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What is Soil Vapor Reproducibility?

A The comparison of two samples collected from
the same soil vapor probe (i.e. duplicate)

A The most common type of QA/QC evaluation in
an environmental soil vapor sampling plan

A Lack of consensus in the industry regarding what
can and should be expected with regards to
reproducibility




Overview of Discussion

GOAL: Determine observed and expected soil vapor reproducibility
through examining a broad data set of sample/duplicate pairs and
purge volume test sets in soil vapor samples.

1.
2.

3.

Methods for assessing reproducibility
Anticipated reasons for variation

Definition of the data set
18,000+ samples per year

Review of various evaluations of reproducibility within
H&PO0s data set

Conclusions and recommendations
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Methods to Assess SV Reproducibllity:
Field Duplicate Samples

[ Two soil vapor samples collected from the same soill
vapor probe (primary sample and duplicate sample)

[ The secondary sample is collected in a separate
container from the primary sample

NOTE: CA DTSC makes the distinction of
meaning a sequential sample rather than a simultaneous sample.
However, the intent is the same and either can be used interchangeably. ‘-‘{P



Methods to Assess SV Reproducibility:

The Purpose of a Duplicate

Regardless of simultaneous or sequential
sampling, collecting a secondary
sample of any matrix can be used to:
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Methods to Assess SV Reproducibility:

Purge Volume Test Samples
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What is a Purge Volume Test?

1. Calculate purge volume, then collect three
samples after purging increasing volumes:

2. Compare the results of the three samples
and choose the purge volume that yields
the highest target compound
concentrations for the remainder of the site. H-P
i/



Methods to Assess SV Reproducibility:

The Purpose of a Purge Volume Test

Until 2015, CA DTSC recommended a purge volume test to
be conducted as part of a soil vapor Investigation.
Although no longer recommended, the data can still be
used to assess reproducibility.
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Methods to Assess Réproducibility:

Relative Percent Difference (RPD)

Relative Percent Difference (Sample/Duplicate)

|Sample — Duplicate|

RPD = 100X
((Sample + Duplicate)/2)




Methods to Assess Réproducibility:

Relative Standard Deviation (RSD)

Relative Standard Deviation (Purge Volume Tests)

J/B(® wM
0

x = the sum of the dataset

w= each value in the data set

of= mean of all values in the data set

0 = number of values in the data set H-P
T
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Methods to Assess SV Reproducibllity:

Sample/Duplicate RPD Criteria

Very few guidance documents provide suggestions
for primary and duplicate evaluations

RPD 25% RPD 50% @ RPD 100%

(100 v. 125 ug/L) (100 v. 150 ug/L) (100 v. 200 ug/L)

Method Criteria for CA DTSC suggests 50 Many client QAPPs
EPA TA5 (~25% RPD, due to the and work plans

precision for “@I"'nherent suggest that up to
laboratorystandard associated with soill 100% RPD is
analysis, LCS/LCSD) gas samp acceptable




Methods to Assess SV Reproducibility:

Reasons for Variation




Definition of Data Set

H&P is involved with the collection and/or analysis of 18,000+ soil vapor

samples per year, providing a rich database from which to gather
information regarding the reproducibility of duplicate soil vapor samples

/ 2014 Calendar Year

1 Removed sample pairs/sets that were non  -detect
1 Looked only at pairs/sets with PCE, TCE, and/or BTEX
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Sample/Duplicate Evaluation:

Definition ofDataSet

356 Sample/Duplicate Pairs
(712 total samples)

Syringe and summa
canister samples

(collected by ~20 H&P
field personnel)




Sample/Dup EvaluationContainer RPD

Average RPD: Container/Compound

A The average RPD
for each
compound was
evaluated against
the sample
container to

identify any
trendsé

A However, all RPDs
were low (good)

I and within
analytical

| | | | | | precision.

0.0% 5.0% 10.0% 15.0% 20.0% 25.0% 30.0% 35.0%

Range of Analytical Precision

RPD SUMMAS RPD SYRINGES

M PCE TCE Benzene Toluene m Ethylbenzene Xylene (total) H
P



Sample/Dup Evaluationviethod RPD

Average RPD: Method/Compound

A The average RPD for
each compound was
also evaluated
against the analytical
method to identify
any trendse

A Most RPDs were low
(good) and within
analytical precision,
with the exception
of Xylenes by H&P
TO-15.

Range of Analytical Precision

RPD H&P 8260$VRPD EPA TO-1p RPD H&P TO-15

0.0% 5.0% 10.0% 15.0% 20.0% 25.0% 30.0% 35.0%

M PCE TCE Benzene Toluene m Ethylbenzene Xylene (total) H
P



Sample/Dup EvaluatiorDetailed RPD

Ethyl- Total

0

AR Benzene | Toluene benzene Xylenes
0 0 0 0 0 0 0

Max 139.5 1929 85.7 108.5 /7.8 168.0 102.5

Median 11.8 10.8 11.2 13.3 12.5 13.8 13.6
Average 18.3 18.2 15.7 19.5 18.4 21.8 18.7
Outliers Exist: Examine the Median:
A Total range of reproducibility A Perhaps more important
for the value of PCE, TCE, than the Averages are the
and BTEX added together Median values (i.e. 13.6%
was 0%-102.5% (outliers exist) for Total VOCs)
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Sample/Dup EvaluationrPCE & TCE

PCE & Sample/Dup PCE & Sample/Dup (Log)
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Sample/Dup EvaluatiorBTEX

EX Sample/Dup EX Sample/Dup (Log Scale)
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Sample/Dup Evaluation:

RPD Results fdotal VOCs In thBata Set

f ‘ p
18.7% Average-

. 13.6% Median:

J

From 1,683 total compound measurements from 712 samples

Despite looking for trends with sample container types
and analytical methods, the results of the evaluations
were similar and within analytical precision



Sample/Dup EvaluatiorResults

Next: Does purge volume
Influence reproducibility?
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Purge Volume Evaluation:

Definition ofDataSet

117 Purge Volume Tests
(351 total samples; 3 per test)

Syringe samples

(collected by ~20 H&P
field personnel)




Purge Volume EvaluatiobDetailed RSD

Ethyl- Total
“ 0 0 0 0 7.3 7.4 0

Max 131.8 97.7 111.8 /8.8 61.7 80.2 131.8

Median 16.1 10.4 18.5 19.6 19.2 22.0 18.9
Average 24.2 19.4 22.0 24.3 25.2 27.8 23.8
Despite outlying occurrences of RSD values

greater than 100%, the average and median RSD
values were within analytical precision (25% -30%)



Purge Volume EvaluatiolPCE & TCE

PCE & 1PV to 3PV (Log Scale) PCE & 3PV to 10PV (Log Scale)
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Purge Volume EvaluatiolBTEX

EX 1PV to 3PV (Log Scale) EX 3PV to 10PV (Log Scale)
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Purge Volume EvaluatiorResults

Results for the three samples in each set were
similar, despite increasing purge volume amounts

u No significant trend toward one, three, or ten
purge volumes

u Median and Average RSD values within analytical
precision (25% -30%)




Conclusions:

Observations from the Complete Data Set

Revisiting the Goal of the Study:

Determine observed and expected solil vapor reproducibility
through examining a broad data set of sample/duplicate  pairs
and purge volume test sets in soil vapor  samples.

u Evaluate the differences in sample pairs and sets by looking for
trends in the common target compounds with regards to
container type, analytical method, and overall performance

u Observed differences ranged from 0% (perfect match) to
almost 200% (3x different), however median and average RPD
values for sample/duplicate sets were within analytical precision
(25%-30%), as were the observed RSD values from the purge
volume test sets.



Conclusions Revisiting Reasons for

Variation withinthe Data Set

Wi thin H&PO&6s Datab
[ ] A All sample pairs/sets were collected

and analyzed by the same personnel

A Same certified sampling and
analytical protocols

A Same sample container, instrument,
and method

A Purge set evaluation demonstrated
that.there is not large variatign.due; to
purging and recharge characteristics




ConclusionsRevisiting the Purpose for

Evaluating Soil Vapor Reproducibility

Purpose 1: EVALUATE THE SAMPLING PROCESS

[ Results with low differences indicate that the sampling is being
performed consistently.

[ Important to have experienced and well trained personnel
collecting the samples

Purpose 2: EVALUATE THE ANALYTICAL PROCESS

[ Results with low differences indicate that the analytical
Instrument is working properly and yielding consistent results

[ Important for the lab to have all other QA/QC checks in place
and working

Purpose 3: EVALUATE THE SAMPLE MATRIX

[ Variability, although it can be seen on a sample by sample basis,
IS not significant when looking at a large data set

H:P



ConclusionsRecommendations for
Evaluating Soil Vapor Reproducibility

Reasonable Expectation for Soil Vapor Reproducibility

25%-30%

(within analytical precision)

Influences from Natural Variation are NOT Significant, as shown when
sampling and analytical variables are removed.

When poor reproducibility is  observed , the analytical and sampling
effects should be examined before assuming that the differences are
due to natural variation.

Expect greater variation if sampling and analytical variables are not
consistent. However, be aware that even when they are consistent,
variations greater than 100% can  still occur.

H:P
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suzie.nawikas@handpmg.com
www.handpmg.com
Cell: 858101-3032
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