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What is Soil Vapor Reproducibility?

ÅThe comparison of two samples collected from 

the same soil vapor probe (i.e. duplicate)

ÅThe most common type of QA/QC evaluation in 

an environmental soil vapor sampling plan

ÅLack of consensus in the industry regarding what 

can and should be expected with regards to 

reproducibility



Overview of Discussion

1. Methods for assessing reproducibility

2. Anticipated reasons for variation

3. Definition of the data set derived from H&Põs archives of 

18,000+ samples per year

4. Review of various evaluations of reproducibility within 

H&Põs data set

5. Conclusions and recommendations

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.



Methods to Assess SV Reproducibility:
Field Duplicate Samples

ſTwo soil vapor samples collected from the same soil 

vapor probe (primary sample and duplicate sample)

ſThe secondary sample is collected in a separate 
container from the primary sample  

NOTE:  CA DTSC makes the distinction of a òreplicateó for  soil vapor, 

meaning a sequential sample rather than a simultaneous sample.  

However, the intent is the same and either can be used interchangeably.



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:

Evaluate reproducibility of the sampling process 

Assess precision of the analytical process

Determine sample matrix variability



Methods to Assess SV Reproducibility:
Purge Volume Test Samples

What is a Purge Volume Test? 

1. Calculate purge volume, then collect three 

samples after purging increasing volumes:             

i.e. 1 volume, 3 volumes, and 10 volumes           

(e.g. 100 cc / 300 cc / 1,000 cc)

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.

A Purge Volume is the volume of the vapor 

probe tubing and filter, as well as the pore 

space of the installation materials (sand and 

dry bentonite).



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.

Evaluate the lithology for variations with 

increasing purge volumes

Observe the behavior of different compounds 

with increasing purge volumes



Methods to Assess SV Reproducibility:
Relative Percent Difference (RPD)

Relative Percent Difference (Sample/Duplicate)

Quantitative indicator of QA/QC for repeated 

measurements where the outcomes are expected to be 

the same



Methods to Assess SV Reproducibility:
Relative Standard Deviation (RSD)

Relative Standard Deviation (Purge Volume Tests)

Because the purge test data contains information for three 

samples per set, RSD is used to determine the spread of the 

results with the respect to the average of the results
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× = the sum of the dataset

ὼ= each value in the data set

Ӷὼ= mean of all values in the data set

ὔ= number of values in the data set



Methods to Assess SV Reproducibility:
Sample/Duplicate RPD Criteria

RPD 25%
(100 v. 125 ug/L)
Method Criteria for 
EPA TO-15 (~25% 

precision for 
laboratory standard 
analysis, LCS/LCSD)

RPD 50%
(100 v. 150 ug/L)
CA DTSC suggests 50% 

RPD, due to the 
“inherent variability 
associated with soil 
gas samples”

RPD 100%
(100 v. 200 ug/L) 
Many client QAPPs 

and work plans 
suggest that up to 

100% RPD is 
acceptable

Very few guidance documents provide suggestions 

for primary and duplicate evaluations



1. Natural variation in the soil vapor matrix

2. Purging & recharge characteristics

3. Differences in laboratory instruments

4. Differences in sample introduction techniques

5. Analystõs skill, experience, practice

6. Field sample collection methods

7. Collectorõs skill, experience, practice

8. Different types or sizes of sample containers

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
¶ Removed sample pairs/sets that were non -detect

¶ Looked only at pairs/sets with PCE, TCE, and/or BTEX

1. Duplicates:  712 samples

2. Purge Volume Tests:  351 samples



Sample/Duplicate Evaluation: 
Definition of Data Set

1,683 total compound 
measurements 

(BTEX, PCE, TCE) 

*Non -detects removed

Mixture of Stationary 
and Mobile Lab VOC 
analysis by Methods 
8260B/SV and TO -15

Differing soil conditions, 
sample depths, and 

types of sites all across 
Southern CA

Syringe and summa 
canister samples 

(collected by ~20 H&P 
field personnel)

356 Sample/Duplicate Pairs 

(712 total samples)



Sample/Dup Evaluation:  Container RPD

Å The average RPD 

for each 

compound was 

evaluated against 

the sample 

container to 

identify any 

trendsé

Å However, all RPDs 

were low (good) 

and within 

analytical 

precision.
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Sample/Dup Evaluation:  Method RPD

Å The average RPD for 

each compound was 

also evaluated 

against the analytical 

method to identify 

any trendsé

Å Most RPDs were low 

(good) and within 

analytical precision, 

with the exception 

of Xylenes by H&P 

TO-15.
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Sample/Dup Evaluation:  Detailed RPD

Outliers Exist:

Å Total range of reproducibility 

for the value of PCE, TCE, 

and BTEX added together 

was 0%-102.5% (outliers exist)

Examine the Median:

Å Perhaps more important 

than the Averages are the 

Median values (i.e. 13.6% 

for Total VOCs)

RPD (%) PCE TCE Benzene Toluene
Ethyl-

benzene
Xylenes

Total 
VOC 

Min 0 0 0 0 0 0 0

Max 139.5 192.9 85.7 108.5 77.8 168.0 102.5

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



Sample/Dup Evaluation:PCE & TCE 

/ 1:1 Trendline 

No bias toward the first or second 

sample being higher or lower



Sample/Dup Evaluation:  BTEX

No bias toward the first or second 

sample being higher or lower

/ 1:1 Trendline 



Sample/Dup Evaluation:
RPD Results for Total VOCs in the Data Set

18.7% Average 

13.6% Median 

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 Evaluation:  Results

Overall reproducibility within analytical precision

uSample container type did not show a significant 

impact on observed RPD

uAnalytical methods did not show a trend

uType of compound (Petroleum or Chlorinated) 

did not present a bias toward the first or second 

sample

Next:  Does purge volume 

influence reproducibility?



Purge Volume Evaluation:  
Definition of Data Set

787 total compound 
measurements 

(BTEX, PCE, TCE)

*Non -detects removed

Mobile Lab VOC 
analysis by Methods 
8260B/SV or TO-15

Differing soil conditions, 
sample depths, and 

types of sites all across 
Southern CA

Syringe samples 
(collected by ~20 H&P 

field personnel)

117 Purge Volume Tests

(351 total samples; 3 per test)



Purge Volume Evaluation:  Detailed RSD

Despite outlying occurrences of RSD values 

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

RSD (%) PCE TCE Benzene Toluene
Ethyl-

benzene
Xylenes

Total 
VOC 

Min 0 0 0 0 7.3 7.4 0

Max 131.8 97.7 111.8 78.8 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



Purge Volume Evaluation:  PCE & TCE 

No significant bias toward one, 

three, or ten purge volumes.
/ 1:1 Trendline 



Purge Volume Evaluation: BTEX 

Again, no significant bias toward 

one, three, or ten purge volumes.

/ 1:1 Trendline 



Purge Volume Evaluation:  Results

Results for the three samples in each set were 

similar, despite increasing purge volume amounts

uNo significant trend toward one, three, or ten 

purge volumes

uMedian 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 soil 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.



Reasons for Variation

1. Natural variation in the soil vapor 

matrix

2. Purging & recharge characteristics

3. Differences in laboratory 

instruments

4. Differences in sample introduction 

techniques

5. Analystõs skill, experience, practice

6. Field sample collection methods

7. Collectorõs skill, experience, 

practice

8. Different types or sizes of sample 

containers

Conclusions:  Revisiting Reasons for
Variation within the Data Set

Within H&Põs Database

Å All sample pairs/sets were collected 

and analyzed by the same personnel

Å Same certified sampling and 

analytical protocols

Å Same sample container, instrument, 

and method

Å Purge set evaluation demonstrated 

that there is not large variation due to 

purging and recharge characteristics

éleaving only Natural Variation 

as the main reason for variability



Conclusions:  Revisiting the Purpose for 
Evaluating Soil Vapor Reproducibility

Purpose 1:  EVALUATE THE SAMPLING PROCESS

ſResults with low differences indicate that the sampling is being 

performed consistently.

ſImportant to have experienced and well trained personnel 

collecting the samples

Purpose 2:  EVALUATE THE ANALYTICAL PROCESS

ſResults with low differences indicate that the analytical 

instrument is working properly and yielding consistent results

ſImportant for the lab to have all other QA/QC checks in place 

and working

Purpose 3:  EVALUATE THE SAMPLE MATRIX

ſVariability, although it can be seen on a sample by sample basis, 

is not significant when looking at a large data set



Conclusions: Recommendations for
Evaluating Soil Vapor Reproducibility

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.

Reasonable Expectation for Soil Vapor Reproducibility

25%-30%
(within analytical precision)
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Questions or Comments?
Contact Suzie Nawikas (H&P, Inc)

suzie.nawikas@handpmg.com
www.handpmg.com
Cell:  858-401-3032
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