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Why do we need statistics?
 “There are three degrees of falsehood: the first 

is a fib, the second is a lie, and then come 
statistics”    Anonymous, 1891
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“Stats.con: 
How we've 
been fooled 
by statistics-
based 
research in 
medicine”
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Example of Judgmental Decision Criteria

 Source Water Monitoring [rule] for Total Arsenic

► A system with a sampling point result above the MCL 
must collect quarterly samples…until the system is 
reliably and consistently below the MCL.  At a 
minimum two consecutive groundwater samples…will 
need to be collected to demonstrate the system is 
below the MCL. 
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Application of Judgmental Criteria

 Decision rule: Two consecutive values < 0.5 mg/L 
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Example of Judgmental Methodology

 Replace non-detects with multiples of reporting 
limits.

► If there is reason to believe that the chemical is present 
in a sample at a concentration below the SQL [Sample 
Quantitation Limit] use one-half of the SQL as a proxy 
concentration…

– Risk Assessment Guidance for Superfund, 
December 1989.  
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Times series plot with non-detects 
replaced with reporting limits*
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Time series plot with detects 
distinguished from non-detects*
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Simple substitution of reporting limits for 
non-detects distorts data sets and can 
result in false positives or negatives (e.g., 
invalid conclusions about presence or 
absence of trends or differences).  
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Groundwater Statistics and 
Monitoring Compliance (GSMC)

 Web-based guidance by ITRC (Interstate 
Technology & Regulatory Council) on statistical 
methods for groundwater for all project life cycle 
stages for “users without deep statistical 
expertise” [aka the “statistically challenged”]

http://www.itrcweb.org/gsmc-1/

► Based on “Statistical Analysis of Groundwater 
Monitoring Data at RCRA Facilities: Unified 
Guidance”– 884-page EPA document (March 2009) .
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Composition of GMSC Team*
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* GMSC-1 web-based training, 2013 
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GSMC Welcome Page 
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Welcome Page - Central User’s Table 
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Objective: Determine compliance with MCL
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Above or below a criterion?
 Study Question 3

►…if the criterion being used is a health-based 
concentration, and the mean exposure should not 
exceed the criterion, then select a predetermined 
confidence that the upper confidence limit of the 
mean (UCL) is below the standard.

UCL < L  Mean is confidently below criterion (L)
LCL > L  Mean is confidently above criterion (L)
LCL < L < UCL  Inconclusive result
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LCL = lower confidence limit,   UCL = upper confidence limit
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Appendix B.  Common 
Misapplications of Statistics

 Error (Planning/Implementation): Using arbitrary 
decision rules; for example, concluding that 
groundwater is clean when three consecutive 
rounds of results are less than a criterion.

► Recommendation: Use a systematic planning 
process, such as the seven-step DQO process, to 
develop a statistical approach that controls decision 
errors to an acceptable degree. Then use one-sample 
hypothesis tests.   [General approach for determining 
above or below a criterion.]
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Hypothesis Tests

 Null Hypothesis (H0): Opposite of what to prove. 

 Alternative Hypothesis (H1): What to prove.

 Example (one-sample hypothesis test):

H0:   L,  H1:  < L,    L = MCL*,   = “true” mean

► Reject H0 (accept H1) when probability H0 is true (p) is 
small such as when 95% UCL < MCL (p < 5%).

► Generally, failure to reject H0 is an inconclusive result.

15

* MCL = Maximum Contaminant Level (drinking water)
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Objective: Determine if contamination is 
decreasing

16



BUILDING STRONG®

Study Question 5.  Is there a trend in 
contaminant concentrations?

 Time Series Plots 
►These plots show concentration on the y-axis 

versus time on the x-axis.
►You must assign values to nondetects for 

these plots.
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Nondetects
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Appendix B.  Common 
Misapplications of Statistics

 Problem/Error (Implementation): Comparing 
sequential measurements in time with one 
another on a sample-by-sample basis to 
determine if there are increasing or decreasing 
trends. 

► Recommendation: Present time series plots with the 
results of statistical trend analyses (for example, p-
values from Mann-Kendall tests).
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 5.5.2 Mann-Kendall Test

…nonparametric test for monotonic trends 
(concentrations consistently increasing or 
decreasing). 

► Applications and Relevant Study Questions
► Assumptions
► Requirements and Tips: 

• Trend tests should be accompanied by time series plots.
• A minimum of 8 to 10 measurements…

► Strengths and Weakness
• ...can be used when data sets contain non-detects
• Results are not impacted by…extreme values
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Welcome Page
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5. Statistical Tests and Methods

5.1 Graphical Methods
5.2 Confidence Limits
5.3 Tolerance Limits
5.4 Prediction Limits
5.5 Trend Tests
5.6 Distribution Tests
5.7 Managing Nondetects
…

5.14 Spatial Statistics

5.5.2 Mann-Kendall Test

H0: No trend 
H1: Trend is present
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Objective: Determine if a release occurred.
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Release Detection
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Objective: Determine if a release occurred.
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Study Question 2: Above Background?
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 Statistical Methods
► Prediction limits
► Tolerance limits
► Parametric hypothesis 

tests (e.g., t-test)
► Nonparametric  

hypothesis tests (e.g., 
Wilcoxon rank sum 
test)
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Conclusions  ITRC GSMC Guidance 
 Useful web-based guidance for the statistically 

challenged.   

► Explains basic statistical methods for groundwater. 

► Helps select appropriate methods by project study 
question or life-cycle.

► Presents techniques that can avoid common 
problems resulting in erroneous conclusions.
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