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Why Land Contamination & Remediation needs Stats

ASA Parking Lot is
belng redeveloped

("‘"”M
More links at https://bit.|
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https://bit.ly/3NQcJ4V

A leak from the
petrol station has
been discovered
and the land
beneath the
parking lot may be
contaminated

e

More links at https://bit.|

g TN
NQcJ4Vv

€70z 3unf ‘wisypuod] ¢zSIgN3

T
o
=
C
=~
—
Q
>
a
0
o
>
—+
Q
3.
>
Q)
=3
o
>
=]
a
c
(%]
—+
=S

<
3
o
<
)
aQ
o
@

<
o
>
o

o)
A
o
o
92


https://bit.ly/3NQcJ4V

A land contamination expert (who usuaIIy has a scientific or = Qg
civil engineering background) needs to be consulted
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A local planning officer (not scientific) needs to be satisfied
that legal & regulatory standards have been met

\"'“"”M - [ 4 J
More links at https://bit.|
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| Sample & measure the soil = Needs Sampling Guidance ‘
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SpeC|fy Critical Concentration C — Human risk is driven by cumulative
exposure to contaminant so Mean Concentration M is the key statistic
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Such gwdance in the UK is |ssued by ®
1 CL:AIRE, an organisation representing C L A | R E

the Land Contamlnatlon Industry LEADING SUSTAINABLE LAND REUSE

More links at https://bit.ly/3NQcJ4V
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CL:AIRE Stats Guidance - 2008

&

= The 2008 guidance was straight out of a statistics textbook on Hypothesis
Testing using 1-way T-Tests.

= Given critical concentration C, sample size n, sample mean m & sample
standard deviation s, test HO & H1 according to status of building works -
O Before building starts - Set HO: M >=C, H1: M < C
Q After building is finished —Set HO: M <=C, H1: M > C
Q If p<0.05 reject HO in favour of H1.

= |n 2016, CL:AIRE asked me to rewrite this guidance due to many concerns —

Q People not using the guidance since “it’s too complicated”.

a People jumping straight into the calculations without checking whether
their sampling plan is good enough.

Q People using T-tests in a bright line fashion without thinking about it.

Q Regulators possibly making wrong decisions on grounds the guidance
hasn’t been followed to the letter.

Q General sense of statistics disempowering the practitioner’s expertise.
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More links at https://bit.ly/3NQcl4V
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2016 ASA P-Value Statement — Key Paragraph

“Good statistical practice, as an essential component of good
scientific practice, emphasizes ...

.. principles of good study design and conduct,
.. a variety of numerical and graphical summaries of data,
.. understanding of the phenomenon under study,
.. interpretation of results in context,
.. complete reporting and
.. proper logical and quantltatlve understanding of what
data summaries mean.

.. No single index should substitute for scientific reasoning.”

| had already recommended something like this to CL:AIRE

More links at https://bit.ly/3NQcJ4V
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2019 TAS P-Value Editorial — Key Paragraphs

&

“Yet the voices in the 43 papers in this issue do not sing as one. ...
To us, these are all the sounds of statistical inference in the 21st
century, the sounds of a world learning to venture beyond
p<0.05 ...

.... Researchers will be free to communicate all their findings in all
their glorious uncertainty, knowing their work is to be judged by the
guality and effective communication of their science, and not by

their p-values.
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As “statistical significance” is used less, statistical
thinking will be used more.”
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Statistical Thinking is how you Navigate through Data

(00]
—

More links at https://bit.ly/3NQcl4V
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What | was saying to CL:AIRE in 2017

&
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Only scenario F requires statistical inference || """

9



https://bit.ly/3NQcJ4V

Supported by

&

Environment
W Agency

After a long debate over the guidance’s pre-requisites,
the new version was published in September 2020

Professional Guidance:
Comparing Soil Contamination Data
with a Critical Concentration

CLEAIRE

LEADING SUSTAINABLE LAND REUSE

More links at https://bit.ly/3NQcJ4V
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APPENDIX A1l - “Good statistical practice, as an essential

&

component of good scientific practice, emphasizes ...

1. “.. principles of good study design and conduct...”
Q CSMs, Sampling Plans, Non-Detect rules, Critical Concentration, etc

2. “..avariety of numerical and graphical summaries of data ...”
O Dot, Box & Spatial Plots, Summary Statistics & Confidence Intervals

3. “... understanding of the phenomenon under study ...”
Q Using the CSM to identify expected Data Type and results.

4. “... interpretation of results in context ...”
Q Do results show you need to revise your CSM or collect more samples?

5. “...complete reporting and ...”
O Are you in a position to state “/ am confident that ...” for a variety of points.

€70z 3unf ‘wisypuod] ¢zSIgN3

6. “.. proper logical and quantitative understanding of what data

summaries mean. ...”
Q If the comparison of the confidence intervals to the critical concentrations is
borderline, what is the right & wrong way to interpret what you see?
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... No single index should substitute for scientific reasoning.”

More links at https://bit.ly/3NQcl4V
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Log Symmetric
mg/Kg

Summary Statistics
Actual Values

Number of Samples 48

Maximum 2.40
Upper Quartile| 0.91
Median| 0.50

Lower Quartile| 0.41
Minimum| 0.06

Critical Concentration
Mean Concentration

Standard Deviation 0.58

0.50
50%

InterQuartile Range
LMDL % Used

Confidence Intervals for
the Mean Concentration

90% Confidence Interval
0.89

0.61 <“-->
99% Confidence Interval

052 <+—» 0.97

No recommendation made on levels of confidence needed

More links at https://bit.ly/3NQcJ4V
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Critical Concentrations are not Fixed

&

T T 1.80 Confidence Intervals for

T 150 _
ol L2 the Mean Concentration
090 1 0.90 90% Confidence Interval
060 0.60 018 <«--» (.82
0.30 'm 0.30 99% Confidence Interval
0.00 0.00 001 ——» 1.01

@ Dot & Box Plots, Summary Statistics Dataset Fat Tailed T
. O
& Confidence Intervals mg/Kg =
(=
6.00 73 6.00 Summary Statistics ~
570 F oo P - 5.70 "
T . N | e 40 Actual Values =
Critical Concentration is ' o
A R 5.10 Number of Samples 42 m O
determined throughexpert | | 4.80 Maximum| 5.73 Z S

. ' - @©
judgement. No two experts P 4.50 Upper Quartile|  0.35 & g
will come to the same number )~ | 420 Median| 0.03 N5
N J 3.90 Lower Quartile|  0.01 = 2
g G e , -------------------- 3.60 Minimum 0.00 g g

y ege o

( This differs from standard J T 330 & Critical Concentration 1.00 % =
istical inf h - Y] Mean Concentration  0.50 ® o
statistical inference where it is 70 E| Standard Deviation| 1.22 EN
assumed that HO is clearly 2.40 InterQuartile Range|  0.34 s <
definede.g. HO: M=C ) 210 LMDL % Used __50% o 3
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In future, confidence intervals could be for expected harm?

More links at https://bit.ly/3NQcJ4V
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Sometimes, the Decision is Clear & Obvious

&

Dot & Box Plots, Summary Statistics Dataset Clear & Obvious T

& Confidence Intervals mg/Kg g

C

2.00 2.00 Summary Statistics ~
190 Armmmmmmmm o mm oo iooiooooooooo 1.90 o
e 1/ ) ) a Actual Values =
70 1| Stress Testing by adding a couple of || [~ Number of Samples 25 m O
160 4 imaginary but plausible extreme | 160 Maximum| 0.75 Z 5

@ =~

150 1] values to see if your conclusions will || 150 Upper Quartile] 0.05 Y3
1.40 4 - h . ded Ll 1.40 Median 0.02 N s
130 1A\ change is recommende ) 130 Lower Quartile| 0.01 o3
120 F------——-mmm e - 1.20 Minimum 0.01 g g

BB 110 oo R Critical Concentration  1.00 % =
™ 100 ] 100 oa|VCELNE N TR L
€ o0 0 0.90 E|  standard Deviation| 0.15 3a
0.80 - & — 0.80 InterQuartile Range|  0.04 s <
0.70 - 0.70 LMDL % Used  100% > 3

| N <

0.60 O 0.60 Confidence Intervals for SES
0.50 1 0.50 ) N g
0.40 0.40 the Mean Concentration 2
0.30 1 @ 0.30 90% Confidence Interval e
0.20 A 0.20 - o
OO 0.02 <+ --> 0.12 >

1 | COCOOOOOCECCOO000C00 =<l - 5
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Cost of sampling & testing can be high at times

More links at https://bit.ly/3NQcJ4V
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Feedback from CL:AIRE & ASA

&

Nicola Harries, Technical Director, CL:AIRE

“Feedback from users has been extremely positive, where
practitioners who have attended training courses on the new
guidance, confirm that they now will be able to make better decisions
and understand the importance of collecting and interpreting
datasets. The guidance has already been downloaded over 5,500
times, with international interest in the publication by Australian
practitioners as a well written, easy to use guidance document. .”

€70z 3unf ‘wisypuod] ¢zSIgN3

Ron Wasserstein, Lead author of ASA 2016 Statement

“extremely happy ... it was the epitome of what the ASA hoped to see”
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More links at https://bit.ly/3NQcl4V
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Visit https://bit.ly/3NQcJ4V for all Links

, T
w g ’ - X @ Comparing Soil Contamination L X | =

SR tps://marriott-stats.com/nigels-blog/data-driven-decision-making-statistical-guidance-for-contaminated-land-surveys/
Witherington . Nigel Marriott . Ron Wasserstein " . .
; =L : ‘ = Vel Takes you to my blog with all links

Click here to download the full CL:AIRE guidance document as a PDF.

My presentations & webinars about the new guidance

1. Presentation to the SILC conference on 8th March 2020 with the subtitle “What’s changed in the
guidance and why"

2. Presentation to the SOBRA virtual conference on 2nd December 2020. The link takes you to the whole
conference and | am the first speaker about 10 mins in. My talk lasts about 40 mins. My thanks to the
Society of Brownfield Risk Assessment and the other presenters for allowing me to share this link.

3. Presentation to the SCLF AGM on Toth December 2020 - This is a longer presentation than what was
presented to SOBRA and starts 2m30s in. My thanks to the Scottish Contaminated Land Forum for
allowing me to share this Youtube link.

2.50 ® Summary Statistics 4. “Dr Groundlove - or how | learned to stop worrying and love the Central Limit Theorem”, a Royal
238 1 @ Actual Values (mg/Kg Statistical Society webinar on 1st March 2021 - | was one of 3 speakers as listed below.
2251 <o Y t b = 4 mins in - Peter Witherington from RSK Environmental Ltd on what is contaminated land
213 outube o
200 4 and why statistics is needed.
1.88 - oo We bi nhar = 32 mins in - Myself on the statistical issues that had to be considered during the writing of the
1.75 1 new guidance, especially on the limitations of the Central Limit Theorem.
163 Lower Quartile 0.41 P . . . . s .
Viini 0.06 = 69 mins in - Ron Wasserstein, executive director of the American Statistical Association and
4 Inimum .
- i'zg | ’ - Critical Conc 1.00 lead author of thg P-value statements referred to below. He compared the reality of the
% 1:25 1 E Mean 0.75 guidance with wh hoped to see when the ASA statements were published.
2 113 4 2| std Deviation 0.58 = 93 mins in - an int(kting discussion of some of the statistical issues including Bayesian
100 + e e e e e e e e e o - - 1QR| 0.50 rroacho
0.88 1 . .
on Wassersteinn is the Lead Author of ASA 2016 Statement on p he

-values

in 2017

which laid the groundwork for the guidance.

More links at https://bit.ly/3NQcJ4V 16
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