
































  
Appendix E: Quality Assurance / Quality Control 
 

m18310_004_rpt_rev0 
 

Appendix E: Quality Assurance / Quality Control



 
Quality Assurance / Quality Control  
 

 Appendix E1_QAQC 
  1 

Quality Assurance / Quality Control 

The data quality assurance and control (QA/QC) procedures adopted by Senversa provide a 
consistent approach to evaluation of whether the data quality objectives (DQO’s) required by the 
project have been achieved. The process focuses on assessment of the useability of the data in terms 
of accuracy and reliability in forming conclusions on the condition of the element of the environment 
being investigated. The approach is generally based on guidance from the following sources: 

• Australian Standard (AS) 4482.1-2005: Guide to the investigation and sampling of sites with 
potentially contaminated soil, Part 1: Non-volatile and semi-volatile compounds.  

• National Environment Protection Council (NEPC), National Environment Protection (Assessment 
of Site Contamination) Amendment Measure No. 1 2013 (NEPM), Schedule B2: Guideline on Site 
Characterisation.  

• NEPC – National Environment Protection (Assessment of Site Contamination) Amendment 
Measure No. 1 2013 (NEPM), Schedule B3: Guideline on Laboratory Analysis of Potentially 
Contaminated Soils.  

• United States Environmental Protection Agency (USEPA) – Guidance on Systematic Planning 
Using the Data Quality Objectives Process (EPA QA/G-4).  

• USEPA – Guidance on Environmental Data Verification and Data Validation (EPA QA/G-8). 

Quality Assurance Procedure 
The following data quality objectives, measures and acceptance criteria were adopted to verify 
compliance with the planned QA procedures: 

Quality 
Assurance 
Process 

Data Quality 
Element  

Objectives and Measure Acceptance Criteria 

Standard 
Procedures 

Comparability, 
Reproducibility, 
Representativeness 

Standard field sampling 
procedures and forms used 

No deviation from standard procedure and forms 
used 

Equipment 
Calibration 

Accuracy All equipment calibrated in 
accordance with 
manufacturers specifications 

All equipment calibrated in accordance with 
manufacturers specifications 

Testing Method 
Accreditation 

Accuracy and 
Comparability 

NATA accredited methods 
used for all analyses 
determined 

Primary and secondary laboratories to use NATA 
accredited methods for all analytes determined 

Quality Control 
Sampling 
Frequency 

Precision and 
Repeatability 

Field QC sampling frequency 
in accordance with AS4482.1-
2005 

Field Duplicates – ≥ 1 in 20 primary samples 
Secondary Duplicates – ≥ 1 in 20 primary samples 
Rinsate Blanks – ≥ 1 per day, per matrix per 
equipment 
Trip Blanks – ≥ 1 per esky containing samples for 
volatile analyses 
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Quality 
Assurance 
Process 

Data Quality 
Element  

Objectives and Measure Acceptance Criteria 

Accuracy, Precision 
and Comparability 

Laboratory QC analysis 
frequency in accordance with 
NEPC (2013), Schedule B3 

Laboratory Duplicates – at least 1 in 10 analyses or 
one per process batch 
Method Blanks – at least 1 per process batch 
Surrogate Recoveries – all samples spiked where 
appropriate (e.g. chromatographic analysis of 
organics)  
Laboratory Control Samples – at least 1 per 
process batch  
Matrix Spikes – at least 1 per matrix type per 
process batch 

Sample 
Preservation, 
Handling and 
Holding Times 

Accuracy Samples appropriately 
preserved upon collection , 
stored and transported, and 
analysed within holding times 

Sample containers, holding times and preservation 
in accordance laboratory specific method 
requirements. 

Data 
Management 

Accuracy No errors in data transcription Entry of field data verified by peer. 

Data Useability Completeness Limits of reporting less than 
adopted beneficial use 
investigation levels. Sample 
volumes and analytical 
methods selected to enable 
required limits of reporting to 
be achieved 

Limits of reporting less than investigation levels. 

Quality Control Sampling and Analysis 
The following data quality objectives, measures and acceptance criteria were adopted to evaluate the 
validity of the analytical data produced.  

Quality Control 
Process 

Data Quality 
Element  

Objectives and Measure Acceptance Criteria 

Field Duplicate 
Sampling and 
Analysis 

Precision and Field 
Repeatability 

Field duplicate samples used 
assess the variability in analyte 
concentration between samples 
collected from the sample location 
and the reproducibility of the 
laboratory analysis. Where 
required, resubmission of previously 
analysed samples for chemicals 
within their holding times may be 
undertaken to further assess level 
of precision. 

Analysed for same chemicals as primary 
sample 
RPD1 <30% of mean concentration where 
both concentrations >20 x limit of reporting 
RPD <50% of mean concentration where 
higher concentration 10 – 20 x limit of 
reporting 
RPD - No limit where both concentrations < 
10 x limit of reporting 

Secondary 
Duplicate 
Sampling and 
Analysis 

Accuracy Results are accurate and free from 
laboratory error. Secondary 
duplicate samples sent to a 
secondary laboratory to assess the 
accuracy of the analyte 
concentrations reported by the 
primary laboratory 

Analysed for same chemicals as primary 
sample 
RPD <30% of mean concentration where both 
concentrations >20 x limit of reporting 
RPD <50% of mean concentration where 
higher concentration 10 – 20 x limit of 
reporting 
RPD - No limit where both concentrations < 
10 x limit of reporting 

 
1 Relative Percent Difference (%): Calculated as: (Result No.1 – Result No. 2/Mean Result)*100 
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Quality Control 
Process 

Data Quality 
Element  

Objectives and Measure Acceptance Criteria 

Field Rinsate 
Blank 
Preparation and 
Analysis 

Accuracy and 
Representativeness 

Cross contamination of samples 
does not occur between sampling 
locations due to carry-over from 
sampling equipment.  
Rinsate blank samples prepared for 
each sampling procedure. Where 
possible the rinsate blanks are 
prepared immediately after 
sampling locations known to contain 
concentrations of the chemicals of 
concern above the limit of 
quantification and / or before 
sampling locations where the 
chemicals being targeted in the 
laboratory analysis are to be 
compared to investigation levels 
near the limit of quantification of the 
chemical.  

Analyte concentrations below limits of 
reporting 

Trip Blank 
Sampling and 
Analysis 

Accuracy and 
Representativeness 

Cross contamination between 
samples does not occur in transit or 
as an artefact of the sample 
handling procedure. 
Trip blank samples prepared by the 
laboratory which accompany the 
empty sampling containers from the 
laboratory to the sampling site, and 
return with the samples to the 
laboratory to assess whether cross 
contamination occurs between 
samples or as an artefact of the 
sampling procedure.  

Analyte concentrations below limits of 
reporting 

Laboratory QC 
Analysis 

Laboratory 
Precision and 
Accuracy 

Laboratory duplicates As specified by the laboratory. 

Laboratory control spike Dynamic recovery limits as specified by the 
laboratory. 

Certified reference material As specified by the laboratory (generally 
dynamic recovery limits). 

Surrogate recovery Dynamic recovery limits as specified by the 
laboratory.  

Matrix spike recovery Recovery 70% – 130% or dynamic recovery 
limits specified by laboratory. However note 
that recovery of phenols is generally 
significantly lower and a recovery in the range 
20% to 130% is considered acceptable by 
most laboratories. 

Matrix spike recovery duplicate RPD < 30%, or as specified by the laboratory. 

Data Verification and Validation 
The data validation process involved the checking of analytical procedure compliance with 
acceptance criteria and an assessment of the accuracy and precision of analytical data from the 
range of quality control indicators generated from both the sampling and analytical programmes.  

The checks undertaken are summarised in the attached data validation checklist table (one column 
per sample batch/delivery group). Field replicate analytical results relevant to the project are 
summarised in the attached table. 
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Instances where the data quality acceptance criteria were not achieved are discussed below: 

Trip Blanks and Rinsate Blanks 

No trip blanks or rinsate blanks were taken as a part of the soil investigation. This is not considered to 
impact overall data reliability, as the risk of cross-contamination between samples during transit and 
between individual sample locations is considered to be low.  More specifically, volatile organic 
compounds were not a key contaminant of concern, and the sampling hand auger was washed 
thoroughly between each sampling location. 

Sample Temperature and Extraction Times 

The laboratory noted for batches 762416-S, EM2021988 and EM2100608 the average sample 
temperature was marginally above the recommended holding temperature for the preservation of 
volatiles (<6 ºC). The laboratory noted that attempts to cool the samples were present (e.g. ice). This 
is not considered to have affected the laboratory results as the primary contaminants of concern are 
non-volatile and no volatile contaminants were detected in the primary samples during this round of 
sampling.  

Field Duplicate RPDs (Blind and Split Samples)  

Field duplicate RPDs were generally within Senversa’s adopted acceptance criteria with the exception 
of some samples where the %RPDs were marginally outside the adopted acceptance criteria. These 
included: 

• Some PAHs (acenaphthylene, anthracene, benzo(g,h,i)perylene, dibenz(a,h)anthracene, 
fluoranthene, indeno(1,2,3-c,d)pyrene, phenanthrene, pyrene, benzo(a)anthracene, 
benzo(a)pyrene, benzo(b+j)fluoranthene and chrysene). 

• Some TRH fractions (TRH C15-C28, TRH C29-C36, TRH >C16-C34 and TRH >C34-C40). 

• Some metals (lead, zinc, arsenic and chromium). 

Additionally, RPD exceedances existed for summed compounds (total PAH and Benzo(a)pyrene 
TEQ), meaning that RPDs within the acceptable range for individual compounds have summed 
together to create an RPD exceeding acceptance criteria for the summed compound. These 
exceedances were considered to be attributed to the heterogeneous nature of the fill soils and did not 
affect the data interpretation, which assumes that elevated PAH concentrations are sporadically 
present across the site. 

Internal Laboratory Quality Control Outliers 

Laboratory report 767787 stated that some laboratory method blank RPDs for cation exchange 
capacity and calcium (exchangeable) were outside of the general laboratory acceptance criteria. 
Given that these analytes are physical parameters and not contaminants of concern, this is not 
considered to impact overall data quality. 

Laboratory report 767787 stated that some matrix spike recoveries for lead, chromium, copper, 
mercury, nickel, tin, zinc and arsenic were outside the laboratory acceptance criteria. As acceptable 
recoveries were obtained for the laboratory control samples in the same batch, these poor recoveries 
can be likely attributed to a sample matrix interference rather than variations in analytical procedure. 
This is therefore not considered to impact overall data quality. 

Data Suitability 
While a small number of QC results were outside specified acceptance criteria, these were not 
considered to significantly impact on the quality or representativeness of the data, and majority of 
results indicated that the precision and accuracy of the data was within acceptable limits. The results 
are therefore considered to be representative of chemical concentrations in the environmental media 
sampled at the time of sampling, and to be suitable to be used for their intended purpose in forming 
conclusions relating to the contamination status of soil at the site. 



   Data Validation Checklist
Job Number: M18310

Report Title: 
Detailed Site Investigation: East Portion of Elwood 
Foreshore

Client: City of Port Phillip

Completed By: MoH

SAMPLE 
DELIVERY 
GROUP (SDG):

762416-S SAMPLE 
DELIVERY 
GROUP (SDG):

EM2021988 SAMPLE 
DELIVERY 
GROUP (SDG):

767787-S SAMPLE 
DELIVERY 
GROUP (SDG):

EM2100608

Date: 1-Apr-21 Laboratory: Eurofins Laboratory: ALS Laboratory: Eurofins Laboratory: ALS
Verified By: RG Sample Dates: 8-Dec-20 Sample Dates: 8-Dec-20 Sample Dates: 12-13-Jan-21 Sample Dates: 12-13-Jan-21
Date: 7-Apr-21 Sample Media: Soil Sample Media: Soil Sample Media: Soil Sample Media: Soil

Area: Stage 1 area Area: Stage 1 area Area: Stage 2 area Area: Stage 2 area

Quality Assurance 
Process

Objectives & Measure Acceptance Criteria Source of Information Acceptance 
Criteria Met?

Notes/Details of Nonconformance Acceptance 
Criteria Met?

Notes/Details of Nonconformance Acceptance 
Criteria Met?

Notes/Details of Nonconformance Acceptance 
Criteria Met?

Notes/Details of Nonconformance

Standard Procedures Standard field sampling procedures and forms used No deviation from standard procedure 
and forms used.

Borelogs, field sheets, COCs, data 
tables

Yes Yes Yes Yes

Equipment Calibration All equipment calibrated in accordance with 
manufacturers specifications

All equipment calibrated in accordance 
with manufacturers specifications.

Calibration Certificates / Records N/A No PID used N/A N/A N/A

Testing Method 
Accreditation

NATA accredited methods used for all analyses 
determined

Primary and secondary laboratories to 
use NATA accredited methods for all 
analytes determined.

Laboratory Report Yes Yes Yes Yes

Field (Intra-laboratory) Duplicates - ≥ 1 in 
20 primary samples.
(note that PFAS NEMP recommends 1 in 
10 for PFAS investigations)

QA/QC register (within field book) Yes N/A Yes N/A

Secondary (inter-laboratory) duplicates - 
≥ 1 in 20 primary samples.
(note that PFAS NEMP recommends 1 in 
10 for PFAS investigations)

QA/QC register (within field book) N/A Yes N/A Yes

Rinsate Blanks - ≥ 1 per day, per matrix 
per equipment.

QA/QC register (within field book) N/A No rinsate blanks collected N/A N/A No rinsate blanks collected N/A

Trip Blanks - ≥ 1 per esky containing 
samples for volatiles.

QA/QC register (within field book) N/A No trip blanks collected N/A N/A No trip blanks collected N/A

Laboratory Duplicates - at least 1 in 10 
analyses or 1 per process batch.

Laboratory Reports Yes Yes Yes

Method Blanks - at least 1 per process 
batch.

Laboratory Reports Yes Yes Yes

Surrogate Recoveries - all samples 
spiked where appropriate (e.g. 
chromatographic analysis of organics).

Laboratory Reports Yes Yes Yes

Laboratory Control Samples - at least 1 
per process batch.

Laboratory Reports Yes Yes Yes

Matrix Spikes - at least 1 per matrix type 
per process batch.

Laboratory Reports Yes Yes Yes

Sample Preservation, 
Handling and Holding 
Times

Samples appropriately preserved upon collection, 
stored and transported, and analysed within holding 
times

In accordance with laboratory specific 
method requirements.
Unless specific method indicates 
otherwise, soil and water samples should 
be stored, transported and received by 
the laboratory at < 6°C.

Laboratory Reports No 6.8°C - Attempt to chill was evident No 6.2°C - Ice present Yes 2.8°C - Attempt to chill evident No 13.2°C - Ice bricks present

Data Management No errors in data transcription Entry of field data verified by peer. 10% check of electronically 
imported data (e.g. ESDAT).
100% check of manually entered 
data (e.g. field parameters, 
gauging data).

Yes Yes Yes Yes

Data Useability Limits of reporting less than investigation levels Limits of reporting less than relevant 
investigation levels.

Results Tables Yes Yes Yes Yes

Quality Control 
Process

Objectives & Measure Acceptance Criteria How? (i.e. ESDAT output, 
review lab reports, review data 

Analysed for same chemicals as primary 
sample.
RPD <30% of mean conc. where both 
conc. >20 x LOR
RPD <50% of mean conc. where both 
conc. 10-20 x LOR
RPD No limit where both conc. < 10 x 
LOR

Analysed for same chemicals as primary 
sample.
RPD <30% of mean conc. where both 
conc. >20 x LOR.
RPD <50% of mean conc. where both 
conc. 10-20 x LOR.
RPD no limit where both conc. < 10 x 
LOR.

Field Rinsate Blank 
Preparation & Analysis

Cross contamination of samples does not occur 
between sampling locations due to carry-over from 
sampling equipment.

Analyte concentrations below LORs. ESDAT generated summary of 
field blank analytical results.

N/A No rinsate blanks collected N/A N/A N/A

Trip Blank Sampling and 
Analysis

Cross contamination between samples does not occur 
in transit or as an artefact of the sampling handling 
procedure.

Analyte concentrations below LORs. ESDAT generated summary of 
field blank analytical results.

N/A No trip blanks collected N/A N/A N/A

Laboratory Duplicates Laboratory duplicates are used to test the precision of 
the laboratory measurements.

As specified by laboratory. Laboratory reports Yes Yes No RPD exceedances exist for benzo(g.h.i)perylene, 
benzo(k)fluoranthene, arsenic, zinc, chromium, % 
moisture, TRH C15-C28, TRH C29-C36, TRH >C16-
C34, and TRH >C34-C40 as shown in attached table. 
RPDs reported pass internal laboratory acceptance 
criteria.

Yes

Laboratory Control 
Samples

Laboratory control samples (LCS) are used to assess 
overall method performance. In general these 
samples are similar in composition to environmental 
samples, and contain known amounts of the analytes 
of interest. 

Dynamic recovery limits as specified by 
laboratory.

Laboratory reports Yes Yes Yes Yes

Certified Reference 
Material

CRM samples are used to monitor the accuracy of 
analyses performed by the laboratory.

As specified by laboratory (generally 
dynamic recovery limits). Usually not 
performed and assessed based on LCS 
results.

Laboratory reports Yes Yes Yes Yes

Surrogate Recovery Surrogates are organic compounds that are similar in 
chemical composition to analytes of interest and are 
spiked into environmental samples prior to sample 
preparation and analysis. Surrogate recoveries are 
used to evaluate matrix interference on a sample-
specific basis.

Dynamic recovery limits as specified by 
laboratory.

Laboratory reports Yes Yes Yes Yes

Matrix Spike Recovery A matrix spike is an aliquot of a sample spiked with a 
known concentration of target analyte(s). Spiking 
occurs prior to sample preparation and analysis, and 
the results are used to assess the bias of a method in 
a given sample matrix.

Recovery 70 - 130% or dynamic limits if 
specified by laboratory.

Laboratory reports Yes Yes No Matrix spike outliers exist for lead, chromium, copper, 
mercury, nickel, tin, zinc and arsenic. An acceptable 
recovery was obtained for the laboratory control 
sample, indicating sample matrix interference.

Yes

Laboratory Method 
Blanks

Method blanks are prepared to represent the sample 
matrix as closely as possible and 
prepared/extracted/digested and analysed exactly like 
field samples. These blanks are used by the 
laboratory to assess contamination introduced during 
sample preparation activities.

Analyte concentrations below LORs. Laboratory reports Yes Yes No Laboratory method blank outliers exist for cation 
exhange capacity and calcium (exchangeable). 

Yes

Potentially Anomalous 
Data

No discrepancies between field, laboratory and/or 
expected results are identified

Analytical results are internally consistent, 
consistent with field measurements, and 
consistent with expected and/or historical 
results based on CSM

Multiple sources

No

N/A

Quality Control Sampling 
Frequency

Field (Intra-laboratory) 
Duplicate Sampling and 
Analysis

Secondary Inter-
laborator) Duplicate 
Sampling and Analysis

ESDAT generated summary of 
relative percent difference (RPD) 
results for field duplicate samples.

Field Duplicate samples used assess the variability in 
analyte concentration between samples collected from 
the sample location and the reproducibility of the 
laboratory analysis.  Where required, resubmission of 
previously analysed samples for chemicals within their 
holding times may be undertaken to further assess 
precision level of precision.

Results are accurate and free from laboratory error.  
Secondary duplicate samples sent to a secondary 
laboratory to assess the accuracy of the analyte 
concentrations reported by the primary laboratory.

ESDAT generated summary of 
relative percent difference (RPD) 
results for field duplicate samples.

Field QC sampling frequency in accordance with 
AS4482.1-2005

Laboratory QC analysis frequency in accordance with 
NEPC 2013

No Some RPD exceedances exist for lead, 
benzo(a)pyrene, chrysene, pyrene and fluoranthene 
as shown in attached Table.

N/A

N/A

No Some RPD exceedances exist for 
benzo(a)anthracene, benzo(a)pyrene, 
benzo(b+j)fluoranthene, benzo(g,h,i)perylene, 
fluoranthene, phenanthrene, and pyrene as shown in 
attached Table.

Some RPD exceedances exist for acenaphthylene, 
anthracene, benzo(g,h,i)perylene, 
dibenz(a,h)anthracene, fluoranthene, indeno(1,2,3-
c,d)pyrene, phenanthrene and pyrene as shown in 
attached Table.

N/A

No Some RPD exceedances exist for moisture %, zinc, 
benzo(k)fluoranthene and chrysene as shown in 
attached Table.



   Data Validation Checklist
Job Number: M18310

Report Title: 
Detailed Site Investigation: East Portion of Elwood 
Foreshore

Client: City of Port Phillip

Completed By: MoH
Date: 1-Apr-21
Verified By: RG
Date: 7-Apr-21

Quality Assurance 
Process

Objectives & Measure Acceptance Criteria Source of Information

Standard Procedures Standard field sampling procedures and forms used No deviation from standard procedure 
and forms used.

Borelogs, field sheets, COCs, data 
tables

Equipment Calibration All equipment calibrated in accordance with 
manufacturers specifications

All equipment calibrated in accordance 
with manufacturers specifications.

Calibration Certificates / Records

Testing Method 
Accreditation

NATA accredited methods used for all analyses 
determined

Primary and secondary laboratories to 
use NATA accredited methods for all 
analytes determined.

Laboratory Report

Field (Intra-laboratory) Duplicates - ≥ 1 in 
20 primary samples.
(note that PFAS NEMP recommends 1 in 
10 for PFAS investigations)

QA/QC register (within field book)

Secondary (inter-laboratory) duplicates - 
≥ 1 in 20 primary samples.
(note that PFAS NEMP recommends 1 in 
10 for PFAS investigations)

QA/QC register (within field book)

Rinsate Blanks - ≥ 1 per day, per matrix 
per equipment.

QA/QC register (within field book)

Trip Blanks - ≥ 1 per esky containing 
samples for volatiles.

QA/QC register (within field book)

Laboratory Duplicates - at least 1 in 10 
analyses or 1 per process batch.

Laboratory Reports

Method Blanks - at least 1 per process 
batch.

Laboratory Reports

Surrogate Recoveries - all samples 
spiked where appropriate (e.g. 
chromatographic analysis of organics).

Laboratory Reports

Laboratory Control Samples - at least 1 
per process batch.

Laboratory Reports

Matrix Spikes - at least 1 per matrix type 
per process batch.

Laboratory Reports

Sample Preservation, 
Handling and Holding 
Times

Samples appropriately preserved upon collection, 
stored and transported, and analysed within holding 
times

In accordance with laboratory specific 
method requirements.
Unless specific method indicates 
otherwise, soil and water samples should 
be stored, transported and received by 
the laboratory at < 6°C.

Laboratory Reports

Data Management No errors in data transcription Entry of field data verified by peer. 10% check of electronically 
imported data (e.g. ESDAT).
100% check of manually entered 
data (e.g. field parameters, 
gauging data).

Data Useability Limits of reporting less than investigation levels Limits of reporting less than relevant 
investigation levels.

Results Tables

Quality Control 
Process

Objectives & Measure Acceptance Criteria How? (i.e. ESDAT output, 
review lab reports, review data 

Analysed for same chemicals as primary 
sample.
RPD <30% of mean conc. where both 
conc. >20 x LOR
RPD <50% of mean conc. where both 
conc. 10-20 x LOR
RPD No limit where both conc. < 10 x 
LOR

Analysed for same chemicals as primary 
sample.
RPD <30% of mean conc. where both 
conc. >20 x LOR.
RPD <50% of mean conc. where both 
conc. 10-20 x LOR.
RPD no limit where both conc. < 10 x 
LOR.

Field Rinsate Blank 
Preparation & Analysis

Cross contamination of samples does not occur 
between sampling locations due to carry-over from 
sampling equipment.

Analyte concentrations below LORs. ESDAT generated summary of 
field blank analytical results.

Trip Blank Sampling and 
Analysis

Cross contamination between samples does not occur 
in transit or as an artefact of the sampling handling 
procedure.

Analyte concentrations below LORs. ESDAT generated summary of 
field blank analytical results.

Laboratory Duplicates Laboratory duplicates are used to test the precision of 
the laboratory measurements.

As specified by laboratory. Laboratory reports

Laboratory Control 
Samples

Laboratory control samples (LCS) are used to assess 
overall method performance. In general these 
samples are similar in composition to environmental 
samples, and contain known amounts of the analytes 
of interest. 

Dynamic recovery limits as specified by 
laboratory.

Laboratory reports

Certified Reference 
Material

CRM samples are used to monitor the accuracy of 
analyses performed by the laboratory.

As specified by laboratory (generally 
dynamic recovery limits). Usually not 
performed and assessed based on LCS 
results.

Laboratory reports

Surrogate Recovery Surrogates are organic compounds that are similar in 
chemical composition to analytes of interest and are 
spiked into environmental samples prior to sample 
preparation and analysis. Surrogate recoveries are 
used to evaluate matrix interference on a sample-
specific basis.

Dynamic recovery limits as specified by 
laboratory.

Laboratory reports

Matrix Spike Recovery A matrix spike is an aliquot of a sample spiked with a 
known concentration of target analyte(s). Spiking 
occurs prior to sample preparation and analysis, and 
the results are used to assess the bias of a method in 
a given sample matrix.

Recovery 70 - 130% or dynamic limits if 
specified by laboratory.

Laboratory reports

Laboratory Method 
Blanks

Method blanks are prepared to represent the sample 
matrix as closely as possible and 
prepared/extracted/digested and analysed exactly like 
field samples. These blanks are used by the 
laboratory to assess contamination introduced during 
sample preparation activities.

Analyte concentrations below LORs. Laboratory reports

Potentially Anomalous 
Data

No discrepancies between field, laboratory and/or 
expected results are identified

Analytical results are internally consistent, 
consistent with field measurements, and 
consistent with expected and/or historical 
results based on CSM

Multiple sources

Quality Control Sampling 
Frequency

Field (Intra-laboratory) 
Duplicate Sampling and 
Analysis

Secondary Inter-
laborator) Duplicate 
Sampling and Analysis

ESDAT generated summary of 
relative percent difference (RPD) 
results for field duplicate samples.

Field Duplicate samples used assess the variability in 
analyte concentration between samples collected from 
the sample location and the reproducibility of the 
laboratory analysis.  Where required, resubmission of 
previously analysed samples for chemicals within their 
holding times may be undertaken to further assess 
precision level of precision.

Results are accurate and free from laboratory error.  
Secondary duplicate samples sent to a secondary 
laboratory to assess the accuracy of the analyte 
concentrations reported by the primary laboratory.

ESDAT generated summary of 
relative percent difference (RPD) 
results for field duplicate samples.

Field QC sampling frequency in accordance with 
AS4482.1-2005

Laboratory QC analysis frequency in accordance with 
NEPC 2013

SAMPLE 
DELIVERY 
GROUP (SDG):

771075 SAMPLE 
DELIVERY 
GROUP (SDG):

773807 SAMPLE 
DELIVERY 
GROUP (SDG):

778664

Laboratory: Eurofins Laboratory: Eurofins Laboratory: Eurofins
Sample Dates: 2-Feb-21 Sample Dates: 12-Feb-21 Sample Dates: 5-Mar-21
Sample Media: Soil Sample Media: Soil Sample Media: Soil
Area: Stage 2 area Area: Stage 2 area Area: Stage 2 area

Acceptance 
Criteria Met?

Notes/Details of Nonconformance Acceptance 
Criteria Met?

Notes/Details of Nonconformance Acceptance 
Criteria Met?

Notes/Details of Nonconformance

Yes Yes Yes

N/A N/A N/A

Yes Yes Yes

N/A N/A N/A

N/A N/A N/A

N/A No rinsate blanks collected N/A No rinsate blanks collected N/A No rinsate blanks collected

N/A No trip blanks collected N/A No trip blanks collected N/A No trip blanks collected

Yes Yes Yes

Yes Yes Yes

Yes Yes Yes

Yes Yes Yes

Yes Yes Yes

Yes 4.0°C - Attempt to chill evident Yes Yes

N/A N/A N/A

N/A N/A N/A

Yes No RPD exceedances exist for zinc as shown in attached 
table. RPDs reported pass internal laboratory 
acceptance criteria.

Yes

Yes Yes Yes

Yes Yes Yes

Yes Yes Yes

Yes Yes Yes

Yes Yes Yes

N/A

N/A

N/A

N/A

N/A

N/A



Soil Duplicate Sample RPDs - HHRA and DSI, Elwood Foreshore, Elwood

 

        Location Code SB35 SB35 SB35 SB35 SB16 SB16 SB16 SB16 SB31 SB31 SB31 SB31
                  Field ID SB35_0.1-0.2 QC01 SB35_0.1-0.2 QC02 SB16_0.05-0.15 QC03 SB16_0.05-0.15 QC04 SB31_0.1-0.2 QC05 SB31_0.1-0.2 QC06

                          Date 12/01/2021 12/01/2021 12/01/2021 12/01/2021 13/01/2021 13/01/2021 13/01/2021 13/01/2021 13/01/2021 13/01/2021 13/01/2021 13/01/2021
            Sample Type Normal Field_D Normal Interlab_D Normal Field_D Normal Interlab_D Normal Field_D Normal Interlab_D

Lab Report No. 767787 767787 RPD 767787 EM2100608 RPD 767787 767787 RPD 767787 EM2100608 RPD 767787 767787 RPD 767787 EM2100608 RPD

Physical Parameters
Moisture Content % 1 9.8 8.9 10 9.8 8.1 19 8.4 8.9 6 8.4 6.3 29 22 17 26 22 15.4 35
pH (aqueous extract) pH Units 0.1 7.0 7.0

Inorganics
Cyanide (Total) mg/kg 5 <5 <5
Fluoride mg/kg 100 160 160

Metals
Arsenic mg/kg 2 21 26 21 21 17 21 10 12 18 10 16 46 4.9 6.6 30 4.9 <5 0
Cadmium mg/kg 0.4 <0.4 <0.4 0 <0.4 <1 0 <0.4 <0.4 0 <0.4 <1 0 <0.4 <0.4 0 <0.4 <1 0
Chromium mg/kg 2 26 32 21 26 20 26 12 14 15 12 15 22 15 15 0 15 14 7
Chromium(VI) mg/kg 1 <1 <1
Copper mg/kg 5 17 12 34 17 15 12 50 57 13 50 79 45 24 33 32 24 20 18
Lead mg/kg 5 100 56 56 100 81 21 330 250 28 330 340 3 130 170 27 130 104 22
Mercury mg/kg 0.1 <0.1 0.1 0 <0.1 <0.1 0 <0.2 0.2 0 <0.2 0.2 0 <0.1 0.1 0 <0.1 <0.1 0
Molybdenum mg/kg 5 <5 <5
Nickel mg/kg 2 16 16 0 16 15 6 17 20 16 17 23 30 14 17 19 14 11 24
Selenium mg/kg 2 <2 <2
Silver mg/kg 2 <2 <2
Tin mg/kg 10 <10 <10
Zinc mg/kg 5 100 72 33 100 87 14 320 330 3 320 494 43 120 150 22 120 112 7

BTEX
Benzene mg/kg 0.1 <0.1 <0.1 0 <0.1 <0.2 0 <0.1 <0.1 0 <0.1 <0.2 0 <0.1 <0.1 0 <0.1 <0.2 0
Toluene mg/kg 0.1 <0.1 <0.1 0 <0.1 <0.5 0 <0.1 <0.1 0 <0.1 <0.5 0 <0.1 <0.1 0 <0.1 <0.5 0
Ethylbenzene mg/kg 0.1 <0.1 <0.1 0 <0.1 <0.5 0 <0.1 <0.1 0 <0.1 <0.5 0 <0.1 <0.1 0 <0.1 <0.5 0
Xylene (m & p) mg/kg 0.2 <0.2 <0.2 0 <0.2 <0.5 0 <0.2 <0.2 0 <0.2 <0.5 0 <0.2 <0.2 0 <0.2 <0.5 0
Xylene (o) mg/kg 0.1 <0.1 <0.1 0 <0.1 <0.5 0 <0.1 <0.1 0 <0.1 <0.5 0 <0.1 <0.1 0 <0.1 <0.5 0
Total Xylene mg/kg 0.3 <0.3 <0.3 0 <0.3 <0.5 0 <0.3 <0.3 0 <0.3 <0.5 0 <0.3 <0.3 0 <0.3 <0.5 0
Total BTEX mg/kg 0.2 <0.2 <0.2 <0.2

Total Petroleum Hydrocarbons
C6-C9 Fraction mg/kg 10 <20 <20 0 <20 <10 0 <20 <20 0 <20 <10 0 <20 <20 0 <20 <10 0
C10-C14 Fraction mg/kg 20 <20 <20 0 <20 <50 0 <20 <20 0 <20 <50 0 <20 <20 0 <20 <50 0
C15-C28 Fraction mg/kg 50 230 98 80 230 170 30 300 320 6 300 280 7 180 230 24 180 <100 57
C29-C36 Fraction mg/kg 50 280 130 73 280 180 43 310 400 25 310 340 9 170 260 42 170 110 43
C10-C36 Fraction (Sum) mg/kg 50 510 228 76 510 350 37 610 720 17 610 620 2 350 490 33 350 110 104

Total Recoverable Hydrocarbons
C6-C10 Fraction mg/kg 10 <20 <20 0 <20 <10 0 <20 <20 0 <20 <10 0 <20 <20 0 <20 <10 0
C6-C10 Fraction minus BTEX (F1) mg/kg 10 <20 <20 0 <20 <10 0 <20 <20 0 <20 <10 0 <20 <20 0 <20 <10 0
>C10-C16 Fraction mg/kg 50 <50 <50 0 <50 <50 0 <50 <50 0 <50 <50 0 <50 <50 0 <50 <50 0
>C10-C16 Fraction minus 
naphthalene (F2) mg/kg 50 <50 <50 0 <50 <50 0 <50 <50 0 <50 <50 0 <50 <50 0 <50 <50 0
>C16-C34 Fraction mg/kg 100 410 180 78 410 310 28 530 600 12 530 540 2 300 410 31 300 160 61
>C34-C40 Fraction mg/kg 100 110 <100 10 110 <100 10 180 260 36 180 170 6 120 200 50 120 <100 18
>C10-C40 Fraction (Sum) mg/kg 50 520 180 97 520 310 51 710 860 19 710 710 0 420 610 37 420 160 90

PAHs
Acenaphthene mg/kg 0.5 <0.5 <0.5 0 <0.5 <0.5 0 <0.5 <0.5 0 <0.5 <0.5 0 <0.5 <0.5 0 <0.5 <0.5 0
Acenaphthylene mg/kg 0.5 <0.5 <0.5 0 <0.5 <0.5 0 <0.5 <0.5 0 <0.5 0.6 18 <0.5 <0.5 0 <0.5 <0.5 0
Anthracene mg/kg 0.5 <0.5 <0.5 0 <0.5 0.7 33 <0.5 0.6 18 <0.5 0.9 57 <0.5 <0.5 0 <0.5 <0.5 0
Benz(a)anthracene mg/kg 0.5 3.1 0.9 110 3.1 2.7 14 4.4 7.2 48 4.4 4.1 7 1.3 3.2 84 1.3 1.0 26
Benzo(a)pyrene mg/kg 0.5 5.9 1.5 119 5.9 3.6 48 6.6 8.1 20 6.6 7.1 7 2.3 2.9 23 2.3 1.2 63
Benzo(b+j)fluoranthene mg/kg 0.5 4.1 1.2 109 4.1 4.1 0 5.3 7.6 36 5.3 8.0 41 1.7 2.8 49 1.7 1.4 19
Benzo(g,h,i)perylene mg/kg 0.5 2.4 0.7 110 2.4 2.5 4 4.7 6.7 35 4.7 5.7 19 1.6 2.3 36 1.6 0.8 67
Benzo(k)fluoranthene mg/kg 0.5 4.0 1.3 102 4.0 1.3 102 5.9 7.8 28 5.9 2.5 81 2.0 3.0 40 2.0 <0.5 120
Chrysene mg/kg 0.5 6.1 1.1 139 6.1 2.5 84 4.7 7.0 39 4.7 4.2 11 1.7 2.9 52 1.7 0.9 62
Dibenz(a,h)anthracene mg/kg 0.5 <0.5 <0.5 0 <0.5 <0.5 0 1.8 3.0 50 1.8 1.0 57 <0.5 1.1 75 <0.5 <0.5 0
Fluoranthene mg/kg 0.5 4.9 1.7 97 4.9 5.2 6 8.0 11 32 8.0 7.6 5 3.0 5.9 65 3.0 1.7 55
Fluorene mg/kg 0.5 <0.5 <0.5 0 <0.5 <0.5 0 <0.5 <0.5 0 <0.5 <0.5 0 <0.5 <0.5 0 <0.5 <0.5 0
Indeno(1,2,3-c,d)pyrene mg/kg 0.5 1.4 0.6 80 1.4 1.9 30 4.7 7.4 45 4.7 4.2 11 1.3 2.1 47 1.3 0.6 74
Naphthalene mg/kg 0.5 <0.5 <0.5 0 <0.5 <0.5 0 <0.5 <0.5 0 <0.5 <0.5 0 <0.5 <0.5 0 <0.5 <0.5 0
Phenanthrene mg/kg 0.5 2.5 0.6 123 2.5 2.3 8 2.1 3.3 44 2.1 2.6 21 1.1 1.8 48 1.1 0.5 75
Pyrene mg/kg 0.5 6.1 1.8 109 6.1 5.4 12 8.5 13 42 8.5 7.9 7 3.2 5.9 59 3.2 1.9 51
Benzo(a)pyrene TEQ (Zero) mg/kg 0.5 7.2 1.9 116 7.2 4.6 44 11 14 24 11 10.1 9 3.0 5.2 54 3.0 1.5 67
Sum of Polycyclic aromatic 
hydrocarbons (PAH) mg/kg 0.5 40.5 11.4 112 40.5 32.2 23 56.7 82.7 37 56.7 56.4 1 19.2 33.9 55 19.2 10.0 63

Phenols
2-Methylphenol mg/kg 0.2 <0.2 <0.2
2-Nitrophenol mg/kg 1 <1 <1
2,4-Dimethylphenol mg/kg 0.5 <0.5 <0.5
2,4-Dinitrophenol mg/kg 5 <5 <5
3-&4-Methylphenol (m&p-cresol) mg/kg 0.4 <0.4 <0.4
4-Chloro-3-methylphenol mg/kg 1 <1 <1
4-Nitrophenol mg/kg 5 <5 <5
4,6-Dinitro-2-methylphenol mg/kg 5 <5 <5
4,6-Dinitro-o-cyclohexyl phenol mg/kg 20 <20 <20
Phenol mg/kg 0.5 <0.5 <0.5
Phenols (non-halogenated) mg/kg 20 <20 <20

MAH
1,2,4-Trimethylbenzene mg/kg 0.5 <0.5 <0.5
1,3,5-Trimethylbenzene mg/kg 0.5 <0.5 <0.5
Isopropylbenzene mg/kg 0.5 <0.5 <0.5
Styrene mg/kg 0.5 <0.5 <0.5
Total Monocylic Aromatic 
Hydrocarbons mg/kg 0.5 <0.5 <0.5

Halogenated Benzenes
1,2-Dichlorobenzene mg/kg 0.5 <0.5 <0.5
1,2,4-Trichlorobenzene mg/kg 0.5 <0.5 <0.5
1,3-Dichlorobenzene mg/kg 0.5 <0.5 <0.5
1,4-Dichlorobenzene mg/kg 0.5 <0.5 <0.5
4-Chlorotoluene mg/kg 0.5 <0.5 <0.5
Bromobenzene mg/kg 0.5 <0.5 <0.5
Chlorobenzene mg/kg 0.5 <0.5 <0.5

Halogenated Hydrocarbons
1,2-Dibromoethane mg/kg 0.5 <0.5 <0.5
Bromomethane mg/kg 0.5 <0.5 <0.5
Dichlorodifluoromethane mg/kg 0.5 <0.5 <0.5
Iodomethane mg/kg 0.5 <0.5 <0.5
Trichlorofluoromethane mg/kg 0.5 <0.5 <0.5

Unit EQL
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Soil Duplicate Sample RPDs - HHRA and DSI, Elwood Foreshore, Elwood

 

        Location Code SB35 SB35 SB35 SB35 SB16 SB16 SB16 SB16 SB31 SB31 SB31 SB31
                  Field ID SB35_0.1-0.2 QC01 SB35_0.1-0.2 QC02 SB16_0.05-0.15 QC03 SB16_0.05-0.15 QC04 SB31_0.1-0.2 QC05 SB31_0.1-0.2 QC06

                          Date 12/01/2021 12/01/2021 12/01/2021 12/01/2021 13/01/2021 13/01/2021 13/01/2021 13/01/2021 13/01/2021 13/01/2021 13/01/2021 13/01/2021
            Sample Type Normal Field_D Normal Interlab_D Normal Field_D Normal Interlab_D Normal Field_D Normal Interlab_D

Lab Report No. 767787 767787 RPD 767787 EM2100608 RPD 767787 767787 RPD 767787 EM2100608 RPD 767787 767787 RPD 767787 EM2100608 RPD

Unit EQL

Chlorinated Hydrocarbons
1,1-Dichloroethane mg/kg 0.5 <0.5 <0.5
1,1-Dichloroethene mg/kg 0.5 <0.5 <0.5
1,1,1,2-Tetrachloroethane mg/kg 0.5 <0.5 <0.5
1,1,1-Trichloroethane mg/kg 0.5 <0.5 <0.5
1,1,2-Trichloroethane mg/kg 0.5 <0.5 <0.5
1,1,2,2-Tetrachloroethane mg/kg 0.5 <0.5 <0.5
1,2,3-Trichloropropane mg/kg 0.5 <0.5 <0.5
1,2-Dichloroethane mg/kg 0.5 <0.5 <0.5
1,3-Dichloropropane mg/kg 0.5 <0.5 <0.5
1,2-Dichloropropane mg/kg 0.5 <0.5 <0.5
Bromochloromethane mg/kg 0.5 <0.5 <0.5
Bromodichloromethane mg/kg 0.5 <0.5 <0.5
Bromoform mg/kg 0.5 <0.5 <0.5
Carbon Tetrachloride mg/kg 0.5 <0.5 <0.5
Chlorodibromomethane mg/kg 0.5 <0.5 <0.5
Chloroethane mg/kg 0.5 <0.5 <0.5
Chloroform mg/kg 0.5 <0.5 <0.5
Chloromethane mg/kg 0.5 <0.5 <0.5
cis-1,2-Dichloroethene mg/kg 0.5 <0.5 <0.5
Dibromomethane mg/kg 0.5 <0.5 <0.5
cis-1,3-Dichloropropene mg/kg 0.5 <0.5 <0.5
Dichloromethane mg/kg 0.5 <0.5 <0.5
Hexachlorobutadiene mg/kg 0.5 <0.5 <0.5
Tetrachloroethene mg/kg 0.5 <0.5 <0.5
trans-1,2-Dichloroethene mg/kg 0.5 <0.5 <0.5
trans-1,3-Dichloropropene mg/kg 0.5 <0.5 <0.5
Trichloroethene mg/kg 0.5 <0.5 <0.5
Vinyl Chloride mg/kg 0.5 <0.5 <0.5
Total Chlorinated Hydrocarbons mg/kg 0.5 <0.5 <0.5
Total Other Chlorinated 
Hydrocarbons mg/kg 0.5 <0.5 <0.5

Halogenated Phenols
2,4,5-Trichlorophenol mg/kg 1 <1 <1
2,4,6-Trichlorophenol mg/kg 1 <1 <1
2,4-Dichlorophenol mg/kg 0.5 <0.5 <0.5
2,6-Dichlorophenol mg/kg 0.5 <0.5 <0.5
2-Chlorophenol mg/kg 0.5 <0.5 <0.5
Pentachlorophenol mg/kg 1 <1 <1
Tetrachlorophenols mg/kg 10 <10 <10
Phenols (Halogenated) mg/kg 1 <1 <1

Organochlorine Pesticides
a-BHC mg/kg 0.05 <0.05 <0.05
b-BHC mg/kg 0.05 <0.05 <0.05
d-BHC mg/kg 0.05 <0.05 <0.05
Dieldrin mg/kg 0.05 <0.05 <0.05
g-BHC (Lindane) mg/kg 0.05 <0.05 <0.05
Aldrin mg/kg 0.05 <0.05 <0.05
Aldrin + Dieldrin mg/kg 0.05 <0.05 <0.05
Chlordane mg/kg 0.1 <0.1 <0.1
DDT mg/kg 0.05 <0.05 <0.05
4,4-DDE mg/kg 0.05 <0.05 <0.05
DDD mg/kg 0.05 <0.05 <0.05
DDT+DDE+DDD mg/kg 0.05 <0.05 <0.05
Endosulfan I mg/kg 0.05 <0.05 <0.05
Endosulfan II mg/kg 0.05 <0.05 <0.05
Endosulfan sulfate mg/kg 0.05 <0.05 <0.05
Endrin mg/kg 0.05 <0.05 <0.05
Endrin aldehyde mg/kg 0.05 <0.05 <0.05
Endrin ketone mg/kg 0.05 <0.05 <0.05
Heptachlor mg/kg 0.05 <0.05 <0.05
Heptachlor epoxide mg/kg 0.05 <0.05 <0.05
Methoxychlor mg/kg 0.05 <0.05 <0.05
Toxaphene mg/kg 0.1 <0.1 <0.1

Organochlorine Pesticides (EPAVic) mg/kg 0.1 <0.1 <0.1
Other Organochlorine Pesticides 
(EPAVic) mg/kg 0.1 <0.1 <0.1

Herbicides
Dinoseb mg/kg 20 <20 <20

Fungicides
Hexachlorobenzene mg/kg 0.05 <0.05 <0.05

Polychlorinated Biphenyls
Aroclor 1016 mg/kg 0.1 <0.2 <0.2
Aroclor 1221 mg/kg 0.1 <0.2 <0.2
Aroclor 1232 mg/kg 0.1 <0.2 <0.2
Aroclor 1242 mg/kg 0.1 <0.2 <0.2
Aroclor 1248 mg/kg 0.1 <0.2 <0.2
Aroclor 1254 mg/kg 0.1 <0.2 <0.2
Aroclor 1260 mg/kg 0.1 <0.2 <0.2
PCBs (Sum of total) mg/kg 0.1 <0.2 <0.2

Solvents
Methyl Ethyl Ketone (MEK) mg/kg 0.5 <0.5 <0.5
4-Methyl-2-pentanone mg/kg 0.5 <0.5 <0.5
Acetone mg/kg 0.5 <0.5 <0.5
Allyl chloride mg/kg 0.5 <0.5 <0.5
Carbon disulfide mg/kg 0.5 <0.5 <0.5

*RPDs have only been considered where a concentration is greater than 1 times the EQL.
**Elevated RPDs are highlighted as per QAQC Profile settings (Acceptable RPDs for each EQL multiplier range are: 1000 (1 - 10 x EQL); 50 (10 - 20 x EQL); 30 ( > 20 x EQL) )
***Interlab Duplicates are matched on a per compound basis as methods vary between laboratories.  Any methods in the row header relate to those used in the primary laboratory
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   169      99

   162       7

     98       1

      5.3       5

  1200       5

 31560       4.142%

   133.5    177.7

     71       1.331

      3.456      14.89

      4.357       1.01

      0.625

      0

      0.238

     0.07

   128.1      13.52

   175.3    151.1

   150.5    151

   150.4    156.5

   168.7    187.1

   212.6    262.7

      3.727

      0.782

      0.12

     0.0755

      1.068       1.052

   125    126.8

   346    340.9

   133.5

nu hat (MLE) nu star (bias corrected)

Mean (detects)

Detected Data Not Gamma Distributed at 5% Significance Level

Gamma Statistics on Detected Data Only

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

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

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

K-S Test Statistic Kolmogorov-Smirnov GOF

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

97.5% KM Chebyshev UCL 99% KM Chebyshev UCL

Gamma GOF Tests on Detected Observations Only

A-D Test Statistic Anderson-Darling GOF Test

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

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

90% KM Chebyshev UCL 95% KM Chebyshev UCL

Detected Data Not Normal at 5% Significance Level

Kaplan-Meier (KM) Statistics using Normal Critical Values and other Nonparametric UCLs

KM Mean KM Standard Error of Mean

KM SD    95% KM (BCA) UCL

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

Lilliefors Test Statistic Lilliefors GOF Test

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

Mean of Logged Detects SD of Logged Detects

Normal GOF Test on Detects Only

Shapiro Wilk Test Statistic Normal GOF Test on Detected Observations Only

Mean Detects SD Detects

Median Detects CV Detects

Skewness Detects Kurtosis Detects

Minimum Detect Minimum Non-Detect

Maximum Detect Maximum Non-Detect

Variance Detects Percent Non-Detects

Total Number of Observations Number of Distinct Observations

Number of Detects Number of Non-Detects

Number of Distinct Detects Number of Distinct Non-Detects

Number of Bootstrap Operations   2000

Lead

General Statistics

From File   WorkSheet.xls

Full Precision   OFF

Confidence Coefficient   95%

UCL Statistics for Data Sets with Non-Detects

User Selected Options

Date/Time of Computation   ProUCL 5.18/04/2021 9:39:08 PM

Final_95UCL_AllParameters_OUTPUT_Updated



     0.01    127.9

  1200      63

   175.9       1.375

      0.699       0.69

   183.1    185.4

   236.1    233.3

     0.0486

   198.9    198.6

   150    150.2

   128.1    175.3

 30721      13.52

      0.534       0.529

   180.7    178.8

   239.7    242.3

   210.9    342.6

   482.5    824.5

   148.9    148.6

   153.9    154.1

      0.982

      0.508

     0.0719

     0.07

   128.2       4.256

   175.7       1.105

   150.6    152.3

   155    154.9

   157.4

      4.244      69.66

      1.128       2.276

     0.087    160.4

      1.128       2.276

     0.087

   128       4.215

   175.9       1.204

   150.4    173.9

SD in Original Scale SD in Log Scale

   95% t UCL (Assumes normality)    95% H-Stat UCL

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

DL/2 Statistics

DL/2 Normal DL/2 Log-Transformed

Mean in Original Scale Mean in Log Scale

KM Standard Error of Mean (logged) 95% H-UCL (KM -Log)

KM SD (logged)    95% Critical H Value (KM-Log)

KM Standard Error of Mean (logged)

Statistics using KM estimates on Logged Data and Assuming Lognormal Distribution

KM Mean (logged) KM Geo Mean

KM SD (logged)    95% Critical H Value (KM-Log)

   95% t UCL (assumes normality of ROS data)    95% Percentile Bootstrap UCL

   95% BCA Bootstrap UCL    95% Bootstrap t UCL

   95% H-UCL (Log ROS)

Detected Data appear Approximate Lognormal at 5% Significance Level

Lognormal ROS Statistics Using Imputed Non-Detects

Mean in Original Scale Mean in Log Scale

SD in Original Scale SD in Log Scale

5% Shapiro Wilk P Value Detected Data appear Lognormal at 5% Significance Level

Lilliefors Test Statistic Lilliefors GOF Test

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

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

Lognormal GOF Test on Detected Observations Only

Shapiro Wilk Approximate Test Statistic Shapiro Wilk GOF Test

95% gamma percentile (KM) 99% gamma percentile (KM)

Gamma Kaplan-Meier (KM) Statistics

Approximate Chi Square Value (178.78, α) Adjusted Chi Square Value (178.78, β)

nu hat (KM) nu star (KM)

theta hat (KM) theta star (KM)

80% gamma percentile (KM) 90% gamma percentile (KM)

Mean (KM) SD (KM)

Variance (KM) SE of Mean (KM)

k hat (KM) k star (KM)

Approximate Chi Square Value (233.26, α) Adjusted Chi Square Value (233.26, β)

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

Estimates of Gamma Parameters using KM Estimates

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

nu hat (MLE) nu star (bias corrected)

Adjusted Level of Significance (β)

Maximum Median

SD CV

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

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 detects is small such as <1.0, especially when the sample size is small (e.g., <15-20)

For such situations, GROS method may yield incorrect values of UCLs and BTVs

This is especially true when the sample size is small.

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

Minimum Mean

Gamma ROS Statistics using Imputed Non-Detects
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   160.4

   159      72

      3

   128      31

     72       1

     66    100

  9500    100

2378167      19.5%

   853.1   1542

   410       1.808

      4.294      19.72

      6.073       1.049

      0.467

      0

      0.305

     0.0787

   700.7    112.5

  1413    901.8

   886.7    901.2

   885.7    952.7

  1038   1191

  1403   1820

      5.517

      0.79

      0.153

     0.0851

      0.869       0.854

   982    999.4

   222.4    218.5

   853.1Mean (detects)

Gamma Statistics on Detected Data Only

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

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

nu hat (MLE) nu star (bias corrected)

K-S Test Statistic Kolmogorov-Smirnov GOF

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

Detected Data Not Gamma Distributed at 5% Significance Level

Gamma GOF Tests on Detected Observations Only

A-D Test Statistic Anderson-Darling GOF Test

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

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

90% KM Chebyshev UCL 95% KM Chebyshev UCL

97.5% KM Chebyshev UCL 99% KM Chebyshev UCL

Kaplan-Meier (KM) Statistics using Normal Critical Values and other Nonparametric UCLs

KM Mean KM Standard Error of Mean

KM SD    95% KM (BCA) UCL

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

Lilliefors Test Statistic Lilliefors GOF Test

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

Detected Data Not Normal at 5% Significance Level

Normal GOF Test on Detects Only

Shapiro Wilk Test Statistic Normal GOF Test on Detected Observations Only

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

Median Detects CV Detects

Skewness Detects Kurtosis Detects

Mean of Logged Detects SD of Logged Detects

Maximum Detect Maximum Non-Detect

Variance Detects Percent Non-Detects

Mean Detects SD Detects

Number of Detects Number of Non-Detects

Number of Distinct Detects Number of Distinct Non-Detects

Minimum Detect Minimum Non-Detect

TRH_C16-C34

General Statistics

Total Number of Observations Number of Distinct Observations

Number of Missing Observations

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.

Nonparametric Distribution Free UCL Statistics

Detected Data appear Approximate Lognormal Distributed at 5% Significance Level

Suggested UCL to Use

KM H-UCL
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     0.01    686.8

  9500    290

  1424       2.073

      0.275       0.274

  2495   2505

     87.52      87.2

     0.0485

     66.68      66.51

   898.3    900.5

   700.7   1413

1995567    112.5

      0.246       0.246

     78.23      78.09

  2848   2853

  1011   2106

  3410   6889

     58.73      58.58

   931.6    934

      0.948

1.9558E-4

     0.0618

     0.0787

   697       5.634

  1419       1.323

   883.2    892.3

   925.5    960.5

   875.5

      5.719    304.8

      1.181       2.384

     0.0945    766.2

      1.181       2.384

     0.0945

   696.6       5.652

  1419       1.273

   882.7    823.4   95% t UCL (Assumes normality)    95% H-Stat UCL

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

DL/2 Normal DL/2 Log-Transformed

Mean in Original Scale Mean in Log Scale

SD in Original Scale SD in Log Scale

KM SD (logged)    95% Critical H Value (KM-Log)

KM Standard Error of Mean (logged)

DL/2 Statistics

KM Mean (logged) KM Geo Mean

KM SD (logged)    95% Critical H Value (KM-Log)

KM Standard Error of Mean (logged) 95% H-UCL (KM -Log)

   95% BCA Bootstrap UCL    95% Bootstrap t UCL

   95% H-UCL (Log ROS)

Statistics using KM estimates on Logged Data and Assuming Lognormal Distribution

Lognormal ROS Statistics Using Imputed Non-Detects

Mean in Original Scale Mean in Log Scale

SD in Original Scale SD in Log Scale

   95% t UCL (assumes normality of ROS data)    95% Percentile Bootstrap UCL

Lilliefors Test Statistic Lilliefors GOF Test

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

Detected Data appear Approximate Lognormal at 5% Significance Level

Lognormal GOF Test on Detected Observations Only

Shapiro Wilk Approximate Test Statistic Shapiro Wilk GOF Test

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

Gamma Kaplan-Meier (KM) Statistics

Approximate Chi Square Value (78.09, α) Adjusted Chi Square Value (78.09, β)

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

theta hat (KM) theta star (KM)

80% gamma percentile (KM) 90% gamma percentile (KM)

95% gamma percentile (KM) 99% gamma percentile (KM)

Variance (KM) SE of Mean (KM)

k hat (KM) k star (KM)

nu hat (KM) nu star (KM)

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

Estimates of Gamma Parameters using KM Estimates

Mean (KM) SD (KM)

nu hat (MLE) nu star (bias corrected)

Adjusted Level of Significance (β)

Approximate Chi Square Value (87.20, α) Adjusted Chi Square Value (87.20, β)

SD CV

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

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

For such situations, GROS method may yield incorrect values of UCLs and BTVs

This is especially true when the sample size is small.

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

Minimum Mean

Maximum Median

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 detects is small such as <1.0, especially when the sample size is small (e.g., <15-20)
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   766.2

   183      87

   141      42

     86       2

      0.3       0.1

   410       0.5

  2226      22.95%

     20.47      47.18

      7.2       2.305

      5.311      35.68

      1.855       1.486

      0.444

      0

      0.335

     0.075

     15.82       3.126

     42.13      21.24

     20.98      21.36

     20.96      23.84

     25.19      29.44

     35.34      46.92

      5.398

      0.816

      0.161

     0.0832

      0.539       0.532

     37.96      38.44

   152.1    150.2

     20.47

nu hat (MLE) nu star (bias corrected)

Mean (detects)

Detected Data Not Gamma Distributed at 5% Significance Level

Gamma Statistics on Detected Data Only

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

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

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

K-S Test Statistic Kolmogorov-Smirnov GOF

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

97.5% KM Chebyshev UCL 99% KM Chebyshev UCL

Gamma GOF Tests on Detected Observations Only

A-D Test Statistic Anderson-Darling GOF Test

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

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

90% KM Chebyshev UCL 95% KM Chebyshev UCL

Detected Data Not Normal at 5% Significance Level

Kaplan-Meier (KM) Statistics using Normal Critical Values and other Nonparametric UCLs

KM Mean KM Standard Error of Mean

KM SD    95% KM (BCA) UCL

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

Lilliefors Test Statistic Lilliefors GOF Test

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

Mean of Logged Detects SD of Logged Detects

Normal GOF Test on Detects Only

Shapiro Wilk Test Statistic Normal GOF Test on Detected Observations Only

Mean Detects SD Detects

Median Detects CV Detects

Skewness Detects Kurtosis Detects

Minimum Detect Minimum Non-Detect

Maximum Detect Maximum Non-Detect

Variance Detects Percent Non-Detects

General Statistics

Total Number of Observations Number of Distinct Observations

Number of Detects Number of Non-Detects

Number of Distinct Detects Number of Distinct Non-Detects

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.

BAP-TEQ

Suggested UCL to Use

KM H-UCL

Note: Suggestions regarding the selection of a 95% UCL are provided to help the user to select the most appropriate 95% UCL.

Nonparametric Distribution Free UCL Statistics

Detected Data appear Approximate Lognormal Distributed at 5% Significance Level
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     0.01      15.77

   410       3.1

     42.27       2.68

      0.29       0.289

     54.3      54.51

   106.3    105.9

     0.0487

     83.16      83

     20.09      20.13

     15.82      42.13

  1775       3.126

      0.141       0.142

     51.57      52.06

   112.2    111.2

     16.45      46.52

     87.92    209.4

     36.49      36.38

     22.57      22.63

      0.967

     0.0304

     0.0594

     0.075

     15.84       1.073

     42.24       1.985

     21      21.56

     23.04      23.86

     33.53

      1.024       2.783

      2.019       3.232

      0.174      34.66

      2.019       3.232

      0.174

     15.83       1.102

     42.25       1.904

     20.99      28.54

SD in Original Scale SD in Log Scale

   95% t UCL (Assumes normality)    95% H-Stat UCL

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

DL/2 Statistics

DL/2 Normal DL/2 Log-Transformed

Mean in Original Scale Mean in Log Scale

KM Standard Error of Mean (logged) 95% H-UCL (KM -Log)

KM SD (logged)    95% Critical H Value (KM-Log)

KM Standard Error of Mean (logged)

Statistics using KM estimates on Logged Data and Assuming Lognormal Distribution

KM Mean (logged) KM Geo Mean

KM SD (logged)    95% Critical H Value (KM-Log)

   95% t UCL (assumes normality of ROS data)    95% Percentile Bootstrap UCL

   95% BCA Bootstrap UCL    95% Bootstrap t UCL

   95% H-UCL (Log ROS)

Detected Data appear Approximate Lognormal at 5% Significance Level

Lognormal ROS Statistics Using Imputed Non-Detects

Mean in Original Scale Mean in Log Scale

SD in Original Scale SD in Log Scale

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

Lilliefors Test Statistic Lilliefors GOF Test

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

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

Lognormal GOF Test on Detected Observations Only

Shapiro Wilk Approximate Test Statistic Shapiro Wilk GOF Test

95% gamma percentile (KM) 99% gamma percentile (KM)

Gamma Kaplan-Meier (KM) Statistics

Approximate Chi Square Value (52.06, α) Adjusted Chi Square Value (52.06, β)

nu hat (KM) nu star (KM)

theta hat (KM) theta star (KM)

80% gamma percentile (KM) 90% gamma percentile (KM)

Mean (KM) SD (KM)

Variance (KM) SE of Mean (KM)

k hat (KM) k star (KM)

Approximate Chi Square Value (105.91, α) Adjusted Chi Square Value (105.91, β)

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

Estimates of Gamma Parameters using KM Estimates

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

nu hat (MLE) nu star (bias corrected)

Adjusted Level of Significance (β)

Maximum Median

SD CV

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

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 detects is small such as <1.0, especially when the sample size is small (e.g., <15-20)

For such situations, GROS method may yield incorrect values of UCLs and BTVs

This is especially true when the sample size is small.

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

Minimum Mean

Gamma ROS Statistics using Imputed Non-Detects
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     34.66

   183    139

   152      31

   137       2

      1       0.1

  2237       0.5

 98533      16.94%

   128.1    313.9

     38.7       2.451

      4.509      22.21

      3.442       1.709

      0.423

      0

      0.343

     0.0723

   106.4      21.45

   289.2    144.4

   141.9    143.2

   141.7    157.7

   170.7    199.9

   240.3    319.8

      5.521

      0.83

      0.156

     0.0809

      0.457       0.452

   280.5    283.4

   138.8    137.4

   128.1

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

nu hat (MLE) nu star (bias corrected)

Mean (detects)

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

Detected Data Not Gamma Distributed at 5% Significance Level

Gamma Statistics on Detected Data Only

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

A-D Test Statistic Anderson-Darling GOF Test

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

K-S Test Statistic Kolmogorov-Smirnov GOF

90% KM Chebyshev UCL 95% KM Chebyshev UCL

97.5% KM Chebyshev UCL 99% KM Chebyshev UCL

Gamma GOF Tests on Detected Observations Only

KM SD    95% KM (BCA) UCL

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

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

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

Detected Data Not Normal at 5% Significance Level

Kaplan-Meier (KM) Statistics using Normal Critical Values and other Nonparametric UCLs

KM Mean KM Standard Error of Mean

Shapiro Wilk Test Statistic Normal GOF Test on Detected Observations Only

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

Lilliefors Test Statistic Lilliefors GOF Test

Skewness Detects Kurtosis Detects

Mean of Logged Detects SD of Logged Detects

Normal GOF Test on Detects Only

Variance Detects Percent Non-Detects

Mean Detects SD Detects

Median Detects CV Detects

Number of Distinct Detects Number of Distinct Non-Detects

Minimum Detect Minimum Non-Detect

Maximum Detect Maximum Non-Detect

TotalPAH

General Statistics

Total Number of Observations Number of Distinct Observations

Number of Detects Number of Non-Detects

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.

Nonparametric Distribution Free UCL Statistics

Detected Data appear Approximate Lognormal Distributed at 5% Significance Level

Suggested UCL to Use

KM H-UCL
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     0.01    106.4

  2237      20.3

   289.9       2.725

      0.271       0.27

   392.8    393.9

     99.14      98.85

     0.0487

     76.91      76.76

   136.7    137

   106.4    289.2

 83608      21.45

      0.135       0.137

     49.57      50.09

   785.7    777.6

   106.9    310.8

   595.5   1438

     34.84      34.74

   153    153.4

      0.969

     0.0433

     0.0555

     0.0723

   106.5       2.787

   289.9       2.16

   142    146.1

   151.5    155.8

   288.1

      2.469      11.81

      2.656       4.002

      0.197    882.8

      2.656       4.002

      0.197

   106.4       2.615

   289.9       2.41

   141.9    482.5

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

Mean in Original Scale Mean in Log Scale

SD in Original Scale SD in Log Scale

   95% t UCL (Assumes normality)    95% H-Stat UCL

KM Standard Error of Mean (logged)

DL/2 Statistics

DL/2 Normal DL/2 Log-Transformed

KM SD (logged)    95% Critical H Value (KM-Log)

KM Standard Error of Mean (logged) 95% H-UCL (KM -Log)

KM SD (logged)    95% Critical H Value (KM-Log)

   95% H-UCL (Log ROS)

Statistics using KM estimates on Logged Data and Assuming Lognormal Distribution

KM Mean (logged) KM Geo Mean

SD in Original Scale SD in Log Scale

   95% t UCL (assumes normality of ROS data)    95% Percentile Bootstrap UCL

   95% BCA Bootstrap UCL    95% Bootstrap t UCL

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

Detected Data appear Approximate Lognormal at 5% Significance Level

Lognormal ROS Statistics Using Imputed Non-Detects

Mean in Original Scale Mean in Log Scale

Shapiro Wilk Approximate Test Statistic Shapiro Wilk GOF Test

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

Lilliefors Test Statistic Lilliefors GOF Test

Approximate Chi Square Value (50.09, α) Adjusted Chi Square Value (50.09, β)

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

Lognormal GOF Test on Detected Observations Only

80% gamma percentile (KM) 90% gamma percentile (KM)

95% gamma percentile (KM) 99% gamma percentile (KM)

Gamma Kaplan-Meier (KM) Statistics

k hat (KM) k star (KM)

nu hat (KM) nu star (KM)

theta hat (KM) theta star (KM)

Estimates of Gamma Parameters using KM Estimates

Mean (KM) SD (KM)

Variance (KM) SE of Mean (KM)

Adjusted Level of Significance (β)

Approximate Chi Square Value (98.85, α) Adjusted Chi Square Value (98.85, β)

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

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

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

nu hat (MLE) nu star (bias corrected)

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

Minimum Mean

Maximum Median

SD CV

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 detects is small such as <1.0, especially when the sample size is small (e.g., <15-20)

For such situations, GROS method may yield incorrect values of UCLs and BTVs

This is especially true when the sample size is small.
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   882.8

However, simulations results will not cover all Real World data sets; for additional insight the user may want to consult a statistician.

KM H-UCL

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).

Nonparametric Distribution Free UCL Statistics

Detected Data appear Approximate Lognormal Distributed at 5% Significance Level

Suggested UCL to Use
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