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VIA HAND DELIVERY

Commanding Officer

Attn: Matthew A. Hunt, Code 1877

Southern Division, Naval Facilities Engineering Command
2155 Eagle Drive

Charleston, SC 29411-0068

NAVBASE Charleston RFI, Contract Number: N62467-89-D-0318,
Technical Memo: Proposed Method for Comparing Site Sample Values to
Background Values for Surface and Subsurface Soils

Re:

Dear Mr. Hunt:

EnSafe/Allen & Hoshall (E/A&H) is pleased to submit a copy of the technical memo
discussing E/A&H’s proposed statistical methods for comparison of sites to
background, concurrently with copies 10 US EPA and SC DHEC. Many sections of
the Zone H report are dependent upon resolution of the background issue, and it is
our hope that an agreement on an acceptable approach may be obtained as soon as

possible.

If you have any questions or if I can be of assistance please do not hesitate to call me
at 884-0029.

Sincerely,
EnSafe/Allen & Hoshall
A Joint Venture in Professional Services

fody Wtre

By: “Bradley Venner
Attachments
cC: Doyle Brittan, US EPA

Joe Bowers, SC DHEC



May 12, 1995
Memorandum

SUBJECT: Proposed method for comparing site sample values to background values for
surface and subsurface soils.

I. Inorganics

This memorandum addresses the issue of identifying contaminated sites at the Charleston
Naval Base by comparing chemical concentrations in soil samples taken at the sites with
concentrations in samples taken at background locations. Data from Zone H have been used
to assess the utility of various statistical approaches in attempting to determine the most
appropriate means of characterizing background concentrations and comparing them with
concentrations at sites. Potentially contaminated sites in Zone H include ten Solid Waste
Management Units (SWMUs) and sixteen Areas of Concern (AOCs). This memo documents
a five-step procedure that is being developed and implemented using data from Zone H.
Discussion of the methodology is followed by application of the method to lead (Pb) data
from surface soils (Level 1). The lead example is included to demonstrate the procedure;
results should be considered preliminary and are not intended to support risk assessment or
management decisions. '

A. Develop rules for dealing with nondetect (ND) data

Following guidelines presented in various USEPA documents, one-half of the sample
quantitation limit (SQL) is used for nondetect values. In practice, this means using one-half
of the "U" values reported by the lab and confirmed by the validator. For the metals

datasets examined so far, this appreach appears reasonable, Organic compounds, to be
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addressed later, may require a somewhat different approach.

B. Establish background for each chemical of interest

The background dataset for Zone H consists of 96 samples labelled GDH (GDHSB0O01-
GDHSB093, GDHSB104-GDHSB107) and 8 samples labelled SGC (SGCSB001-SGCSB008),
for a total of up to 104 sampies at Levei 1 (surface: -1 foot) and 63 at Level 2 {subsurface:
3-5 feet). Level 2 samples could not be taken at many locations because of a high water
table. The available data values for each chemical are assembled into datasets at each soil
level.



Descriptive statistics are obtained for the original data values, including frequency
distribution histograms and probability plots. Resuits are examined and, where appropriate
(i.e., histogram positively skewed, probability plot concave upward), data are transformed
into natural logarithms (LN) of their original values to provide a closer approximation to a
normal distribution. Descriptive statistics of the LN-transformed data are compared to those
of the originals. All of the metals datasets examined thus far have distributions that are more
nearly lognormal than normal, as illustrated by the Pb_1 example included here (Figures
1-4).

It has been suggested that lognormal data indicate the presence of contamination in the
samples at the high end of the range. However, "EPA’s experience with environmental
concentration data...suggests that a Lognormal distribution is generally more appropriate as a
defanlt statistical model than the Normal distribution, a conclusion shared by researchers at
the United States Geological Survey™ (EPA, 1992, p.2). The fourteen background datasets
examined so far are approximately lognormal. It is more reasonable to assume that
lognormal background distributions of chemical concentrations are the norm for the Naval
Base, than to assume that the datasets document a background that is contaminated in
comparable fashion by seven chemicals at two different depths in the soil. Nevertheless, a
few potential data outliers do appear at the high end for some compounds, and it is important
that the extreme values for each parameter are not considered in the estimation process so
that they do not unduiy infiuence estimaied background means and variances. Normally,
outliers should be removed from a dataset only in unusual circumstances, and with specific
reasons for each removal. In a lognormal distribution, even apparently extreme values may
fit a straight line on a probability plot of LN-transformed data. Statistical rules of thumb for
outlier removal generally are based on the variance of the sample, and include methods such
as the "rule of the huge error" (Taylor, 1990, p.88), in which all values greater than four

standard deviations above the mean are discarded.

Because of concerns about inadvertently including contaminated samples in the background
datasets, outliers here are eliminated more readily than many standard statistical guidelines
would suggest. A cutoff of "mean + 2 (standard deviation)” is applied to the LN-
transformed data values for each chemical. This is the same standard used in Section D.1
below, where it is discussed. Qutliers are removed on a chemical-by-chemical basis,
descriptive statistics are recalculated for each chemical’s dataset, and the results are used to
calculate the tolerance limits described in Section D.1.

C. Develop datasets for sites
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each chemical of interest at Level 1 and Level 2, for comparison with background.
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the 29 identified sites are assembled into datasets for
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D. Compare site values to background



The comparison of site to background can best be understood within the context of statistical
hypothesis testing. A hypothesis test involves the creation of two hypotheses, a "null” and
an "alternative" hypothesis. "In the context of background contamination at hazardous waste
sites, the null hypothesis can be expressed as ’there is no difference between contaminant
concentrations in background areas and onsite,” and the alternative hypothesis can be
expressed as ‘concentrations are higher onsite’" (RAGS, EPA, 198%a, p.4-8). Under the
assumption that there is no contamination, the likelihood of any observed difference between
site and background can be calculated. If the probability of the observed difference is
smaller than some predetermined level, a decision is made that since the observed site
samples are not likely to be from the same population as the background samples, the site is

considered contaminated for a particular chemical.

There are two possible errors that can be made in this situation. The first is that a site will
be considered dirty when in fact it 1s clean, which is called a taise positive. The probabiiity
of this error, «, is controlled by specifying the level at which the null hypothesis is
considered unlikely. The other possible error, the false negative rate, 8, can be seen as the
probability of concluding from a test that no difference exists when in reality such a
difference does exist: the site will be considered clean when in fact it is dirty. The "power"
of the test (1-3), which-is the complement of the false negative rate, is a measure of the
strength of the conclusion that a difference does exist; it can be thought of as the probability
of correctly identifying a contaminated site. The calculation of 5 and power is somewhat
more difficult, and depends upon the magnitude of the actual differences, the size of the
sample, and the form of the probability distribution for the measurement process.

Table 1: Probability of Possible Conclusions of a Hypothesis Test . -
Reality
Test Same as Background Greater than Background
{clean) (contaminated)
Same as Background l-o B
Greater than Background o 1-8 |

There is a trade-off, in general, between the false positive and false negative rate, given a
certain sample size. A test which rarely rejects the hypothesis of "no contamination” will be
more prone to make the mistake of missing an actual difference. A test which frequently
concludes that contamination is present, on the other hand, will be more likely to make the
mistake of concluding that a difference arising by chance is a real difference. The total
amount of error can be minimized in two ways: by increasing the sample size and by using
a test which is "most powerful." The choice of the form of the hypothesis test is crucial to
minimizing the total error.



EPA Region IV often suggests a "2 x background" test: If the maximum detected
concentration of a chemical at a site exceeds twice the mean background level, the chemical
should be considered a COPC and should be the subject of a detailed risk analysis (i.e., the
chemical is a contaminant at the site). What is often not recognized is that this proceedure is
a statistical one, and is subject to the same errors as a hypothesis test. The problem with this
approach is that background levels are never level; that is, the nature of the background data
greatly affects the result of applying the "2 x background” criterion. For a normally
distributed variable with a coefficient of variation (CV) of 0.25, less than 0.01% of the
population is greater than twice the mean; if the CV is 1.25, 21.2% of the population
exceeds the standard. In the latter case, 21.2% of the presumably uncontaminated
background population would be rated contaminated by the test (false positive rate =
21.2%). Of the 14 datasets that have been examined as of the date of this memo, fully half
(7) have CVs above 1.0; the range of CVs is from 0.71 to 1.41. This test neglects the
information about variation which is present in the background samples, and therefore cannot
be the most statistically powerful test since it does not make the most effective use of the
available data.

Hypothesis tests should be suited to the type of decision that needs to be made, as well as to
the type of data available. Any method for comparing site to background must be capable of
detecting two different kinds of site contamination. The first type involves localized "hot
spots" within the site; for example. one or two site samples out of nine or ten might test well
above the highest background samples, while the rest are low or even nondetect. This
situation will be modeled as a mixture of two distributions — some of the samples from a
given site come from a distribution similar to the background samples while others from the
same site come from a second distribution with a higher mean/median. The other type of
contamination occurs when most or all of the site samples are above the mean of background
samples, but none are necessarily above the high end of the background range. This
situation will be modeled assuming that the distribution of site samples is similar to
background, but with a higher mean/median. The first scenario will be referred to as the
mixture scenario, and the second as the shift scenario. Two complementary tests are
proposed for these two situations respectively — a tolerance interval test and a Wilcoxon
rank sum test,

D.1. Mixture Scenario: Test Individual Samples vs. Background

Individual data values from a site can be compared to a high percentile (95th, 98th, 99th) of
background values. This operation can be done parametrically by comparing to a percentile
of the distribution of background values, obtained either from a probability chart of LN-
transformed values or by using standard methods of estimating quantiles (e.g., Gilbert, 1987,
p-175, Egn. 13.24). It can also be done nonparametrically by comparing to a percentile of
the background data values themselves, rather than to an assumed distribution of the values.

Rather than comparing site values to specific percentiles of the background data, it is



possible to compare them to estimated tolerance intervals that enclose a specified percentage
ulation. A one-sided tolerance interval with 95% coverage and 95%
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confidence signifies that approximately 95% of individual population values fall below the
upper limit, with 95% confidence. Once the interval is constructed, each site sample is
compared to the upper tolerance limit (EPA, 1992, p.51). Any value that exceeds the limit

is considered evidence of contamination at that point.

A roughly lognormal distribution of background values allows the use of parametric tolerance
intervals, using LN-transformed values, when the nondetect percentage is low. This is the
approach favored by both the Ohio Environmental Protection Agency and the Texas Natural
Resource Conservation Commission to determine whether onsite contamination is greater
than background. Individual sample values are compared to an upper tolerance limit that is
calculated using the expression

exp[X + k' (s)]

where:
X = mean of LN-transformed background values
s = standard deviation of LN-transformed values
k = tolerance factor (Ohio EPA, 1991)

The tolerance factor k is obtained from tables with specified levels of ¢ and P,, where

(1 - Py) equals the proportion of the population contained within the tolerance intervals. For
a given set of o and P,, k depends on the sample size n. For n = 63 (the sample size for
Level 2 of background), k = 2.007 when « = 0.05 and P, = 0,05 (coverage = 95%,
confidence = 95%); under the same conditions of ¢ and Py, k = 1.917 when n = 105 (the
sample size for Level 1 of background). For the sake of simplicity, a tolerance factor of

k = 2 is applied to the background datasets for metals, yielding a cutoff value of

mean + 2 (standard deviation)

to determine whether a site value will be considered contaminated. In the case of a site
sample contaminated with lead, for example, this method allows us to say, "We are 95%
confident that this individual sample contains more lead than 95% of the population of
background samples.”

When a significant proportion of the samples are nondetect, it may be necessary to employ
nonparametric tolerance intervals. In practice, this means using either the largest or the
second largest observed background value as the standard of comparison (EPA, 1992, p.54).
For a sample size of 63, using the largest background value gives coverage of over 95% with
95% confidence; for a sample size of 105, using the second largest value gives equivalent
coverage and confidence levels. When nondetects reach 85-90% or more, background values
may be modeled with a Poisson distribution, and Poisson tolerance limits can be constructed
(EPA, 1992, p.38).



The power of this tolerance-limit test will vary based upon several factors, such as the
number of samples that are assumed to have come from the distribution with the larger

mean, the magnitude of the shift in the mean, and the distribution of the background

samples. It also depends upon the sample size of each site and the sample size of the
background. Therefore, power will depend upon the sampling strategy for each zone, and
cannot be specified in a general memo. A detailed power analysis will be conducted for each

zone to be included in the RFI report.

D.2. Shift Scenario: Test Entire Site vs. Background

For the situation in which the majority of samples at a site are higher than the mean
background value, but none are dramatically higher, the site samples as a group must be
shown to be significantly higher than the group of background samples, for contamination to
be identified at the site. Figure 2.1 (enclosed) from an EPA guidance document on soils
and solid media (EPA, 1989b, p.2-4) was borrowed from another document on groundwater
monitoring but specifically applied to soil contamination. The upper part of the figure shows
that, starting with an initial null hypothesis of "no contamination,"” the lower limit
(confidence or tolerance) around the mean or median of the distribution of site samples must
be shown to exceed the corresponding upper limit of the background distribution for the site
to be considered contaminated. (As illustrated in the figure, the lower limit of the site
distribution must also exceed a risk-based standard before triggering corrective action.)
Depending on the nature of the data used, the upper and lower limits can be obtained using
either parametric or nonparametric procedures. For a dataset with any significant number of
nondetects, unfortunately, a calculated lower limit will tend to be inaccurate because it is
based on the lowest data values, which must be estimated from the "U" values in the original
data. Because of this limitation, the approach was rejected.

The most commonly prescribed method for comparing two populations is the f test, which
determines whether the two population means differ significantly. The 7 test is not being
used to compare site values to background because it is parametric. Although the
background data values are approximately normally distributed after being LN-transformed,
there is no reason to expect that the site vaiues wiil be. In addition, the presence of
estimated values for the nondetects calls into question the accuracy of the calculated means
that are being compared.

A nonparametric counterpart to the # test is the Wilcoxon rank sum test, also known as the
Mann-Whitney U test. Since it is nonparametric, the two datasets that are compared need
not be drawn from normal or even symmetric distributions, and the test can accomodate a
moderate number of nondetect values by treating them as ties (Gilbert, 1987, p.248). The
method for handling nondetect values is important because it affects their ranks. "Detected
but not quantified values" (J’s) should receive higher ranks than nondetects. Since the ranks
of the data values are evaluated and compared rather than the values themselves, the test is
not sensitive to minor inaccuracies in estimated values and does not require an estimate of



the mean, nor do the data values need to be LN-transformed. The Wilcoxon test is superior
to some other nonparameiric tests such as the sign test or the test of proportions because it
takes account of differences in concentrations, and therefore has more statistical power to
detect differences in those concentrations.

The Wilcoxon rank sum test operates by combining the site and background data values and
ranking them by concentration. The ranks of the site samples are then compared to the
background ranks. If the site ranks as a group are significantly higher than those of the
background, the null hypothesis that the site and background values came from the same
population is rejected at a chosen confidence level (EPA, 1992, p.46). Each group should
contain at least four data values. The test is available within the Minitab” statistical program
for PCs.

The Wilcoxon test is very similar in power to the t-test when samples are normally
distributed, and is more powerful when a large number of outlying values are to be expected.
The power of this test will vary based upon several factors, such as the magnitude of the
shift in the median, and the distribution of the background samples, the sample size of each
site and the sample size of the background. Therefore, power will depend upon the sampling
strategy for each zone, and cannot be specified in a general memo. A detailed power
analysis will be conducted for each zone to be included in the RFI report.

Summary of Section D: Choose techniques that allow the use of statistical inference.
Methods must be capable of detecting situations where (a) a small number of site values are
much higher than background, and (b) site values are generally higher than background. For
situation (a), LN-transform all data values where appropriate to approximate normal
distributions, then compare site values to an upper tolerance limit of "mean plus two standard
deviations" of the background data. Where the percentage of nondetects is high, use
nonparametric tolerance limits; above 85-90% nondetects, consider using Poisson tolerance
limits. For situation (b), apply the Wilcoxon rank sum test to compare each group of site
values to background.

E. Combine results of D.1 and D.2

Methods described in section D.1 identify individual samples with concentrations that are
significantly higher than background, while the method in section D.2 identifies entire sites.
If the results from either test are positive (i.e., significantly higher than background), the
sample and/or site values are compared to the corresponding EPA risk-based concentration
limit for soils and, where appropriate, carried forward into detailed risk assessment.

Example: Lead values at Level 1

The results of 104 analyses of background samples were assembled into a dataset and
descriptive statistics were obtained for both the original and LN-transformed data, including
histograms and probability plots (Figures 1-4). When the upper tolerance limit of "mean



plus two standard deviations” was applied to the transformed data to identify outliers, three
values were found to be above the cutoff. In terms of the original data, the tolerance limit
was 143.5 ppm, while the three outliers were 172, 151, and 320 ppm. Recalculation after
deletion of the outliers yielded an upper tolerance limit of 113.9 ppm, which was greater

than any of the remaining data values. Figures 5-8 are histograms and probability plots of

the 101 values remaining in the dataset.

Eliminating the three highest values had the following effect on parameters of the original
{untransformed) data:

Before After
Mean 28.93 23.43
Standard deviation 40.94 22.24
Cv 1.41 0.95
Skewness 4.32 1.67
Kurtosis 27.65 5.48

Parameters of the LN-transformed data changed as follows:

Before After
Mean 2.79 2.72
Standard deviation 1.09 1.01
CcvV 0.39 0.37
Skewness -0.10 -0.40
Kurtosis 3.17 2.95

Since the greatest relative effect on the transformed data was to increase the absolute value of
the skewness from 0.1 to 0.4 (away from 0.0, which is the skewness of a perfectly normal
distribution), it is possible that eliminating outliers in this case was overly conservative.

Sample analysis results were assembled into datasets for individual AOCs and SWMUs, and
their values were compared to the upper tolerance limit of 113.9 ppm. Eleven of the sites
had values that exceeded the cutoff value:

014: 6 of 11 samples 655: 20f8
019: 7 of 13 666: 1of 7
121: 9of 11 670: 4 of 26
136: 1o0f3 684: 1 of 22
650: 4 of 9 690: 1 of 10
653: 2 of 4

Sample values that exceed the cutoff are marked with arrows on the enclosed sample list.
("U" and "UJ" values on the list have already been divided by 2.)

Site datasets were compared to the background dataset using the Wilcoxon rank sum test (see



enclosed results). At seven of the nineteen sites tested, the null hypothesis of "no significant
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difierence” (i.e., no contaminationy was tcjected, indicating that overall site values were

significantly higher than background. The seven sites with overall elevated values were:
014, 019, 121, 650, 653, 670, and 684. Several sites were not tested because their data
values were obviously lower than background values.

The importance of using a statistical approach to comparing sites to background is evident
upon examination of the results of the Wilcoxon test on AOCs 684 and 690. Although only
1 of 22 sampies at AOC 684 exceeded the upper tolerance limit of the background samples,
the test found that the group of site sample values was significantly higher than background
at o = 0.03. At AOC 690, 1 of 10 samples was above the upper tolerance limit, and the
median data value was virtually identical to that of AOC 684 (28.15 ppm vs. 28.60 ppm);
yet the test resulted in accepting the null hypothesis of "no significant difference” because the
calculated difference was not significant at the prescribed level of o = 0.05 (the test was
significant at « = 0.072). In this case, the difference in results of the two tests was
probably due to the difference in the number of samples at the two sites; the larger number
at AOC 684 increased the certainty of the observed differences in concentration.

The overall approach documented in this memo is considered extremely conservative for a
number of reasons: (1) the number of background samples is well above the minimum
recommended in various guideline documents ( RAGS, EPA| 198%9a, p.4-9; Ohio EPA,
1991, p.3-9 ), producing greater confidence in the ability to characterize background, and to
distinguish background concentrations from those at sites; (2) following methodology
developed in section B, high values are removed from the background datasets whether or
not they are true outliers in a conventional sense, thereby lowering the total background to
which the sites are compared; and (3) the use of two complementary tests increases the
likelihood that any contamination will be identified and addressed further, since a positive

result from gither test can trigger a detailed risk assessment.
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2908-00005 - CHARLESTON ZONE H QUARTERLY GW Time:
Samples by Chemical Report
7440-28-0 - Thallium (T1)
»>= §.0000 for All Concentration Units - Hits Only

(8]

005=0

009-G-W121-01

014-G-w002-04

' 014-G-W04D-03

10:15

009-G-FMW4-01

1009-G-W003-01

~ 009GW00804 04/08/96

 009GW01104

009GW01404 04/12/96

009GW02D03 Water 09/14/95 UG/L

1216W00101 11/09/94

014GW00204 Water 03/20/96 5.2000 3 = UG/L 24968

014GWO2D03 109/13/95

014GW04D03 . ‘Water 09/12/95 22.4000 J UG/L CHS48

653GW00101 Water .11/04/94 1.2000 J UG/L CHS25

656GW0N303 09/14 /95 23.2000

6606Ww00104 = 03/27/96 3.7000

FMWGW00404 04/10/96

GDHGWO

0401 - 11/17/94




VCHEM_R ENVIRONHEN.TALlSAFETY & DESIGNS Page: 2
03/14/97 2908-00005 - CHARLESTON ZONE H QUARTERLY GW Time: 10:15
Samples by Chemical Report
7440 28 0 - Thallium (Tl)

Gbn-c—woos-o4 GDHGWO0604 3.5000 J

4.4000 J

Water 04/09/96 ' 5.9000 J

GDH-G-W09D-04 --GDHGW09D04- Water 04/12/96 5.8000 J UG/L 25236 VAL

*** End of Report *#* '




VCHEM_R ENVIRONMENTA AL SAFETY & DESIGNS Page: 1
03714797 2909-00002 - CHARLESTON ZONE I QUARTERLY GW Time: 10:31
Samples by ChemicallReport
7440-28-0 - Thallium (Tl)

- n FaYaYalal [ g h
>= 0.0000 for aAll Concentration Units - Hits Only

012- G—WOOB 04 _'7 012G6W00304 Water 09/09/96 4.3000 B UG/L 26836 VAL‘
1504 6TIGW00104 tak) .
“671#G—w003 o4 671GH00304

LT 6766WO0104 T WAt
677GW0020

09/10/96 2.7000

| 687-G-W002-04 ""eavcwédzo4

GDIGW00202 12/12/9%
" GDIGHO0ZD3 - Wates ,
GDIGW0O0303 05/20/96 2.8000

GDI-G-W012-02 12/12/95 5.9000

GDI-H-W019-02 Water 12/13/95 5.9000 J UG/L 24310 VAL

GDI-G-WO1D—02 ter 12/13/95 5.1000

 GDI-G-WO8D-02  GDIGWOBDO2

GDI-G-W10D-02 GDIGW10D02 Water 12/11/95 = '8.6000 J UG/L 24276 VAL

GDI-G-W11D-04 GDIGW11DO04

GDIG 7004 "‘”'”'03/21/95

GDI-G-W18D-=03 GDIGW18D03 Water 05/29/96 ‘ 5.2000 J UG/L 25724 VAL

*** End of Report **»*

N /= round G s>

o Fome K G0 Mides
Ne- Foma L Ged AduTe




VCHEM_R
03/14/97

038-G-W002-01

*xx End of Report #*#**

"ENVIRONMENTA AL

038G6W00201

SAFETY &

2901-00001 - CHARLESTON ZONE A - SOIL & 1ST GW
' Samples by Chemical Report

Thallium (Tl)

- Hits Only

7440-28-0

>= 0.0000 for UG/L

MEAARA

Water 1l 4.0000 J

2/07/95

DESIGNS

Page:
Time:

10:20

UG/L L

5997
6008




s

VCHEM_R ENVIRONMENTAL SAFETY & DESIGNS Page: 1
03/14/97 2901-00002 - CHARLESTON ZONE A - QUARTERLY GW Time: 10:20
Samples by Chemical Report

7440-28-0 = Thallijium

GDA-G-W03D-02 GDAGWO3DO2

)z UG/L L6326W
G-HO3D-03" - GDAGHOIDOS ; 7H

23,0000 J
L 1750000

*** End of Report *w»




VCHEM_R ENVIRONMENTAL SAFETY & DE SIGNS

03/14/97

2902-00002 - CHARLESTON ZONE B - QUARTERLY GW
Samples by Chemical Report
7440-28-0 - Thallium (Tl)

GDB-G-W003-03 GDBGWOO0303 Water 06/25/96 3.4000 J uG/L

*** End of Report *+*

72?, v /5 s pand. éa)wy\lu-

Page:
Time:

L7320M

10:25

VAL




VCHEM_R ENVIRONMENTAL SAFETY & DESIGNS
03/14/97 2903-00002 - CHARLESTON ZONE C - QUARTERLY GW
Samples by Chemical Report
7440-28-0 - Thallium (T1)

e w1 e ko S TTan d Y
or All Concentration Units - Hitg Only

Vﬁ
]
Q
o
o
o
<
Hh

044GW00104 .06/11/96 34.5000

e 0446W00304: 06707496 LT 840000
044GW00504 06/10/96 3.8000
O Water 05710496 . Zais
06/07/96

047GW00703 05/14/96  3.9000 B
P WO PSR I y ‘ 2800 NERRG ¢ e
523GW00103 05/13/96 4.3000 UG/L

*** End of Report *»*»

Ro T o /sand G2) Amaplos

Pege:
Time:

1
10:25




VCHEN_R
03/14/97

ENVIRONMENTAL SAFETY &
2905-00002 - CHARLESTON ZONE E - QUARTERLY
Samples by Chemical Report
7440-28-0 - Thallium (T1)

..... b d

~ . Uy,
COonCencracion

TTom § do = TYL b
Villvee T i

021-G-W003-03

172-G-W001-04

172-G-W02D-04

530-G-W02D-03

538-G-WO1D-03

550-G-W001-03 -

00103

084-G-W002-03

DESIGNS

Page: 1

Time: 10:27

3.2000 g

12/04/96

065GW00203 12/11/96 2.8000 J

12/03/96 3.2000 <

070GW00103
“070GWO1DOL
070GW01D03
084GW00203  Water 11/15/96 8.2000 J

102GW00103 11/04/96 3.1000

1726WQ0104 Water 01/27/97 3.1000 B

172GW02D04 Water 01/27/97 3.4000 B

3.9000 J

3.0000 J .

572GW00104 10.8000

126W00204

UG/L 27827 VAL

VAL

27639

UG/L VAL

28301

UG/L

UG/L 28301

27868

UG/L

VAL




VCHEM_R ENVIRONMENTA AL SAFETY & DESIGNS Page: 2
03/14/97 2905-00002 - CHARLESTON ZONE E - QUARTERLY GW Time: 10:27
Samples by Chemical Report
7440-28-0 - Thalllum (Tl)

573- G WOOl 04

o 574Gw00 02
= IWOAD02. .

4.1000 B

5.3000
2.9000 E
- 01/21/97
07/17/96 '~ 5.5000
_11/01/96
- 01/13/97

12/16/96

GDE-G-W005-03 -~ GDEGWO00503 Water 12/03/96 5.4000 J UG/L 27827 VAL

'GDE-G-W007-04 01/22/97

GDE-G-W012-01 - GDEGW01201 - Water 04/03/96 5.3000 J uG/L 25153

GDE~G-W013-04 . GDEGW01304 ] 01/24 /97 3.9000

GDE-G-W017-04 GDEGW01704  Water 01/31/97 o 4,6000 B UG/L 28346 NV

GDEGW01D03

10/29/96 3.3000 UG/L

GDE-G~W02D-02 GDEGW02D02 Water 07/09/96 J UG/L 26253 VAL

GDE-G-W03D-04 . GDEGW03D04- Water 01/15/97 - 4.3000-B UG/L 28179 NV

GDE-G-WO06D-02 GDEGWO6D02 Water 07/17/96 ) 2.8000 J UG/L 26304 VAL




VCHEM R : ENVIRONMENTAL SAFETY & DESIGNS Page: 3
03/14/97 2905-00002 - CHARLESTON ZONE E ~ QUARTERLY GW Time: 10:27
Samples by Chemical Report
7440 28 0 - Thallium (Tl)

GDE-G-WO6D-04 01/16/97 NV
. GDEGWO8D04 Water 01/14/97 6.5000 B UG/L 28149 NV
- GDEGHO9IDOZ Y
GDEGW10D04 01/21/97 NV
et g 61 : v
07/23/96
L OL24497

11/14/96

GDEGW15D01 7
3. GDEGW1SDO} . . W
GDEGW15D04

05/10/96

4.7000

01/28/97 3.9000

GDEGW17D04

GDE-G-W22D-04

02/06/97 2.9000

GDE-G-W24D~02 08/05/96

**% End of Report *+x




VCHEM_R ENVIRONMENTAL SAFETY & DES
03/14/97 ‘ ' 2906-00002 - CHARLESTON ZONE F GW (ONLY)
Samples by Chemical Report
7440-28-0 - Thallium (T1)
N »>= $.0000 for All Concentration Units - Hits On

109GW00101 Water 11/04/96 3.5000 J
WOO
619GW00301
0

6.6000

2.8000

GEL-G-W008-01 GELGW00801 - Water 11/10/96 6.9000 J

*** End of Report ***

IGNS Page: 1
Time: 10:28

UG/L 27502 VAL

UG/L 27502 VAL




VCHEM_R ENVIRONMENTAL SAFETY & DESIGNS Page: 1
03/14/97 2907-00002 - CHARLESTON EONE G. QUARTERLY GW Time: 10:29
Samples by Chemical Report
7440-28-0 - Thallium (T1l)
»>= (,0000 for All Concentration Units - Hits Only

003-G-W001-01
002701 i -

003-G-W003-01

003GW00101 11/20/96
IZEHO! ater. 11 B

11/20/96

Q02

11/15/96

01/16/97

- FDS-G-W02A-01 5.8000

| FDS-G-W02C-01 01/16/97 5.1000 UG/L

5.7000

VAL

FDS-G-W07D-01 FDSGW0O7D01 Water 01/24/97 7.1000 g

FDS-G-WO08B-01 FDSGWOBBO1  Water 01/25/97 5.8000 J ~ UG/L 28249 VAL
“fy . ot

'  FDSHWOSCO1 01/24/97

FDS-G-W13A-01 _FDSGW13AQ1 Water 01/27/97 5.7000 J UG/L 28249 VAL

FDS-G-W13D-01 FDSGW13D01 Water 01/27/97, S 4.2000 J UG/L 28249 VAL

FDSGW14B01

FDS-G-W16C-01 . FDSGW1&CO1 Water 01/29/97 . 4.6000 J uG/L 28308 VAL

**% End of Report **=*




‘.-’

A comparison of background values for surface soil at Charleston Naval Base.

I. Surface soil {mg/kg) 4-28-97
Inorganic Zone A | ZoneB | ZoneC Zone D Zone E “Zone F Zone G Zone H Zone ]
chemical (n=13}) (n=135} (n=44) (n=6) (n=25} (n=6) (n=6) (n=104} (n=135}
Aluminum 12800 P | 15500P 26600 P 26000 P
Anttmony ND X 1.77N X
Arsenic 9.44 P 171 P 239N 156 F
Barium 530P 98.7P 130P 403 P
Berylliwn X 1.23P 1.7P 1.37P
Cadmium x ND 15N 105 N
Chromium 504P 75.7P 946P 59.1P
Cobalt 44N 21.9P 19.0P 586PF
Copper 165P 225P 66.0 P 27.6P
Lead 140 P 4P 265N 118 P
Manganese 98.1P 464 P 302N 583 P
Mercury 03N I.55N 26P 0485 P
Nickel - 1355P | 43.6P 77.1P 334P
Selenivm 12N 28N 17N 20N
Silver ND 1.7N X X
Thallium ND ND 28N 1.IN
Tin ND [48N 594 P X
Vanadium 2924P | 352.6P 94.3P 730P
Zine 2076 P 366.P 827P 214 P
Cyanide ND ND 05N ND

Notes:

ZEXZ™

Parametric UTL
Noaparametric UTL
No UTL calculated (ND>90%)
Twice the mean -

Not detected




A comparison of background values for subsurface soil at Charleston Naval Base.

Ii. Subsurface soil {mg/kg) 4-28-97
Inorganic Zone A ZoneB | ZoneC Zone D Zone E ~ZoneF Zone G Zone H Zone I
chemical (n=12) (n=14) | (n=29) (n=6) (n=24) (n=6) (n=4) (n=63) (n=6)
Aluminum || 28,240P | 17,760 P 41,100 P 46,200 P
Antimony ND X 1.6 N X
Arsenic 9836P | 108N 19.9P g 22.5P
Barinm 4001 P 650N 94.1P 438 P
Beryllium ND L6l P 271P 1.62 P
Cla"m'ﬂium ND ND . 096N 1.1N
Chromium 634P | 48.1 N 752N 842 P
Cobalt 17N 106N 149N 149P
Copper 3369P | 470P 152 P 316P
Lead 2201 P 145F 173N 68.7P
Manganese || 85.54 P 288N 881 P 1,410 P
Mercury ND 20N ‘159 P 0.735 P
Nickel 350P 299N 570F 299P
Selenium 1.74P 38N 24N 27N
Silver X 18N X "X
Thallium ND ND X 13N
Tin X 3N 9.23 P ND
Vanadium 7132 P lOﬁ N 155 P 132 P
Zine 164.6P | 238N 886 P 130 P
Cyanide ND ND X ND

Notes:

P Parametric UTL

N Nonparametric UTL

X No UTL calculated (ND>90%)

M Twice the mean

ND Not detected




A comparison of background values for shallow groundwater at Charleston Naval Base.

1. Shallow groundwater (g/L) 4-28-97
Inorganic Zone A | ZoneB | ZoneC ZoneD | ZoneE | ZoneF | Zone G* | ZoneH Zone |
chemical (n=3) (n=4) (n=2) (n=1) (n=25) (n=2) (n=2) (n=11) (n=18)
Aluminum 3210 M : X
Antimony ND ND
Arsenic 74N 215P
Barium 104 M . : 323p
Beryllium . ND ND
Cadmium ND ND
Chromium 37M ND
Cobalt ' ND X
Copper 15.7M ND
Lead 47M : 4.7P
Manganese 577N 2,440 P
Mercury ND ' - ND
Nickel ND X
Selenium ND ‘ 7 32P
Silver ND ND
Thallium ND . 537N
Tin NA ND
Vanadium 54 M X
Zinc | 832M ND
Cyanide ND X

Notes.

P Parametric UTL

N Nonparametric UTL

X No UTL calculated (ND>90%)

M Twice the inean

ND Not detected

NA Not analyzed



A comparison of background values for deep groundwater at Charleston Naval Base.

IV. Deep groundwater (11g/1.) 4-28-97
Inorganic Zone A ZoneB | ZoneC | ZoneD ZoneE | ZoneF Zone G Zone H Zone I
chemical (n=3) (n=2) (n=2) (n=1) (n=25) (n=2) (n=2) (n=11) (n=19)
Aluminum L 245M - 723 MNP
Antimony ND ND
Arsenic I1LIN 82N
Barium 179N 237P
Beryllium ND ND
Cadiniwin ND X
Chromium 73N X
Cobalt 121 M 3.2 MNP
Copper 58M ND
Lead ND 4.3 MNP
Manganese 2,600N 998 P
Mercury ND X
Nickel 21.1M X
Selenium ND 2.1 MNP
Silver ND ND
Thallium ? X
Tin NA ND
Vanadium 10.9M 9.3 MNP
Zinc 662 M X
Cyanide 0.05 M ND

Notes: _

P Parametric UTL

N Nonparametric UTL

MNP  Moadified nonparametric UTL

X No UTL calculated (ND>90%)
M Twice the mean

ND  Not detected
NA Not analyzed




Zove L
Arsenic

Om;a)u}o.l datwset (w= 7é.>
Or*;.ﬂu;.m_/ valves

Sy Shallow @ 3:‘34) samples.

Statistics

N Total
N Miss
N Used

Mean

UVUariance:
Std. Dewv:

#“ C.V,

Skeuness .
Kurtosis:

Minimun :

25th «
Median
75th =«

Maximum :

Histogramn
Data file!: i_bg os.dat
M XE |
o8 .
48 . -
2
= 38. -
a
-
-y
4
P 280 . -
1a.
a l | ' L I
* 1 T
a, aa. 68, 99,
As_gs CugrsL)

O
O o N b

76
a
76

.476
.764
.178
776
723
.324

2508
.688
.5008
.108
.3848




As_gs

aa,

Normal Probkabkilituy Plot for As_gs
Data file: i_bg_gs.dat

68,

48 .

20,

+
+
o
>l
+.
+ +++H¥*mwﬁmmﬂ§wf##
1 18 239 S8 7@ 90 99

Cunulative Percent

Statistics

N Total
N Miss
N Used

Mean

w C.V,

25th »
Median
75th »

Variance:
Std. Dew:

Skeuness.
Kurtosis:

Minimum :

El Maximum :

1

1

o

2

O =i [\ b b

76
a
76

.476
124.
1.
131,
.723
.324

764
178
776

.258
.608
.5688
.168
.388

/&



Zove L
Arsevie. 1 Shallow &GO qrid samples

Om'ﬁxb#—t’ dotssetr (w= 7¢)
LN~ Fraws Prmed.  valves

Histogaran
Data File: i_bg_gs .dat
— | X | —

20.

16 s "
]
= 12. -
a
=]
-y
g
fa 8. -

4. 4

a. l

a. 1. 2. 3. 4,
LN<As_gas) (ug/L)

EEEES—————

Statistices

N Total
N Miss
N Used

Mean

Variance:
Std. Dewv:

# C.V,

Skeuness:
Kurtosis:

Minimum
25th »
Median

75th »
Max imum

N 0

76
A
76

.520
.149
.072
.526
.587
.124

223
.478
.916
.487
.194

< a



LN{As_gos52

Normal Probability Plot for LN{(As_gs)
Data File:!: i_boa_qgs .dat

5.
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+
+t
LH+
3.
Fﬁ‘f
2.
#
r3
ko
L. S
At
+| +++HH
a.
1 18 38 58 78 98 99

Curmulative Percent

Statistices

N Total
N Miss
N Used

Mean

Variance:
Std. Dew:

#z C.VU,

Skeuness:
Kurtosis:

Minimum
25th =
Median
7Sth «
Maximum

N @

76
A
76

.520
.149
872
.526
587
124

223
.4708
916
.487
.194




VCHEM_R
06/08/97

ENVIRONMENTAL

SAFETY &

2909-00001 - CHARLESTON ZONE I 8%k & 1ST GW
Samples by Chemical Report

7440-3

>= 0.0000 for UG/L

8-2 -

Arsenic (As)
- Hits Only

DESIGNS

Page:
Time:

21:19

012-G~W002-01
671=6-W003~01
671-G-W004-01
687-G=-W001-01
687-G-W002-01
. 687-G=W004~01
DMA-R-0001-01
- GDI-G-W002=-01
GDI-G-W004-01
. GDI-G-WCDS-01
GDI-H-W00S-01
. GDI-G-W011-01
GDI-G-W013-01
GDI-G=W017-01
GDI-G-W19D-01

22:6”061 ;[

Rovwd 7/

012GwW00201

- 671GWO0301 -

671GW00401

 6B7GW00101 -

687GW00201

687GWO0401

DMARO00101

- GRDGWOO201 -

GRDGW00401

MAnnAacsanant 0

AFDLAAT YA T L

GRDHNOOS01

GDIGW01101

GRDGW01301

GDIGWO1701

GD1GW1%DO1

*** End of Report ***

Water
Water
Water
. Mater:
Water

VWater
Water

o

- Water
Water

- Water 05719/95

Water
Water
Water

~S¢Lﬁ4fhkk5

fwhiéf?

06/08/95

06/02/95. .

06/02/95

06/08/95

06/08/95

04/04/95
04/24/95
04/21/95

.05/02/95

05/05/95

04/26/95
05/23/95
06/01/95

_ 177.0000
17.2000
33.2000
26.3000

6.4000
10.0000

63000

-31.4000

38.6000 " -,

25.8000 -

20.0000

9.7000

 20.9000

14.2000

Arsenvic Adetections GL) Samples

- 16,1000

J

UG/L

T UGYL

UG/L

“uG/L

UG/L

“ue/L

UG/L

ve/L
uG/L

[P

UG/L -
00575M
‘00579K - -

UG/L

UG/L "

UG/L

UG/TL

UG/L

05710M

‘00578M . -

00578M

O5710M

05710M

05710M

0573MI

3(105?755‘

00575M

Py Y LTI

‘00575M

-0QO0577M

00578M

VAL

VAL

VAL

" VAL
VAL




-

VCHEM R
06/08/97

Zeore I

ENVIRONMENTA AL
2909-00002 - CHARLESTON ZONE I QUARTERLY GW

SAFETY

& b

Samples by Chemical Report

7440-38-2 -
»>= 0.0000 for All Concentration Units - Hits Only

Arsenic. detections W Gl sarples —

Arsenic (As)

ESIGNS

Rovuds o?, 3, and 4

Page:
Time:

1
21:20

012-G-W002-02
012-G-W002-03
012-G-W002-04

671-G-W001-03

671-G-W003-02

-671-G-H003=03

671-G-W003-04

C6T1-GWO04-02

671-H-W004-02

671-H-W004-04

‘6 T5—G=W002=04

677-G-W002-03
678-G-W001-~03
687-G-W002~02

687-G-W002-04

687-G-W003-03

GDI-G-WO01-02.

GDI-G-W001-03
GDILGLWOOLS
GDI-G-W002-02

| GDI-G-WO02~03 - .

GDI-G-W002-04

[ GDI-G-WO03~03 "

GDI-G-W003-04

GDI-G-W004-02. .

GDI-G-W004-03

- BDI-G-W006~03 .

GDI-G-W006-04

“GDI<G-WO0T-04: -
GDI-G-W009-02

GDPI-G-W009-04
‘GDI-G-W010-03:

GDI-G-W013-02
- GDI-G-W013-03
GDI-G-W013-04
GDI-G-W014~02
GDI-G-W014-03

GDI-G-W017-02

AT M T T 6
TUlLTUTRUVL fTY

. GDI-G-W017~04 -

GDI-G-W019-02

-GDLI-H-W019-=02 '

GDI-G-W019-03

-GDI~H=W019-03 '

GDI-G-W019-04
GDI-H-W019-04
GDI-G-WO1D-04

iogi

012GW00202

012G6wW00203

012GwW00204
671G6w00103
671GW00302
671GW00304

671HW00402

. 671GWQ0403

671HW00404

675GW00204

677GW00203
678GWO0103
687GW00202
687GW00204
687GW00303

-.6716W00303

- 671GW00402

GDIGW00102.
GDIGW00103

GDIGWQ0202

GD1GWO0203

GDIGW00204

- .GDIGWO0303

GDIGWO0304

GDIGW00403

GDIGWOO0603: «

GDIGW00604

GDIGW00902

GDIGW00904
GDIGWO1003:

GDIGW01302

 GDIGWO1303

GDIGWO1304
GDIGW01402
GDIGW01403

. GDIGWO0402

| 'GDIGWD0704 -

- ‘Water

GDIGWO1702 -

AT T T

GDIGW01703

- GDIGWO1704

GDIGW(01502

" GDIHW01902:

GDIGW01903

“GDIHW01903 .

GDIGW0 1504

" GDIHW01904

GDIGWO1D04

Water
Water
Water
Water
Water

Waterj

Water

-Water -

Water
water
Water

Water

Water
Water
Water
Water
Water
Water
Water

wWater

Water

Water:

Water

,fwatét

Water

" Water

Water

Water

Water

Water

Water

ERERE - I S

PNk e Y A

Water

Water

Water

Water
Water
Water

- Water:

Water
Water
Water

‘Water

Water

. Water

Water
Water
Water

01/16/96
05/31/96
09/04/96
06/03/96
01/16/96

06/03/96. oo

08/30/96

01/16/96 . =

01/16/96

06/04/96. "

09/04/96

09713796

06/06/96
06/04/96
01/16/96
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05/30/96
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220.0000
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253.0000
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42.0000
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UG/L 24492
UG/L 24492
UG/L 25866
UG/L 26836
UG/L 26925
UG/L 25866
UG/L 25866
UG/L 24492
UG/L 26836
UG/L 25866
UG/L 24276
UG/L 25623

" UG/L . ‘26670
UG/L 24276
UG/L - 25623
UG/L 26670
UG/L - 25623
UG/L 26670
UG/L- 24310
UG/L 25623
UG/L 25623
UG/L 26670
UG/L 26670
UG/L 24276
S UG/L 25814
UG/L 26711
UG/L 25814
UG/L 24229
UG/ 25724
UG/L 26836
UG/L 24492
UG/L 25724
UG/L 24229
UGc/L 25724
UG/L - 26711
UG/L 24310
UG/L 24310
UG/L 25814
UG/L 25814
UG/L 26768
UG/L 26768
UG/L 26670

VAL

VAL
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VCHEM_R ENVIRONMENTA AL SAFETY & DESIGNS Page: 2
06/08/97 2909-00002 - CHARLESTON ZONE I QUARTERLY GW Time: 21:20
Samples by Chemical Report
7440-38=-2 = Arsenic (As)
>= 0.0000 for RAll Concentration Units - Hits Only

GDI-G-W03D-04 GDIGWO3D04 Water 08/21/96 3.3000 J UG/L 26670 VAL
GDI-G-W04D-03 -. . . GDIGWO4DO3 . . Water 05/23/96 ... . . .:86,0000:3 . UG/L 25724 VAL
GDI-G~WO6D-03 GDIGWOsDO0O3 Water 05/16/986 3.5000 J UG/L 25623 VAL
GDI-G-WO7D-02 .=  ~GDIGWO7D02 - - Water 12713795 - © 56,2000 J " UG/L 24310 VAL
GDI-G-W10D-02 GDIGW10DO02 Water 12/11/95 1.2000 J UG/L 24276 VAL
. .GRI+G-WLID~03 - “GDIGW11D03  Water 05/247/96 =~ - . 5,2000.J.. . .UG/L. 25724 ... VAL
GDI-G-W13D-03 GDIGW13D03 Water 05/28/96 6.5000 J UG/L 25724 VAL
GDI~G-W17D=04 ~ . ‘GDIGWI7DD4. .  Water 08/27/96 . 24,8000 J "UG/L 26711 . - VAL
GDI-G-W19D-02 GDIGW19D02 Water 12/13/95 13,3000 UG/L 24310 VAL
GDI-G-Wi9D-03 . - GDIGHISDO3 : . Water 05/30/%&6 ... . 1139000~ -  UG/L 25814 . - VAL

*** End of Report *»w*
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Origuval datfaset (w=7e)

Dr;'ﬁtiua.l valves

Histogran

Data file: i_bg_gs .dat

Statistics

N Total

o58.

49 .

38.

Frequency

28.

————

N Miss
N Used

Mean

#“ C.V.

25th «

Median
75th »

| ——

1088.

2088 . 3008 .

Mn_gs <ug-/L?>

Ll
41900 .

o000 .

Variance:
Std. Dew:

Skeuness:
Kurtosis:

Minimum :

Maximum -

745.

915171

128
2
b

1
133
396
832

76
a
76

983

.5680
956.
.248
872
.934

646

.800
.Bda
.5080
.000
4525.
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Mn_gs

Normal FProbabhility Plot for Mn_gs

Data file: i_bg_gs.dat Statistics
N Total : 76
2088 . 1 N Miss : a
| : + —- N Used : 76
4908 . Mean : 745.983
4 Variance: 915171.5480
N Std. Dewv: 956.646
2008 . - #“ C.J. ¢ 128.248
+ | Skeuness: 2.872
t Kurtosis: 6.934
2088 T Minimun : 1.808
& 25th % : 133.000
# Median : 394.588
19008 ., ' 75th » ¢ 832 .8088
= Maximum : 4525 .0888
8. bbbl —
1 18 230 Sa 78 9@ 99

Cunul ative Percent
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Ori gmal dotaset (n= 75)
LN - Fransformed. valves
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His togram
Data Ffile: i_bg_gs.dat
= [ x|

28 .

16.
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a
S
r
4
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q.
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Statistics

N Total
N Miss
N Used

Mean

Variance:
Std. Dew:

“ C.V.

Skeuness:
Kurtosis:

Minimum @

25th »
Median
75th »#

Maximum @

N
N ], |

76
8
76

.833
971
.184
.a7a
.587
.099

.588
4.8980
5.966
b.724
8.417
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LNC(Mn_g=xs )

Nornal Probability Plot for LN(
Data file:!: i_bgag_gs .dat

Mn_gs )

Statistics

N Total

+H+++
H#F

o

N Miss
+ N Used

Mean

e

#« C.V,
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25th «
Median
75th »#

1 1@ 380 S8 78 99
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Variance:
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Skeuness -
Kurtosis:
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76
8
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8.417

R b



Zowve L

Mawnganese o Shallows G0 5r-jaL Samples

Or;ﬁ:bal

dataset (no=76)
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24 .

His togram

Data file! i_bg _gsx.dat
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| N Total

;
o 16.
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g
3
&
a
o
e

N Miss
N Used

Mean

» C.V.

Minimum
25th »
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7Sth =«

Max imum

da. 68,

sqrtMn (ug-s/L)>

98,

Variance:
Std. Dewv:

Skeuness:
Kurtosis:

22
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64
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28
67

Statistics

76
A
76

.952
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.983
.9308
.B68
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.342
.533
. 756
.844
.268




Nornal Probability Plot for sqrtMn
Data file: i_bg_gsx.dat
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Statistics

N Total
N Miss
N Used

Mean

Variance:
Std. Dewv:

» C.V,

Skeuness .
Kurtosis:
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a
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VCHEM_R
06/08/97

ENVIRONMENTA AL
2909-00001 - CHARLESTON ZONE 1 SOIL & 1ST GW

»>= 1000.0000 for UG/L
———T Ty,

SAFETY &

Samples by Chemical Report

7439-96-5 - Manganese {Mn)
— Hits Only

DESIGNS

Page:
Time:

1
18:21

% % % X%

012-G-W002-01
677-G~W002-01
687-G-W001-01
687-G-W004-01
DMA-W-0001-01
DMA-R-G001-01
DMA-W-0002-01

DMA-W-D003-01

DMA-W-0004-01

. DMA=W-G005-01

GDI-G-W001-01

6DI-G-W002-01

GDI-G-WO08-01
GDI-H-W008-01
GDI-G-W009-01

" GDI-H-W009-01

012GW00201
677GW00201
687GW0O0101

'687GW00401

DMAW0O00101
DMAROO0101
DMAWO00201
DMAWOO0301
DMAW0O00401

GRDGW0OQ101

GRDGWDOZ01

GRDGW00801
GRDHWO0801
GRDGW00901
GRDHNO0901

*** End of Report ***
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MMJMJ&JC_. 7y,

Comcentrations

Water 06/08/95 4870.0000
- Wwater 06706795 1690.0000 J-
Water 06/08/95 1330.0000
Water 06/08/95 1040.0000
Water 04/04/95 3250.0000
Water 04/04/95 3560.0000
Water 04/04/95 3410.0000
Water 04/04/95 3540.,0000
Water 04/04/95 3430.0000
- wWater 04/04/95 .1650..0000
Water 04/24/95 3060.0000
Water 04/24/95 1470.0000
Water 05/02/95 1630.0000
Water 05/02/95 1580.0000
Water 05/02/95 4850.0000
-“Water 05/05/95 4200.0000.

G&) 54MP’E..S
above /00O _/gitﬂ,/z_

First ‘S‘U“'Ph;ud rouvwel_

139 L7

A W 1R

ID

] .UAL fcaJLe._S

5UFEL& aMJ%r J4MFA1

UG/L
UG/L
UG/L

UG /L

UG/L

UG/%

UG/L

- UG/L

UG/L

Cus/n

UG/L

~UG/L

UG/L
UG/L
UG/L

UG/L

05710M
00578M
05710M
05710M
0573MI
0573MI .
0573MI
0573M1
0573M1

00575M

“00575M" .
'D0576M

00576H
00575M
005 75M

VAL .

- VAL

VAL
VAL
VAL
VAL
VAL
vaL
VAL
VAL
VAL

VAL
VAL
VAL
VAL
VAL




VCHEM_R
06/08/97

ENVIRONMENTAL SAFETY & DESIGNS Page:
2909-00002 - CHARLESTON ZONE I QUARTERLY GW

Samples by Chemical Report

7439-96-5 - Manganese (Mn})

Time:

>= 1000.0000 for all Concentration Units - Hits Only
oYY

1
18:20

012-G-W002-02
012-G-W002-03
012-G-W002-04
671-G-W001-02
677-G-W002-03

687-G-W003-03
GDI-G-W001-02
GDI-G-W001-04
GDI-G-W002-03
GDI-G-W002-04
GDI-G-W008-02
GDI~G-W008-03
GDI-G-W009-02

GDI-G-W009-04

GDI-G-W019-02

687-G-W001-02.
- 687-G=W004~02
GDI~G-WO01-03

- GDI~@-W002~02 -

-GDI-G-H009=03
- GDI-G-W010-02

GDI-H-WO019-02

CCLGAJCAEAJJ77Lf?éKJJS
Reovwds = 3, and. &

012GW00202 Water 01/16/96 4920.0000 UG/L 24492 VAL
012GW00203 Water 05/31/96 2860.0000 UG/L 25814 VAL
012GW00204 Water 09/04/96 2770.0000 J UG/L 26836 VAL
671GW00102 Water 01/16/96. 1000,0000 UG/L 24492 - VAL
677GW00203 Water 06/06/96 1080.0000 J UG/L 25866 VAL
- 687GW00102 Water O1/16/96 -~ - - 3290:0000 UG/L 24492 . VAL
687GW00303 Water 06/05/96 1750.0000 J UG/L 25866 VAL
“iR87GW00402°  Water 01717796 - .2240,0000° 5 i UG/L 24513 U YRLY
GDIGW00102 Water 12/12/95 2920.0000 J UG/L 24276 VAL
© GDIGWU0103  Water 05/15/96 13230:00600 1. - UGfL 25623 * VAL
GDIGW00104 Water 08/19/96 1280.0000 J UG/L 26670 VAL
. GDIGW00202 ~ Water 12/12/95 ... 258050000 .J UG/L 24276 VAL
GDIGW00203 Water 05/16/96 1860.0000 J UG/L 25623 VAL
GDIGWO0204 Water 08/20/96 '1300.0000 J UG/L 26670 VAL
GDIGWO0802 Water 12/12/95 1720.0000 J UG/L 24276 VAL
GDIGWOO803 Water 05/22/96 1670,0000 UG/L 25724 VAT,
GDIGW00902 Water 12/11/95 3560.0000 J Uc/L 24276 VAL
.GDIGWO0903 - Water 05/30/96 - 2830:0000 L UG/L 25814 - VAL -
GDIGW00904 Water 08/23/96 3560.0000 UG/L 26711 VAL
- GDIGWO1002 . wWater 12711795 - 7 1300.0000 .3 - UG/L 24276 VAL
GDIGW01902 Water 12/13/9% 1010.0000 J UG/L 24310 VAL
GDIEW01902 Water 12/13/95 1070.0000 . UG/L 24310 VAL .

*** End of Report ***
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A comparison of background reference values for surface soil at Charleston Naval Base.

I. Surface soil (mg/kg) 6-5-57
Inorganic Zonc A | ZoneB | ZoneC | ZoneD Zone E Zone F Zome G Zone ]l Zonel
chemical (n=13) [ (n=15) | (a=45) | (@=6) | (u=25) (n=6) (=6) | (n=104) | (n=15)
Aluminum 12800 P | 15500P | 99%0P 8700 M | 26600 P 26000P | 27400 N
Antimony ND X 055N | 092M | LTIN X ND
Arsemic 9.44 P 17.1P l42P | 555M | 239N 156P 21.6P
Barium 530P 98.7P 772P J00M 130P 403Pp 42P
Beryllium X 123 P X 0I1sM 17P 1.37P 0.95W
Cadmium X ND 085 N 007TM 15N 108 N NE81IN
Chromium 504P I57P 264P 124 M 946 P 59.1P 345P
Cabalt 44N 219p NP 946 M 1%.0P 58P 58N
Copper 165 P 225Pp 4TP 40.6 M 66.0F 276P 240P
Lead 140 P 114P 330P 18.8 M 265N 118P 203N
Maunpancse 98.1P 464 P 925P 286M 302N 583 P 419N
Mercury 03N 135N 0.24N 005M 260P 0.485PF 047N
Nickel] 13.55P 436PF 123P 468 M T.1P 334F 239P
Selenium 12N 28N 144 P 091 M 17N 20N 1.49F
SiJver ND 1L.7N X 043 M X X X
Thallium ND ND ND ND i8N I.IN ND
Tin ND 148N 295P ND 594 P X 75N
Yunedium 2924P | 52.6P | 234P | 973M | S43P 73.0P 113P
Zinc 2076 P 366 P 159T 251 M 327P 214 P 206 P
Cyunide ND ND ND 0.13 M 05N ND ND

MNotes.

P Parametric UTL

N Nonparametric UTL

X No UTL calculated (ND>90%)

M Twice the mean

ND Not detected

~ra s | (S T 7O T o o T g 9 e TC =T JELT _RAT WA



A comparison of background reference values for subsurface soil at Charleston Naval Base.

IL Subsurface soil (mg/kg) 6-9-97
Inorganic Zonc A Zom B Zom € Zone D Zoae E Zone B Zonc G Zonc H Zoncl
chemical (r-12) (n—14) (7=30) (=6 (=248) (a=6) (n=4) __(_“:‘;3) (n-6)
Aluminum 28240P | 17T700P | 23700P | L0300M | 411007 46200P | 18900 M
Antimoay ND X 052N ND 16N b ND
Arsenic 9.836 P 108N 141N 408 M 199 P 224P 645 M
Barium 4001 P 650N 68.3P 29.7M 94.1 P 43P 36.0 M
Boryllium ND 1617 0.98 N 0.75 M 271 P 1629 0.67M
Cadmijum ND ND 0.28N 033 M 096 N 1.t N 0.54M
Cluwmium £34P 4.1 N 125p 223 M 752N 841P $13M
Cobalt LIN 108N T.IN 289 M 149N 149P 348M
Copper 3369 P 470P 422P ND 152P 3169 11.5M
Lead 2201 P 145 P 73.2P 7.87M 1N - 687P 123M
Mengancse 85,54 P 288N 1067 299M 3.1 P 1,410 P (SERY
Mercury ND 240N 030N 0.05 M 1599 Q.7A5P ND
Nicke 350F 299N 1577 7€M $70P 29.9p 15.7M
Selenium 1L.74P 38N 290N 1.46 M 24N 27N L7TM
Silver x L8N ND 036 M ND X ND
Thallium ND ND X 0.57 M ND 13N ND
Tin x L3N 2377 ND 9.23 P ND ND
Vanadium 7732pP 102N 569N 15.1 M 155 P 132P 381 M
Zinc 1646 P 238N 243 P 0.1 M $86 P 130P 82M
Cyamde ND ND ND 0l6M X ND ND

Notes

P Parametric UTL

N Nonparametric UTL

X No UTL calculated (ND>90%)

M Twice the mean

ND Not detected
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