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TestAmerica Why measure hydrocarbo
INE LEADER W ENVIROMMENTAL TESTING gases in groundwater?

* QOil & gas application
~ Predrill site characterization
° Establish baseline for comparison
° FInd existing issues
~ Post drill site characterization
° Assess potential changes

* Remediation monitoring

~ Reducing conditions indicator
° Active reductive dechlorination
° Monitored natural attenuation

* Other applications?
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TestAmerica How to measure hydrocarbon
THE LEADER IN ENVIRONMENTAL TESTING g aS eS I n g ro u n d Water?

 Headspace — GC/FID
~ RSK-175 Rev 0, 1994
~ J Chrom Sci — Kampbell, Vandergrift, 1998
~ M E E Analysis Guidance, US EPA Region 1, 2002

~ RSK-175 Rev 2, 2004
~ RSK-175 Rev 3, 2006 son

May 2004
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~ RSK-175 Rev 5, 2010

STANDARD OPERATING PROCEDURE

Sample Preparation and Caleulations for Dissolved Gas Analysis
i eV in Water Samples Using a C Headspace Equilibration Technigue
]

L. Disclaimer;

This standard operating procedure has been prepared for the use of the Ground Water and
e u rg e an rap Ecozystems Restoration Division of the LS. Environmental Protection Agency and may not be
specifically applicable to the activifies of other organizaions. THIS IS NOT AN OFFICIAL
EPA APPROVED METHOD. This document has not been through the Apency’s peer review

~ PA DEP 9243 Rev 0O, 2012 - e st s

This method is applicable to the preparation of water samples for determination of dissolved
geses, Afler quantitation of gas equilibrated into the prepared headspace, this method permits
calculation of the concentration of the dissolved gas in the water before eguilibmion, Resulting
concentrations are expressed as mg/'L and pe/lL of dissolved gas in water. This method has been
used for defermining dissolved hydrogen, methane, ethylene, ethane, propane, butane, acetylene,
mitrogen, nitrous oxide and oxygen. The number of analyses that can be performed in an eight
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TestAmerica What limits data quality?

THE LEADER IN ENVIRONMENTAL TESTING

* Lab to lab implementation variability of RSK-175 method
* No commercially available proficiency test samples

 Calibration standards are gas phase
~ Samples are water
~ Thus standards and samples are not handled identically

* Analyte loss during sample preparation
* Maintaining analyte representativeness during sampling
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TestAmerica What limits data quality?

THE LEADER IN ENVIRONMENTAL TESTING

- Lab to lab implementation variability of RSK-175 method

~ Critical process elements
° Sample transfer between containers
° Headspace development
° Equilibration
— time
— temperature
— mixing
~ Process options

° Manual ’/

° Semi-automated K \

*
\ g

° Fully automated ‘
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TestAmerica What limits data quality?

THE LEADER IN ENVIRONMENTAL TESTING

* No commercially available proficiency test samples
~ No catalog items
~ No custom PTs available either

~ Limited water solubility

~ Limited organic solvent
solubility

~ Limited stability in water
~ Complex preparation process
= expensive to produce, short shelf life & lower quality

>> No independent check on accuracy
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TestAmerica What limits data quality?

THE LEADER IN ENVIRONMENTAL TESTING

« Calibration standards are gas phase
~ Samples are water
~ Thus standards and samples are not handled identically

~ Equilibrium goes in one direction for samples and the
opposite for standards
° Non-equilibrium conditions
— High biased standard response
— Low biased sample response
= low biased calculated sample concentration

CH, | Standards Samples

' i
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TestAmerica What limits data quality?

THE LEADER IN ENVIRONMENTAL TESTING

* Analyte bias during sample preparation

~ Pierced septum leaks
° Headspace / analyte loss while waiting in autosampler
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TestAmerica Improvements address
THE LEADER IN ENVIRONMENTAL TESTING I I m I tat I O n S

« Multi-lab validated method
~ ASTM D8028
Final Ballot 2017
° Single lab validation at present
° Fully automated process with manual option
~ Marcellus Shale Coalition
° Reviewed draft ASTM method
|dentified inter-lab T —— i

- - - 1 5 e
Varlabl | Ity as 16 Standard Test Method for =]
.. . 17 Measurement of Dissolved Gases Methane, Ethane, Ethylene, and Propane
a Crltl Cal ISS u e 18 by Static Headspace Sampling and Flame Ionization Detection (GC/FID)
19 This standard is issusd undar the fixed dasignation X 3300(; the number i diataly foll the dasignati [
20 indicatas the waar of original adoption or, in the cass of revision, the vear of last revision. A numbear in psrentheses
21 indicates the waar oflast rempproval. A suparseript spsilon (2) indicates an editorisl changz sincs the last revision or
22 rzapproval.
23
k.ampbe].l_ Don H - Vandegrift Steve A, Analyiz of Dizzolved Methane, Ethane and Ethylene in Ground Water by 2 Standard Gas
€k T Journal of Ck hic Science, Vol. 368, May 1008
= This test method is under the jurisdiction of ASTM Committee D19 on Water and is the direct responsibility of
Subcommittze D19.06 on Methods for Analysis for Organic Substances m Water.
Current edition approved XXX XX, XXXX Published XXX XXXX DOL10 1520 XN-XX -
+
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THE LEADER IN ENVIRONMENTAL TESTING

Zero headspace vial

Sample Storage

Butyl rubber septum
Sulfuric acid preservative
2-6°C
120%
100% B @
L
80% 0 0
60% ¢ Methane
20% H Ethane
20% Ethene
0% < Propane
0 20 40 60 80
Days
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TestAmerica Improvements address
THE LEADER IN ENVIRONMENTAL TESTING I I m I tat I O n S

- Water based calibration standards and QC samples

~ In-lab prep of single analyte saturated water standards
° Use literature values at known temperature and pressure

— PA DEP 3686 Rev 1, 2012
— ASTM D8028
° Immediate dilution to working standards

Methane 23.2 mg/L
Ethane 62.0 mg/L

Ethene 149.0 mg/L
Propane 76.7 mg/L

— Store in VOC vials — no headspace, 14 days
~ Commercial providers attempting to develop standards

° LGC is working on reference materials
— Water CRM for MEEP compounds
— QOrganic solvent CRM for

- acetylene, n-butane, isobutylene, 2-methylpropane
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TestAmerica Improvements address
THE LEADER IN ENVIRONMENTAL TESTING I I m | tat | O n S

» Water based calibration standards and QC samples
° TestAmerica
— 4 analyte formulation @10 mg/L
— Months of stability - alternative storage container

100% Bk—ﬁ—‘ i " A " 5 A

80%

60% ¢ Methane
(v}

® Ethane
40%

Ethene

20%
~ Propane

0% ' ' l T | |
0 20 40 60 80 100 120
Days
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NTAL

rnca Improvements address
wTesTnG limitations

T NME

« Surrogate - monitor sample prep & analysis guality

~ How to know when you have a good sample prep and
headspace injection?

~ Int. Std.
~ Surrogate

~ ASTM
° MTBE

~ HFCs

methane
11, @
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TestAmerica Improvements address
5 N ENVIRONMENTAL TESTING limitations

« Surrogate - monitor sample prep & analysis guality
~ How to know when you have a good headspace injection?

~ Surrogate in water el ot oca oon]

° Prepare like
calibration standards

~ Automated delivery

° Zero headspace
storage and delivery g

methane
I 20m
a 1 3
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Improvements address

- Automated headspace preparation
~ EST Analytical — LGX 50

,5_

S

0 E "
3

8 e

g

if,:f;,-—-;; ——
Headspace Field Headspace Headspace } i
vial vial vial vial ]

60°C, 10 min, high speed stir
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TestAmerica Headspace Equili

THE LEADER IN ENVIRONMENTAL TESTING O p t I m I Zat I O n
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THE LEADER IN ENVIRONMENTAL TESTING

Selecting a Stir Bar
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TesiAmerica Selecting a Stir B

THE LEADER IN ENVIRONMENTAL TESTING

700

200

100

B Methane

M Ethane

M Ethene

m Propane

m Acetylene

Standard mini12  SpinFin 9.5 Starburst 9.5 Starburst 19
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lestAmerica Selecting a GC Column

THE LEADER IN ENVIRONMENTAL TESTING

« Consider effects of water and carbon dioxide

~ Retention time shifts
° Acetylene
° Ethylene

- Salt columns — water content of phase effects RT
* PLOT columns — less water retention - better stability
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- External Proficiency Test samples Future state —

Regular
independent
accuracy
verification

Current state -
No
independent
accuracy
verification
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TestAmerica Summary

THE LEADER IN ENVIRONMENTAL TESTING

* Multi-lab validated method
~ On track - ASTM D8028

- Water based calibration standards and QC samples
~ Open opportunity for commercial provider (LGC)
~ Lab based saturated stock water solutions
« Surrogate - monitor sample prep & analysis quality
- Automated headspace preparation
~ 60°C, 10 min, high speed stir with 19 mm starburst
- External Proficiency Test samples
~ Open opportunity for commercial provider (LGC)
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