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Number of Bootstrap Operations   2000

From File   ProUCLinput_49-004_0-5.xls
Full Precision   OFF

Confidence Coefficient   95%

UCL Statistics for Data Sets with Non-Detects

User Selected Options
Date/Time of Computation   3/6/2016 10:01:48 PM

Minimum Detect      0.074 Minimum Non-Detect       0.17
Maximum Detect       0.45 Maximum Non-Detect       6.4

Number of Detects      96 Number of Non-Detects      54
Number of Distinct Detects      40 Number of Distinct Non-Detects      33

Antimony

General Statistics
Total Number of Observations    150 Number of Distinct Observations      62

Mean of Logged Detects     -1.696 SD of Logged Detects       0.459

Median Detects       0.175 CV Detects       0.466
Skewness Detects       0.82 Kurtosis Detects     -0.165

Variance Detects     0.00899 Percent Non-Detects      36%
Mean Detects       0.204 SD Detects      0.0948

Detected Data Not Normal at 5% Significance Level

Kaplan-Meier (KM) Statistics using Normal Critical Values and other Nonparametric UCLs
Mean       0.193 Standard Error of Mean     0.00854

Lilliefors Test Statistic       0.138 Lilliefors GOF Test
5% Lilliefors Critical Value      0.0904 Detected Data Not Normal at 5% Significance Level

Normal GOF Test on Detects Only
Shapiro Wilk Test Statistic       0.906 Normal GOF Test on Detected Observations Only

5% Shapiro Wilk P Value 8.1275E-8 Detected Data Not Normal at 5% Significance Level

97.5% KM Chebyshev UCL       0.246 99% KM Chebyshev UCL       0.278

   95% KM (z) UCL       0.207    95% KM Bootstrap t UCL       0.208
90% KM Chebyshev UCL       0.219 95% KM Chebyshev UCL       0.23

SD      0.0899 95% KM (BCA) UCL       0.206
   95% KM (t) UCL       0.207    95% KM (Percentile Bootstrap) UCL       0.206

Detected Data Not Gamma Distributed at 5% Significance Level

Gamma Statistics on Detected Data Only
k hat (MLE)       4.971 k star (bias corrected MLE)       4.822

K-S Test Statistic      0.0999 Kolmogrov-Smirnoff GOF
5% K-S Critical Value      0.0915 Detected Data Not Gamma Distributed at 5% Significance Level

Gamma GOF Tests on Detected Observations Only
A-D Test Statistic       0.913 Anderson-Darling GOF Test

5% A-D Critical Value       0.755 Detected Data Not Gamma Distributed at 5% Significance Level

Gamma Kaplan-Meier (KM) Statistics
k hat (KM)       4.601 nu hat (KM)   1380

MLE Mean (bias corrected)       0.204 MLE Sd (bias corrected)      0.0927

Theta hat (MLE)      0.0409 Theta star (bias corrected MLE)      0.0422
nu hat (MLE)    954.4 nu star (bias corrected)    925.9

For gamma distributed detected data, BTVs and UCLs may be computed using gamma distribution on KM estimates
Minimum      0.074 Mean       0.191

Gamma ROS Statistics using Imputed  Non-Detects
GROS may not be used when data set has > 50% NDs with many tied observations at multiple DLs

GROS may not be used when kstar of detected data is small such as < 0.1
For such situations, GROS method tends to yield inflated values of UCLs and BTVs

Approximate Chi Square Value (N/A, α)   1295 Adjusted Chi Square Value (N/A, β)   1294
   95% Gamma Approximate KM-UCL (use when n>=50)       0.206  amma Adjusted KM-UCL (use when n<50)       0.206

nu hat (MLE)   1945 nu star (bias corrected)   1907
MLE Mean (bias corrected)       0.191 MLE Sd (bias corrected)      0.0758

k hat (MLE)       6.483 k star (bias corrected MLE)       6.358
Theta hat (MLE)      0.0295 Theta star (bias corrected MLE)      0.0301

Maximum       0.45 Median       0.18
SD      0.0806 CV       0.422

Lognormal GOF Test on Detected Observations Only
Lilliefors Test Statistic      0.0754 Lilliefors GOF Test

5% Lilliefors Critical Value      0.0904 Detected Data appear Lognormal at 5% Significance Level

   95% Gamma Approximate UCL (use when n>=50)       0.202 % Gamma Adjusted UCL (use when n<50)       0.202

Adjusted Level of Significance (β)      0.0484
Approximate Chi Square Value (N/A, α)   1807 Adjusted Chi Square Value (N/A, β)   1806

   95% BCA Bootstrap UCL       0.201    95% Bootstrap t UCL       0.201
   95% H-UCL (Log ROS)       0.201

SD in Original Scale      0.0804 SD in Log Scale       0.39
   95% t UCL (assumes normality of ROS data)       0.201    95% Percentile Bootstrap UCL       0.2

Detected Data appear Approximate Lognormal at 5% Significance Level

Lognormal ROS Statistics Using Imputed Non-Detects
Mean in Original Scale       0.19 Mean in Log Scale     -1.739

UCLs using Lognormal Distribution and KM Estimates when Detected data are Lognormally Distributed
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DL/2 Statistics
DL/2 Normal DL/2 Log-Transformed

Mean in Original Scale       0.279 Mean in Log Scale     -1.574

KM SD (logged)       0.444    95% Critical H Value (KM-Log)       1.799
KM Standard Error of Mean (logged)      0.0432

KM Mean (logged)     -1.746    95% H-UCL (KM -Log)       0.206

Note: Suggestions regarding the selection of a 95% UCL are provided to help the user to select the most appropriate 95% UCL
Recommendations are based upon data size, data distribution, and skewness.

These recommendations are based upon the results of the simulation studies summarized in Singh, Maichle, and Lee (2006)
However, simulations results will not cover all Real World data sets; for additional insight the user may want to consult a statistician

Suggested UCL to Use
95% KM (BCA) UCL       0.206

DL/2 is not a recommended method, provided for comparisons and historical reasons

Nonparametric Distribution Free UCL Statistics
Detected Data appear Approximate Lognormal Distributed at 5% Significance Level

SD in Original Scale       0.411 SD in Log Scale       0.634
   95% t UCL (Assumes normality)       0.335    95% H-Stat UCL       0.28

Minimum      88.7 Mean    192
Maximum    403 Median    189

Total Number of Observations    150 Number of Distinct Observations    100
Number of Missing Observations       0

Barium

General Statistics

5% Lilliefors Critical Value      0.0723 Data appear Normal at 5% Significance Level
Data appear Approximate Normal at 5% Significance Level

5% Shapiro Wilk P Value      0.0211 Data Not Normal at 5% Significance Level
Lilliefors Test Statistic      0.0633 Lilliefors GOF Test

Normal GOF Test
Shapiro Wilk Test Statistic       0.967 Shapiro Wilk GOF Test

SD      46.47 Std. Error of Mean       3.794
Coefficient of Variation       0.242 Skewness       0.855

Gamma GOF Test
A-D Test Statistic       0.352 Anderson-Darling Gamma GOF Test

5% A-D Critical Value       0.751 Detected data appear Gamma Distributed at 5% Significance Leve

   95% Modified-t UCL (Johnson-1978)    198.3

Assuming Normal Distribution
   95% Normal UCL    95% UCLs (Adjusted for Skewness)

   95% Student's-t UCL    198.3    95% Adjusted-CLT UCL (Chen-1995)    198.5

Theta hat (MLE)      10.76 Theta star (bias corrected MLE)      10.98
nu hat (MLE)   5354 nu star (bias corrected)   5248

Detected data appear Gamma Distributed at 5% Significance Level

Gamma Statistics
k hat (MLE)      17.85 k star (bias corrected MLE)      17.49

K-S Test Statistic      0.049 Kolmogrov-Smirnoff Gamma GOF Test
5% K-S Critical Value      0.0764 Detected data appear Gamma Distributed at 5% Significance Leve

Lognormal GOF Test
Shapiro Wilk Test Statistic       0.992 Shapiro Wilk Lognormal GOF Test

Assuming Gamma Distribution
   95% Approximate Gamma UCL (use when n>=50))    198.3 % Adjusted Gamma UCL (use when n<50)    198.4

Adjusted Level of Significance      0.0484 Adjusted Chi Square Value   5079

MLE Mean (bias corrected)    192 MLE Sd (bias corrected)      45.91
Approximate Chi Square Value (0.05)   5080

Maximum of Logged Data       5.999 SD of logged Data       0.239

Lognormal Statistics
Minimum of Logged Data       4.485 Mean of logged Data       5.229

5% Lilliefors Critical Value      0.0723 Data appear Lognormal at 5% Significance Level
Data appear Lognormal at 5% Significance Level

5% Shapiro Wilk P Value       0.978 Data appear Lognormal at 5% Significance Level
Lilliefors Test Statistic      0.0646 Lilliefors Lognormal GOF Test

Nonparametric Distribution Free UCL Statistics
Data appear to follow a Discernible Distribution at 5% Significance Level

Nonparametric Distribution Free UCLs

   95% Chebyshev (MVUE) UCL    208.6  97.5% Chebyshev (MVUE) UCL    215.8
   99% Chebyshev (MVUE) UCL    229.9

Assuming Lognormal Distribution
   95% H-UCL    198.6    90% Chebyshev (MVUE) UCL    203.4

   95% CLT UCL    198.3    95% Jackknife UCL    198.3
   95% Standard Bootstrap UCL    198.3    95% Bootstrap-t UCL    198.9
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   90% Chebyshev(Mean, Sd) UCL    203.4    95% Chebyshev(Mean, Sd) UCL    208.6
 97.5% Chebyshev(Mean, Sd) UCL    215.7    99% Chebyshev(Mean, Sd) UCL    229.8

   95% Hall's Bootstrap UCL    198.4    95% Percentile Bootstrap UCL    198.3
   95% BCA Bootstrap UCL    198.5

Cesium-137

General Statistics
Total Number of Observations    167 Number of Distinct Observations    121

Note: Suggestions regarding the selection of a 95% UCL are provided to help the user to select the most appropriate 95% UCL
These recommendations are based upon the results of the simulation studies summarized in Singh, Singh, and Iaci (2002)

and Singh and Singh (2003). However, simulations results will not cover all Real World data sets
For additional insight the user may want to consult a statistician.

Suggested UCL to Use
95% Student's-t UCL    198.3

Variance Detects       0.512 Percent Non-Detects      77.25%
Mean Detects       0.528 SD Detects       0.716

Minimum Detect      0.09 Minimum Non-Detect    -0.036
Maximum Detect       3.28 Maximum Non-Detect       0.168

Number of Detects      38 Number of Non-Detects    129
Number of Distinct Detects      36 Number of Distinct Non-Detects      87

5% Shapiro Wilk Critical Value       0.938 Detected Data Not Normal at 5% Significance Level
Lilliefors Test Statistic       0.372 Lilliefors GOF Test

Normal GOF Test on Detects Only
Shapiro Wilk Test Statistic       0.619 Shapiro Wilk GOF Test

Median Detects       0.231 CV Detects       1.356
Skewness Detects       2.419 Kurtosis Detects       5.776

SD       0.412    95% KM (BCA) UCL       0.16
   95% KM (t) UCL       0.146    95% KM (Percentile Bootstrap) UCL       0.151

Kaplan-Meier (KM) Statistics using Normal Critical Values and other Nonparametric UCLs
Mean      0.0924 Standard Error of Mean      0.0323

5% Lilliefors Critical Value       0.144 Detected Data Not Normal at 5% Significance Level
Detected Data Not Normal at 5% Significance Level

Gamma GOF Tests on Detected Observations Only
A-D Test Statistic       3.298 Anderson-Darling GOF Test

5% A-D Critical Value       0.777 Detected Data Not Gamma Distributed at 5% Significance Level

97.5% KM Chebyshev UCL       0.294 99% KM Chebyshev UCL       0.414

   95% KM (z) UCL       0.146    95% KM Bootstrap t UCL       0.167
90% KM Chebyshev UCL       0.189 95% KM Chebyshev UCL       0.233

Theta hat (MLE)       0.509 Theta star (bias corrected MLE)       0.543
nu hat (MLE)      78.75 nu star (bias corrected)      73.86

Detected Data Not Gamma Distributed at 5% Significance Level

Gamma Statistics on Detected Data Only
k hat (MLE)       1.036 k star (bias corrected MLE)       0.972

K-S Test Statistic       0.283 Kolmogrov-Smirnoff GOF
5% K-S Critical Value       0.147 Detected Data Not Gamma Distributed at 5% Significance Level

Adjusted Level of Significance (β)      0.0486
Approximate Chi Square Value (16.85, α)       8.567 Adjusted Chi Square Value (16.85, β)       8.516

Gamma Kaplan-Meier (KM) Statistics
k hat (KM)      0.0505 nu hat (KM)      16.85

MLE Mean (bias corrected)       0.528 MLE Sd (bias corrected)       0.535

Nonparametric Distribution Free UCL Statistics
Data do not follow a Discernible Distribution at 5% Significance Level

Suggested UCL to Use

   95% t UCL (Assumes normality)       0.183
DL/2 is not a recommended method, provided for comparisons and historical reasons

DL/2 Statistics
Mean in Original Scale       0.132 SD in Original Scale       0.401

   95% Gamma Approximate KM-UCL (use when n>=50)       0.182  amma Adjusted KM-UCL (use when n<50)       0.183
Gamma (KM) may not be used when k hat (KM) is < 0.1

Chromium

General Statistics
Total Number of Observations    150 Number of Distinct Observations      67

Note: Suggestions regarding the selection of a 95% UCL are provided to help the user to select the most appropriate 95% UCL
Recommendations are based upon data size, data distribution, and skewness.

These recommendations are based upon the results of the simulation studies summarized in Singh, Maichle, and Lee (2006)
However, simulations results will not cover all Real World data sets; for additional insight the user may want to consult a statistician

97.5% KM (Chebyshev) UCL       0.294

Maximum      14.4 Median       9.7

Number of Missing Observations       0
Minimum       4.9 Mean       9.617
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Coefficient of Variation       0.182 Skewness    -0.0679
SD       1.754 Std. Error of Mean       0.143

Data appear Normal at 5% Significance Level

Assuming Normal Distribution
   95% Normal UCL    95% UCLs (Adjusted for Skewness)

Lilliefors Test Statistic      0.0473 Lilliefors GOF Test
5% Lilliefors Critical Value      0.0723 Data appear Normal at 5% Significance Level

Normal GOF Test
Shapiro Wilk Test Statistic       0.985 Shapiro Wilk GOF Test

5% Shapiro Wilk P Value       0.741 Data appear Normal at 5% Significance Level

5% K-S Critical Value      0.0764 Detected data appear Gamma Distributed at 5% Significance Leve
Detected data follow Appr. Gamma Distribution at 5% Significance Level

5% A-D Critical Value       0.75 Data Not Gamma Distributed at 5% Significance Level
K-S Test Statistic      0.0724 Kolmogrov-Smirnoff Gamma GOF Test

Gamma GOF Test
A-D Test Statistic       0.761 Anderson-Darling Gamma GOF Test

   95% Student's-t UCL       9.854    95% Adjusted-CLT UCL (Chen-1995)       9.851
   95% Modified-t UCL (Johnson-1978)       9.854

MLE Mean (bias corrected)       9.617 MLE Sd (bias corrected)       1.82
Approximate Chi Square Value (0.05)   8165

Theta hat (MLE)       0.338 Theta star (bias corrected MLE)       0.344
nu hat (MLE)   8547 nu star (bias corrected)   8377

Gamma Statistics
k hat (MLE)      28.49 k star (bias corrected MLE)      27.92

5% Shapiro Wilk P Value     0.00455 Data Not Lognormal at 5% Significance Level
Lilliefors Test Statistic      0.0851 Lilliefors Lognormal GOF Test

Lognormal GOF Test
Shapiro Wilk Test Statistic       0.962 Shapiro Wilk Lognormal GOF Test

Assuming Gamma Distribution
   95% Approximate Gamma UCL (use when n>=50))       9.866 % Adjusted Gamma UCL (use when n<50)       9.868

Adjusted Level of Significance      0.0484 Adjusted Chi Square Value   8163

Assuming Lognormal Distribution
   95% H-UCL       9.886    90% Chebyshev (MVUE) UCL      10.08

Maximum of Logged Data       2.667 SD of logged Data       0.193

Lognormal Statistics
Minimum of Logged Data       1.589 Mean of logged Data       2.246

5% Lilliefors Critical Value      0.0723 Data Not Lognormal at 5% Significance Level
Data Not Lognormal at 5% Significance Level

   95% CLT UCL       9.852    95% Jackknife UCL       9.854
   95% Standard Bootstrap UCL       9.852    95% Bootstrap-t UCL       9.866

Nonparametric Distribution Free UCL Statistics
Data appear to follow a Discernible Distribution at 5% Significance Level

Nonparametric Distribution Free UCLs

   95% Chebyshev (MVUE) UCL      10.29  97.5% Chebyshev (MVUE) UCL      10.58
   99% Chebyshev (MVUE) UCL      11.14

Suggested UCL to Use
95% Student's-t UCL       9.854

   90% Chebyshev(Mean, Sd) UCL      10.05    95% Chebyshev(Mean, Sd) UCL      10.24
 97.5% Chebyshev(Mean, Sd) UCL      10.51    99% Chebyshev(Mean, Sd) UCL      11.04

   95% Hall's Bootstrap UCL       9.865    95% Percentile Bootstrap UCL       9.849
   95% BCA Bootstrap UCL       9.859

Cobalt

General Statistics
Total Number of Observations    150 Number of Distinct Observations      58

Note: For highly negatively-skewed data, confidence limits (e.g., Chen, Johnson, Lognormal, and Gamma) may not be
reliable.  Chen's and Johnson's methods provide adjustments for positvely skewed data sets.

Note: Suggestions regarding the selection of a 95% UCL are provided to help the user to select the most appropriate 95% UCL
These recommendations are based upon the results of the simulation studies summarized in Singh, Singh, and Iaci (2002)

and Singh and Singh (2003). However, simulations results will not cover all Real World data sets
For additional insight the user may want to consult a statistician.

Coefficient of Variation       0.248 Skewness       1.013

Maximum      14.9 Median       6.3
SD       1.551 Std. Error of Mean       0.127

Number of Missing Observations       0
Minimum       2.5 Mean       6.268

Normal GOF Test
Shapiro Wilk Test Statistic       0.953 Shapiro Wilk GOF Test

5% Shapiro Wilk P Value 2.2830E-4 Data Not Normal at 5% Significance Level
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Data Not Normal at 5% Significance Level

Assuming Normal Distribution
   95% Normal UCL    95% UCLs (Adjusted for Skewness)

Lilliefors Test Statistic      0.0729 Lilliefors GOF Test
5% Lilliefors Critical Value      0.0723 Data Not Normal at 5% Significance Level

5% A-D Critical Value       0.751 Data Not Gamma Distributed at 5% Significance Level
K-S Test Statistic      0.082 Kolmogrov-Smirnoff Gamma GOF Test

Gamma GOF Test
A-D Test Statistic       1.257 Anderson-Darling Gamma GOF Test

   95% Student's-t UCL       6.477    95% Adjusted-CLT UCL (Chen-1995)       6.487
   95% Modified-t UCL (Johnson-1978)       6.479

Theta hat (MLE)       0.381 Theta star (bias corrected MLE)       0.389
nu hat (MLE)   4937 nu star (bias corrected)   4839

Gamma Statistics
k hat (MLE)      16.46 k star (bias corrected MLE)      16.13

5% K-S Critical Value      0.0764 Data Not Gamma Distributed at 5% Significance Level
Data Not Gamma Distributed at 5% Significance Level

Assuming Gamma Distribution
   95% Approximate Gamma UCL (use when n>=50))       6.483 % Adjusted Gamma UCL (use when n<50)       6.485

Adjusted Level of Significance      0.0484 Adjusted Chi Square Value   4677

MLE Mean (bias corrected)       6.268 MLE Sd (bias corrected)       1.561
Approximate Chi Square Value (0.05)   4679

Lognormal Statistics
Minimum of Logged Data       0.916 Mean of logged Data       1.805

5% Lilliefors Critical Value      0.0723 Data Not Lognormal at 5% Significance Level
Data Not Lognormal at 5% Significance Level

5% Shapiro Wilk P Value     0.00853 Data Not Lognormal at 5% Significance Level
Lilliefors Test Statistic      0.0978 Lilliefors Lognormal GOF Test

Lognormal GOF Test
Shapiro Wilk Test Statistic       0.964 Shapiro Wilk Lognormal GOF Test

   95% Chebyshev (MVUE) UCL       6.851  97.5% Chebyshev (MVUE) UCL       7.099
   99% Chebyshev (MVUE) UCL       7.588

Assuming Lognormal Distribution
   95% H-UCL       6.505    90% Chebyshev (MVUE) UCL       6.671

Maximum of Logged Data       2.701 SD of logged Data       0.254

   95% Hall's Bootstrap UCL       6.504    95% Percentile Bootstrap UCL       6.483
   95% BCA Bootstrap UCL       6.496

   95% CLT UCL       6.476    95% Jackknife UCL       6.477
   95% Standard Bootstrap UCL       6.479    95% Bootstrap-t UCL       6.483

Nonparametric Distribution Free UCL Statistics
Data do not follow a Discernible Distribution (0.05)

Nonparametric Distribution Free UCLs

Note: Suggestions regarding the selection of a 95% UCL are provided to help the user to select the most appropriate 95% UCL
These recommendations are based upon the results of the simulation studies summarized in Singh, Singh, and Iaci (2002)

and Singh and Singh (2003). However, simulations results will not cover all Real World data sets
For additional insight the user may want to consult a statistician.

Suggested UCL to Use
95% Student's-t UCL       6.477 or 95% Modified-t UCL       6.479

   90% Chebyshev(Mean, Sd) UCL       6.648    95% Chebyshev(Mean, Sd) UCL       6.82
 97.5% Chebyshev(Mean, Sd) UCL       7.059    99% Chebyshev(Mean, Sd) UCL       7.528

Minimum       4 Mean       9.707
Maximum    120 Median       8

Total Number of Observations    150 Number of Distinct Observations      82
Number of Missing Observations       0

Copper

General Statistics

5% Lilliefors Critical Value      0.0723 Data Not Normal at 5% Significance Level
Data Not Normal at 5% Significance Level

5% Shapiro Wilk P Value       0 Data Not Normal at 5% Significance Level
Lilliefors Test Statistic       0.28 Lilliefors GOF Test

Normal GOF Test
Shapiro Wilk Test Statistic       0.342 Shapiro Wilk GOF Test

SD       9.798 Std. Error of Mean       0.8
Coefficient of Variation       1.009 Skewness       9.785

   95% Modified-t UCL (Johnson-1978)      11.14

Assuming Normal Distribution
   95% Normal UCL    95% UCLs (Adjusted for Skewness)

   95% Student's-t UCL      11.03    95% Adjusted-CLT UCL (Chen-1995)      11.71
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Gamma GOF Test

A-D Test Statistic 6.667E+28 Anderson-Darling Gamma GOF Test
5% A-D Critical Value       0.756 Data Not Gamma Distributed at 5% Significance Level

Theta hat (MLE)       2.401 Theta star (bias corrected MLE)       2.447
nu hat (MLE)   1213 nu star (bias corrected)   1190

Data Not Gamma Distributed at 5% Significance Level

Gamma Statistics
k hat (MLE)       4.043 k star (bias corrected MLE)       3.967

K-S Test Statistic       0.206 Kolmogrov-Smirnoff Gamma GOF Test
5% K-S Critical Value      0.0768 Data Not Gamma Distributed at 5% Significance Level

Lognormal GOF Test
Shapiro Wilk Test Statistic       0.882 Shapiro Wilk Lognormal GOF Test

Assuming Gamma Distribution
   95% Approximate Gamma UCL (use when n>=50))      10.4 % Adjusted Gamma UCL (use when n<50)      10.4

Adjusted Level of Significance      0.0484 Adjusted Chi Square Value   1110

MLE Mean (bias corrected)       9.707 MLE Sd (bias corrected)       4.874
Approximate Chi Square Value (0.05)   1111

Maximum of Logged Data       4.787 SD of logged Data       0.413

Lognormal Statistics
Minimum of Logged Data       1.386 Mean of logged Data       2.144

5% Lilliefors Critical Value      0.0723 Data Not Lognormal at 5% Significance Level
Data Not Lognormal at 5% Significance Level

5% Shapiro Wilk P Value       0 Data Not Lognormal at 5% Significance Level
Lilliefors Test Statistic       0.154 Lilliefors Lognormal GOF Test

Nonparametric Distribution Free UCL Statistics
Data do not follow a Discernible Distribution (0.05)

Nonparametric Distribution Free UCLs

   95% Chebyshev (MVUE) UCL      10.71  97.5% Chebyshev (MVUE) UCL      11.32
   99% Chebyshev (MVUE) UCL      12.53

Assuming Lognormal Distribution
   95% H-UCL       9.873    90% Chebyshev (MVUE) UCL      10.27

   90% Chebyshev(Mean, Sd) UCL      12.11    95% Chebyshev(Mean, Sd) UCL      13.19
 97.5% Chebyshev(Mean, Sd) UCL      14.7    99% Chebyshev(Mean, Sd) UCL      17.67

   95% Hall's Bootstrap UCL      16.26    95% Percentile Bootstrap UCL      11.12
   95% BCA Bootstrap UCL      12.18

   95% CLT UCL      11.02    95% Jackknife UCL      11.03
   95% Standard Bootstrap UCL      11.01    95% Bootstrap-t UCL      12.82

Lead

General Statistics
Total Number of Observations    150 Number of Distinct Observations      83

Note: Suggestions regarding the selection of a 95% UCL are provided to help the user to select the most appropriate 95% UCL
These recommendations are based upon the results of the simulation studies summarized in Singh, Singh, and Iaci (2002)

and Singh and Singh (2003). However, simulations results will not cover all Real World data sets
For additional insight the user may want to consult a statistician.

Suggested UCL to Use
95% Student's-t UCL      11.03 or 95% Modified-t UCL      11.14

Coefficient of Variation       0.279 Skewness       2.813

Maximum      45.5 Median      15.3
SD       4.396 Std. Error of Mean       0.359

Number of Missing Observations       0
Minimum       5.6 Mean      15.75

Data Not Normal at 5% Significance Level

Assuming Normal Distribution
   95% Normal UCL    95% UCLs (Adjusted for Skewness)

Lilliefors Test Statistic       0.158 Lilliefors GOF Test
5% Lilliefors Critical Value      0.0723 Data Not Normal at 5% Significance Level

Normal GOF Test
Shapiro Wilk Test Statistic       0.821 Shapiro Wilk GOF Test

5% Shapiro Wilk P Value       0 Data Not Normal at 5% Significance Level

5% A-D Critical Value       0.751 Data Not Gamma Distributed at 5% Significance Level
K-S Test Statistic       0.118 Kolmogrov-Smirnoff Gamma GOF Test

Gamma GOF Test
A-D Test Statistic       2.709 Anderson-Darling Gamma GOF Test

   95% Student's-t UCL      16.34    95% Adjusted-CLT UCL (Chen-1995)      16.43
   95% Modified-t UCL (Johnson-1978)      16.36

Gamma Statistics

5% K-S Critical Value      0.0764 Data Not Gamma Distributed at 5% Significance Level
Data Not Gamma Distributed at 5% Significance Level
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Theta hat (MLE)       0.985 Theta star (bias corrected MLE)       1.005
nu hat (MLE)   4795 nu star (bias corrected)   4701

k hat (MLE)      15.98 k star (bias corrected MLE)      15.67

Assuming Gamma Distribution
   95% Approximate Gamma UCL (use when n>=50))      16.3 % Adjusted Gamma UCL (use when n<50)      16.3

Adjusted Level of Significance      0.0484 Adjusted Chi Square Value   4541

MLE Mean (bias corrected)      15.75 MLE Sd (bias corrected)       3.978
Approximate Chi Square Value (0.05)   4543

Lognormal Statistics
Minimum of Logged Data       1.723 Mean of logged Data       2.725

5% Lilliefors Critical Value      0.0723 Data Not Lognormal at 5% Significance Level
Data Not Lognormal at 5% Significance Level

5% Shapiro Wilk P Value 2.9628E-4 Data Not Lognormal at 5% Significance Level
Lilliefors Test Statistic       0.103 Lilliefors Lognormal GOF Test

Lognormal GOF Test
Shapiro Wilk Test Statistic       0.954 Shapiro Wilk Lognormal GOF Test

   95% Chebyshev (MVUE) UCL      17.13  97.5% Chebyshev (MVUE) UCL      17.74
   99% Chebyshev (MVUE) UCL      18.93

Assuming Lognormal Distribution
   95% H-UCL      16.28    90% Chebyshev (MVUE) UCL      16.69

Maximum of Logged Data       3.818 SD of logged Data       0.247

   95% Hall's Bootstrap UCL      16.55    95% Percentile Bootstrap UCL      16.37
   95% BCA Bootstrap UCL      16.42

   95% CLT UCL      16.34    95% Jackknife UCL      16.34
   95% Standard Bootstrap UCL      16.33    95% Bootstrap-t UCL      16.46

Nonparametric Distribution Free UCL Statistics
Data do not follow a Discernible Distribution (0.05)

Nonparametric Distribution Free UCLs

Note: Suggestions regarding the selection of a 95% UCL are provided to help the user to select the most appropriate 95% UCL
These recommendations are based upon the results of the simulation studies summarized in Singh, Singh, and Iaci (2002)

and Singh and Singh (2003). However, simulations results will not cover all Real World data sets
For additional insight the user may want to consult a statistician.

Suggested UCL to Use
95% Student's-t UCL      16.34 or 95% Modified-t UCL      16.36

   90% Chebyshev(Mean, Sd) UCL      16.82    95% Chebyshev(Mean, Sd) UCL      17.31
 97.5% Chebyshev(Mean, Sd) UCL      17.99    99% Chebyshev(Mean, Sd) UCL      19.32

Minimum       4.9 Mean       8.764
Maximum      19.6 Median       8.65

Total Number of Observations    150 Number of Distinct Observations      64
Number of Missing Observations       0

Nickel

General Statistics

5% Lilliefors Critical Value      0.0723 Data Not Normal at 5% Significance Level
Data Not Normal at 5% Significance Level

5% Shapiro Wilk P Value 3.2954E-8 Data Not Normal at 5% Significance Level
Lilliefors Test Statistic      0.094 Lilliefors GOF Test

Normal GOF Test
Shapiro Wilk Test Statistic       0.932 Shapiro Wilk GOF Test

SD       1.859 Std. Error of Mean       0.152
Coefficient of Variation       0.212 Skewness       1.468

Gamma GOF Test
A-D Test Statistic       0.818 Anderson-Darling Gamma GOF Test

5% A-D Critical Value       0.75 Data Not Gamma Distributed at 5% Significance Level

   95% Modified-t UCL (Johnson-1978)       9.019

Assuming Normal Distribution
   95% Normal UCL    95% UCLs (Adjusted for Skewness)

   95% Student's-t UCL       9.016    95% Adjusted-CLT UCL (Chen-1995)       9.034

Theta hat (MLE)       0.362 Theta star (bias corrected MLE)       0.369
nu hat (MLE)   7266 nu star (bias corrected)   7122

Detected data follow Appr. Gamma Distribution at 5% Significance Level

Gamma Statistics
k hat (MLE)      24.22 k star (bias corrected MLE)      23.74

K-S Test Statistic      0.0657 Kolmogrov-Smirnoff Gamma GOF Test
5% K-S Critical Value      0.0764 Detected data appear Gamma Distributed at 5% Significance Leve

Assuming Gamma Distribution

Adjusted Level of Significance      0.0484 Adjusted Chi Square Value   6925

MLE Mean (bias corrected)       8.764 MLE Sd (bias corrected)       1.799
Approximate Chi Square Value (0.05)   6927
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Lognormal GOF Test
Shapiro Wilk Test Statistic       0.978 Shapiro Wilk Lognormal GOF Test

   95% Approximate Gamma UCL (use when n>=50)       9.011 % Adjusted Gamma UCL (use when n<50)       9.014

Maximum of Logged Data       2.976 SD of logged Data       0.203

Lognormal Statistics
Minimum of Logged Data       1.589 Mean of logged Data       2.15

5% Lilliefors Critical Value      0.0723 Data appear Lognormal at 5% Significance Level
Data appear Lognormal at 5% Significance Level

5% Shapiro Wilk P Value       0.3 Data appear Lognormal at 5% Significance Level
Lilliefors Test Statistic      0.0677 Lilliefors Lognormal GOF Test

Nonparametric Distribution Free UCL Statistics
Data appear to follow a Discernible Distribution at 5% Significance Level

Nonparametric Distribution Free UCLs

   95% Chebyshev (MVUE) UCL       9.403  97.5% Chebyshev (MVUE) UCL       9.681
   99% Chebyshev (MVUE) UCL      10.23

Assuming Lognormal Distribution
   95% H-UCL       9.015    90% Chebyshev (MVUE) UCL       9.204

   90% Chebyshev(Mean, Sd) UCL       9.22    95% Chebyshev(Mean, Sd) UCL       9.426
 97.5% Chebyshev(Mean, Sd) UCL       9.712    99% Chebyshev(Mean, Sd) UCL      10.27

   95% Hall's Bootstrap UCL       9.059    95% Percentile Bootstrap UCL       9.018
   95% BCA Bootstrap UCL       9.024

   95% CLT UCL       9.014    95% Jackknife UCL       9.016
   95% Standard Bootstrap UCL       9.016    95% Bootstrap-t UCL       9.034

Plutonium-239/240

General Statistics
Total Number of Observations    150 Number of Distinct Observations    111

Note: Suggestions regarding the selection of a 95% UCL are provided to help the user to select the most appropriate 95% UCL
These recommendations are based upon the results of the simulation studies summarized in Singh, Singh, and Iaci (2002)

and Singh and Singh (2003). However, simulations results will not cover all Real World data sets
For additional insight the user may want to consult a statistician.

Suggested UCL to Use
95% Approximate Gamma UCL       9.011

Variance Detects      0.0318 Percent Non-Detects      78%
Mean Detects      0.096 SD Detects       0.178

Minimum Detect      0.011 Minimum Non-Detect    -0.0319
Maximum Detect       0.998 Maximum Non-Detect      0.04

Number of Detects      33 Number of Non-Detects    117
Number of Distinct Detects      29 Number of Distinct Non-Detects      86

5% Lilliefors Critical Value       0.154 Detected Data Not Normal at 5% Significance Level
Detected Data Not Normal at 5% Significance Level

5% Shapiro Wilk Critical Value       0.931 Detected Data Not Normal at 5% Significance Level
Lilliefors Test Statistic       0.325 Lilliefors GOF Test

Normal GOF Test on Detects Only
Shapiro Wilk Test Statistic       0.442 Shapiro Wilk GOF Test

Median Detects      0.056 CV Detects       1.857
Skewness Detects       4.47 Kurtosis Detects      21.8

   95% KM (z) UCL      0.0107    95% KM Bootstrap t UCL      0.0231
90% KM Chebyshev UCL      0.0218 95% KM Chebyshev UCL      0.0328

SD      0.0979    95% KM (BCA) UCL      0.0209
   95% KM (t) UCL      0.0108    95% KM (Percentile Bootstrap) UCL      0.0157

Kaplan-Meier (KM) Statistics using Normal Critical Values and other Nonparametric UCLs
Mean   -0.00267 Standard Error of Mean     0.00814

K-S Test Statistic       0.191 Kolmogrov-Smirnoff GOF
5% K-S Critical Value       0.158 Detected Data Not Gamma Distributed at 5% Significance Level

Gamma GOF Tests on Detected Observations Only
A-D Test Statistic       1.689 Anderson-Darling GOF Test

5% A-D Critical Value       0.78 Detected Data Not Gamma Distributed at 5% Significance Level

97.5% KM Chebyshev UCL      0.0482 99% KM Chebyshev UCL      0.0784

MLE Mean (bias corrected)      0.096 MLE Sd (bias corrected)       0.105

Theta hat (MLE)       0.106 Theta star (bias corrected MLE)       0.114
nu hat (MLE)      59.52 nu star (bias corrected)      55.44

Detected Data Not Gamma Distributed at 5% Significance Level

Gamma Statistics on Detected Data Only
k hat (MLE)       0.902 k star (bias corrected MLE)       0.84

   95% Gamma Approximate KM-UCL (use when n>=50)   -0.00411  amma Adjusted KM-UCL (use when n<50)   -0.00626
Gamma (KM) may not be used when k hat (KM) is < 0.1

Adjusted Level of Significance (β)      0.0484
Approximate Chi Square Value (0.22, α)       0.144 Adjusted Chi Square Value (0.22, β)      0.0949

Gamma Kaplan-Meier (KM) Statistics
k hat (KM) 7.4201E-4 nu hat (KM)       0.223
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97.5% KM (Chebyshev) UCL      0.0482

Nonparametric Distribution Free UCL Statistics
Data do not follow a Discernible Distribution at 5% Significance Level

Suggested UCL to Use

   95% t UCL (Assumes normality)      0.0368
DL/2 is not a recommended method, provided for comparisons and historical reasons

DL/2 Statistics
Mean in Original Scale      0.0245 SD in Original Scale      0.0912

Number of Detects    126 Number of Non-Detects      24
Number of Distinct Detects      26 Number of Distinct Non-Detects      17

Selenium

General Statistics
Total Number of Observations    150 Number of Distinct Observations      39

Note: Suggestions regarding the selection of a 95% UCL are provided to help the user to select the most appropriate 95% UCL
Recommendations are based upon data size, data distribution, and skewness.

These recommendations are based upon the results of the simulation studies summarized in Singh, Maichle, and Lee (2006)
However, simulations results will not cover all Real World data sets; for additional insight the user may want to consult a statistician

Median Detects       1.1 CV Detects       0.179
Skewness Detects       0.662 Kurtosis Detects       1.841

Variance Detects      0.0414 Percent Non-Detects      16%
Mean Detects       1.135 SD Detects       0.203

Minimum Detect       0.67 Minimum Non-Detect       0.21
Maximum Detect       1.9 Maximum Non-Detect       1.2

Lilliefors Test Statistic       0.128 Lilliefors GOF Test
5% Lilliefors Critical Value      0.0789 Detected Data Not Normal at 5% Significance Level

Normal GOF Test on Detects Only
Shapiro Wilk Test Statistic       0.95 Normal GOF Test on Detected Observations Only

5% Shapiro Wilk P Value 4.1380E-4 Detected Data Not Normal at 5% Significance Level

Mean of Logged Detects       0.111 SD of Logged Detects       0.178

   95% KM (z) UCL       1.071    95% KM Bootstrap t UCL       1.07
90% KM Chebyshev UCL       1.113 95% KM Chebyshev UCL       1.156

SD       0.343 95% KM (BCA) UCL       1.075
   95% KM (t) UCL       1.071    95% KM (Percentile Bootstrap) UCL       1.072

Detected Data Not Normal at 5% Significance Level

Kaplan-Meier (KM) Statistics using Normal Critical Values and other Nonparametric UCLs
Mean       1.019 Standard Error of Mean      0.0313

K-S Test Statistic       0.131 Kolmogrov-Smirnoff GOF
5% K-S Critical Value      0.0825 Detected Data Not Gamma Distributed at 5% Significance Level

Gamma GOF Tests on Detected Observations Only
A-D Test Statistic       1.427 Anderson-Darling GOF Test

5% A-D Critical Value       0.75 Detected Data Not Gamma Distributed at 5% Significance Level

97.5% KM Chebyshev UCL       1.215 99% KM Chebyshev UCL       1.331

MLE Mean (bias corrected)       1.135 MLE Sd (bias corrected)       0.203

Theta hat (MLE)      0.0354 Theta star (bias corrected MLE)      0.0362
nu hat (MLE)   8085 nu star (bias corrected)   7894

Detected Data Not Gamma Distributed at 5% Significance Level

Gamma Statistics on Detected Data Only
k hat (MLE)      32.08 k star (bias corrected MLE)      31.32

Gamma ROS Statistics using Imputed  Non-Detects
GROS may not be used when data set has > 50% NDs with many tied observations at multiple DLs

GROS may not be used when kstar of detected data is small such as < 0.1
For such situations, GROS method tends to yield inflated values of UCLs and BTVs

Approximate Chi Square Value (N/A, α)   2528 Adjusted Chi Square Value (N/A, β)   2527
   95% Gamma Approximate KM-UCL (use when n>=50)       1.067  amma Adjusted KM-UCL (use when n<50)       1.067

Gamma Kaplan-Meier (KM) Statistics
k hat (KM)       8.823 nu hat (KM)   2647

k hat (MLE)      21.9 k star (bias corrected MLE)      21.46
Theta hat (MLE)      0.0492 Theta star (bias corrected MLE)      0.0502

Maximum       1.9 Median       1.1
SD       0.231 CV       0.215

For gamma distributed detected data, BTVs and UCLs may be computed using gamma distribution on KM estimates
Minimum       0.654 Mean       1.077

   95% Gamma Approximate UCL (use when n>=50)       1.109 % Gamma Adjusted UCL (use when n<50)       1.109

Adjusted Level of Significance (β)      0.0484
Approximate Chi Square Value (N/A, α)   6253 Adjusted Chi Square Value (N/A, β)   6251

nu hat (MLE)   6569 nu star (bias corrected)   6439
MLE Mean (bias corrected)       1.077 MLE Sd (bias corrected)       0.232

Detected Data appear Approximate Lognormal at 5% Significance Level

Lognormal ROS Statistics Using Imputed Non-Detects

Lognormal GOF Test on Detected Observations Only
Lilliefors Test Statistic       0.14 Lilliefors GOF Test

5% Lilliefors Critical Value      0.0789 Detected Data Not Lognormal at 5% Significance Level
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SD in Original Scale       0.227 SD in Log Scale       0.21
   95% t UCL (assumes normality of ROS data)       1.11    95% Percentile Bootstrap UCL       1.11

Mean in Original Scale       1.08 Mean in Log Scale      0.0549

KM SD (logged)       0.536    95% Critical H Value (KM-Log)       1.852
KM Standard Error of Mean (logged)      0.0555

UCLs using Lognormal Distribution and KM Estimates when Detected data are Lognormally Distributed
KM Mean (logged)    -0.083    95% H-UCL (KM -Log)       1.152

   95% BCA Bootstrap UCL       1.107    95% Bootstrap t UCL       1.11
   95% H-UCL (Log ROS)       1.112

DL/2 is not a recommended method, provided for comparisons and historical reasons

Nonparametric Distribution Free UCL Statistics
Detected Data appear Approximate Lognormal Distributed at 5% Significance Level

SD in Original Scale       0.339 SD in Log Scale       0.495
   95% t UCL (Assumes normality)       1.059    95% H-Stat UCL       1.128

DL/2 Statistics
DL/2 Normal DL/2 Log-Transformed

Mean in Original Scale       1.014 Mean in Log Scale    -0.0761

Silver

General Statistics
Total Number of Observations    150 Number of Distinct Observations      78

Note: Suggestions regarding the selection of a 95% UCL are provided to help the user to select the most appropriate 95% UCL
Recommendations are based upon data size, data distribution, and skewness.

These recommendations are based upon the results of the simulation studies summarized in Singh, Maichle, and Lee (2006)
However, simulations results will not cover all Real World data sets; for additional insight the user may want to consult a statistician

Suggested UCL to Use
95% KM (BCA) UCL       1.075

Variance Detects       1.452 Percent Non-Detects      36.67%
Mean Detects       0.273 SD Detects       1.205

Minimum Detect      0.028 Minimum Non-Detect       0.22
Maximum Detect      11.6 Maximum Non-Detect       1.6

Number of Detects      95 Number of Non-Detects      55
Number of Distinct Detects      60 Number of Distinct Non-Detects      20

Normal GOF Test on Detects Only
Shapiro Wilk Test Statistic       0.192 Normal GOF Test on Detected Observations Only

5% Shapiro Wilk P Value       0 Detected Data Not Normal at 5% Significance Level

Mean of Logged Detects     -2.337 SD of Logged Detects       0.965

Median Detects      0.07 CV Detects       4.412
Skewness Detects       9.064 Kurtosis Detects      85.44

SD       0.959 95% KM (BCA) UCL       0.373
   95% KM (t) UCL       0.342    95% KM (Percentile Bootstrap) UCL       0.364

Detected Data Not Normal at 5% Significance Level

Kaplan-Meier (KM) Statistics using Normal Critical Values and other Nonparametric UCLs
Mean       0.211 Standard Error of Mean      0.0789

Lilliefors Test Statistic       0.421 Lilliefors GOF Test
5% Lilliefors Critical Value      0.0909 Detected Data Not Normal at 5% Significance Level

Gamma GOF Tests on Detected Observations Only
A-D Test Statistic      13.97 Anderson-Darling GOF Test

5% A-D Critical Value       0.809 Detected Data Not Gamma Distributed at 5% Significance Level

97.5% KM Chebyshev UCL       0.704 99% KM Chebyshev UCL       0.996

   95% KM (z) UCL       0.341    95% KM Bootstrap t UCL       0.782
90% KM Chebyshev UCL       0.448 95% KM Chebyshev UCL       0.555

Theta hat (MLE)       0.459 Theta star (bias corrected MLE)       0.468
nu hat (MLE)    113.1 nu star (bias corrected)    110.9

Detected Data Not Gamma Distributed at 5% Significance Level

Gamma Statistics on Detected Data Only
k hat (MLE)       0.595 k star (bias corrected MLE)       0.584

K-S Test Statistic       0.26 Kolmogrov-Smirnoff GOF
5% K-S Critical Value      0.0965 Detected Data Not Gamma Distributed at 5% Significance Level

Approximate Chi Square Value (14.53, α)       6.934 Adjusted Chi Square Value (14.53, β)       6.883
   95% Gamma Approximate KM-UCL (use when n>=50)       0.442  amma Adjusted KM-UCL (use when n<50)       0.445

Gamma Kaplan-Meier (KM) Statistics
k hat (KM)      0.0484 nu hat (KM)      14.53

MLE Mean (bias corrected)       0.273 MLE Sd (bias corrected)       0.358

Maximum      11.6 Median      0.061
SD       0.969 CV       4.374

For such situations, GROS method tends to yield inflated values of UCLs and BTVs
For gamma distributed detected data, BTVs and UCLs may be computed using gamma distribution on KM estimates

Minimum      0.01 Mean       0.221

Gamma (KM) may not be used when k hat (KM) is < 0.1

Gamma ROS Statistics using Imputed  Non-Detects
GROS may not be used when data set has > 50% NDs with many tied observations at multiple DLs

GROS may not be used when kstar of detected data is small such as < 0.1
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Adjusted Level of Significance (β)      0.0484
Approximate Chi Square Value (151.77, α)    124.3 Adjusted Chi Square Value (151.77, β)    124.1

nu hat (MLE)    153.5 nu star (bias corrected)    151.8
MLE Mean (bias corrected)       0.221 MLE Sd (bias corrected)       0.311

k hat (MLE)       0.512 k star (bias corrected MLE)       0.506
Theta hat (MLE)       0.433 Theta star (bias corrected MLE)       0.438

Detected Data Not Lognormal at 5% Significance Level

Lognormal ROS Statistics Using Imputed Non-Detects
Mean in Original Scale       0.21 Mean in Log Scale     -2.371

Lognormal GOF Test on Detected Observations Only
Lilliefors Test Statistic       0.188 Lilliefors GOF Test

5% Lilliefors Critical Value      0.0909 Detected Data Not Lognormal at 5% Significance Level

   95% Gamma Approximate UCL (use when n>=50)       0.27 % Gamma Adjusted UCL (use when n<50)       0.271

DL/2 Statistics
DL/2 Normal DL/2 Log-Transformed

Mean in Original Scale       0.297 Mean in Log Scale     -1.917

   95% BCA Bootstrap UCL       0.523    95% Bootstrap t UCL       0.897
   95% H-UCL (Log ROS)       0.151

SD in Original Scale       0.961 SD in Log Scale       0.826
   95% t UCL (assumes normality of ROS data)       0.339    95% Percentile Bootstrap UCL       0.36

Note: Suggestions regarding the selection of a 95% UCL are provided to help the user to select the most appropriate 95% UCL
Recommendations are based upon data size, data distribution, and skewness.

These recommendations are based upon the results of the simulation studies summarized in Singh, Maichle, and Lee (2006)
However, simulations results will not cover all Real World data sets; for additional insight the user may want to consult a statistician

Suggested UCL to Use
95% KM (BCA) UCL       0.373

DL/2 is not a recommended method, provided for comparisons and historical reasons

Nonparametric Distribution Free UCL Statistics
Data do not follow a Discernible Distribution at 5% Significance Level

SD in Original Scale       0.964 SD in Log Scale       0.983
   95% t UCL (Assumes normality)       0.427    95% H-Stat UCL       0.284

Minimum       1.59 Mean       3.632
Maximum      10.7 Median       2.5

Total Number of Observations      20 Number of Distinct Observations      20
Number of Missing Observations       0

Uranium

General Statistics

5% Lilliefors Critical Value       0.198 Data Not Normal at 5% Significance Level
Data Not Normal at 5% Significance Level

5% Shapiro Wilk Critical Value       0.905 Data Not Normal at 5% Significance Level
Lilliefors Test Statistic       0.267 Lilliefors GOF Test

Normal GOF Test
Shapiro Wilk Test Statistic       0.733 Shapiro Wilk GOF Test

SD       2.668 Std. Error of Mean       0.597
Coefficient of Variation       0.735 Skewness       1.635

Gamma GOF Test
A-D Test Statistic       1.532 Anderson-Darling Gamma GOF Test

5% A-D Critical Value       0.749 Data Not Gamma Distributed at 5% Significance Level

   95% Modified-t UCL (Johnson-1978)       4.7

Assuming Normal Distribution
   95% Normal UCL    95% UCLs (Adjusted for Skewness)

   95% Student's-t UCL       4.663    95% Adjusted-CLT UCL (Chen-1995)       4.846

Theta hat (MLE)       1.317 Theta star (bias corrected MLE)       1.528
nu hat (MLE)    110.3 nu star (bias corrected)      95.07

Data Not Gamma Distributed at 5% Significance Level

Gamma Statistics
k hat (MLE)       2.757 k star (bias corrected MLE)       2.377

K-S Test Statistic       0.229 Kolmogrov-Smirnoff Gamma GOF Test
5% K-S Critical Value       0.195 Data Not Gamma Distributed at 5% Significance Level

Lognormal GOF Test
Shapiro Wilk Test Statistic       0.855 Shapiro Wilk Lognormal GOF Test

Assuming Gamma Distribution
   95% Approximate Gamma UCL (use when n>=50))       4.692 % Adjusted Gamma UCL (use when n<50)       4.789

Adjusted Level of Significance      0.038 Adjusted Chi Square Value      72.09

MLE Mean (bias corrected)       3.632 MLE Sd (bias corrected)       2.356
Approximate Chi Square Value (0.05)      73.59

5% Lilliefors Critical Value       0.198 Data Not Lognormal at 5% Significance Level
Data Not Lognormal at 5% Significance Level

5% Shapiro Wilk Critical Value       0.905 Data Not Lognormal at 5% Significance Level
Lilliefors Test Statistic       0.2 Lilliefors Lognormal GOF Test
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Maximum of Logged Data       2.37 SD of logged Data       0.592

Lognormal Statistics
Minimum of Logged Data       0.464 Mean of logged Data       1.097

Nonparametric Distribution Free UCL Statistics
Data do not follow a Discernible Distribution (0.05)

Nonparametric Distribution Free UCLs

   95% Chebyshev (MVUE) UCL       5.674  97.5% Chebyshev (MVUE) UCL       6.6
   99% Chebyshev (MVUE) UCL       8.418

Assuming Lognormal Distribution
   95% H-UCL       4.756    90% Chebyshev (MVUE) UCL       5.007

   90% Chebyshev(Mean, Sd) UCL       5.422    95% Chebyshev(Mean, Sd) UCL       6.232
 97.5% Chebyshev(Mean, Sd) UCL       7.358    99% Chebyshev(Mean, Sd) UCL       9.568

   95% Hall's Bootstrap UCL       4.627    95% Percentile Bootstrap UCL       4.588
   95% BCA Bootstrap UCL       4.801

   95% CLT UCL       4.613    95% Jackknife UCL       4.663
   95% Standard Bootstrap UCL       4.62    95% Bootstrap-t UCL       5.124

Zinc

General Statistics
Total Number of Observations    150 Number of Distinct Observations    120

Note: Suggestions regarding the selection of a 95% UCL are provided to help the user to select the most appropriate 95% UCL
These recommendations are based upon the results of the simulation studies summarized in Singh, Singh, and Iaci (2002)

and Singh and Singh (2003). However, simulations results will not cover all Real World data sets
For additional insight the user may want to consult a statistician.

Suggested UCL to Use
95% Chebyshev (Mean, Sd) UCL       6.232

Coefficient of Variation       1.617 Skewness       7.734

Maximum    812 Median      32.3
SD      77.24 Std. Error of Mean       6.307

Number of Missing Observations       0
Minimum      12.3 Mean      47.78

Data Not Normal at 5% Significance Level

Assuming Normal Distribution
   95% Normal UCL    95% UCLs (Adjusted for Skewness)

Lilliefors Test Statistic       0.325 Lilliefors GOF Test
5% Lilliefors Critical Value      0.0723 Data Not Normal at 5% Significance Level

Normal GOF Test
Shapiro Wilk Test Statistic       0.328 Shapiro Wilk GOF Test

5% Shapiro Wilk P Value       0 Data Not Normal at 5% Significance Level

5% A-D Critical Value       0.767 Data Not Gamma Distributed at 5% Significance Level
K-S Test Statistic       0.282 Kolmogrov-Smirnoff Gamma GOF Test

Gamma GOF Test
A-D Test Statistic      15.84 Anderson-Darling Gamma GOF Test

   95% Student's-t UCL      58.22    95% Adjusted-CLT UCL (Chen-1995)      62.41
   95% Modified-t UCL (Johnson-1978)      58.88

Theta hat (MLE)      25.3 Theta star (bias corrected MLE)      25.76
nu hat (MLE)    566.5 nu star (bias corrected)    556.5

Gamma Statistics
k hat (MLE)       1.888 k star (bias corrected MLE)       1.855

5% K-S Critical Value      0.0777 Data Not Gamma Distributed at 5% Significance Level
Data Not Gamma Distributed at 5% Significance Level

Assuming Gamma Distribution
   95% Approximate Gamma UCL (use when n>=50))      52.88 % Adjusted Gamma UCL (use when n<50)      52.93

Adjusted Level of Significance      0.0484 Adjusted Chi Square Value    502.3

MLE Mean (bias corrected)      47.78 MLE Sd (bias corrected)      35.08
Approximate Chi Square Value (0.05)    502.8

Lognormal Statistics
Minimum of Logged Data       2.51 Mean of logged Data       3.579

5% Lilliefors Critical Value      0.0723 Data Not Lognormal at 5% Significance Level
Data Not Lognormal at 5% Significance Level

5% Shapiro Wilk P Value       0 Data Not Lognormal at 5% Significance Level
Lilliefors Test Statistic       0.219 Lilliefors Lognormal GOF Test

Lognormal GOF Test
Shapiro Wilk Test Statistic       0.821 Shapiro Wilk Lognormal GOF Test

   95% Chebyshev (MVUE) UCL      51.78  97.5% Chebyshev (MVUE) UCL      55.85
   99% Chebyshev (MVUE) UCL      63.86

Assuming Lognormal Distribution
   95% H-UCL      46.38    90% Chebyshev (MVUE) UCL      48.84

Maximum of Logged Data       6.7 SD of logged Data       0.581
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   95% Hall's Bootstrap UCL    100.6    95% Percentile Bootstrap UCL      59.05
   95% BCA Bootstrap UCL      63.68

   95% CLT UCL      58.15    95% Jackknife UCL      58.22
   95% Standard Bootstrap UCL      58.22    95% Bootstrap-t UCL      74.01

Nonparametric Distribution Free UCL Statistics
Data do not follow a Discernible Distribution (0.05)

Nonparametric Distribution Free UCLs

Note: Suggestions regarding the selection of a 95% UCL are provided to help the user to select the most appropriate 95% UCL
These recommendations are based upon the results of the simulation studies summarized in Singh, Singh, and Iaci (2002)

and Singh and Singh (2003). However, simulations results will not cover all Real World data sets
For additional insight the user may want to consult a statistician.

Suggested UCL to Use
95% Chebyshev (Mean, Sd) UCL      75.27

   90% Chebyshev(Mean, Sd) UCL      66.7    95% Chebyshev(Mean, Sd) UCL      75.27
 97.5% Chebyshev(Mean, Sd) UCL      87.17    99% Chebyshev(Mean, Sd) UCL    110.5


