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Mean Detects       0.76 SD Detects       0.22

UCL Statistics for Data Sets with Non-Detects

User Selected Options
e/Time of Computation   8/13/2015 1:57:49 PM

From File   ProUCLinput_15-005(c)_0-5.xls
Full Precision   OFF

Confidence Coefficient   95%

General Statistics
Total Number of Observations      20 Number of Distinct Observations      17

 f Bootstrap Operations   2000

Antimony

Number of Detects       9 Number of Non-Detects      11
Number of Distinct Detects       9 Number of Distinct Non-Detects       8

Minimum Detect       0.50 Minimum Non-Detect       1.08
Maximum Detect       1.22 Maximum Non-Detect       1.41
Variance Detects      0.052 Percent Non-Detects      55%

      0.91 Kurtosis Detects       0.54

SD       0.19    95% KM (BCA) UCL       0.84
     0.064

Lilliefors Test Statistic       0.22

Mean of Logged Detects     -0.308 SD of Logged Detects       0.28

Median Detects       0.66 CV Detects       0.29
Skewness Detects

Normal GOF Test on Detects Only
Shapiro Wilk Test Statistic       0.90 Shapiro Wilk GOF Test

5% Shapiro Wilk Critical Value       0.82etected Data appear Normal at 5% Significance Le
Lilliefors GOF Test

5% Lilliefors Critical Value       0.29etected Data appear Normal at 5% Significance Le

Gamma GOF Tests on Detected Observations Only
A-D Test Statistic       0.34 Anderson-Darling GOF Test

   95% KM (z) UCL       0.84
95% KM (t) UCL       0.85 95% KM (Percentile Bootstrap) UCL       0.84

Detected Data appear Normal at 5% Significance Level

Kaplan-Meier (KM) Statistics using Normal Critical Values and other Nonparametric UCLs
Mean       0.74 Standard Error of Mean

nu hat (MLE)    242.8 nu star (bias corrected)    163.2

   95% KM Bootstrap t UCL       0.87
90% KM Chebyshev UCL       0.93 95% KM Chebyshev UCL       1.02

5% A-D Critical Value       0.72d data appear Gamma Distributed at 5% Significan

97.5% KM Chebyshev UCL       1.14 99% KM Chebyshev UCL       1.38

K-S Test Statistic       0.21 Kolmogrov-Smirnoff GOF
5% K-S Critical Value       0.27d data appear Gamma Distributed at 5% Significan

Detected data appear Gamma Distributed at 5% Significance Level

Gamma Statistics on Detected Data Only
k hat (MLE)      13.49 k star (bias corrected MLE)       9.06

Theta hat (MLE)      0.056 Theta star (bias corrected MLE)      0.084

Gamma Kaplan-Meier (KM) Statistics
k hat (KM)      14.24 nu hat (KM)    569.7

MLE Mean (bias corrected)       0.76 MLE Sd (bias corrected)       0.25

Approximate Chi Square Value (569.68, α)    515.3 Adjusted Chi Square Value (569.68, β)    511.2
 Approximate KM-UCL (use when n>=50)       0.82amma Adjusted KM-UCL (use when n<50)       0.82

mma distributed detected data, BTVs and UCLs may be computed using gamma distribution on KM es
Minimum       0.50 Mean       0.73

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

Maximum       1.22 Median       0.71
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Approximate Chi Square Value (844.97, α)    778.5 Adjusted Chi Square Value (844.97, β)    773.5

SD       0.16 CV       0.21
k hat (MLE)      24.81 k star (bias corrected MLE)      21.12

Theta hat (MLE)      0.029 Theta star (bias corrected MLE)      0.034
nu hat (MLE)    992.5 nu star (bias corrected)    845

MLE Mean (bias corrected)       0.73 MLE Sd (bias corrected)       0.16
Adjusted Level of Significance (β)      0.038

mma Approximate UCL (use when n>=50)       0.80% Gamma Adjusted UCL (use when n<50)       0.80

   95% BCA Bootstrap UCL       0.80    95% Bootstrap t UCL       0.81
   95% Percentile Bootstrap UCL

Lognormal GOF Test on Detected Observations Only
Shapiro Wilk Test Statistic       0.94 Shapiro Wilk GOF Test

5% Shapiro Wilk Critical Value       0.82ected Data appear Lognormal at 5% Significance L
Lilliefors Test Statistic       0.19 Lilliefors GOF Test

5% Lilliefors Critical Value       0.29ected Data appear Lognormal at 5% Significance L

Mean in Original Scale       0.68 Mean in Log Scale     -0.406

      0.79

Detected Data appear Lognormal at 5% Significance Level

Lognormal ROS Statistics Using Imputed Non-Detects
Mean in Original Scale       0.73 Mean in Log Scale     -0.33

   95% H-UCL (Log ROS)       0.79

SD in Original Scale       0.16 SD in Log Scale       0.20
% t UCL (assumes normality of ROS data)       0.79

CLs using Lognormal Distribution and KM Estimates when Detected data are Lognormally Distributed
KM Mean (logged)     -0.33    95% H-UCL (KM -Log)       0.82

KM SD (logged)       0.25    95% Critical H Value (KM-Log)       1.82
KM Standard Error of Mean (logged)      0.085

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

SD in Original Scale       0.17 SD in Log Scale       0.21
   95% t UCL (Assumes normality)       0.74    95% H-Stat UCL       0.74

Suggested UCL to Use
95% KM (t) UCL       0.85 95% KM (Percentile Bootstrap) UCL       0.84

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

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

Barium

General Statistics

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

mmendations are based upon the results of the simulation studies summarized in Singh, Maichle, and 
lations results will not cover all Real World data sets; for additional insight the user may want to cons

Total Number of Observations      20 Number of Distinct Observations      13
Number of Missing Observations       0

Minimum    102 Mean    189.4
Maximum    216 Median

Normal GOF Test
Shapiro Wilk Test Statistic       0.77 Shapiro Wilk GOF Test

SD      24.98 Std. Error of Mean       5.58
Coefficient of Variation

Data Not Normal at 5% Significance Level
Data Not Normal at 5% Significance Level

5% Shapiro Wilk Critical Value       0.90 Data Not Normal at 5% Significance Level
Lilliefors Test Statistic       0.21 Lilliefors GOF Test

   194.5

5% Lilliefors Critical Value       0.19

      0.13 Skewness     -2.354
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Assuming Normal Distribution
   95% Normal UCL    95% UCLs (Adjusted for Skewness)

   95% Student's-t UCL    199    95% Adjusted-CLT UCL (Chen-1995)    195.4
   95% Modified-t UCL (Johnson-1978)    198.5

MLE Mean (bias corrected)    189.4 MLE Sd (bias corrected)      30.04
  1590

Gamma GOF Test
A-D Test Statistic       1.67 Anderson-Darling Gamma GOF Test

5% A-D Critical Value       0.74ata Not Gamma Distributed at 5% Significance Lev
K-S Test Statistic       0.24 Kolmogrov-Smirnoff Gamma GOF Test

5% K-S Critical Value       0.19ata Not Gamma Distributed at 5% Significance Lev

   200.9% Adjusted Gamma UCL (use when n<50)    201.9

5% Shapiro Wilk Critical Value       0.90 Data Not Lognormal at 5% Significance Level
Lilliefors Test Statistic       0.26 Lilliefors Lognormal GOF Test

Data Not Gamma Distributed at 5% Significance Level

Gamma Statistics
k hat (MLE)      46.72 k star (bias corrected MLE)      39.74

Approximate Chi Square Value (0.05)   1498

Theta hat (MLE)       4.05 Theta star (bias corrected MLE)       4.76
nu hat (MLE)   1869 nu star (bias corrected)

      5.23

5% Lilliefors Critical Value       0.19 Data Not Lognormal at 5% Significance Level
Data Not Lognormal at 5% Significance Level

   95% H-UCL    202.6    90% Chebyshev (MVUE) UCL    210.3

Maximum of Logged Data       5.37 SD of logged Data       0.16

Adjusted Level of Significance      0.038 Adjusted Chi Square Value   1491

Assuming Lognormal Distribution

Lognormal Statistics
Minimum of Logged Data       4.62 Mean of logged Data

Lognormal GOF Test
Shapiro Wilk Test Statistic       0.66 Shapiro Wilk Lognormal GOF Test

Assuming Gamma Distribution
roximate Gamma UCL (use when n>=50))

Suggested UCL to Use
95% Student's-t UCL    199 or 95% Modified-t UCL    198.5

   90% Chebyshev(Mean, Sd) UCL

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

Nonparametric Distribution Free UCLs

   95% Chebyshev (MVUE) UCL    219.6  97.5% Chebyshev (MVUE) UCL    232.5
   99% Chebyshev (MVUE) UCL

   95% CLT UCL    198.5    95% Jackknife UCL    199
   95% Standard Bootstrap UCL    198.3    95% Bootstrap-t UCL    196.7

   95% Hall's Bootstrap UCL    196.4    95% Percentile Bootstrap UCL    197.7
   95% BCA Bootstrap UCL    196

   206.1    95% Chebyshev(Mean, Sd) UCL    213.7
 97.5% Chebyshev(Mean, Sd) UCL    224.2    99% Chebyshev(Mean, Sd) UCL    244.9

   258

 highly negatively-skewed data, confidence limits (e.g., Chen, Johnson, Lognormal, and Gamma) may 
reliable.  Chen's and Johnson's methods provide adjustments for positvely skewed data sets.

stions regarding the selection of a 95% UCL are provided to help the user to select the most appropri
ommendations are based upon the results of the simulation studies summarized in Singh, Singh, and 

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.
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Chromium

General Statistics
Total Number of Observations      20 Number of Distinct Observations      17

Number of Missing Observations       0
Minimum       5.94 Mean

Coefficient of Variation       0.16 Skewness     -0.447

Maximum      13.9 Median      10.45
SD

      0.16

      0.19 Data appear Normal at 5% Significance Level

Normal GOF Test
Shapiro Wilk Test Statistic       0.92 Shapiro Wilk GOF Test

5% Shapiro Wilk Critical Value       0.90 Data appear Normal at 5% Significance Level

     10.62

Data appear Normal at 5% Significance Level

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

Lilliefors Test Statistic       0.18 Lilliefors GOF Test
5% Lilliefors Critical Value

      1.72 Std. Error of Mean       0.38

nu star (bias corrected)   1222
MLE Mean (bias corrected)      10.62 MLE Sd (bias corrected)       1.92

Approximate Chi Square Value (0.05)   1142

   95% Student's-t UCL      11.28    95% Adjusted-CLT UCL (Chen-1995)      11.21
   95% Modified-t UCL (Johnson-1978)      11.28

Kolmogrov-Smirnoff Gamma GOF Test

Gamma GOF Test
A-D Test Statistic       0.77 Anderson-Darling Gamma GOF Test

5% K-S Critical Value       0.19d data appear Gamma Distributed at 5% Significan
Detected data follow Appr. Gamma Distribution at 5% Significance Level

5% A-D Critical Value       0.74ata Not Gamma Distributed at 5% Significance Lev
K-S Test Statistic

     11.36% Adjusted Gamma UCL (use when n<50)      11.42

Adjusted Level of Significance      0.038 Adjusted Chi Square Value   1136

Lilliefors Test Statistic       0.18 Lilliefors Lognormal GOF Test

Lognormal GOF Test
Shapiro Wilk Test Statistic       0.86 Shapiro Wilk Lognormal GOF Test

Gamma Statistics
k hat (MLE)      35.9 k star (bias corrected MLE)      30.54

5% Shapiro Wilk Critical Value       0.90 Data Not Lognormal at 5% Significance Level

Assuming Gamma Distribution
roximate Gamma UCL (use when n>=50))

Theta hat (MLE)       0.29 Theta star (bias corrected MLE)       0.34
nu hat (MLE)   1436

Lognormal Statistics
Minimum of Logged Data       1.78 Mean of logged Data       2.34

5% Lilliefors Critical Value       0.19 Data appear Lognormal at 5% Significance Level
Data appear Approximate Lognormal at 5% Significance Level

Assuming Lognormal Distribution
   95% H-UCL      11.43    90% Chebyshev (MVUE) UCL      11.9

Maximum of Logged Data       2.63 SD of logged Data       0.17

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

Nonparametric Distribution Free UCLs

   95% Chebyshev (MVUE) UCL      12.48  97.5% Chebyshev (MVUE) UCL      13.28
   99% Chebyshev (MVUE) UCL

   95% CLT UCL      11.25    95% Jackknife UCL      11.28
   95% Standard Bootstrap UCL      11.23    95% Bootstrap-t UCL      11.23

   95% Hall's Bootstrap UCL      11.29    95% Percentile Bootstrap UCL      11.23

     14.85
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Suggested UCL to Use
95% Student's-t UCL      11.28

   90% Chebyshev(Mean, Sd) UCL
   95% BCA Bootstrap UCL      11.2

     11.77    95% Chebyshev(Mean, Sd) UCL      12.3
 97.5% Chebyshev(Mean, Sd) UCL      13.02    99% Chebyshev(Mean, Sd) UCL      14.45

 highly negatively-skewed data, confidence limits (e.g., Chen, Johnson, Lognormal, and Gamma) may 
reliable.  Chen's and Johnson's methods provide adjustments for positvely skewed data sets.

stions regarding the selection of a 95% UCL are provided to help the user to select the most appropri
ommendations are based upon the results of the simulation studies summarized in Singh, Singh, and 

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.

Cobalt

General Statistics
Total Number of Observations      20 Number of Distinct Observations      20

Number of Missing Observations       0
Minimum       2.93 Mean

Coefficient of Variation       0.25 Skewness       1.1

Maximum       9.87 Median       5.52
SD

      0.15

      0.19 Data appear Normal at 5% Significance Level

Normal GOF Test
Shapiro Wilk Test Statistic       0.89 Shapiro Wilk GOF Test

5% Shapiro Wilk Critical Value       0.90 Data Not Normal at 5% Significance Level

      5.58

Data appear Approximate Normal at 5% Significance Level

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

Lilliefors Test Statistic       0.16 Lilliefors GOF Test
5% Lilliefors Critical Value

      1.40 Std. Error of Mean       0.31

nu star (bias corrected)    585.4
MLE Mean (bias corrected)       5.58 MLE Sd (bias corrected)       1.46

Approximate Chi Square Value (0.05)    530.3

   95% Student's-t UCL       6.12    95% Adjusted-CLT UCL (Chen-1995)       6.18
   95% Modified-t UCL (Johnson-1978)       6.14

Kolmogrov-Smirnoff Gamma GOF Test

Gamma GOF Test
A-D Test Statistic       0.64 Anderson-Darling Gamma GOF Test

5% K-S Critical Value       0.19d data appear Gamma Distributed at 5% Significan
Detected data appear Gamma Distributed at 5% Significance Level

5% A-D Critical Value       0.74d data appear Gamma Distributed at 5% Significan
K-S Test Statistic

      6.16% Adjusted Gamma UCL (use when n<50)       6.21

Adjusted Level of Significance      0.038 Adjusted Chi Square Value    526.2

Lilliefors Test Statistic       0.17 Lilliefors Lognormal GOF Test

Lognormal GOF Test
Shapiro Wilk Test Statistic       0.93 Shapiro Wilk Lognormal GOF Test

Gamma Statistics
k hat (MLE)      17.18 k star (bias corrected MLE)      14.64

5% Shapiro Wilk Critical Value       0.90 Data appear Lognormal at 5% Significance Level

Assuming Gamma Distribution
roximate Gamma UCL (use when n>=50))

Theta hat (MLE)       0.32 Theta star (bias corrected MLE)       0.38
nu hat (MLE)    687.2

5% Lilliefors Critical Value       0.19 Data appear Lognormal at 5% Significance Level
Data appear Lognormal at 5% Significance Level
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Lognormal Statistics

Minimum of Logged Data       1.07 Mean of logged Data       1.69

Assuming Lognormal Distribution
   95% H-UCL       6.21    90% Chebyshev (MVUE) UCL       6.53

Maximum of Logged Data       2.28 SD of logged Data       0.25

Suggested UCL to Use
95% Student's-t UCL       6.12

   90% Chebyshev(Mean, Sd) UCL

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

Nonparametric Distribution Free UCLs

   95% Chebyshev (MVUE) UCL       6.96  97.5% Chebyshev (MVUE) UCL       7.56
   99% Chebyshev (MVUE) UCL

   95% CLT UCL       6.10    95% Jackknife UCL       6.12
   95% Standard Bootstrap UCL       6.08    95% Bootstrap-t UCL       6.19

   95% Hall's Bootstrap UCL       6.52    95% Percentile Bootstrap UCL       6.09
   95% BCA Bootstrap UCL       6.21

      6.52    95% Chebyshev(Mean, Sd) UCL       6.95
 97.5% Chebyshev(Mean, Sd) UCL       7.55    99% Chebyshev(Mean, Sd) UCL       8.71

      8.73

Copper

General Statistics

stions regarding the selection of a 95% UCL are provided to help the user to select the most appropri
ommendations are based upon the results of the simulation studies summarized in Singh, Singh, and 

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.

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

Minimum       4.9 Mean       9.93
Maximum      30.6 Median

Normal GOF Test
Shapiro Wilk Test Statistic       0.64 Shapiro Wilk GOF Test

SD       5.40 Std. Error of Mean       1.20
Coefficient of Variation

Data Not Normal at 5% Significance Level
Data Not Normal at 5% Significance Level

5% Shapiro Wilk Critical Value       0.90 Data Not Normal at 5% Significance Level
Lilliefors Test Statistic       0.25 Lilliefors GOF Test

      8.53

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

   95% Student's-t UCL      12.02    95% Adjusted-CLT UCL (Chen-1995)      12.84

5% Lilliefors Critical Value       0.19

      0.54 Skewness       3.17

   95% Modified-t UCL (Johnson-1978)      12.17

MLE Mean (bias corrected)       9.93 MLE Sd (bias corrected)       4.44
   200

Gamma GOF Test
A-D Test Statistic       0.98 Anderson-Darling Gamma GOF Test

5% A-D Critical Value       0.74ata Not Gamma Distributed at 5% Significance Lev
K-S Test Statistic       0.17 Kolmogrov-Smirnoff Gamma GOF Test

5% K-S Critical Value       0.19d data appear Gamma Distributed at 5% Significan
Detected data follow Appr. Gamma Distribution at 5% Significance Level

Gamma Statistics
k hat (MLE)       5.84 k star (bias corrected MLE)       5

Theta hat (MLE)       1.7 Theta star (bias corrected MLE)       1.98
nu hat (MLE)    233.7 nu star (bias corrected)
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     11.81% Adjusted Gamma UCL (use when n<50)      11.97

5% Shapiro Wilk Critical Value       0.90 Data Not Lognormal at 5% Significance Level
Lilliefors Test Statistic       0.14 Lilliefors Lognormal GOF Test

Approximate Chi Square Value (0.05)    168.3

      2.20

5% Lilliefors Critical Value       0.19 Data appear Lognormal at 5% Significance Level
Data appear Approximate Lognormal at 5% Significance Level

   95% H-UCL      11.69    90% Chebyshev (MVUE) UCL      12.43

Maximum of Logged Data       3.42 SD of logged Data       0.39

Adjusted Level of Significance      0.038 Adjusted Chi Square Value    166

Assuming Lognormal Distribution

Lognormal Statistics
Minimum of Logged Data       1.58 Mean of logged Data

Lognormal GOF Test
Shapiro Wilk Test Statistic       0.89 Shapiro Wilk Lognormal GOF Test

Assuming Gamma Distribution
roximate Gamma UCL (use when n>=50)

Suggested UCL to Use
95% Adjusted Gamma UCL      11.97

   90% Chebyshev(Mean, Sd) UCL

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

Nonparametric Distribution Free UCLs

   95% Chebyshev (MVUE) UCL      13.63  97.5% Chebyshev (MVUE) UCL      15.29
   99% Chebyshev (MVUE) UCL

   95% CLT UCL      11.92    95% Jackknife UCL      12.02
   95% Standard Bootstrap UCL      11.9    95% Bootstrap-t UCL      14.07

   95% Hall's Bootstrap UCL      20.88    95% Percentile Bootstrap UCL      12.05
   95% BCA Bootstrap UCL      12.99

     13.56    95% Chebyshev(Mean, Sd) UCL      15.2
 97.5% Chebyshev(Mean, Sd) UCL      17.48    99% Chebyshev(Mean, Sd) UCL      21.96

     18.56

Iron

General Statistics

stions regarding the selection of a 95% UCL are provided to help the user to select the most appropri
ommendations are based upon the results of the simulation studies summarized in Singh, Singh, and 

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.

Total Number of Observations      20 Number of Distinct Observations      17
Number of Missing Observations       0

Minimum   7940 Mean  13092
Maximum  16000 Median

Normal GOF Test
Shapiro Wilk Test Statistic       0.91 Shapiro Wilk GOF Test

SD   1782 Std. Error of Mean    398.4
Coefficient of Variation

Data appear Normal at 5% Significance Level
Data appear Normal at 5% Significance Level

5% Shapiro Wilk Critical Value       0.90 Data appear Normal at 5% Significance Level
Lilliefors Test Statistic       0.18 Lilliefors GOF Test

 13200

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

   95% Student's-t UCL  13781    95% Adjusted-CLT UCL (Chen-1995)  13630

5% Lilliefors Critical Value       0.19

      0.13 Skewness     -1.233

   95% Modified-t UCL (Johnson-1978)  13763
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MLE Mean (bias corrected)  13092 MLE Sd (bias corrected)   2022
  1676

Gamma GOF Test
A-D Test Statistic       0.82 Anderson-Darling Gamma GOF Test

5% A-D Critical Value       0.73ata Not Gamma Distributed at 5% Significance Lev
K-S Test Statistic       0.20 Kolmogrov-Smirnoff Gamma GOF Test

5% K-S Critical Value       0.19ata Not Gamma Distributed at 5% Significance Lev

 13871% Adjusted Gamma UCL (use when n<50)  13934

5% Shapiro Wilk Critical Value       0.90 Data Not Lognormal at 5% Significance Level
Lilliefors Test Statistic       0.21 Lilliefors Lognormal GOF Test

Data Not Gamma Distributed at 5% Significance Level

Gamma Statistics
k hat (MLE)      49.26 k star (bias corrected MLE)      41.91

Approximate Chi Square Value (0.05)   1582

Theta hat (MLE)    265.8 Theta star (bias corrected MLE)    312.4
nu hat (MLE)   1970 nu star (bias corrected)

      9.47

5% Lilliefors Critical Value       0.19 Data Not Lognormal at 5% Significance Level
Data Not Lognormal at 5% Significance Level

   95% H-UCL  13943    90% Chebyshev (MVUE) UCL  14448

Maximum of Logged Data       9.68 SD of logged Data       0.15

Adjusted Level of Significance      0.038 Adjusted Chi Square Value   1575

Assuming Lognormal Distribution

Lognormal Statistics
Minimum of Logged Data       8.98 Mean of logged Data

Lognormal GOF Test
Shapiro Wilk Test Statistic       0.84 Shapiro Wilk Lognormal GOF Test

Assuming Gamma Distribution
roximate Gamma UCL (use when n>=50))

Suggested UCL to Use
95% Student's-t UCL  13781

   90% Chebyshev(Mean, Sd) UCL

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

Nonparametric Distribution Free UCLs

   95% Chebyshev (MVUE) UCL  15058  97.5% Chebyshev (MVUE) UCL  15903
   99% Chebyshev (MVUE) UCL

   95% CLT UCL  13747    95% Jackknife UCL  13781
   95% Standard Bootstrap UCL  13736    95% Bootstrap-t UCL  13688

   95% Hall's Bootstrap UCL  13659    95% Percentile Bootstrap UCL  13697
   95% BCA Bootstrap UCL  13615

 14287    95% Chebyshev(Mean, Sd) UCL  14828
 97.5% Chebyshev(Mean, Sd) UCL  15580    99% Chebyshev(Mean, Sd) UCL  17056
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 highly negatively-skewed data, confidence limits (e.g., Chen, Johnson, Lognormal, and Gamma) may 
reliable.  Chen's and Johnson's methods provide adjustments for positvely skewed data sets.

stions regarding the selection of a 95% UCL are provided to help the user to select the most appropri
ommendations are based upon the results of the simulation studies summarized in Singh, Singh, and 

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.

Lead

General Statistics
Total Number of Observations      20 Number of Distinct Observations      19

Number of Missing Observations       0
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Minimum       9.03 Mean

Coefficient of Variation       0.85 Skewness       2.80

Maximum      69.6 Median      14.25
SD

      0.19 Data Not Normal at 5% Significance Level

Normal GOF Test
Shapiro Wilk Test Statistic       0.48 Shapiro Wilk GOF Test

5% Shapiro Wilk Critical Value       0.90 Data Not Normal at 5% Significance Level

     19.28

Data Not Normal at 5% Significance Level

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

Lilliefors Test Statistic       0.42 Lilliefors GOF Test
5% Lilliefors Critical Value

     16.4 Std. Error of Mean       3.66

   95% Modified-t UCL (Johnson-1978)      26.01

Theta hat (MLE)       6.44 Theta star (bias corrected MLE)       7.48

5% K-S Critical Value       0.19ata Not Gamma Distributed at 5% Significance Lev

Gamma GOF Test
A-D Test Statistic       3.55 Anderson-Darling Gamma GOF Test

   95% Student's-t UCL      25.62    95% Adjusted-CLT UCL (Chen-1995)      27.77

5% A-D Critical Value       0.74ata Not Gamma Distributed at 5% Significance Lev
K-S Test Statistic       0.38 Kolmogrov-Smirnoff Gamma GOF Test

     79.12

MLE Mean (bias corrected)      19.28 MLE Sd (bias corrected)      12.01
Approximate Chi Square Value (0.05)      80.69

Data Not Gamma Distributed at 5% Significance Level

Assuming Gamma Distribution
roximate Gamma UCL (use when n>=50))      24.64% Adjusted Gamma UCL (use when n<50)      25.13

Adjusted Level of Significance      0.038 Adjusted Chi Square Value

nu hat (MLE)    119.7 nu star (bias corrected)    103.1

Gamma Statistics
k hat (MLE)       2.99 k star (bias corrected MLE)       2.57

Lognormal GOF Test
Shapiro Wilk Test Statistic       0.66 Shapiro Wilk Lognormal GOF Test

   95% Chebyshev (MVUE) UCL      27.82  97.5% Chebyshev (MVUE) UCL      31.94

Maximum of Logged Data

5% Shapiro Wilk Critical Value       0.90 Data Not Lognormal at 5% Significance Level
Lilliefors Test Statistic       0.33 Lilliefors Lognormal GOF Test

Lognormal Statistics
Minimum of Logged Data       2.20 Mean of logged Data       2.78

5% Lilliefors Critical Value       0.19 Data Not Lognormal at 5% Significance Level
Data Not Lognormal at 5% Significance Level

      4.24 SD of logged Data       0.51

   95% Hall's Bootstrap UCL      70.13    95% Percentile Bootstrap UCL      25.27
   95% Bootstrap-t UCL      60.63

   99% Chebyshev (MVUE) UCL      40.03

Assuming Lognormal Distribution
   95% H-UCL      23.43    90% Chebyshev (MVUE) UCL      24.86

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

Nonparametric Distribution Free UCLs

   90% Chebyshev(Mean, Sd) UCL      30.28    95% Chebyshev(Mean, Sd) UCL      35.26
   95% BCA Bootstrap UCL      27.82

   95% CLT UCL      25.31    95% Jackknife UCL      25.62
   95% Standard Bootstrap UCL      25.09

 97.5% Chebyshev(Mean, Sd) UCL      42.18    99% Chebyshev(Mean, Sd) UCL      55.76

Suggested UCL to Use
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     19

Minimum    204 Mean    357.3
Number of Missing Observations       0

stions regarding the selection of a 95% UCL are provided to help the user to select the most appropri
ommendations are based upon the results of the simulation studies summarized in Singh, Singh, and 

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.

95% Chebyshev (Mean, Sd) UCL      35.26

SD    102.9 Std. Error of Mean      23.02
Coefficient of Variation       0.28 Skewness

Data appear Approximate Normal at 5% Significance Level

5% Shapiro Wilk Critical Value       0.90 Data Not Normal at 5% Significance Level
Lilliefors Test Statistic       0.18 Lilliefors GOF Test

Manganese

General Statistics

5% Lilliefors Critical Value       0.19 Data appear Normal at 5% Significance Level

Normal GOF Test

Maximum    693 Median    357.5

Total Number of Observations      20 Number of Distinct Observations

nu hat (MLE)    562.1 nu star (bias corrected)    479.1

   95% Modified-t UCL (Johnson-1978)    398.4

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

   95% Student's-t UCL    397.1    95% Adjusted-CLT UCL (Chen-1995)    403.8

      1.57

Gamma GOF Test
A-D Test Statistic       0.88 Anderson-Darling Gamma GOF Test

5% A-D Critical Value       0.74ata Not Gamma Distributed at 5% Significance Lev

Shapiro Wilk Test Statistic       0.83 Shapiro Wilk GOF Test

K-S Test Statistic       0.18 Kolmogrov-Smirnoff Gamma GOF Test
5% K-S Critical Value       0.19d data appear Gamma Distributed at 5% Significan

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

Gamma Statistics
k hat (MLE)      14.05 k star (bias corrected MLE)      11.98

Theta hat (MLE)      25.43 Theta star (bias corrected MLE)      29.83

MLE Mean (bias corrected)    357.3 MLE Sd (bias corrected)    103.2
Approximate Chi Square Value (0.05)    429.3

Assuming Gamma Distribution
roximate Gamma UCL (use when n>=50))    398.7% Adjusted Gamma UCL (use when n<50)    402.2

Adjusted Level of Significance      0.038 Adjusted Chi Square Value    425.6

Lognormal GOF Test
Shapiro Wilk Test Statistic       0.89 Shapiro Wilk Lognormal GOF Test

   95% Chebyshev (MVUE) UCL    453.6  97.5% Chebyshev (MVUE) UCL    495.3

Maximum of Logged Data

5% Shapiro Wilk Critical Value       0.90 Data Not Lognormal at 5% Significance Level
Lilliefors Test Statistic       0.19 Lilliefors Lognormal GOF Test

Lognormal Statistics
Minimum of Logged Data       5.31 Mean of logged Data       5.84

5% Lilliefors Critical Value       0.19 Data Not Lognormal at 5% Significance Level
Data Not Lognormal at 5% Significance Level

      6.54 SD of logged Data       0.27

   99% Chebyshev (MVUE) UCL    577.3

Assuming Lognormal Distribution
   95% H-UCL    401.5    90% Chebyshev (MVUE) UCL    423.5
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   95% Hall's Bootstrap UCL    451.3    95% Percentile Bootstrap UCL    395.5
   95% Bootstrap-t UCL    408.3

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

Nonparametric Distribution Free UCLs

   90% Chebyshev(Mean, Sd) UCL    426.4    95% Chebyshev(Mean, Sd) UCL    457.6
   95% BCA Bootstrap UCL    405.8

   95% CLT UCL    395.2    95% Jackknife UCL    397.1
   95% Standard Bootstrap UCL    393.3
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 97.5% Chebyshev(Mean, Sd) UCL    501    99% Chebyshev(Mean, Sd) UCL    586.3

Minimum       0.84 Mean       4.25
Number of Missing Observations       0

stions regarding the selection of a 95% UCL are provided to help the user to select the most appropri
ommendations are based upon the results of the simulation studies summarized in Singh, Singh, and 

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    397.1

SD       4.06 Std. Error of Mean       0.91
Coefficient of Variation       0.95 Skewness

Data Not Normal at 5% Significance Level

5% Shapiro Wilk Critical Value       0.90 Data Not Normal at 5% Significance Level
Lilliefors Test Statistic       0.20 Lilliefors GOF Test

Uranium

General Statistics

5% Lilliefors Critical Value       0.19 Data Not Normal at 5% Significance Level

Normal GOF Test

Maximum      17.4 Median       3.05

Total Number of Observations      20 Number of Distinct Observations

nu hat (MLE)      54.93 nu star (bias corrected)      48.02

   95% Modified-t UCL (Johnson-1978)       5.88

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

   95% Student's-t UCL       5.82    95% Adjusted-CLT UCL (Chen-1995)       6.15

      1.88

Gamma GOF Test
A-D Test Statistic       0.74 Anderson-Darling Gamma GOF Test

5% A-D Critical Value       0.76d data appear Gamma Distributed at 5% Significan

Shapiro Wilk Test Statistic       0.78 Shapiro Wilk GOF Test

K-S Test Statistic       0.20 Kolmogrov-Smirnoff Gamma GOF Test
5% K-S Critical Value       0.19ata Not Gamma Distributed at 5% Significance Lev

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

Gamma Statistics
k hat (MLE)       1.37 k star (bias corrected MLE)       1.2

Theta hat (MLE)       3.09 Theta star (bias corrected MLE)       3.54

MLE Mean (bias corrected)       4.25 MLE Sd (bias corrected)       3.87
Approximate Chi Square Value (0.05)      33.11

Assuming Gamma Distribution
roximate Gamma UCL (use when n>=50)       6.16% Adjusted Gamma UCL (use when n<50)       6.35

Adjusted Level of Significance      0.038 Adjusted Chi Square Value      32.14

Lognormal GOF Test
Shapiro Wilk Test Statistic       0.91 Shapiro Wilk Lognormal GOF Test
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   95% Chebyshev (MVUE) UCL       8.59  97.5% Chebyshev (MVUE) UCL      10.46

Maximum of Logged Data

5% Shapiro Wilk Critical Value       0.90 Data appear Lognormal at 5% Significance Level
Lilliefors Test Statistic       0.18 Lilliefors Lognormal GOF Test

Lognormal Statistics
Minimum of Logged Data     -0.171 Mean of logged Data       1.04

5% Lilliefors Critical Value       0.19 Data appear Lognormal at 5% Significance Level
Data appear Lognormal at 5% Significance Level

      2.85 SD of logged Data       0.93

   95% Hall's Bootstrap UCL       7.32    95% Percentile Bootstrap UCL       5.86
   95% Bootstrap-t UCL       6.45

   99% Chebyshev (MVUE) UCL      14.14

Assuming Lognormal Distribution
   95% H-UCL       7.60    90% Chebyshev (MVUE) UCL       7.24

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

Nonparametric Distribution Free UCLs

   90% Chebyshev(Mean, Sd) UCL       6.97    95% Chebyshev(Mean, Sd) UCL       8.21
   95% BCA Bootstrap UCL       6.16

   95% CLT UCL       5.74    95% Jackknife UCL       5.82
   95% Standard Bootstrap UCL       5.71
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 97.5% Chebyshev(Mean, Sd) UCL       9.93    99% Chebyshev(Mean, Sd) UCL      13.3

Minimum       0.98 Mean       2.39
Number of Missing Observations       0

stions regarding the selection of a 95% UCL are provided to help the user to select the most appropri
ommendations are based upon the results of the simulation studies summarized in Singh, Singh, and 

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% Adjusted Gamma UCL       6.35

SD       1.68 Std. Error of Mean       0.37
Coefficient of Variation       0.70 Skewness

Data Not Normal at 5% Significance Level

5% Shapiro Wilk Critical Value       0.90 Data Not Normal at 5% Significance Level
Lilliefors Test Statistic       0.20 Lilliefors GOF Test

Uranium-234

General Statistics

5% Lilliefors Critical Value       0.19 Data Not Normal at 5% Significance Level

Normal GOF Test

Maximum       7.59 Median       1.74

Total Number of Observations      20 Number of Distinct Observations

   95% Modified-t UCL (Johnson-1978)       3.06

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

   95% Student's-t UCL       3.04    95% Adjusted-CLT UCL (Chen-1995)       3.16

      1.75

Gamma GOF Test
A-D Test Statistic       0.86 Anderson-Darling Gamma GOF Test

5% A-D Critical Value       0.74ata Not Gamma Distributed at 5% Significance Lev

Shapiro Wilk Test Statistic       0.79 Shapiro Wilk GOF Test

K-S Test Statistic       0.18 Kolmogrov-Smirnoff Gamma GOF Test
5% K-S Critical Value       0.19d data appear Gamma Distributed at 5% Significan

Detected data follow Appr. Gamma Distribution at 5% Significance Level
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nu hat (MLE)    111.7 nu star (bias corrected)      96.3
MLE Mean (bias corrected)       2.39 MLE Sd (bias corrected)       1.54

Lognormal GOF Test
Shapiro Wilk Test Statistic       0.90 Shapiro Wilk Lognormal GOF Test

Assuming Gamma Distribution
roximate Gamma UCL (use when n>=50)       3.08% Adjusted Gamma UCL (use when n<50)       3.14

Gamma Statistics
k hat (MLE)       2.79 k star (bias corrected MLE)       2.40

Theta hat (MLE)       0.85 Theta star (bias corrected MLE)       0.99

5% Shapiro Wilk Critical Value       0.90 Data Not Lognormal at 5% Significance Level
Lilliefors Test Statistic       0.17 Lilliefors Lognormal GOF Test

Lognormal Statistics
Minimum of Logged Data    -0.016 Mean of logged Data       0.68

Approximate Chi Square Value (0.05)      74.67

Maximum of Logged Data       2.02 SD of logged Data       0.60

5% Lilliefors Critical Value       0.19 Data appear Lognormal at 5% Significance Level
Data appear Approximate Lognormal at 5% Significance Level

Adjusted Level of Significance      0.038 Adjusted Chi Square Value      73.16

 97.5% Chebyshev(Mean, Sd) UCL       4.73    99% Chebyshev(Mean, Sd) UCL       6.12

      5.7

Assuming Lognormal Distribution
   95% H-UCL       3.20    90% Chebyshev (MVUE) UCL       3.36

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

Nonparametric Distribution Free UCLs

   95% Chebyshev (MVUE) UCL       3.82  97.5% Chebyshev (MVUE) UCL       4.45
   99% Chebyshev (MVUE) UCL

   95% CLT UCL       3.00    95% Jackknife UCL       3.04
   95% Standard Bootstrap UCL       3.00    95% Bootstrap-t UCL       3.37

   95% Hall's Bootstrap UCL       3.48    95% Percentile Bootstrap UCL       3.03
   95% BCA Bootstrap UCL       3.23

   90% Chebyshev(Mean, Sd) UCL       3.51    95% Chebyshev(Mean, Sd) UCL       4.02

Mean Detects       0.16 SD Detects      0.090

Minimum Detect

stions regarding the selection of a 95% UCL are provided to help the user to select the most appropri
ommendations are based upon the results of the simulation studies summarized in Singh, Singh, and 

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% Adjusted Gamma UCL       3.14

Uranium-235/236

General Statistics
Total Number of Observations      20 Number of Distinct Observations      20

Number of Detects      14 Number of Non-Detects       6
Number of Distinct Detects      14 Number of Distinct Non-Detects       6

     0.071 Minimum Non-Detect      0.040
Maximum Detect       0.40 Maximum Non-Detect      0.093
Variance Detects     0.008 Percent Non-Detects      30%

      1.39 Kurtosis Detects       2.36
Mean of Logged Detects     -1.905 SD of Logged Detects       0.50

Median Detects       0.14 CV Detects       0.54
Skewness Detects

Normal GOF Test on Detects Only
Shapiro Wilk Test Statistic       0.87 Shapiro Wilk GOF Test

5% Shapiro Wilk Critical Value       0.87Detected Data Not Normal at 5% Significance Leve
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SD      0.092    95% KM (BCA) UCL       0.17
     0.021

Lilliefors Test Statistic       0.15 Lilliefors GOF Test
5% Lilliefors Critical Value       0.23etected Data appear Normal at 5% Significance Le

Gamma GOF Tests on Detected Observations Only
A-D Test Statistic       0.30 Anderson-Darling GOF Test

   95% KM (z) UCL       0.16
95% KM (t) UCL       0.16 95% KM (Percentile Bootstrap) UCL       0.16

Detected Data appear Approximate Normal at 5% Significance Level

Kaplan-Meier (KM) Statistics using Normal Critical Values and other Nonparametric UCLs
Mean       0.13 Standard Error of Mean

nu hat (MLE)    120 nu star (bias corrected)      95.64

   95% KM Bootstrap t UCL       0.17
90% KM Chebyshev UCL       0.19 95% KM Chebyshev UCL       0.22

5% A-D Critical Value       0.74d data appear Gamma Distributed at 5% Significan

97.5% KM Chebyshev UCL       0.26 99% KM Chebyshev UCL       0.34

K-S Test Statistic       0.15 Kolmogrov-Smirnoff GOF
5% K-S Critical Value       0.23d data appear Gamma Distributed at 5% Significan

Detected data appear Gamma Distributed at 5% Significance Level

Gamma Statistics on Detected Data Only
k hat (MLE)       4.28 k star (bias corrected MLE)       3.41

Theta hat (MLE)      0.039 Theta star (bias corrected MLE)      0.049

Gamma Kaplan-Meier (KM) Statistics
k hat (KM)       2.03 nu hat (KM)      81.46

MLE Mean (bias corrected)       0.16 MLE Sd (bias corrected)      0.090

Approximate Chi Square Value (81.46, α)      61.66 Adjusted Chi Square Value (81.46, β)      60.3
 Approximate KM-UCL (use when n>=50)       0.17amma Adjusted KM-UCL (use when n<50)       0.17

Approximate Chi Square Value (39.12, α)      25.79 Adjusted Chi Square Value (39.12, β)      24.93

mma distributed detected data, BTVs and UCLs may be computed using gamma distribution on KM es
Minimum      0.01 Mean       0.12

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

Maximum       0.40 Median       0.10
SD       0.10 CV       0.85

k hat (MLE)       1.11 k star (bias corrected MLE)       0.97
Theta hat (MLE)       0.11 Theta star (bias corrected MLE)       0.12

nu hat (MLE)      44.45 nu star (bias corrected)      39.12
MLE Mean (bias corrected)       0.12 MLE Sd (bias corrected)       0.12

Adjusted Level of Significance (β)      0.038

mma Approximate UCL (use when n>=50)       0.18% Gamma Adjusted UCL (use when n<50)       0.19

   95% BCA Bootstrap UCL       0.17    95% Bootstrap t UCL       0.18
   95% Percentile Bootstrap UCL

Lognormal GOF Test on Detected Observations Only
Shapiro Wilk Test Statistic       0.96 Shapiro Wilk GOF Test

5% Shapiro Wilk Critical Value       0.87ected Data appear Lognormal at 5% Significance L
Lilliefors Test Statistic       0.13 Lilliefors GOF Test

5% Lilliefors Critical Value       0.23ected Data appear Lognormal at 5% Significance L

      0.16

Detected Data appear Lognormal at 5% Significance Level

Lognormal ROS Statistics Using Imputed Non-Detects
Mean in Original Scale       0.13 Mean in Log Scale     -2.24

   95% H-UCL (Log ROS)       0.18

SD in Original Scale      0.093 SD in Log Scale       0.67
% t UCL (assumes normality of ROS data)       0.16

CLs using Lognormal Distribution and KM Estimates when Detected data are Lognormally Distributed
KM Mean (logged)     -2.262    95% H-UCL (KM -Log)       0.18

KM SD (logged)       0.69    95% Critical H Value (KM-Log)       2.22
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Mean in Original Scale       0.12 Mean in Log Scale     -2.345

KM Standard Error of Mean (logged)       0.16

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

      0.16    95% H-Stat UCL       0.21

Minimum       1.07 Mean       2.93
Number of Missing Observations       0

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

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

SD in Original Scale      0.097 SD in Log Scale       0.82
   95% t UCL (Assumes normality)

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

mmendations are based upon the results of the simulation studies summarized in Singh, Maichle, and 
lations results will not cover all Real World data sets; for additional insight the user may want to cons

Suggested UCL to Use
95% KM (t) UCL       0.16 95% KM (Percentile Bootstrap) UCL       0.16

Uranium-238

General Statistics

5% Lilliefors Critical Value       0.19 Data Not Normal at 5% Significance Level

Normal GOF Test
Shapiro Wilk Test Statistic

Maximum       7.77 Median       2.49

Total Number of Observations      20 Number of Distinct Observations      18

      0.82 Shapiro Wilk GOF Test

SD       2.07 Std. Error of Mean       0.46
Coefficient of Variation       0.70 Skewness       1.21

Data Not Normal at 5% Significance Level

5% Shapiro Wilk Critical Value       0.90 Data Not Normal at 5% Significance Level
Lilliefors Test Statistic       0.20 Lilliefors GOF Test

   95% Adjusted-CLT UCL (Chen-1995)       3.83

Theta hat (MLE)       1.21 Theta star (bias corrected MLE)       1.40
      2.09

K-S Test Statistic       0.21 Kolmogrov-Smirnoff Gamma GOF Test

   95% Modified-t UCL (Johnson-1978)       3.76

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

   95% Student's-t UCL       3.74

Gamma GOF Test
A-D Test Statistic       0.94 Anderson-Darling Gamma GOF Test

5% A-D Critical Value       0.75ata Not Gamma Distributed at 5% Significance Lev

Adjusted Chi Square Value      62.15

MLE Mean (bias corrected)       2.93 MLE Sd (bias corrected)       2.03
Approximate Chi Square Value (0.05)      63.54

5% K-S Critical Value       0.19ata Not Gamma Distributed at 5% Significance Lev

Assuming Gamma Distribution
roximate Gamma UCL (use when n>=50))       3.86% Adjusted Gamma UCL (use when n<50)       3.95

Adjusted Level of Significance      0.038

nu hat (MLE)      96.8 nu star (bias corrected)      83.61

Data Not Gamma Distributed at 5% Significance Level

Gamma Statistics
k hat (MLE)       2.42 k star (bias corrected MLE)

Lognormal GOF Test
Shapiro Wilk Test Statistic       0.88 Shapiro Wilk Lognormal GOF Test
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   95% Chebyshev (MVUE) UCL       4.95  97.5% Chebyshev (MVUE) UCL       5.83

Maximum of Logged Data

5% Shapiro Wilk Critical Value       0.90 Data Not Lognormal at 5% Significance Level
Lilliefors Test Statistic       0.20 Lilliefors Lognormal GOF Test

Lognormal Statistics
Minimum of Logged Data      0.067 Mean of logged Data       0.85

5% Lilliefors Critical Value       0.19 Data Not Lognormal at 5% Significance Level
Data Not Lognormal at 5% Significance Level

      2.05 SD of logged Data       0.67

   95% Hall's Bootstrap UCL       3.93    95% Percentile Bootstrap UCL       3.75
   95% Bootstrap-t UCL       3.92

   99% Chebyshev (MVUE) UCL       7.56

Assuming Lognormal Distribution
   95% H-UCL       4.15    90% Chebyshev (MVUE) UCL       4.31

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

Nonparametric Distribution Free UCLs

   90% Chebyshev(Mean, Sd) UCL       4.33    95% Chebyshev(Mean, Sd) UCL       4.96
   95% BCA Bootstrap UCL       3.81

   95% CLT UCL       3.70    95% Jackknife UCL       3.74
   95% Standard Bootstrap UCL       3.68

     20

 97.5% Chebyshev(Mean, Sd) UCL       5.84    99% Chebyshev(Mean, Sd) UCL       7.56

Minimum      14.3 Mean      25.88
Number of Missing Observations       0

stions regarding the selection of a 95% UCL are provided to help the user to select the most appropri
ommendations are based upon the results of the simulation studies summarized in Singh, Singh, and 

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       4.96

SD       3.89 Std. Error of Mean       0.87
Coefficient of Variation       0.15 Skewness

Data appear Normal at 5% Significance Level

5% Shapiro Wilk Critical Value       0.90 Data appear Normal at 5% Significance Level
Lilliefors Test Statistic       0.15 Lilliefors GOF Test

Vanadium

General Statistics

5% Lilliefors Critical Value       0.19 Data appear Normal at 5% Significance Level

Normal GOF Test

Maximum      31.8 Median      26.65

Total Number of Observations      20 Number of Distinct Observations

   95% Modified-t UCL (Johnson-1978)      27.34

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

   95% Student's-t UCL      27.38    95% Adjusted-CLT UCL (Chen-1995)      27.03

    -1.317

Gamma GOF Test
A-D Test Statistic       0.75 Anderson-Darling Gamma GOF Test

5% A-D Critical Value       0.74ata Not Gamma Distributed at 5% Significance Lev

Shapiro Wilk Test Statistic       0.91 Shapiro Wilk GOF Test

K-S Test Statistic       0.17 Kolmogrov-Smirnoff Gamma GOF Test
5% K-S Critical Value       0.19d data appear Gamma Distributed at 5% Significan

Detected data follow Appr. Gamma Distribution at 5% Significance Level
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nu hat (MLE)   1555 nu star (bias corrected)   1323
MLE Mean (bias corrected)      25.88 MLE Sd (bias corrected)       4.49

Lognormal GOF Test
Shapiro Wilk Test Statistic       0.82 Shapiro Wilk Lognormal GOF Test

Assuming Gamma Distribution
roximate Gamma UCL (use when n>=50))      27.62% Adjusted Gamma UCL (use when n<50)      27.76

Gamma Statistics
k hat (MLE)      38.87 k star (bias corrected MLE)      33.08

Theta hat (MLE)       0.66 Theta star (bias corrected MLE)       0.78

5% Shapiro Wilk Critical Value       0.90 Data Not Lognormal at 5% Significance Level
Lilliefors Test Statistic       0.19 Lilliefors Lognormal GOF Test

Lognormal Statistics
Minimum of Logged Data       2.66 Mean of logged Data       3.24

Approximate Chi Square Value (0.05)   1240

Maximum of Logged Data       3.45 SD of logged Data       0.17

5% Lilliefors Critical Value       0.19 Data appear Lognormal at 5% Significance Level
Data appear Approximate Lognormal at 5% Significance Level

Adjusted Level of Significance      0.038 Adjusted Chi Square Value   1233

 97.5% Chebyshev(Mean, Sd) UCL      31.32    99% Chebyshev(Mean, Sd) UCL      34.54

     35.96

Assuming Lognormal Distribution
   95% H-UCL      27.82    90% Chebyshev (MVUE) UCL      28.94

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

Nonparametric Distribution Free UCLs

   95% Chebyshev (MVUE) UCL      30.31  97.5% Chebyshev (MVUE) UCL      32.22
   99% Chebyshev (MVUE) UCL

   95% CLT UCL      27.31    95% Jackknife UCL      27.38
   95% Standard Bootstrap UCL      27.26    95% Bootstrap-t UCL      27.12

   95% Hall's Bootstrap UCL      27.17    95% Percentile Bootstrap UCL      27.21
   95% BCA Bootstrap UCL      27.05

   90% Chebyshev(Mean, Sd) UCL      28.49    95% Chebyshev(Mean, Sd) UCL      29.67

Mean Detects 6.1240E SD Detects 2.2578E

Suggested UCL to Use
95% Student's-t UCL      27.38

 highly negatively-skewed data, confidence limits (e.g., Chen, Johnson, Lognormal, and Gamma) may 
reliable.  Chen's and Johnson's methods provide adjustments for positvely skewed data sets.

Xylene[1,3-]+Xylene[1,4-]

stions regarding the selection of a 95% UCL are provided to help the user to select the most appropri
ommendations are based upon the results of the simulation studies summarized in Singh, Singh, and 

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.

General Statistics
Total Number of Observations      20 Number of Distinct Observations      19

Number of Detects       5 Number of Non-Detects      15
Number of Distinct Detects       5 Number of Distinct Non-Detects      14

Minimum Detect 4.0600E Minimum Non-Detect     0.002
Maximum Detect 9.8400E Maximum Non-Detect     0.002
Variance Detects 5.0975E Percent Non-Detects      75%

      1.43 Kurtosis Detects       2.22
Mean of Logged Detects     -7.447 SD of Logged Detects       0.33

Median Detects 5.5600E CV Detects       0.36
Skewness Detects
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SD 2.0194E    95% KM (BCA) UCL 7.7100E
1.0097E

Lilliefors Test Statistic       0.24

Normal GOF Test on Detects Only
Shapiro Wilk Test Statistic       0.88 Shapiro Wilk GOF Test

5% Shapiro Wilk Critical Value       0.76etected Data appear Normal at 5% Significance Le
Lilliefors GOF Test

5% Lilliefors Critical Value       0.39etected Data appear Normal at 5% Significance Le

Gamma GOF Tests on Detected Observations Only
A-D Test Statistic       0.29 Anderson-Darling GOF Test

   95% KM (z) UCL 7.7848E
95% KM (t) UCL 7.8699E 95% KM (Percentile Bootstrap) UCL 7.8886E

Detected Data appear Normal at 5% Significance Level

Kaplan-Meier (KM) Statistics using Normal Critical Values and other Nonparametric UCLs
Mean 6.1240E Standard Error of Mean

nu hat (MLE)    104.8 nu star (bias corrected)      43.25

   95% KM Bootstrap t UCL     0.001
90% KM Chebyshev UCL 9.1531E 95% KM Chebyshev UCL     0.001

5% A-D Critical Value       0.67d data appear Gamma Distributed at 5% Significan

97.5% KM Chebyshev UCL     0.001 99% KM Chebyshev UCL     0.001

K-S Test Statistic       0.19 Kolmogrov-Smirnoff GOF
5% K-S Critical Value       0.35d data appear Gamma Distributed at 5% Significan

Detected data appear Gamma Distributed at 5% Significance Level

Gamma Statistics on Detected Data Only
k hat (MLE)      10.48 k star (bias corrected MLE)       4.32

Theta hat (MLE) 5.8446E Theta star (bias corrected MLE) 1.4161E

Gamma Kaplan-Meier (KM) Statistics
k hat (KM)       9.19 nu hat (KM)    367.9

MLE Mean (bias corrected) 6.1240E MLE Sd (bias corrected) 2.9449E

Approximate Chi Square Value (367.86, α)    324.4 Adjusted Chi Square Value (367.86, β)    321.2
 Approximate KM-UCL (use when n>=50) 6.9442Eamma Adjusted KM-UCL (use when n<50) 7.0138E

Approximate Chi Square Value (44.50, α)      30.2 Adjusted Chi Square Value (44.50, β)      29.27

mma distributed detected data, BTVs and UCLs may be computed using gamma distribution on KM es
Minimum 4.0600E Mean     0.007

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

Maximum      0.01 Median      0.01
SD     0.004 CV       0.54

k hat (MLE)       1.27 k star (bias corrected MLE)       1.11
Theta hat (MLE)     0.006 Theta star (bias corrected MLE)     0.006

nu hat (MLE)      50.79 nu star (bias corrected)      44.5
MLE Mean (bias corrected)     0.007 MLE Sd (bias corrected)     0.007

Adjusted Level of Significance (β)      0.038

mma Approximate UCL (use when n>=50)      0.011% Gamma Adjusted UCL (use when n<50)      0.011

   95% BCA Bootstrap UCL 6.4594E    95% Bootstrap t UCL 6.5736E
   95% Percentile Bootstrap UCL

Lognormal GOF Test on Detected Observations Only
Shapiro Wilk Test Statistic       0.95 Shapiro Wilk GOF Test

5% Shapiro Wilk Critical Value       0.76ected Data appear Lognormal at 5% Significance L
Lilliefors Test Statistic       0.18 Lilliefors GOF Test

5% Lilliefors Critical Value       0.39ected Data appear Lognormal at 5% Significance L

6.3311E

Detected Data appear Lognormal at 5% Significance Level

Lognormal ROS Statistics Using Imputed Non-Detects
Mean in Original Scale 5.9172E Mean in Log Scale     -7.447

   95% H-UCL (Log ROS) 6.3313E

SD in Original Scale 1.1043E SD in Log Scale       0.16
% t UCL (assumes normality of ROS data) 6.3441E
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stions regarding the selection of a 95% UCL are provided to help the user to select the most appropri
Recommendations are based upon data size, data distribution, and skewness.

mmendations are based upon the results of the simulation studies summarized in Singh, Maichle, and 
lations results will not cover all Real World data sets; for additional insight the user may want to cons

CLs using Lognormal Distribution and KM Estimates when Detected data are Lognormally Distributed
KM Mean (logged)     -7.447    95% H-UCL (KM -Log) 6.9485E

KM SD (logged)       0.30    95% Critical H Value (KM-Log)       1.85
KM Standard Error of Mean (logged)       0.15

DL/2 Statistics
DL/2 Normal DL/2 Log-Transformed
Mean in Original Scale     0.001 Mean in Log Scale     -6.889

SD in Original Scale 3.2666E SD in Log Scale       0.38
   95% t UCL (Assumes normality)     0.001    95% H-Stat UCL     0.001

Suggested UCL to Use
95% KM (t) UCL 7.8699E 95% KM (Percentile Bootstrap) UCL 7.8886E

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

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


