
Assuming Gamma Distribution    95% KM (z) UCL
Gamma ROS Statistics using Extrapolated Data    95% KM (jackknife) UCL
Minimum    95% KM (bootstrap t) UCL
Maximum    95% KM (BCA) UCL
Mean    95% KM (Percentile Bootstrap) UCL
Median 95% KM (Chebyshev) UCL
SD 97.5% KM (Chebyshev) UCL
k star 99% KM (Chebyshev) UCL
Theta star
Nu star Potential UCLs to Use
AppChi2    99% KM (Chebyshev) UCL
   95% Gamma Approximate UCL
   95% Adjusted Gamma UCL
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13 5

0.185 -1.687
0.25 -1.386

0.197 -1.628
0.19 0.0853

0.0182
0.0924

2.364

0.687 0.716
0.866 0.866

0.206 N/A
0.217

0.209 0.226
0.206 0.243

108.7
0.00181

2826
2704

0.0301 0.205
2687 0.206

0.205
1.405 0.215
0.732 0.235
0.304 0.206
0.236 0.208

0.219
0.228
0.247

0.206
0.207

0.206
0.206

Benzo(a)pyrene

Raw Statistics Log-transformed Statistics

General Statistics
Number of Valid Samples Number of Unique Samples

SD of log Data
Mean Mean of log Data

Minimum Minimum of Log Data
Maximum Maximum of Log Data

Median

Shapiro Wilk Test StatisticShapiro Wilk Test Statistic

Skewness

Relevant UCL Statistics
Lognormal Distribution TestNormal Distribution Test

Shapiro Wilk Critical ValueShapiro Wilk Critical Value
Data not Normal at 5% Significance Level Data not Lognormal at 5% Significance Level

   95% Chebyshev (MVUE) UCL   95% UCLs (Adjusted for Skewness)

Assuming Normal Distribution Assuming Lognormal Distribution
   95% Student's-t UCL    95% H-UCL

   95% Adjusted-CLT UCL  97.5% Chebyshev (MVUE) UCL
   95% Modified-t UCL    99% Chebyshev (MVUE) UCL

k star (bias corrected) Data do not follow a Discernable Distribution (0.05)
Gamma Distribution Test Data Distribution

nu star
Theta Star

Adjusted Level of Significance    95% CLT UCL
Approximate Chi Square Value (.05) Nonparametric Statistics

   95% Jackknife UCL
   95% Standard Bootstrap UCL

Adjusted Chi Square Value

Anderson-Darling 5% Critical Value    95% Hall's Bootstrap UCL
Anderson-Darling Test Statistic    95% Bootstrap-t UCL

Kolmogorov-Smirnov 5% Critical Value    95% BCA Bootstrap UCL
Kolmogorov-Smirnov Test Statistic    95% Percentile Bootstrap UCL

Data not Gamma Distributed at 5% Significance Level 95% Chebyshev(Mean, Sd) UCL
97.5% Chebyshev(Mean, Sd) UCL

   95% Adjusted Gamma UCL
   95% Approximate Gamma UCL
Assuming Gamma Distribution 99% Chebyshev(Mean, Sd) UCL

Use 95% Student's-t UCL

Note: DL/2 is not a recommended method.

Coefficient of Variation
SD

or 95% Modified-t UCL
Potential UCL to Use
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General UCL Statistics for Data Sets with Non-Detects (Groundwater)
User Selected Options
Full Precision   OFF
Confidence Coefficient   95%
Number of Bootstrap Operations   2000

2-Nitrotoluene

General Statistics
Number of Valid Samples 6 Number of Detected Data 3
Number of Unique Samples 3 Number of Non-Detect Data 3

Percent Non-Detects 50.00%

Raw Statistics Log-transformed Statistics
Minimum Detected 0.0012 Minimum Detected -6.725
Maximum Detected 0.0039 Maximum Detected -5.547
Mean of Detected 0.0026 Mean of Detected -6.062
SD of Detected 0.00135 SD of Detected 0.603
Minimum Non-Detect 2.00E-04 Minimum Non-Detect -8.517
Maximum Non-Detect 2.00E-04 Maximum Non-Detect -8.517

UCL Statistics
Normal Distribution Test with Detected Values Only Lognormal Distribution Test with Detected Values Only
Shapiro Wilk Test Statistic 0.996 Shapiro Wilk Test Statistic 0.955
5% Shapiro Wilk Critical Value 0.767 5% Shapiro Wilk Critical Value 0.767
Data appear Normal at 5% Significance Level Data appear Lognormal at 5% Significance Level

Assuming Normal Distribution Assuming Lognormal Distribution
DL/2 Substitution Method DL/2 Substitution Method
Mean 0.00135 Mean -7.636
SD 0.00161 SD 1.766
   95% DL/2 (t) UCL 0.00268    95%  H-Stat (DL/2) UCL 0.00648

Maximum Likelihood Estimate(MLE) Method Log ROS Method
Mean 0.00263 Mean in Log Scale -7.05
SD 0.0011 SD in Log Scale 1.203
   95% MLE (t) UCL 0.00354 Mean in Original Scale 0.00148
   95% MLE (Tiku) UCL 0.00391 SD in Original Scale 0.0015

   95% Percentile Bootstrap UCL 0.00246
   95% BCA Bootstrap UCL 0.00255

Gamma Distribution Test with Detected Values Only Data Distribution Test with Detected Values Only
k star (bias corrected)     N/A    Data appear Normal at 5% Significance Level
Theta Star     N/A    
nu star     N/A    

A-D Test Statistic 0.285 Nonparametric Statistics
5% A-D Critical Value     N/A    Kaplan-Meier (KM) Method
K-S Test Statistic     N/A    Mean 0.0019
5% K-S Critical Value     N/A    SD 0.00105
Data not Gamma Distributed at 5% Significance Level SE of Mean 5.24E-04

   95% KM (t) UCL 0.00296
Assuming Gamma Distribution    95% KM (z) UCL 0.00276
Gamma ROS Statistics using Extrapolated Data    95% KM (jackknife) UCL 0.00316
Minimum     N/A       95% KM (bootstrap t) UCL 0.0028
Maximum     N/A       95% KM (BCA) UCL 0.0039
Mean     N/A       95% KM (Percentile Bootstrap) UCL 0.0039
Median     N/A    95% KM (Chebyshev) UCL 0.00419
SD     N/A    97.5% KM (Chebyshev) UCL 0.00517
k star     N/A    99% KM (Chebyshev) UCL 0.00712
Theta star     N/A    
Nu star     N/A    Potential UCLs to Use
AppChi2     N/A       95% KM (t) UCL 0.00296
   95% Gamma Approximate UCL     N/A       95% KM (Percentile Bootstrap) UCL 0.0039
   95% Adjusted Gamma UCL     N/A
Note: DL/2 is not a recommended method.
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General UCL Statistics for Data Sets with Non-Detects (Sediment)
User Selected Options
Full Precision   OFF
Confidence Coefficient   95%
Number of Bootstrap Operations   2000

Arsenic

General Statistics
Number of Valid Samples 9 Number of Unique Samples 9

Raw Statistics Log-transformed Statistics
Minimum 2.1 Minimum of Log Data 0.742
Maximum 38 Maximum of Log Data 3.638
Mean 11.07 Mean of log Data 1.996
Median 7 SD of log Data 0.925
SD 11.81
Coefficient of Variation 1.067
Skewness 1.888

Relevant UCL Statistics
Normal Distribution Test Lognormal Distribution Test
Shapiro Wilk Test Statistic 0.735 Shapiro Wilk Test Statistic 0.945
Shapiro Wilk Critical Value 0.829 Shapiro Wilk Critical Value 0.829
Data not Normal at 5% Significance Level Data appear Lognormal at 5% Significance Level

Assuming Normal Distribution Assuming Lognormal Distribution
   95% Student's-t UCL 18.38    95% H-UCL 31.42
   95% UCLs (Adjusted for Skewness)    95% Chebyshev (MVUE) UCL 25.38
   95% Adjusted-CLT UCL 20.18  97.5% Chebyshev (MVUE) UCL 31.77
   95% Modified-t UCL 18.8    99% Chebyshev (MVUE) UCL 44.31

Gamma Distribution Test Data Distribution
k star (bias corrected) 0.987 Data appear Gamma Distributed at 5% Significance Level
Theta Star 11.21
nu star 17.77
Approximate Chi Square Value (.05) 9.222 Nonparametric Statistics
Adjusted Level of Significance 0.0231    95% CLT UCL 17.54
Adjusted Chi Square Value 7.957    95% Jackknife UCL 18.38

   95% Standard Bootstrap UCL 17.08
Anderson-Darling Test Statistic 0.522    95% Bootstrap-t UCL 38.15
Anderson-Darling 5% Critical Value 0.737    95% Hall's Bootstrap UCL 59.3
Kolmogorov-Smirnov Test Statistic 0.274    95% Percentile Bootstrap UCL 17.71
Kolmogorov-Smirnov 5% Critical Value 0.285    95% BCA Bootstrap UCL 19.82
Data appear Gamma Distributed at 5% Significance Level 95% Chebyshev(Mean, Sd) UCL 28.22

97.5% Chebyshev(Mean, Sd) UCL 35.64
Assuming Gamma Distribution 99% Chebyshev(Mean, Sd) UCL 50.22
   95% Approximate Gamma UCL 21.32
   95% Adjusted Gamma UCL 24.71

Potential UCL to Use Use 95% Approximate Gamma UCL 21.32
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UPDATED SSSLs 
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Appendix I-3 
 
T-24A Ranges RI 
 
Comments that have been resolved:  
1,2,3,5,8,10,11,14,16,18,19,20,22,24,26,27,29,30,35,38,39,41,42,44,46,47,49,51,52,53, 
54,55,56,57,58,59,61,62,63,64,66,67,68,70,71,72,76,79,80,85,86,87,92,95,98,99,100,101, 
102,104,105,106,107,108,109,111,114,115,116,117,118,119,120,122,123 
 
Please add the responses from these comments to the text:  
21,23,28,36,37,40,82,110,112,113,124,125 
 
Evaluation of responses for unresolved comments: 
 
Comment 75: Page 6-1, Section 6.0.  In addition to a review of toxicity data to ensure 

that values are up-to-date, exposure parameter assumptions used to 
calculate SSSLs should be updated to reflect current guidance.  
Significant changes have been made since the 1992 references with 
respect to dermal guidance.  The most current United States 
Environmental Protection Agency (USEPA) recommended values for 
parameters, including but not limited to skin surface area (SA) and 
adherence factors (AFs), should be used.  For example, the current 
guidance recommends the use of an AF of 0.2 mg/cm2 for a child, yet an 
AF of 0.07 mg/cm2 was assumed for a resident.  Also, an SA of 1,800 
cm2 was assumed for the child residential receptor, but the current 
USEPA-recommended value is 2,800 cm2.  Please update all exposure 
parameters to reflect current guidance for all receptors.  Also, SSSLs do 
not address vapor intrusion from groundwater into overlying 
structures.  Please address this exposure pathway in the risk assessment 
for future residential and commercial exposure scenarios. 

 
Response 75: It must be remembered that the SSSLs are site-specific screening levels, and 

as such reflect agreement regarding exposure variables between ADEM, 
EPA Region 4 and the Army as documented in the approved installation-
wide work plan.  For example, the AF of 0.07 mg/cm2 for the resident was 
specifically requested by the EPA reviewer.  Agreed, however, that the EPA 
(2004) model for dermal uptake from water has been revised.  The SSSLs 
have been revised to incorporate the newer EPA (2004) model. 

 
Agree that the SSSLs do not address vapor intrusion into overlying 
buildings.  The protocol for vapor intrusion evaluation approved by ADEM 
and EPA Region 4 for Redstone Arsenal (RSA) will be adapted to FTMC.  
Adaptation will involve substituting site-specific soil physical characteristics 
if available for those specific to RSA; otherwise, model defaults will be 
used. 
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Reference: 
U.S. Environmental Protection Agency (EPA), 2004b, Risk Assessment 
Guidance for Superfund Volume I:  Human Health Evaluation Manual 
(Part E, Supplemental Guidance for Dermal Risk Assessment) Final, 
Office of Superfund Remediation and Technology Innovation, Washington, 
DC, EPA/540/R/99/005, OSWER 9285.7-02EP, July, including errata @ 
http://www.epa.gov/oswer/riskassessment/ragse/index.htm accessed 18 
October 2007. 

 
Evaluation:   ADEM requests the use of current guidance values unless site-specific data 

is available that supports the use of a different value.  In order to protect 
public health and the environment, as guidances are updated, the SSSLs and 
risk assessment methodology should also be updated.    Just as the SSSLs 
were revised to address the revision to the model for dermal uptake from 
water, the soil SSSLs should be revised to incorporate the most current 
recommended input parameter values. 

 
Response to  
Evaluation: Agreed; the variables for exposure to soil will be revised to reflect the latest 

guidance, which is EPA (2002) Supplemental SSL guidance and the EPA 
(2004) dermal guidance.  Accordingly, the following will change: 

 
• Resident: AF for the child will be changed from 0.07 to 0.2 mg/cm2, 

and SA for the child will be changed from 1800 to 2800 cm2.  SA for the 
adult will change from 5250 cm2 to 5700 cm2.  The changes in SA and 
AF necessitate changing the age-adjusted dermal factor from 2520 cm2-
years/kg-day to 360 mg-year/kg-day as per the 2002 Supplemental SSL 
guidance.  Equation 5.7 of the August 1998 final Installation-Wide 
Work Plan, the derivation of the cancer-based SSSL for residential soil, 
will be revised to accommodate these changes as follows: 

 

)()(
1)/1()/1(

SFdABSDSadjSFoIFadj
CFEFFIsoATcTRSSSLSLRESc ••+•

••••
=  

   where: 
 
  SSSLSLRESc = cancer-based site-specific screening level for soil,  
       resident (mg/kg, calculated) 
  TR   = target cancer risk (unitless, 1E-6) 
  ATc   = averaging time, cancer (days) 
  FIso   = fraction exposed to contaminated medium (unitless) 
  EF   = exposure frequency (days/year) 
  CF1   = conversion factor 1E+6 mg/kg) 
  IF adj  = age-adjusted soil incidental ingestion factor  
       (mg-years//kg-day) 
  SFo   = oral cancer slope factor (per mg/kg-day) 
  DSadj  = age-adjusted soil dermal uptake factor (mg-years/kg-day, 
       assuming one event per day) 
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  ABS   = dermal absorption factor (unitless) 
  SFd   = dermal cancer slope factor (per mg/kg-day). 
 

• Groundskeeper (see outdoor worker in SSL Supplemental 
Guidance): EF for the groundskeeper will be changed from 250 to 225 
days/year, AF will be changed from 0.01 to 0.2 mg/cm2, and SA will be 
changed from 5250 to 3300 cm2. 

 
• Construction worker: Soil incidental ingestion will change from 200 

mg/day to 330 mg/day, AF will change from 0.1 to 0.3 mg/cm2, and SA 
will be changed from 5250 to 3300 cm2. 

 
The other receptor scenarios (e.g., residential site user, highway worker, 
National Guardsperson) were developed as site-specific receptors to capture 
the specific characteristics and designated future uses of the FTMC facility.  
Furthermore, no ADEM or EPA guidance currently exists for these 
scenarios.  Therefore, the exposure assumptions for these receptors will not 
be revised. 

 
In addition, ABS and GAF were updated according to the 2004 dermal 
guidance.  Also, Kp, FA and tau were updated to reflect the 2004 dermal 
guidance values for uptake for water.  When data were not available values 
for the water uptake parameters were calculated from the 2004 guidance 
methodology, using MW and log Kow values from EPA (2007).  For 
simplicity it was assumed that steady state was not reached. 

 
References: 
U.S. Environmental Protection Agency (EPA), 2007, Estimation Program 
Interface (EPI) Suite Version 3.20, Software for estimating physical 
properties, February, available at 
http://www.epa.gov/oppt/exposure/pubs/episuitedl.htm. 

 
U.S. Environmental Protection Agency (EPA), 2004, Risk Assessment 
Guidance for Superfund Volume I:  Human Health Evaluation Manual 
(Part E, Supplemental Guidance for Dermal Risk Assessment) Final, 
Office of Superfund Remediation and Technology Innovation, Washington, 
DC, EPA/540/R/99/005, OSWER 9285.7-02EP, July, including errata @ 
http://www.epa.gov/oswer/riskassessment/ragse/index.htm accessed 18 
October 2007. 

 
U.S. Environmental Protection Agency (EPA), 2002, Supplemental 
Guidance for Developing Soil Screening Levels for Superfund Sites, 
Office of Solid Waste and Emergency Response, OSWER 9355.4-24, 
December. 
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3736 Sweet Road 
Jamesville, NY 13078 

paul.goetchius@shawgrp.com 
Vox 315.682.0395 
Fax 315.682.0396 

 
 

 

Date: 31 March 2009 
To: FTMC Human Health Risk Assessment File 
CC:  
 
From: Paul F. Goetchius, DVM 
 Senior Toxicologist/Risk Assessor 
 
RE: HUMAN HEALTH RISK ASSESSMENT ISSUES FOR FORT McCLELLAN 
 
Alabama Department of Environmental Management (ADEM) review of several Remedial 
Investigation Reports (RI) for Fort McClellan (FTMC) generated several similar comments on 
the Streamlined Risk Assessments (SRA) contained therein.  The resolution of these comments 
during the October 2007 meeting at FTMC requires several changes to the SRAs. 
 
Please note: a memo with the same title as above was written on 4 March 2008 addressing all 
the issues that require revisions to the SRAs, as follows: 
 

• Include an indoor worker as an additional receptor.  This issue is addressed in 
Appendix J-1 of the RI report. 

 
• Include a young child recreational site user as an additional receptor.  

Discussion during a 12-13 December 2008 meeting concluded that this receptor 
was not necessary if it is clarified that the youth recreational site user would be 
more highly exposed than the young child.  Clarification to this effect was added 
to the introductory material in Section 6.0. 

 
• Use the Integrated Exposure Uptake Biokinetic blood lead model (IEUBK) to 

develop a cleanup level for lead in soil for the young child recreational site user.  
This is no longer relevant; please see previous bullet. 

 
• Use the IEUBK to develop a cleanup level for lead in surface water for the young 

child recreational site user.  Please see previous bullet; a cleanup level for lead 
in surface water was not developed for the young child recreational site user.  
However, the adult blood lead model (ABLM) was used to develop a cleanup level 
for lead in surface water for the youth recreational site user. 

 
This memo is a contraction of the 4 March 2008 memo limited to the development of a cleanup 
level for lead in surface water for the youth recreational site user. 
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Develop a Cleanup Level for Lead in Surface Water for Recreational Site User 
 
Originally the Army had developed a cleanup level for the youth recreational site user by 
adjusting the tap water action level for lead to reflect the differences in exposure between 
residential consumption of tap water and the youth recreational site user consumption of surface 
water.  ADEM determined that the method of adjustment was inappropriate, and requested that 
the IEUBK be used to develop a cleanup level for lead in surface water for the young child 
recreational site user.  However, as discussed above, there is no plausible pathway by which the 
young child recreational site user would be exposed to surface water by ingestion.  Therefore, the 
IEUBK cannot be used to develop a cleanup level for lead in surface water for the young child 
recreational site user. 
 
EPA (2003a), however, provides sufficient guidance for estimation of a cleanup level for lead in 
surface water for the youth recreational site user.  EPA (2003a) notes that the Adult Blood Lead 
Model (ALM) (EPA, 2003b) can be applied to this age group. 
 
The ALM consists of several algorithms that can be used, modified or rearranged to accomplish 
any of several purposes.  Equation 1 of the ALM is intended to estimate the central tendency 
blood lead concentration of a female adult of child-bearing age (PbBY,CT) resulting from 
exposure to lead in soil at a secondary location (e.g., work place), in addition to the contribution 
to blood lead from background sources (e.g., residence).  Modifying the ALM to estimate a 
cleanup level for lead in surface water involves the following: 
 

• Add another term to the ALM to reflect the contribution to blood lead from 
ingestion exposure to surface water during recreational site use. 

 
• Locate a more receptor-specific central-tendency estimate of background blood 

lead concentration than the default provided by EPA (2003b) to reflect the 
contribution to blood lead from exposure at the residence and other background 
sources. 

 
• Choose appropriate reasonable maximum exposure (RME) values for the 

exposure terms in the model so that these terms reasonably reflect the 
contribution to blood lead from exposure to site soil and surface water during 
recreational site use. 

 
It is necessary in this exercise to preserve an RME approach to managing uncertainty, which is to 
say that the final estimate should reflect the maximum exposure that the receptor may reasonably 
be expected to experience, theoretically the 90th to 95th percentile on exposure, but not the worst 
case (EPA, 1989, 1991, 1993).  EPA (1989, 1991) generally recommends that this is 
accomplished by choosing reasonable high-end values for exposure concentration, ingestion or 
contact rate, and exposure frequency, while choosing central tendency values for the other 
variables included in an exposure equation.  Choosing unnecessarily high values for the central 
tendency variables will cause the final result to exceed the intent of the RME and to become 
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unnecessarily restrictive.  The use of the ALM for this purpose is particularly susceptible to this 
problem for the following reasons: 
 

• There are more variables multiplied together in the exposure terms of the ALM 
than in most risk models, providing more opportunities for concatenation – i.e., to 
multiplicatively inflate the final result beyond the intent of the RME.  The 
problem is exacerbated in this case because the surface water term added to the 
model to address simultaneous exposure to soil and surface water repeats the 
high-end exposure assumptions applied to soil ingestion (e.g., ingestion rate and 
EF – see Equation 3).  

 
• The cleanup level for lead in soil of 6500 mg/kg (EPA, 2003c) is selected as the 

concentration of lead in soil for determining a cleanup level for surface water.  
This implies that the recreational site user is continually exposed to soil 
containing lead at 6500 mg/kg, which will almost invariably be greater than the 
90th to 95th percentile on exposure intended by the RME approach.  Data are not 
available with which to refine this value to reflect an average concentration of 
lead in soil, which would be the appropriate RME value to use.  Because this level 
of exposure is very unlikely, it imparts a strongly conservative bias to the ALM in 
the development of a cleanup level for surface water.   

 
As explained by Cogliano (1997), the summation of multiple RME terms, as in this effort to 
develop a cleanup level for lead in surface water, yields final results that are often totally 
implausible.  For this reason, each variable in the ALM must be scrutinized carefully and refined 
where possible. 
 
Equation 3 in EPA (2003b) can be adapted to estimate a safe or goal blood lead concentration for 
a youth based on the interrelationships between maternal blood lead levels, background exposure 
and fetal blood lead level, assuming similarities between youth and adults, as follows: 
 

 
RGSD

PbB
PbB SND

Ai

gF
CTgY •

=
,

,
,  Eq. 1 

 
where: 
 

PbBY,CTg = blood lead concentration, youth, central tendency, goal (µg/dL) 
PbBF,g  = blood lead concentration, fetus, 95th percentile, goal (10 µg/dL [EPA, 

2003b]) 
GSDi,A  = geometric standard deviation of blood lead concentrations within a 

similarly exposed population (1.7 unitless, see below) 
SND  = standard normal deviate to estimate 95th percentile blood lead 

concentration from lognormal distribution of blood lead concentrations (1.654 
unitless [EPA, 2003b]) 

R  = proportionality constant between maternal and fetal blood lead 
concentrations at birth (0.9 unitless [EPA, 2003b]). 
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It is assumed that the GSDi,A for a youth would be the comparable to that for an adult.  The 
GSDi,A reflects the variation between individuals exposed to the same levels of lead in media at 
the site.  EPA (2003b) recommends a value of 2.2 for a very heterogeneous population, such as 
might be experienced by adults of both sexes over a wide geographic area included in a national 
survey.  They note, however, that GSDi,A values of 1.6 to 1.8 are more typical for a somewhat 
more homogeneous population, such as adult women exposed predominantly to a single source 
(e.g., a waste site or active mine site).  The latter seems more relevant to recreational site use at 
FTMC – the population of concern is young women exposed simultaneously to surface water and 
soil at a given site.  EPA (2003b) recommends a value for GSDi,A of 1.8, the upper end of the 
range, as a default value for a more homogeneous population.  Given the unusually high 
conservatism imparted by the assumed soil concentration of 6500 mg/kg, the midpoint of the 
range for the homogeneous population, 1.7, is chosen as the GSDi,A for this evaluation. 
 
From the foregoing, a value for PbBY,CTg can be estimated as follows: 
 

 64.4
9.07.1

10
645.1, =

•
=CTgYPbB  Eq. 2 

 
Equation 1 of the ALM relates PbBY,CT to background exposures integrated with secondary 
exposure to lead in soil at another location (e.g., recreational site).  Assuming similarity between 
youth and adults, the model can be applied to a youth recreational site user to relate PbBY,CT to 
background exposures and lead in soil at an FTMC site during recreational site use.  Equation 1 
can also be modified to integrate other sources of exposure to lead provided the requisite 
exposure and biokinetic variable values are available or can be reasonably estimated.  For the 
purpose of this exercise, exposure to surface water is included, and Equation 1 of the ALM is 
modified as follows: 
 

⎟
⎠
⎞

⎜
⎝
⎛ ••••
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•
•••••

+=
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EFFIsoIRsoGAFsBKSFPbSPbBPbB BYCTY 3,,  

Eq. 3 
where: 
 

PbBY,CT  = blood lead concentration, youth, central tendency (µg/dL) 
PbBY,B  = blood lead concentration, youth, central tendency, from background 
   exposures (1.0 µg/dL, see below) 
PbS  = concentration of lead in site soil (6500 mg/kg [µg/g], see above) 
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BKSF  = biokinetic slope factor: increase in blood lead concentration per unit 
increase in systemic lead uptake (0.4 µg/dL per µg/day, see below) 

GAFs  = gastrointestinal (GI) absorption fraction for ingested lead in soil and dust 
(unitless, see below) 

IRso  = soil incidental ingestion rate (100 mg/day, Text Table 2) 
FIso  = fraction exposed to contaminated soil (0.25, Text Table 2) 
EF  = exposure frequency (104 days/year, Text Table 2) 
T  = assumed averaging time (365 days/year) 
CF3  = conversion factor (1E+3 mg/g) 
PbW  = concentration of lead in surface water (µg/L) 
GAFw   = GI absorption fraction for ingested lead in surface water (unitless, see 

below) 
IRsw  = surface water consumption rate (1 L/day, Text Table 2). 

 
EPA (2003b) provides a default range for adult background blood levels of 1.7 to 2.2 µg/dL.  
More recent data show that blood lead levels in youth are generally somewhat lower than those 
in adults, and values in females, the more sensitive members of the population, are generally 
lower than those in males (CDC, 2005).  Also, blood lead levels in the general population have 
been decreasing since the data on which EPA (2003b) based their recommendations were 
published in 1994. Therefore, the value for PbBY,B of 1.0 µg/dL, the geometric mean for 3125 
female subjects, age 6 through 19 years, including whites, blacks and Mexican-Americans, 
measured during 1999 to 2002 (CDC, 2005), is considered more timely and relevant, and is 
adopted for this exercise. 
 
BKSF, the relationship of blood lead concentration to lead uptake, physiologically operates 
independently from the extent of GI absorption (GAF).  However, a default value for BKSF was 
extrapolated from the interplay of BKSF and assumptions regarding GAF because the former is 
extremely difficult to measure independently.  Based on the blood lead levels measured in adult 
males and assumptions regarding the uptake of lead from water, EPA (2003b) estimated values 
for BKSF ranging from 0.36 to 0.45 µg/dL per µg/day.  Bowers et al. (1994) applied different 
assumptions to the same data set and estimated a value for BKSF of 0.375 µg/dL per µg/day. 
 
EPA (2003b) recommends a default value for BKSF of 0.4 µg/dL per µg/day as being within the 
range they calculated from the study in male adults and as being consistent with the value 
estimated by Bowers et al. (1994) from the same data.  Females generally have lower blood lead 
levels than males at all age ranges (CDC, 2005); however, the reason is unclear.  Possibilities 
include differences in ingestion rate, particularly when normalized to BW, the extent of GI 
absorption, or gender-specific differences in BKSF.  Given the uncertainty about a more realistic 
value for BKSF, the EPA (2003b) default value of 0.4 µg/dL per µg/day will be used in this 
exercise.  However, to compensate for the inability to refine BKSF, an effort will be made to 
refine GAF beyond the default provided by EPA (2003b). 
 
A large amount of literature, some of which has been reviewed by EPA (2003b) and Bowers et 
al. (1994) indicates a great amount of variation in the GI absorption of lead.  Possibly the most 
recent and comprehensive synthesis of the available data is the Agency for Toxic Substances and 
Disease Registry (ATSDR) Toxicological Profile for Lead (ATSDR, 2007).  EPA (2003b) bases 



Paul F. Goetchius 6 31 March 2009 

 
KN9\FTMC\IMR\RIR\Final\API\I-4.doc\5/13/2009(8:25:12 AM) 

their recommendation for GAFs on measurements of GAFw and application of a relative 
bioavailability factor (RBF) to reflect the lesser absorption of lead from soil compared with 
water.  Therefore, GAFw is discussed before GAFs. 
 
GI absorption of water-soluble forms of lead ranges from 3 to approximately 60 percent, 
depending largely on age and physiological state (i.e., eating or fasting), but also on several other 
factors (ATSDR, 2007).  The very young absorb lead more efficiently (absolute values of 40 to 
50 percent) than adults (absolute values of 3 to 10 percent); however, the data suggest that 
children upwards of 6 years old absorb lead to the same extent as adults.  The presence of food in 
the GI tract reduces the absorption of water-soluble forms of lead; uptake is greatest (up to 
approximately 60 percent) following an extended fast, and least (approximately 2 to 10 percent 
[Bowers et al., 1994]) when lead is administered during a meal.  Most youth recreational site 
users probably will not consume meals while on site; however, neither will they be participating 
in an extended fast. 
 
Probably the most defensible and accurate study of GI absorption comes from a series of 
toxicokinetic studies in rats reviewed by ATSDR (2007).  In these studies, a GAFw of 0.15 was 
estimated by comparing blood lead concentrations following oral and intravenous administration 
of lead acetate, which is highly soluble in water. 
 
Recommendations for GAFw for the ALM vary.  EPA (2003b) recommends a GAFw of 0.2, a 
weight-of-evidence determination to account for variation in food intake, lead intake, lead form 
and particle size.  O’Flaherty (1993) recommends 8 percent (0.08) as a reasonable value for GI 
absorption of lead from food and water that works well for predicting blood lead levels.  Bowers 
(1997) reviewed the literature and estimated a time-weighted average over a day (i.e., lead 
administered during and at various times before and after a meal) of 11 to 12 percent (GAFw of 
0.11 to 0.12).  Bowers (1997) recommended a range of 8 to 12 percent to the Georgia Industry 
Environmental Coalition for use in the Georgia Adult Lead Model (GALM) (GA EPD, 2007).  
(The GALM is essentially identical to the EPA [2003b] ALM but includes an additional term for 
drinking water consumption.)  The default GAFw in the GALM is 0.2, which is the same as the 
EPA (2003b) default.  A GAFw of 0.15, the value derived from the toxicokinetic study in rats, is 
chosen for this evaluation as being based on the most defensible methodology for determining GI 
uptake and generally consistent with the various recommendations described in this paragraph. 
 
As stated above, EPA (2003b) based their recommendation for GAFs on the application of an 
RBF to the GAFw.  EPA (2003b) reviewed studies of RBF as follows: 
 

• The RBF of lead in soil from a mining area compared with soluble lead in 
immature swine was 0.6 to 0.8. 

 
• The RBF of lead from a large variety of soils from mining sites and smelters 

compared with soluble lead in adult rats ranged from 0.09 to 0.4. 
 

• An RBF of 0.5 was estimated from a study in which 6 fasted human volunteers 
were given a single dose of lead-contaminated soil. 
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The usefulness of the foregoing studies is limited by lack of experimental detail; i.e., it is 
uncertain how GI absorption was estimated and how the RBF was estimated.  Furthermore, the 
usefulness of the study in humans is compromised because youth recreational site users are 
unlikely to be participating on a regular basis in an extended fast. 
 
Probably the best estimates of RBF are those from the toxicokinetic studies in rats reviewed by 
ATSDR (2007) mentioned above on which the GAFw was based.  In these studies, soil samples 
containing mine waste providing lead at concentrations of 1.62, 4.05, 19.5 or 78.2 mg/kg were 
fed to rats for 30 days.  Blood lead levels were measured and compared with those obtained from 
oral administration of lead acetate.  RBFs varied from 0.121 to 0.268 with an average of 
approximately 0.18.  There appeared to be no gender-specific differences, but statistical analysis 
was not reported by ATSDR (2007).  The average RBF of 0.18 multiplied by the GAFw of 0.15 
defended above yields a GAFs of 0.03, which is adopted for this exercise. 
 
Substitution of the documented variable values defended above in Equation 3 allows 
simplification as follows: 
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 017.0556.00.1, •++= PbWPbB CTY  Eq. 5 
 
Substituting the value for PbBY,CTg of 4.64 µg/dL for PbBY,CT and rearranging Equation 5 
permits solving for PbW as follows:  
 
 
 017.0556.164.4 •+= PbW  Eq. 6 

 
181017.0/08.3 ==PbW µg/L 

 
Rounded to two significant figures, the cleanup level for lead in surface water for the recreational 
site user is 180 µg/L. 
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                  LEAD MODEL FOR WINDOWS Version 1.0 
 
     
===================================================================== 
     Model Version: 1.0 Build 264 
     User Name:  
     Date:  
     Site Name:  
     Operable Unit:  
     Run Mode: Research 
     
===================================================================== 
     The time step used in this model run: 1 - Every 4 Hours (6 times a day). 
 
     ****** Air ****** 
 
     Indoor Air Pb Concentration: 30.000 percent of outdoor. 
     Other Air Parameters: 
 
     Age        Time        Ventilation          Lung          Outdoor Air 
              Outdoors          Rate          Absorption         Pb Conc 
              (hours)        (m^3/day)            (%)          (ug Pb/m^3) 
     ---------------------------------------------------------------------- 
     .5-1      1.000           2.000            32.000           0.100 
     1-2       2.000           3.000            32.000           0.100 
     2-3       3.000           5.000            32.000           0.100 
     3-4       4.000           5.000            32.000           0.100 
     4-5       4.000           5.000            32.000           0.100 
     5-6       4.000           7.000            32.000           0.100 
     6-7       4.000           7.000            32.000           0.100 
 
     ****** Diet ****** 
 
     Age     Diet Intake(ug/day) 
     ----------------------------------- 
     .5-1      3.160 
     1-2       2.600 
     2-3       2.870 
     3-4       2.740 
     4-5       2.610 
     5-6       2.740 
     6-7       2.990 
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     ****** Drinking Water ****** 
 
     Water Consumption:  
     Age     Water (L/day) 
     ----------------------------------- 
     .5-1      0.200 
     1-2       0.500 
     2-3       0.520 
     3-4       0.530 
     4-5       0.550 
     5-6       0.580 
     6-7       0.590 
 
     Drinking Water Concentration: 4.000 ug Pb/L 
 
     ****** Soil & Dust ****** 
 
     Multiple Source Analysis Used 
     Average multiple source concentration: 290.000 ug/g 
 
     Mass fraction of outdoor soil to indoor dust conversion factor: 0.700 
     Outdoor airborne lead to indoor household dust lead concentration: 100.000 
     Use alternate indoor dust Pb sources? No 
 
     Age          Soil (ug Pb/g)       House Dust (ug Pb/g) 
     -------------------------------------------------------- 
     .5-1              400.000             290.000 
     1-2               400.000             290.000 
     2-3               400.000             290.000 
     3-4               400.000             290.000 
     4-5               400.000             290.000 
     5-6               400.000             290.000 
     6-7               400.000             290.000 
 
     ****** Alternate Intake ****** 
 
     Age      Alternate (ug Pb/day) 
     ----------------------------------- 
     .5-1     0.000 
     1-2      0.000 
     2-3      0.000 
     3-4      0.000 
     4-5      0.000 
     5-6      0.000 
     6-7      0.000 
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     ****** Maternal Contribution: Infant Model ****** 
 
     Maternal Blood Concentration: 2.500 ug Pb/dL  
 
     ***************************************** 
     CALCULATED BLOOD LEAD AND LEAD UPTAKES:   
     ***************************************** 
 
     Year         Air                Diet               Alternate       Water 
                (ug/day)           (ug/day)              (ug/day)      (ug/day) 
     ------------------------------------------------------------------------------- 
     .5-1        0.021               1.416               0.000          0.358 
     1-2         0.034               1.146               0.000          0.882 
     2-3         0.062               1.286               0.000          0.932 
     3-4         0.067               1.247               0.000          0.965 
     4-5         0.067               1.223               0.000          1.031 
     5-6         0.093               1.298               0.000          1.099 
     6-7         0.093               1.425               0.000          1.124 
 
      Year     Soil+Dust             Total               Blood 
               (ug/day)            (ug/day)             (ug/dL) 
     --------------------------------------------------------------- 
     .5-1        7.758               9.554                5.1 
     1-2        12.126              14.189                5.8 
     2-3        12.325              14.605                5.4 
     3-4        12.511              14.789                5.2 
     4-5         9.545              11.865                4.2 
     5-6         8.685              11.175                3.6 
     6-7         8.250              10.892                3.2 
 
 
Geo Mean = 4.611 
GSD = 1.600 
% Above = 4.978 



      

 
KN9\FTMC\IMR\RIR\Final\F-IMR RIR.doc\5/11/2009\8:47:47 AM 

APPENDIX J 
 

BASELINE ECOLOGICAL RISK ASSESSMENT FOR 
IRON MOUNTAIN AND BAINS GAP ROAD RANGES










































































































































































































































































































































































































































































































































