





APPENDIXD

STATISTICAL EVALUATION FOR LEAD DETECTED IN SOIL SAMPLES

D.1  Statistical Evaluation for Lead Detected in Soil Samples

Statistical methods were applied to the total lead data to evaluate: 1) the distribution of total lead
concentrations for each sampling depth; 2) the upper confidence limits (UCLs) of the true means of the
total lead concentrations for each sampling. depth; and 3) if an acceptable correlation between total and
soluble lead concentrations exists tha’E would allow the prediction of soluble lead concentrations based
on calculated UCLs. The statistical methods used are discussed in a book entitled Statistical Methods
Jor Environmental Pollution Monitoring, by Richard Gilbert; in an EPA Technology Support Center
Issue document entitled, The Lognormal Distribution in Environmental Applications, prepared by
Ashok Singh et.al, dated December 1997; and in a book entitled An Introduction to the Bootstrap by
Bradley Efron and Robert J. Tibshirani.

D.1.1 Distribution of Total Lead Concentrations

The presence of non-detects and/or low concentrations in total lead data sets can strongly skew sample
data towards low values. In these cases, the data is often lognormally distributed or nonparametric and
classical statistical methods do not work properly since they assume that the data exhibit an underlying
normal distribution. Consequently, it is necessary to evaluate the distributions of the total and lead data
sets to apply the appropriate methods when determining the UCLs on the true total lead means. When
evaluating the distribution of total lead concentrations, each sampling depth was treated as a separate
data set.

D’Agostino’s Test and the W-Test as described in Gilbert, were used to test the null hypothesis of
underlying normal or lognormal distributions, or in other words, to test if either the non-transformed
total lead data sets or the natural log-transformed total lead data sets are normally distributed.
D’Agostino’s T est was used on data sets with greater than 50 observations and The W Test was used
on data sets with 50 or fewer observations. Each test was performed at the o = 0. 05 significance level
and indicated the following in the tables below:
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Utility and Demo Borings

Depth Normal ? | Lognormal ? | Appropriate Method for UCL

Surface : Possibly Possibly Nonparametric Bootstrap

0.3 meter (1 foot) bgs No Possibly Lognormal Theory Bootstrap

0.9 meter (3 feet) bgs No Possibly Lognormal Theory Bootstrap

1.5 meters (4.9 feet) bgs * | No Possibly Lognormal Theory Bootstrap

Other Borings

Depth Normal ? | Lognormal ? | Appropriate Method for UCL
- Surface - No - | Possibly .Lognormal Theory Bootstrap

0.3 meter (1 foot) bgs No Possibly Lognormal Theory Bootstrap

0.6 meter (2 feet) bgs Possibly No Student’s t Approach

0.9 meter (3 feet) bgs No Possibly Lognormal Theory Bootstrap

Consequently, as indicated above, nonparametric Béotstrap techniques were used to calculate the
UCLs for one data set, the Student’s t approach was used to calculate the UCLs for one data set, and
lognormal theory Bootstrap was used to calculate the UCLs for the remaining data sets. The data used
and the calculations for D’Agostinos Test and the W Test are summarized as a portion of this

appendix.
D.1.2 Calculating the UCLs for the True Mean
The upper one-sided 90% and 95% confidence limits (UCLs) of the true mean are defined as the values

that, when calculated repeatedly for randomly drawn subsets of site data, equal or exceed the true mean

90% and 95% of the time, respectively. Statistical confidence limits are the classical tool for

. addressing uncertainties of a distribution mean. The UCLs of the true mean concentration are used as

the mean concentrations because it is not possible to know the true mean due to the essentially infinite
number of soil samples that could be collected from the site. The UCLs therefore account for
uncertainties due to limited sampling data. As data become less limited at a site, uncertamties decrease

and the UCLs move closer to the true mean.

The Bootstrap techniques used to calculate the UCLs are discussed in the previously referenced EPA

document and in An Introduction to the Bootstrap. The UCLs summarized in the tables below:
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Utility Trench and Demo Borings

Depth

90% UCL 95% UCL
Surface 116 mg/kg 120 mg/kg
0.3 meter (1 foot) bgs 264 mg/kg 291 mg/kg
0.9 meter (3 feet) bgs 482 mg/kg 546 mg/kg

Other Borings

Depth 90% UCL 95% UCL
Surface 413 mg/kg 447 mg/kg
0.3 meter (1 foot) bgs 442 mg/kg 481 mg/kg
0.6 meter (2 feet) 100 mg/kg 108 mg/kg
0.9 meter (3 feet) bgs 268 mg/kg 295 mg/kg

D.1.3 Correlation of Total and Soluble Lead

Total and corresponding soluble (WET) lead concentrations are bivariate data with a linear structure.
This linear structure should allow for the prediction of soluble lead (WET) concentrations based on the
UCLs calculated in above in Section D.1.2.

To estimate the degree bf interrelation between total and corresponding soluble (WET) lead values
(xand y, respectively), the correlation coefficient [r] is used (see Davis pg. 40). The correlation
coefficient is a ratio that ranges from +1 to —1. A correlation coefficient of +1 indicates a perfect
direct relationship between two variables; a correlation coefficient of -1 indicates that one variable
changes inversely with relation to the other. Between the two extremes is a spectrum of less-than-

perfect relationships, including zero, which indicates the lack of any sort of linear relationship at all.

The correlation coeﬁ‘z‘cz’ent was calculated for 146 (x, y) data points and equaled 0.61. According to
the Department headquarters, a correlation coefficient greater than.or equal to 0.8 is adequate
evidence that an acceptable correlation exists. A review of the x-y scatter plot included herein shows a
large amount of scatter and the correlation coefficient of 0.61 confirms the absence of a reliable

correlation and regression line equation.

Since an acceptable correlation does not exist, the soluble (WET) lead concentrations were estimated
assuming that all of the total lead is soluble. Or in other words, the soluble (WET) lead concentrations
expected for each depth were determined by calculating one-tenth of the total lead UCL since the WET

uses a 1:10 dilution ratio. Regression analysis results and a scatter plot depicting (x, ¥) data points
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along with the regression lines are included as a portion of this appendix. In addition, the expected

soluble lead concentrations are shown next to the UCLs in Table D1.
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TABLE D1
LEAD STATISTICS
OAKLAND MOLE

90% and 95% UCLs using Bootstrap Techniques** and Their Predicted Soluble (WET) Lead Concentrations

Utility Trench and Demo Borings

~ Depth 90% UCL* | Predicted Soluble Lead| 95% UCL** | Predicted Soluble Lead
(feet bgs) (mg/kg) (mg/h) (mg/kg) (mg/l)
0 116 12 120 12
1 264 26 291 29
3 482 "~ 48 546 55
: : Other Borings
Depth 90% UCL* | Predicted Soluble Lead ] 95% UCL**. Predicted Soluble Lead
(feet bgs) (mg/ﬁ) (mg/l) (mg_/kg) (mg/l)
0 413 41 447 ~ 45
1 442 44 481 48
2 100** 10 108** 11
3 268 27 295 30

Notes:

* = 90% UCL applicable if soil will be reused on-site

** =95% UCL applicable if soil will be relinquished to contractor for re-use off-site

bgs = below the ground surface .

mg/kg = milligrams per kilogram

mg/l = miligrams per liter

** = These UCLs were calculated using the Student's t approach since the population was likely normally distributed. The other
UCLs were calculated using the standard Bootstrap based on lognormal distribution theory since the populations were likely
lognormally distributed.

Soluble lead concentrations were predicted by assuming all the lead is soluble (i.e., 0.1(total lead) since the correlation was poor.

“slope : o 0.1
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Project Name: Oaklahd Mole
Project Number: E8000-06-13
Task Order Number:

Regression Analysis Results for Total Lead vs. Soluble Lead (WET)

Regression Output:

Constant (b) 0
Slope (m) 0.0827
Correlation (r) 0.61
Number of (x, y) Observations . 146
Total Lead Mean 150
Total Lead Standard Error : \ 10
Total Lead Standard Deviation - 117
Soluble Lead (WET) Mean ' 13.8
Soluble Lead (WET) Standard Error 1.0
Soluble Lead (WET) Standard Deviation 12.2

Regression Line: y = m(x) + b, where x = total lead and y = soluble lead (WET)
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Oakland Mole

DESCRIPTION OF DATA SET

Oakland Mole - Utility and Demo (surface)

DATA SET STATISTICS

Number of Samples 63
Arithemetic Mean 101
Standard Deviation (x) 68
MVUE Mean _ 104
Bootstrap Estimate of Population Mean 101
Bootstrap Estimate of Standard Error 9
Bootstrap Estimate of Population Mean (MVUE) 104
Bootstrap Estimate of Standard Error (MVUE) 10
NONPARAMETRIC BOOTSTRAP

Bootstrap Type 90%UCL  95%UCL
Percentile Bootstrap 113 116
Pivotal (t) Bootstrap 114 117
Standard Bootstrap 112 115
LOGNORMAL THEORY BOOTSTRAP

Bootstrap Type 90% UCL 95%UCL
Percentile Bootstrap 117 121
Standard Bootstrap 116 120

Appendix D Bootstrap Portion - Page 13



Oakland Mole

DESCRIPTION OF DATA SET

Oakland Mole - Utility and Demo (1 foot)

Appendix D Bootstrap Portion - Page 14

DATA SET STATISTICS
Number of Samples 13
Arithemetic Mean 162
Standard Deviation (x) 203
MVUE Mean 166
Bootstrap Estimate of Population Mean 162
Bootstrap Estimate of Standard Error 56
Bootstrap Estimate of Population Mean (MVUE) 170
Bootstrap Estimate of Standard Error (MVUE) 74
NONPARAMETRIC BOOTSTRAP
Bootstrap Type 90%UCL 95%UCL
Percentile Bootstrap 239 264

- Pivotal (t) Bootstrap 281 359
Standard Bootstrap 234 255
LOGNORMAL THEORY BOOTSTRAP :
Bootstrap Type 90%UCL 95%UCL
Percentile Bootstrap 273 304
Standard Bootstrap 264 291



Qakland Mole

DESCRIPTION OF DATA SET

Oakland Mole - Utility and Demo (3 feet)

Appendix D Bootstrap Portion - Page 15

DATA SET STATISTICS
Number of Samples 10
Arithemetic Mean 175
Standard Deviation (x) 282
MVUE Mean : 235
Bootstrap Estimate of Population Mean 178
Bootstrap Estimate of Standard Error 85
‘Bootstrap Estimate of Population Mean (MVUE) 256
Bootstrap Estimate of Standard Error (MVUE) 176
NONPARAMETRIC BOOTSTRAP
Bootstrap Type 90%UCL  95%UCL
Percentile Bootstrap 297 328
Pivotal (t) Bootstrap 578 748
Standard Bootstrap - 288 318
LOGNORMAL THEORY BOOTSTRAP
Bootstrap Type ' 90%UCL 95% UCL
Percentile Bootstrap 469 - 603
Standard Bootstrap 482

546



Oakland Mole

DESCRIPTION OF DATA SET

Oakland Mole - Other Borings (surface)

Appendix D Bootstrap Portion - Page 16

DATA SET STATISTICS
Number of Samples 51
Arithemetic Mean 319
Standard Deviation (X) 924
MVUE Mean 278
Bootstrap Estimate of Population Mean 322
Bootstrap Estimate of Standard Error 133
Bootstrap Estimate of Population Mean (MVUE) 294
Bootstrap Estimate of Standard Error MVUE) 93
NONPARAMETRIC BOOTSTRAP
Bootstrap Type 90%UCL 95%UCL
Percentile Bootstrap 504 574
Pivotal (t) Bootstrap - 877 1055

- Standard Bootstrap _ 492 540
LOGNORMAL THEORY BOOTSTRAP -
Bootstrap Type 90%UCL 95%UCL
Percentile Bootstrap 411 466
Standard Bootstrap 413 447



Oakland Mole

DESCRIPTION OF DATA SET

Oakland Mole - Other Borings (1 foot)

Appendix D Bootstrap Portion - Page 17

DATA SET STATISTICS
Number of Samples 39
Arithemetic Mean 331
Standard Deviation (x) 709
MVUE Mean 300

" Bootstrap Estimate of Population Mean 331
Bootstrap Estimate of Standard Error 113
Bootstrap Estimate of Population Mean (MVUE) 304
Bootstrap Estimate of Standard Error MVUE) 107
NONPARAMETRIC BOOTSTRAP
Bootstrap Type 90%UCL 95%UCL
Percentile Bootstrap 476 530
Pivotal (t) Bootstrap 558 691
Standard Bootstrap 476 517
LOGNORMAL THEORY BOOTSTRAP
Bootstrap Type 90%UCL 95% UCL
Percentile Bootstrap 432 493
Standard Bootstrap 442 481



Oakland Mole

DESCRIPTION OF DATA SET

Oakland Mole - Other Borings (2 feet)

DATA SET STATISTICS :

Number of Samples 9

Arithemetic Mean 77

Standard Deviation (x) 50

UCL (Normal Distribution)

Type 90%UCL 95%UCL
108

Student's t ' 100

Appendix D Bootstrap Portion - Page 18



Oakland Mole

DESCRIPTION OF DATA SET

Oakland Mole - Other Borings (3 feet)

DATA SET STATISTICS

Appendix D Bootstrap Portion - Page 19

Number of Samples 17
Arithemetic Mean 157
Standard Deviation (x) 263
MVUE Mean 169
Bootstrap Estimate of Population Mean 160
Bootstrap Estimate of Standard Error 63
Bootstrap Estimate of Population Mean (MVUE) 173

- Bootstrap Estimate of Standard Error (MVUE) 74
NONPARAMETRIC BOOTSTRAP
Bootstrap Type . 90%UCL 95%UCL
Percentile Bootstrap 244 275
Pivotal (t) Bootstrap 395 498
Standard Bootstrap - 240 263
LOGNORMAL THEORY BOOTSTRAP
Bootstrap Type 90%UCL 95%UCL
Percentile Bootstrap 268 309
Standard Bootstrap 268 295






