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NEW Rxi®-PAH GC Column
Resolve Important Isobaric Polycyclic Aromatic
Hydrocarbons for Food Safety and Environmental Methods
• Separation of all EFSA PAH4 compounds: benz[a]anthracene, chrysene,
benzo[b]fluoranthene, and benzo[a]pyrene.
• Best resolution of chrysene from interfering PAHs, triphenylene and cyclopenta[cd]pyrene.
• Complete separation of benzo [b], [k], [ j], and [a] fluoranthenes.
• 360 °C thermal stability allows analysis of low volatility dibenzo pyrenes.
Rxi®-PAH GC columns were designed by Restek with a higher phenyl-content stationary phase that provides a unique
selectivity to separate important polycyclic aromatic hydrocarbons (PAHs) for food safety that cannot be distinguished
by mass spectrometry. Even difficult priority compounds, such as the European Food Safety Authority (EFSA) PAH4, are
easily separated and accurately quantified, results that cannot be achieved on typical GC columns. Arylene modification
and surface bonding of the stationary phase increase thermal stability and ruggedness so relatively nonvolatile, higher
molecular weight PAHs can be analyzed routinely without interference from column bleed. Excellent column efficiency
means that the column can be trimmed for maintenance purposes many times without losing critical PAH separations,
including those that are part of environmental methods, as well as food safety testing.
Figure 1: A 40 m x 0.18 mm x 0.07 µm Rxi®-PAH column produces excellent resolution of critical peaks in less than 33 minutes!
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Peaks
Naphthalene
Biphenyl
Acenaphthylene
Acenaphthene
Fluorene
Dibenzothiophene
Phenanthrene
Anthracene
4H-Cyclopenta[def]
phenanthrene
Fluoranthene
Pyrene
Benzo[ghi]fluoranthene
Benzo[c]phenanthrene
Benz[a]anthracene
Cyclopenta[cd]pyrene
Triphenylene
Chrysene
Benzo[b]fluoranthene
Benzo[k]fluoranthene
Benzo[j]fluoranthene
Benzo[a]fluoranthene
Benzo[e]pyrene
Benzo[a]pyrene
Perylene
Dibenz[a,j]anthracene
Dibenz[a,c]anthracene
Indeno[1,2,3-cd]pyrene
Dibenz[a,h]anthracene
Benzo[b]chrysene
Picene
Benzo[ghi]perylene
Anthanthrene
Dibenzo[b,k]fluoranthene
Dibenzo[a,e]pyrene
Coronene
Dibenzo[a,h]pyrene

Column: Rxi®-PAH, 40 m, 0.18 mm ID, 0.07 µm (cat.# 49316); Sample: NIST SRM 2260a PAH mix; Diluent: Toluene; Conc.: 0.2 - 2 µg/mL (SRM 2260a PAH mix was diluted 5x in toluene); Injection: 0.5 µL pulsed splitless (hold
0.58 min); Liner: Sky® 2 mm single taper w/wool (cat.# 23316.1); Inj. Temp.: 275 °C; Pulse Pressure: 80 psi (551.6kPa); Pulse Time: 0.6 min; Purge Flow: 40 mL/min; Oven: 110 °C (hold 1 min) to 210 °C at 37 °C/min to 260 °C at 3
°C/min to 350 °C at 11 °C/min (hold 4.5 min); Carrier Gas: He, constant flow; Flow Rate: 1.4 mL/min; Detector: MS; Mode: SIM; Transfer Line Temp.: 350 °C; Analyzer Type: Quadrupole; Source Temp.: 350 °C; Quad Temp.: 200 °C;
Solvent Delay Time: 3.00 min; Tune Type: PFTBA; Ionization Mode: EI; Instrument: Agilent 7890A GC & 5975C MSD. For SIM program and quant ion information, visit visit www.restek.com and enter GC_FF1223 in the search.

Pure Chromatography

www.restek.com
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NEW GC Columns for PAH Analysis—
Perfect for EFSA PAH4 Priority Compounds!
Whether you want more resolution or faster analysis times, new
Rxi®-PAH columns have the selectivity and efficiency you need.
Choose the configuration that is best for your separation.
Cat.#

Length

ID

df

Description

49316

40 m

0.18 mm

0.07 µm

Narrow inside diameter, thinner film, faster analysis, excellent separation of
important PAHs, less sample loading capacity

49317

60 m

0.25 mm

0.10 µm

0.25 mm inner diameter, better sample loading capacity, highest resolution of
important PAHs, longer analysis than 0.18 mm column, thin film allows elution
of dibenzo pyrenes

49318

30 m

0.25 mm

0.10 µm

0.25 mm inside diameter, better sample loading capacity, faster analysis time than
60 m column, adequate resolution of important PAHs, lower cost column

Recommended for PAH Analysis
Dual Vespel® Ring Inlet Seals Washerless, leak-tight seals for Agilent GCs
23316

Sky® 2.0 mm ID
Single Taper Inlet Liner

Suggested for
0.18 mm ID columns.

For Agilent GCs equipped with split/splitless inlets
ID x OD x Length
qty.
Single Taper, Sky Technology, Borosilicate Glass
2.0 mm x 6.5 mm x 78.5 mm
ea.
2.0 mm x 6.5 mm x 78.5 mm
5-pk.
2.0 mm x 6.5 mm x 78.5 mm
25-pk.
Single Taper, Sky Technology, Wool, Borosilicate Glass
2.0 mm x 6.5 mm x 78.5 mm
ea.
2.0 mm x 6.5 mm x 78.5 mm
5-pk.
2.0 mm x 6.5 mm x 78.5 mm
25-pk.

Sky® 4.0 mm ID
Single Taper Inlet Liner

cat.#
23315.1
23315.5
23315.25
23316.1
23316.5
23316.25

Suggested for
0.25 mm ID columns.

For Agilent GCs equipped with split/splitless inlets
ID x OD x Length
qty.
Single Taper, Sky Technology, Borosilicate Glass
4.0 mm x 6.5 mm x 78.5 mm
ea.
4.0 mm x 6.5 mm x 78.5 mm
5-pk.
4.0 mm x 6.5 mm x 78.5 mm
25-pk.
Single Taper, Sky Technology, Wool, Borosilicate Glass
4.0 mm x 6.5 mm x 78.5 mm
ea.
4.0 mm x 6.5 mm x 78.5 mm
5-pk.
4.0 mm x 6.5 mm x 78.5 mm
25-pk.

• Does not require a separate washer.
• Requires less torque to seal.
• Does not require retightening of reducing nut after
several oven cycles.
• Extends column lifetime by preventing oxygen from
reaching the column.
• Same price as the regular inlet seals with washers.
0.8 mm ID Dual Vespel Ring Inlet Seal
Gold-Plated
Siltek-Treated
Stainless Steel
1.2 mm ID Dual Vespel Ring Inlet Seal
Gold-Plated
Siltek-Treated
Stainless Steel

Patented
2-pk.
21240
21242
21238
2-pk.
21246
21248
21244

10-pk.
21241
21243
21239
10-pk.
21247
21249
21245

50-pk.
23418
23419
23420

cat.#
23302.1
23302.5
23302.25
23303.1
23303.5
23303.25

Visit www.restek.com/rxi-pah
for easy online ordering.

Questions about this or any other Restek® product?
Contact us or your local Restek® representative (www.restek.com/contact-us).
Restek® patents and trademarks are the property of Restek Corporation. (See www.restek.com/Patents-Trademarks for full list.) Other trademarks in Restek® literature or on its website are
the property of their respective owners. Restek® registered trademarks are registered in the U.S. and may also be registered in other countries.

© 2012 Restek Corporation. All rights reserved. Printed in the U.S.A.

www.restek.com
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Increase Productivity for
Dioxin and Furan Analysis
With Rtx®-Dioxin2 GC Columns
Figure 1: TCDDs on an Rtx®-Dioxin2 column.

• Isomer specificity for 2,3,7,8-TCDD and
2,3,7,8-TCDF provided with one column.

1.
2.
3.
4.
5.
6.
7.
8.

• Higher temperature stability (340 °C)
than other confirmation columns results
in longer column lifetimes and greater
accuracy and reproducibility.

Peaks
1,2,3,4-TCDD
1,2,3,7-TCDD
1,2,3,8-TCDD
1,2,3,9-TCDD
2,3,7,8-TCDD
1,2,6,7-TCDD
1,2,7,8-TCDD
1,2,8,9-TCDD

RT (min.)
27.92
28.65
28.65
28.78
29.40
29.58
29.58
30.02

• Customer lab receives award for increased
productivity using Rtx®-Dioxin2 columns.

Accurate GC determination of polychlorinated dibenzodioxin (PCDD) and polychlorinated dibenzofuran
(PCDF) congeners is a challenge, as even when using
a high resolution mass spectrometer the separation of
toxic congeners proves difficult on almost all stationary
phases. Most labs address this by initially analyzing samples on a 5% diphenyl column and then using a cyano
phase, such as a DB-225, SP-2330, or SP-2331 column,
for confirmation. Cyano columns typically exhibit low
thermal tolerance, resulting in long analysis times and
phase bleed that can shorten column lifetimes and limit
quantification levels.
Rtx®-Dioxin2 columns have much higher temperature
stability compared to other confirmation columns and
provide isomer specificity for both 2,3,7,8 substituted
tetrachloro dioxins and furans (Figures 1 and 2). Thermal stability up to 340 °C allows faster analysis times
and ensures low bleed. Exceptional resolution of both
2,3,7,8-TCDF and 2,3,7,8-TCDD from other potentially
interfering congeners improves accuracy and reduces
the need for time-consuming resolution check calculations. As shown by Maxxam Analytics (see reverse),
the excellent thermal stability and unique selectivity of
the Rtx®-Dioxin2 column can be used to significantly
increase lab productivity.

GC_EV1239
Column: Rtx®-Dioxin2, 60 m, 0.25 mm ID, 0.25 µm (cat.# 10758); Sample: Laboratory prepared test mix; Injection Inj. Vol.: 1.0 µL
splitless; Inj. Temp.: 290 °C; Oven Oven Temp: 150 °C (hold 1 min.) to 210 °C at 30 °C/min. (hold 1 min.) to 250 °C at 3 °C/min. (hold 12
min.) to 330 °C at 70 °C/min. (hold 6 min.); Carrier Gas: He, constant flow; Flow Rate: 1.5 mL/min.; Detector: Micromass Autospec
Ultima; Transfer Line Temp.: 290 °C; Analyzer Type: Magnetic Sector; Source Temp.: 290 °C; Tune Type: PFK; Ionization Mode: EI;
Instrument: Agilent/HP6890 GC; Acknowledgement: Courtesy of Maxxam Analytics (Ontario, Canada).

Figure 2: TCDFs on an Rtx®-Dioxin2 column.
1.
2.
3.
4.
5.
6.
7.

Peaks
2,3,4,7-TCDF
2,3,4,8-TCDF
2,3,7,8-TCDF
3,4,6,7-TCDF
2,3,6,7-TCDF
1,2,6,9-TCDF
1,2,3,9-TCDF

RT (min.)
18.58
18.58
18.91
19.10
19.24
19.24
19.66

GC_EV1252
Column: Rtx®-Dioxin2, 60 m, 0.25 mm ID, 0.25 µm (cat.# 10758); Sample: Laboratory prepared test mix; Injection Inj. Vol.: 1.0 µL
splitless; Inj. Temp.: 290 °C; Oven Oven Temp: 180 °C (hold 1 min.) to 235 °C at 45 °C/min. (hold 1 min.) to 250 °C at 3 °C/min. (hold 15
min.) to 300 °C at 50 °C/min. (hold 1 min.); Carrier Gas: He, constant flow; Flow Rate: 1.7 mL/min.; Detector: Micromass Autospec
Ultima; Transfer Line Temp.: 290 °C; Analyzer Type: Magnetic Sector; Source Temp.: 290 °C; Tune Type: PFK; Ionization Mode: EI;
Instrument: Agilent/HP6890 GC; Acknowledgement: Courtesy of Maxxam Analytics (Ontario, Canada).

Pure Chromatography

www.restek.com

ENVIRONMENTAL APPS CT-republished 2015

A Customer’s Story…

Maxxam Analytics HRMS Group Receives
Kaizen Award for Productivity Improvements
Maxxam Analytics recently presented a Kaizen award
for productivity improvement to their High Resolution
Mass Spectrometry Department at the Mississauga
laboratory in Ontario. This award was presented in recognition of process improvements that the group made
using an Rtx®-Dioxin2 column for multiple methods,
which resulted in increased instrument capacity.
The Mississauga lab gets many requests for analyzing
drinking water samples for 2,3,7,8-TCDD only using
EPA Method 1613. They had been analyzing these
short list samples on the same instrument used for
full-list PCDD/PCDF and PCB congeners; however,
this limited the number of the longer list analyses that
could be performed on that instrument. Maxxam also
confirms the presence of 2,3,7,8-TCDF using a different column installed on another instrument. Since the
Rtx®-Dioxin2 column provides isomer specificity for
both 2,3,7,8-TCDD and 2,3,7,8-TCDF and has much
greater temperature stability than cyano columns,
chemists in the High Resolution Mass Spectrometry
group explored using it for both the TCDD-only samples and the 2,3,7,8-TCDF confirmations.
By moving to an Rtx®-Dioxin2 column (60 m x 0.25
mm x 0.25 µm, cat.# 10758) they were able to optimize
the EPA 1613 drinking water TCDD-only analysis and
reduce the run time from 50 minutes to 30 minutes, saving 20 minutes per analysis! EPA Method 1613 requires
a minimum retention time for the labeled 1,2,3,4-TCDD
of 25 minutes to meet method specifications for the
recovery standard, so this was close to ideal. While the
analysis time for the TCDF confirmation analysis was
not significantly reduced, run cycle time was decreased
by taking advantage of the column’s 340 °C thermal stability. This resulted in lower estimated detection limits
and less column bleed compared to the columns that the
lab had previously used. In addition, the higher maximum programmable temperature also allows analysts to
use high temperature holds to reduce the potential for
carryover contamination between samples.

Congratulations to Maxxam Analytics’ Hi-Res Mass Spec Ultra Trace Analysis team, who received a
Kaizen award for productivity improvements made using the Rtx®-Dioxin2 column. Shown from left
to right are: Owen Cosby, Supervisor HRMS Services; Kay Shaw, HRMS Team Leader and Scientific
Specialist; and Angel Guerrero, HRMS Senior Analyst.

Since the lab was able to run both the TCDD-only and TCDF confirmation analyses
on the Rtx®-Dioxin2 column, they were able to use the same instrument for both
analyses which allowed more full-list dioxin and PCB samples to be analyzed on
the other instrument. According to Owen Cosby of Maxxam Analytics, “Using the
Rtx®-Dioxin2 column allowed us to combine EPA 1613 TCDD-only and TCDF confirmation analyses onto one column and one instrument. This resulted in multiple benefits—we shortened run times, reduced instrument downtime and column changes,
and increased instrument capacity for our full-list samples.”

Rtx®-Dioxin2 Columns (fused silica)
(proprietary Crossbond® phase)

• Isomer specificity for 2,3,7,8-TCDD and 2,3,7,8-TCDF achieved with
one GC column.
• Thermally stable to 340 °C for longer lifetime.
• Unique selectivity for toxic dioxin and furan congeners allows use as a
confirmation GC column.
ID
0.18mm
0.25mm

df
0.18µm
0.25µm

temp. limits
20°C to 340°C
20°C to 340°C

40-Meter
10759

60-Meter
10758

Contact your Restek representative and order yours today!
Visit www.restek.com/Contact-Us to find a distributor or representative.
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Restek Ultra-Clean Resin

A Great Alternative to XAD®-2 Resin for Sampling Semivolatiles
Although resin is an excellent adsorbent for trapping PAHs and other
semivolatives, it requires extensive cleanup because many of its impurities
are PAH compounds. To enable you to eliminate time-consuming cleanup,
we do the cleaning for you! We test each batch by capillary GC–flame
ionization detector to ensure cleanliness. However, depending on your
application, additional cleaning may be required.

Method Applications
METHOD

APPLICATIONS

EPA TO-13A
ASTM D6209
EPA Method 23
EPA Method 0010

PAHs in Ambient Air
PAHs in Ambient Air
Dioxins in Stationary Source Emissions
Semivolatiles in Stationary Source Emissions

Frequently Asked Questions
Is Restek’s Ultra-Clean resin really the same as XAD®-2 resin?
Yes. Restek’s resin has been manufactured to match the original XAD®-2
specifications of composition, pore size, and surface area. You will
experience identical sampling performance for all semivolatile compounds.
Does Restek’s Ultra-Clean resin need to be baked-out prior to use?
No. Restek’s resin is precleaned and prebaked. Unlike other resins, Restek’s
resin is rigorously cleaned and baked prior to being bottled. When we say
our Ultra-Clean resin is precleaned, you can count on it!

SDVB Resin
qty.
1 kg

cat.#
24053

qty.
1 kg

cat.#
24053

Or, you might consider...
SDVB Resin
Description
SDVB Resin

Equivalent to XAD®-2 Resin

• For adsorbing
semivolatiles in air.
• Cleaned and GC tested.
• Available in 100-gram
quantities.

Or, you might consider...
Description
SDVB Resin

Ultra-Clean Resin

• Styrene/divinylbenzene,
equivalent to XAD®-2 resin.
• Untreated, packaged in 1 kg
• Styrene/divinylbenzene, equivalent to XAD-2 resin.
plastic containers.
• Untreated, packaged in 1 kg plastic containers.
• Spherical, 20 to 60 mesh particles.
• Spherical, 20 to 60 mesh particles.

• A Restek exclusive!

Description
Ultra-Clean Resin, 100 grams

cat.#
24230

Visit www.restek.com for a complete product listing

Innovative Chromatography Solutions www.restek.com • 1-800-356-1688 • 1-814-353-1300
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Sampling Semivolatiles?
Pair Your Ultra-Clean Resin With Polyurethane Foam (PUF) Plugs
• Both large high-volume (220–280 L/min) and small low-volume (1–5 L/min) PUFs available.
• Suitable for ambient, indoor, and industrial hygiene applications.
• PUF/Ultra-Clean resin “sandwiches” capture a wider range of semivolatiles.

METHOD APPLICATIONS
Method
EPA TO-10A
EPA IP-7
EPA IP-8
ASTM D4861
ASTM D4947
Research
EPA TO-4A
EPA TO-9A
EPA TO-13A
EPA 600/8-80-038
ASTM D6209

Applications
Organochlorine and organophosphorous pesticides, carbamate, pyrethrin, triazine, and urea pesticides
Polycyclic aromatic hydrocarbons (PAHs)
Organochlorine and organophosphorous pesticides, carbamate, pyrethrin, triazine, and urea pesticides
Organochlorine and organophosphorous pesticides, PCB
Chlordane and heptachlor residues
Pesticides
Organochlorine pesticides, PCBs
Polychlorinated dibenzo-p-dioxins (PCDDs)
Polycyclic aromatic hydrocarbons (PAHs)
Organochlorine pesticides, PCBs, PAHs
Polycyclic aromatic hydrocarbons (PAHs)

Cleaned Polyurethane Foam (PUF) Cartridges Precleaned and ready to use.
Description
Cleaned PUF Plug (7.6 cm length, 6 cm diameter)
Large PUF Cartridge, 65 mm OD x 125 mm length, 75 mm PUF
Large PUF/XAD Cartridge, 65 mm OD x 125 mm length, 25 mm PUF/10 g XAD-2/50 mm PUF
Small PUF Cartridge, 22 mm OD x 100 mm length, 76 mm PUF
Small PUF/XAD Cartridge, 22 mm OD x 100 mm length, 30 mm PUF/1.5 g XAD-2/30 mm PUF

cat.#
22116
22114
22116
22116
22116
22117
22114
22114
22114
22115
22114

22114
22115

22116

22117

qty.
ea.
ea.
ea.
ea.
ea.

cat.#
24295
22114
22115
22116
22117

qty.
10-pk.
10-pk.
10-pk.
10-pk.

cat.#
22954
22955
22956
22957

Raw Polyurethane Foam (PUF) Plugs

Unwashed PUF plugs for both low-volume and high-volume sampling.
Description
Large PUF Plug, Unwashed
Large PUF Plug, Unwashed
Large PUF Plug, Unwashed
Small PUF Plug, Unwashed

Size
6 cm OD x 7.6 cm length
6 cm OD x 5.1 cm length
6 cm OD x 2.5 cm length
22 mm OD x 7.6 cm length

22957

22955

PUF Glass Holders

Durable and reusable, PUF glass holders reduce waste and are a cost-effective alternative to precleaned
packed cartridges.
• Large glass holder fitted with double stainless steel screens for support.
• Small glass holder has stem designed for secure 1/4" ID tubing connection to sampling pump.
Description
Large PUF Glass Holder
Small PUF Glass Holder

Size
fits 6 cm OD PUF Plug (4.9" L x 2.5" OD)
fits 22 mm OD PUF Plug (4.4" L x 0.9" OD)

qty.
ea.
ea.

cat.#
22964
22965

22964

22965

Contact your Restek representative and order yours today!

Visit www.restek.com/Contact-Us to find a distributor or representative.

Lit. Cat.# GNTS1303A-UNV
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RESTEKAIRMAIL
Meet the
Air Team!
Spotlight on Jason Herrington
Air Innovations Chemist
Restek is pleased to announce the hire of
Jason Herrington as our new Air Innovations
Chemist. In this role he will be heavily
involved with developing both new products and new ambient air applications. As
our technical expert, Jason will be focused
on solving analytical problems for our customers in the air industry. Prior to joining Restek, Jason spent over
10 years in environmental analysis, most notably as a post-doctoral research fellow with the EPA, where he focused on developing
techniques for organic speciation of ambient gas-phase air toxics.
During his 4-year career at the EPA, he broadened his research
to include organic chemical speciation of particulate matter
(PM) emissions using an innovative thermal extraction (TE) gas
chromatography-mass spectrometry (GC-MS) technique. It was
also during this time that he took an interest in whole-air canister
sampling for VOCs, coupled with preconcentration-GC-MS (EPA
Method TO-15).
Jason was awarded his Ph.D. in Environmental Exposure Science
from Rutgers and the University of Medicine and Dentistry of
New Jersey. His dissertation work characterized and quantified
the analytical and sampling method uncertainties associated
with measuring airborne carbonyl compounds (aldehydes and
ketones). With this knowledge, he developed a novel approach
for measuring airborne carbonyls by passively collecting them
with a dansylhydrazine (DNSH)-coated solid sorbent. The carbonyls formed stable carbonyl-DNSH derivatives on the sorbent,
and were then solvent extracted and analyzed with an HPLCfluorescence technique. He developed and evaluated this method
as an alternative to the EPA Method TO-11A (active sampling with
2,4-dinitrophenylhydrazine (DNPH)-coated solid sorbents), with a
strong emphasis on measuring acrolein. His wide-ranging work
has been peer review published and presented around the world
and has garnered several prestigious awards.

Features

VOL 2
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Regulatory Update!
EPA Offers Collaborative Opportunities to
Meet Measurement and Monitoring Needs
The Forum on Environmental Measurements (FEM) is a standing
EPA committee charged with developing basic principles for assuring
consistency and quality in Agency measurement programs. As a result
of an assessment conducted on all Agency monitoring programs
by FEM’s Monitoring Assessment Team, three critical needs were
identified.
• Support method development to implement state-of-the-art
technology into monitoring studies and programs.
• Establish a consistent framework for registering all Agency data in
an Agency catalogue.
• Consistently apply a data lifecycle to ensure and document data
quality, as well as to enhance user confidence in data reliability.
Given the reality of limited Agency resources, the EPA is reaching
out to the laboratory community and seeking collaborative participation in meeting these needs. Collaborations are forming for the most
feasible, highest priority projects, and a long-term process is under
development to continually identify and resolve measurement and
monitoring needs. Ideally, monitoring solutions will be real-time, (i.e.,
continuous and automated), low cost, multi-component, portable,
and innovative. The areas where collaboration is most likely include:
•
•
•
•
•

Ultrafine particles (total)
PM 2.5 continuous mass
Acrolein
Carbonyls (sampling and analysis)
Organic aerosols

Organizations interested in more information on collaborative
opportunities may contact:
Lara P. Phelps, Senior Advisor
U.S. EPA, Office of the Science Advisor
109 T.W. Alexander Drive (E243-05),
Research Triangle Park, NC 27709
Office: 919-541-5544
Email: phelps.lara@epa.gov

Fast, sensitive TO-15 analyses........p. 2
Tedlar® bags are back!................................... p. 3
Acrolein in clean canisters........................... p. 4

Restek Corporation, 1-800-356-1688 or 1-814-353-1300 www.restek.com/air
ENVIRONMENTAL APPS CT-republished 2015

New Applications
Shorten Analysis Time and Increase Sensitivity for TO-15 Volatiles
The majority of laboratories performing EPA Method TO-15 analysis (VOCs in air collected in specifically-prepared canisters) are
using 60 meter columns to separate the standard suite of 65 target analytes. More specifically, most laboratories are using a 60 m
x 0.32 mm ID x 1.00 µm column and obtaining GC analysis times on the order of 25 to 30 minutes. Couple this with the sample
preconcentration time, and total sample analysis times are on the order of 45 to 60 minutes. However, it is not necessary to use a
60 m column and have sample throughput limited by such long analysis times.
As shown in the chromatogram below, a 30 m x 0.32 mm ID x 1.00 µm Rxi®-1ms column is more than adequate for separating
Method TO-15 components. GC analyses were completed in just 18 minutes with a simple isothermal program and generated the
same coelutions found on a 60 m column. Since these are non-isobaric coelutions, target analytes can easily be distinguished with
MS detection. In addition, much narrower peak widths were achieved, resulting in increased sensitivity. The use of a Nutech 8900DS
preconcentrator in combination with a 30 m Rxi®-1ms column improved sensitivity and reduced total sample analysis time to only
30 to 35 min. Labs interested in reducing costs per sample and improving lab productivity should consider switching to a 30 m
column for TO-15 volatiles analysis.

TO-15 65 Component Mix on Rxi®-1ms (30 m)

Rxi® Technology!
Exceptionally inert, ultra low-bleed
capillary columns.

GC_AR1147

Column: Rxi®-1ms, 30 m, 0.32 mm ID, 1.00 µm (cat.# 13354); Sample: TO-15 65 component mix (cat.# 34436), TO-14A internal standard/tuning mix (cat.# 34408); Diluent: Nitrogen; Conc.: 10.0 ppbv, 250 cc
injection; Injection: Direct; Oven: Temp: 35 °C (hold 1 min) to 230 °C at 11 °C/min; Carrier Gas: He, constant flow; Flow Rate: 2.0 mL/min; Linear Velocity: 51 cm/sec @ 35 °C; Detector: MS; Mode: Scan; Transfer
Line Temp.: 230 °C; Analyzer Type: Quadrupole; Source Temp.: 230 °C; Quad Temp.: 150 °C; Electron Energy: 69.9 eV; Solvent Delay Time: 1.0 min; Tune Type: BFB Ionization Mode: EI; Scan Range: 35 - 250 amu;
Scan Rate: 3.32 scans/sec; Preconcentrator: Nutech 8900DS; Trap 1 Settings: Type/Sorbent : Glass beads; Cooling temp: -155 °C; Preheat temp: 5 °C; Preheat time: 0 sec; Desorb temp: 20 °C; Desorb flow: 5 mL/
min; Desorb time: 360 sec; Bakeout temp: 200 °C; Flush flow: 120 mL/min; Flush time: 60 sec; Sweep flow: 120 mL/min; Sweep time: 60 sec; Trap 2 Settings: Type/Sorbent: Tenax®; Cooling temp: -35 °C; Desorb
temp: 190 °C; Desorb time: 30 sec; Bakeout temp: 200 °C; Bakeout time: 10 sec; Cryofocuser: Cooling temp: -160 °C; Inject time: 140 sec; Internal Standard: Purge flow: 100 mL/min; Purge time: 6 sec; Vol.: 20
mL; ISTD flow: 100 mL/min; Standard: Size: 250 mL; Purge flow: 100 mL/min; Purge time: 6 sec; Sample flow: 100 mL/min; Instrument: HP6890 GC & 5973 MSD; Acknowledgement: Nutech Instruments. For peak
identifications, visit www.restek.com and enter GC_AR1147 in the search.

www.restek.com
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Tedlar® Sampling Bags are Back!
Although Tedlar® gas sampling bags are still unavailable from many vendors, Restek has
secured a new supply of these hard-to-find air monitoring products. Stock up today!
• Find the bags you need—we offer sizes from 0.5 liters to 100 liters.
• Unique all-in-one septum and valve fitting make these lightweight and
easy to use.
• Polypropylene or stainless steel valve.
• Both valves conveniently connect to 3/16” ID PTFE tubing.
Description
Size
0.5 L Tedlar Sampling Bag
6” x 6”
1 L Tedlar Sampling Bag
7” x 7”
3 L Tedlar Sampling Bag
9.5” x 10”
5 L Tedlar Sampling Bag 12” x 12.5”
10 L Tedlar Sampling Bag 11.75” x 22”
12 L Tedlar Sampling Bag
13” x 24”
25 L Tedlar Sampling Bag 17.5” x 24”
40 L Tedlar Sampling Bag 24” x 24.25”
80 L Tedlar Sampling Bag 28.25” x 30.5”
100 L Tedlar Sampling Bag
28” x 36”
Description
PTFE Faced Silicone Replacement Septum,
4 mm diameter

qty.
10-pk.
10-pk.
10-pk.
10-pk.
10-pk.
10-pk.
5-pk.
5-pk.
5-pk.
3-pk.
qty.

Polypropylene Valve
cat.#
22049
22050
22051
22052
22053
22054
22055
22056
22057
22058
cat.#

10-pk.

22104

Stainless Steel Valve
cat.#
22038
22039
22040
22041
22042
22043
22044
22045
22046
22047

Visit
www.restek.com
for additional sizes

Tech Tip! How to Extend Canister Life, Part 2—Reduce Contamination
What diminishes canister performance and longevity? Leakage is the most common reason for canister failure, but contamination and
damage to the fused silica lining can also send canisters to the scrap yard prematurely. Here are some tips to protect your investment:
1. Segregate high concentration level (ppm) cans and trace concentration level (ppb) cans.
Since it is extremely difficult to remove impurities from ppm sampling to levels suitable
for trace sampling, we recommend using dedicated canisters (or gas sampling bags) for
ppm-level work.
2. Clean the entire sampling train as you would clean the canister in order to minimize introduction of contaminants into a clean canister.  Maximum temperature is 110 °C for the
gauge and 130 °C for Restek’s Veriflo® flow controller.
3. Steam cleaning with high temperature (>100 °C) humidified air provides the most effective
way to remove contamination from electropolished cans (TO-Can® or SUMMA canisters),
but it can damage fused silica lined cans (SilcoCan® canisters).

See our next issue of Airmail for tips on cleaning fused silica lined cans!

Now Available!
Download free literature at

www.restek.com
Air Canister Cleaning Oven
(Flyer, cat. # EVTS1186A-UNV)

3

www.restek.com
ENVIRONMENTAL APPS CT-republished 2015

Hot Topic!
Acrolein “Growth” in Clean Canisters
Inarguably, the most frequently utilized method for measuring airborne aldehydes and
ketones (carbonyls) at environmental concentrations is EPA Method TO-11A [1]. This
method utilizes 2,4-dinitrophenylhydrazine (DNPH)-coated solid sorbents and sample
collection is achieved using an air sampling pump [2]. DNPH-coated solid sorbent sampling methods were first developed in the late 1970s, and over the past three decades have
been widely accepted by the air community as the “gold standard” for the measurement
of multiple saturated carbonyls (e.g., formaldehyde, acetaldehyde) [3]. However, current
DNPH-based methods have proven to be unreliable for measuring unsaturated carbonyls (e.g., acrolein, crotonaldehyde) [2], as explained in several studies that have examined
the mechanisms of DNPH reactions with unsaturated carbonyls [4].
Due to Method TO-11A-related data quality concerns, researchers have more recently turned to using whole air canister sampling
coupled with GC-MS analysis [5]. However, in 2010 the EPA released guidelines indicating that recent studies have demonstrated an
increase in acrolein concentrations in clean canisters [6]. The guidelines are not very detailed; however, the take-away message is that
depending on the canister cleaning conditions (i.e., gas, relative humidity, temperature, etc.) acrolein concentrations may increase
over time in clean canisters. This “growth” of acrolein in canister blanks can cause an inadvertent bias in acrolein concentrations.
Here at Restek we are investigating canister cleaning protocols in order to make recommendations for optimum cleaning procedures
that minimize or eliminate the growth of acrolein in blank canisters. Keep an eye out for upcoming articles highlighting our results!
References
[1] U.S. Environmental Protection Agency, Method TO-11A, Determination of Formaldehyde in Ambient Air Using Adsorbent Cartridge Followed by High Performance Liquid Chromatography (HPLC) [Active Sampling Methodology], 1999A.
[2] J. Herrington, L. Zhang, D. Whitaker, L. Sheldon, J. Zhang, Optimizing a Dansylhydrazine (DNSH) Based Method for Measuring Airborne Acrolein and Other Unsaturated Carbonyls,
Journal of Environmental Monitoring 7 (2005) 969.
[3] J.S. Herrington, Z. Fan, P.J. Lioy, J.J. Zhang, Low Acetaldehyde Collection Efficiencies for 24-Hour Sampling with 2,4-Dinitrophenylhydrazine (DNPH)-Coated Solid Sorbents, Environmental Science & Technology 41 (2007) 580.
[4] R. Schulte-Ladbeck, R. Lindahl, J.O. Levin, U. Karst, Characterization of Chemical Interferences in the Determination of Unsaturated Aldehydes Using Aromatic Hydrazine Reagents
and Liquid Chromatography, Journal of Environmental Monitoring 3 (2001) 306.
[5] U.S. Environmental Protection Agency, Method TO-15, Determination of Volatile Organic Compounds (VOCs) In Air Collected in Specially-Prepared Canisters and Analyzed by Gas
Chromatography/Mass Spectrometry (GC/MS), 1999B.
[6] U.S. Environmental Protection Agency, Data Quality Evaluation Guidelines for Ambient Air Acrolein Measurements, 2010. http://www.epa.gov/ttnamti1/files/ambient/airtox/20101
217acroleindataqualityeval.pdf (accessed June 26, 2012).
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RESTEKAIRMAIL
Meet the
Air Team!
Spotlight on Steve Kozel
Marketing Manager
Restek is proud to introduce Steve
Kozel, our new Air Monitoring
Product Marketing Manager.
Steve replaces Irene DeGraff, who
retired last year. Steve has worked
in the field of chromatography for
over 10 years. Prior to this position,
he served as Restek’s U.S. National
Sales Manager and also worked
as our HPLC Product Marketing
Manager. He holds a B.S. degree
in mechanical engineering, as well
as an M.B.A.
Steve is looking forward to applying his engineering, sales, and
marketing experience to our air
monitoring line. His goal is to
ensure our products continue to
be the best in the industry, and
that we exceed your expectations
in product quality, performance,
and support.

Features
Tedlar® sampling bags ...................p. 2
SilcoCan® and TO-Can® air canisters ....... p. 3
Mass DEP APH analysis................................. p. 4
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Regulatory Update!
PAMS Monitoring
Network “Re-engineering”
By Joe Konschnik
The U.S. EPA’s Office of Air Quality Planning and Standards
(OAQPS) held a conference call last May to discuss updates to the
Photochemical Assessment Monitoring Stations (PAMS) program.
EPA requested advice from the Science Advisory Board’s Clean Air
Science Advisory Committee (CASAC) and the Air Monitoring and
Methods Subcommittee (AMMS) on how to improve the program.
This project, entitled “PAMS – Network Re-engineering”, is aimed at
reevaluating network design, measurement methods, quality assurance, and other aspects of the PAMS program in order to improve
data quality and utility.
The first PAMS sites began operation in 1994 in response to the 1990
Clean Air Act amendments, which required enhanced monitoring
of ozone, oxides of nitrogen (NOx), and volatile organic compounds
(VOCs) in order to obtain more comprehensive, representative air
pollution data. Currently, the PAMS network sampling plan includes
the use of both field deployed automated GCs and manual canister
sampling. During the meeting, the advantages and disadvantages of
each technique were discussed. While no decision has been made,
if the EPA recommends or requires the use of manual canister sampling, this could benefit air laboratories that analyze ozone precursors
in ambient air.
Another area of discussion focused on target compounds. Topics
included whether the current list of 29 VOCs should be shortened to
reduce analysis and reporting costs, and also if several new biogenic
compounds such as monoterpenes, sesquiterpenes, or methyl butanol
should be added. Adding carbonyls back to the list was also discussed,
as well as whether issues previously identified with EPA Method
TO-11A still needed to be addressed or if alternative carbonyl methods should be considered.
The EPA has continued work on this initiative forming sub-groups
to evaluate the current program and potential changes for the future.
More information about EPA’s PAMS monitoring program can be
found at: http://www.epa.gov/air/oaqps/pams/index.html

Restek Corporation, www.restek.com/air
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Tedlar® Sampling Bags are Back!
Although Tedlar® gas sampling bags are still unavailable from many vendors, Restek has
secured a new supply of these hard-to-find air monitoring products. Stock up today!
• Find the bags you need—we offer sizes from 0.5 liters to 100 liters.
• Unique all-in-one septum and valve fitting make these lightweight and
easy to use.
• Polypropylene or stainless steel valve.
• Both valves conveniently connect to 3⁄16" ID tubing.

Description
0.5 L
1L
3L
5L
10 L

6" x 6"
7" x 7"
9.5" x 10"
12" x 12.5"
11.75" x 22"

Description
Silicone Replacement Septum, 4 mm diameter

qty.
10-pk.
10-pk.
10-pk.
10-pk.
10-pk.

Polypropylene
Valve
cat.#
22049
22050
22051
22052
22053

qty.

cat.#

10-pk.

22104

Stainless Steel
Valve
cat.#
22038
22039
22040
22041
22042

Visit
www.restek.com
for additional sizes

Choose the Appropriate Device for Your Sampling Needs

Canister

Gas
Sampling Bag

Solvent
Desorption Tube

Media Type

whole air

whole air

adsorption

Sensitivity

ppb

ppm

ppm

Technique

passive (no pump)

active

active

Sample Type

grab or integrated

grab

integrated

Analyte

wide range of VOCs

wide range of VOCs
& permanent gases

sorbent specific

ambient, IAQ,
emergency response, IH

ambient, IAQ
emission

IAQ, IH

Durability

reusable

one time use

one time use

Inertness

excellent

fair

fair

Stability

30 day

48 hrs

varies by analyte

Sample Volume

0.4–6 L

0.5–100 L

varies by analyte

Sampling Time

minutes to days

minutes to hours

minutes to hours

Applications

www.restek.com
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Tech Tip! How to Extend Canister Life, Part 1—Prevent Leaks!
What reduces canister performance and longevity? Leakage is the most common reason for canister failure and can send canisters
to the scrap yard prematurely. For our first tech tip in a series on extending canister life, we identify 3 common causes of leaks and
discuss how to avoid them.
1. Particles in the valve
You can prevent particles from entering the valve by always using a 2 or 7 μm particulate filter during sampling
and on your canister cleaning equipment. Also, protect the valve inlet by replacing the brass dust cap when the
canister is not in use. The EPA-recommended metal-to-metal sealing valves provide the greatest inertness, but
tend to be more sensitive to particulate damage than other valve types.
2. Galled thread fittings
Avoid galled thread fittings by using a gap gauge (cat.# 22624) to prevent overtightening of compression fittings.
Turning only ¼ turn past finger-tight is another rule of thumb to prevent overtightening. Use brass compression fittings on stainless steel during nonsampling activities, such as cleaning or calibration, to minimize thread
damage. Galled threads may also cause a poor connection to vacuum/pressure gauges, resulting in inaccurate
measurement and a misleading conclusion that a canister leak exists.
3. Overtightened valve
Canister valves are designed to close securely with hand tightening only. Overtightening a valve closure with a
wrench may damage the valve seat where the seal is made.

Collect Air Samples With
No Change in VOC Concentration
SilcoCan® & TO-Can® Air Monitoring Canisters
• Siltek® deactivation means minimal change in VOC concentration—
guarantees correct representation of sample taken.
• Variety of options available, including SUMMA can equivalent.
• Standard fittings compatible with all instrumentation and accessories.
• Exclusive manufacturer of 1 L spherical canister.
• Repair service available to extend canister life—contact
Customer Service or your Restek representative for details!

Canister Options
1, 3, 6, 15 L
Parker® diaphragm, Swagelok® bellows
Electropolished, Siltek® treated
3 vacuum/pressure ranges

Applications
•
•
•
•

Ambient Air (US EPA TO-14A, TO-15, ASTM D5466)
Indoor Air
Vapor Intrusion
Emergency Response

11 ppbv H2S

SilcoCan® canisters
effectively store very
low levels of sulfur
compounds.

Percent Recovery

Sizes
Valves
Interior Coating
Gauges

● Dry SilcoCan® (n=18)
◆ Humidified SilcoCan® (n=5)
▲ Electropolished (n=2)

Time (Days)

3

www.restek.com
ENVIRONMENTAL APPS CT-republished 2015

New Applications
Determining Air-Phase
Petroleum Hydrocarbons
(APH)
The Massachusetts Department of
Environmental Protection (Mass DEP)
updated and finalized a method in 2009
designed to determine gaseous-phase concentrations of volatile aliphatic and aromatic petroleum hydrocarbons in air and
soil gas. The method features quantification
of volatile aliphatic hydrocarbons within 2
carbon number ranges: C5 through C8 and
C9 through C12. It also quantifies volatile
aromatic hydrocarbons within the C9 to
C10 range. The APH method is based on
the collection of whole air samples in passivated stainless steel canisters, with subsequent analysis by gas chromatography-mass
spectrometry (GC-MS).
The Mass APH method is designed to
complement and support the toxicological
approach developed by the Mass DEP to
evaluate human health hazards that may
result from exposure to petroleum hydrocarbons. It may also be used to directly
quantify the individual concentrations
of target APH analytes (1,3-butadiene,
methyl-tert-butyl ether [MTBE], benzene,
toluene, ethylbenzene, m- and p-xylenes,
o-xylene, and naphthalene) in air and soil
gas samples, as shown in the example chromatogram at right.

Mass APH on Rxi®-1ms
1.
2.
3.
4.
5.
6.
7.
8.
9.
10.
11.
12.
13.
14.
15.
16.
17.
18.
19.

Peaks
1,3-Butadiene
iso-Pentane
Methyl tert-butyl ether
Bromochloromethane
n-Hexane
Benzene
Cyclohexane
1,4-Diﬂuorobenzene
2,3-Dimethylpentane
n-Heptane
Toluene
n-Octane
Chlorobenzene-d5
Ethylbenzene
2,3-Dimethylheptane
m-Xylene/p-Xylene
o-Xylene
n-Nonane
4-Bromoﬂuorobenzene

20.
21.
22.
23.
24.
25.
26.
27.
28.

Isopropylbenzene
1-Ethyl-3-methylbenzene
1,3,5-Trimethylbenzene
n-Decane
1,2,3-Trimethylbenzene/
p-Isopropyltoluene
Butylcyclohexane
n-Undecane
Naphthalene
n-Dodecane

Naphthalene

GC_AR1145
Column Rxi®-1ms, 60 m, 0.32 mm ID, 1.00 μm (cat.# 13357); Injection splitless; Oven; Oven Temp: 35 °C (hold 5 min.)
to 220 °C at 7 °C/min. (hold 2 min.); Carrier Gas He, constant ﬂow; Flow Rate: 1.2 mL/min.; Detector MS; Mode: Scan;
Transfer Line Temp.: 240 °C; Analyzer Type: Quadrupole; Source Temp.: 230 °C; Quad Temp.: 150 °C; Solvent Delay Time: 4.0
min.; Ionization Mode: EI; Scan Range: 35-250 amu; Preconcentrator Entech 7100; Instrument HP6890 GC & 5973 MSD;
Acknowledgement Courtesy of Mass DEP, Northeast Region

PATENTS & TRADEMARKS; Restek patents and trademarks are the property of Restek Corporation. Other trademarks appearing in Restek literature or on its website are the property of their
respective owners. The Restek registered trademarks used here are registered in the United States and may also be registered in other countries.
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3-IN-1 TECHNOLOGY

Highest Inertness • Lowest Bleed • Exceptional Reproducibility

Rxi -624SilColumns
MS
®

Exceptionally Inert,
Low Bleed Columns for
Volatiles Analysis

• Optimized selectivity for volatiles and
polar compounds ensures good separations.

• Highly inert columns improve accuracy
and allow lower detection limits, even for
active compounds.

• Most thermally stable 624 column
available; low bleed, fully MS compatible.

NEW DIMENSIONS
now available!

www.restek.com/rxi
Pure Chromatography
www.restek.com/rxi
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®
®
NEW!
RxiRxi
-624Sil
MS Columns:
NEW!
-624Sil
MS Columns:

Increase
Confidence
in Data Accuracy
Increase
Confidence
in Data Accuracy
While mid polarity 624 columns are widely used for analyzing polar analytes and volatile organic compounds (VOCs), not all
columns combine the selectivity needed for critical separations with the high inertness and low bleed that can further improve
data quality. Whether you are developing methods for residual solvents, analyzing environmental VOCs, or running other
applications for volatile organics, you can improve data quality with Rxi®-624Sil MS columns. These new columns incorporate a
new stationary phase chemistry, unique column deactivation, and optimized manufacturing process that is specifically designed
to provide the high inertness and thermal stability needed for greater accuracy and lower detection limits. The unique selectivity, inertness, and thermal stability of the Rxi®-624Sil MS column make it ideal for numerous applications, from detecting
impurities in pharmaceuticals to monitoring environmental VOCs.

Exceptional Inertness Provides Better Peak Shape, Higher Sensitivity, and More Accurate Data

Column inertness is difficult to achieve, but critical to improving data quality. The deactivation process used for Rxi®-624Sil MS
columns yields a fully passivated surface that is demonstrably more inert than other 624 columns. Comprehensive deactivation
results in higher responses, more symmetrical peaks, and easy, accurate integration, even for active compounds at low levels
(Figures 1 and 2). Rxi®-624Sil MS columns, with their superior deactivation, provide the inertness needed for improved linearity, greater accuracy, and lower detection limits.
Figure 1 Highly inert Rxi®-624Sil MS columns provide better peak shape and simplify integration for active compounds
at low levels (5 ng on-column).
Highly inert Rxi®-624Sil MS columns
give excellent peak symmetry.

Peaks
1. Isopropylamine
2. Diethylamine
3. Triethylamine

GC_PH1162

Column
Sample
Diluent:
Conc.:
Injection
Inj. Vol.:
Liner:
Inj. Temp.:
Oven
Oven Temp:
Carrier Gas
Linear Velocity:
Detector
Instrument

Conc.
(µg/mL)
100
100
100

Rxi®-624Sil MS, 30 m, 0.32 mm ID, 1.8 µm (cat.# 13870)
DMSO
100 µg/mL
1 µL split (split ratio 20:1)
5 mm Single Gooseneck with Wool (cat.# 22973-200.1)
250 °C
50 °C (hold 1 min.) to 200 °C at 20 °C/min. (hold 5 min.)
He, constant flow
37 cm/sec.
FID @ 250 °C
Agilent/HP6890 GC

Figure 2 Active compounds like isopropylamine can be more accurately integrated on an Rxi®-624Sil MS column, lowering limits of quantification (LOQs) and increasing data accuracy.
Same conditions as Figure 1.

Rxi®-624Sil MS

Reproducible retention
times and accurate
integration
5-100 ng on-column,
R2 = 0.99996

Improve sensitivity
and confidence in
data accuracy with
an Rxi®-624Sil MS
column.

GC_PH1163

2

ZB-624

Poor peak shape
prevents accurate
integration below
25 ng.

GC_PH1164

visit www.restek.com/rxi
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Lowest Bleed 624 Available—Assured GC-MS Compatibility

In addition to providing greater inertness and more accurate results for active compounds, the
Rxi®-624Sil MS column offers higher temperature stability than any other column in its class (Table
I, Figure 3). Even though most 624 columns provide adequate selectivity for polar compounds, poor
thermal stability results in stationary phase bleed that can reduce column lifetime, decrease detector sensitivity, and interfere with the quantification of later eluting compounds. The highly effective
stationary phase bonding chemistry of the Rxi®-624Sil MS column ensures extremely low bleed up
to 320°C. While other 624 columns generate too much bleed to be useful for continuous mass spectrometry work, the Rxi®-624Sil MS column is fully compatible with both quadrupole and ion trap
mass spectrometers. In addition to MS compatibility, higher thermal stability results in more stable
baselines, longer column lifetimes, and improved method reproducibility.
Table I The Rxi®-624Sil MS column has the highest thermal stability of any 624 column.
Column
Rxi-624Sil MS
VF-624ms
DB-624
ZB-624

Manufacturer
Restek
Varian
Agilent J&W
Phenomenex

Maximum Programmable Temperature
320 ºC
300 ºC
260 ºC
260 ºC

Data obtained from company website or literature for a 30 m x 0.25 mm x 1.4 µm df column.

Figure 3 The Rxi®-624Sil MS column has the lowest bleed of any column in its class and
provides true GC-MS capability.
High thermal stability Rxi®-624Sil MS columns offer:
• Longer column lifetime.
• GC-MS compatibility.
• Improved method reproducibility. • Stable baseline.

3x less bleed than a
VF-624ms column.

get more
For more information on the new
Rxi®-624Sil MS column, visit
www.restek.com and review
our technical literature.
• Volatile Impurities Method
Development (flyer PHFL1245)

GC_GN1147

• Residual Solvent Analysis:
Implementing USP<467> (flyer
PHFL1018A)

Columns:  30 m, 0.25 mm ID, 1.4 µm (Columns are of equivalent dimensions and were tested after equivalent conditioning.) Complete analytical conditions for
chromatogram GC_GN1147 are available at www.restek.com

• Optimized Volatiles Analysis
Ensures Fast VOC Separations
(application note EVAN1271)

Rxi®-624Sil MS Columns (fused silica)
(midpolarity Crossbond® silarylene phase; similar to 6% cyanopropylphenyl/94% dimethyl polysiloxane)

•
•
•
•

Low bleed, high thermal stability column—maximum temperatures up to 320 °C.
Inert—excellent peak shape for a wide range of compounds.
Selective—highly selective for residual solvents, great choice for USP<467>.
Manufactured for column-to-column reproducibility—well-suited for validated methods.

ID
0.18mm
0.25mm
0.32mm
0.53mm

df
1.00µm
1.40µm
1.80µm
3.00µm

temp. limits
-20 to 300/320°C
-20 to 300/320°C
-20 to 300/320°C
-20 to 280/300°C

20-Meter
13865

30-Meter

60-Meter

75-Meter

105-Meter

13868
13870
13871

   13869 NEW
   13872
   13873 NEW

  
  
   13874 NEW

   13875 NEW

  

  

www.restek.com/rxi
visit
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NEW! Rxi®-624Sil MS Columns:

Assure Reliable Separation of Volatile Impurities in Pharmaceuticals
In the pharmaceutical industry, timing and certainty are everything. Time-to-market is a key driver for
new drugs, and efficient batch testing is critical for releasing approved products. Whether developing new
methods or conducting routine analysis, increasing productivity depends on choosing the right column
for the application. Rxi®-624Sil MS columns provide enhanced retention of polar compounds and volatile
analytes, as well as full MS compatibility, making them the best choice for many drug analyses.

Fast, Effective Method Development

Often, 1 and 5 type columns are used initially for GC-MS method development because of their thermal
stability; however, their nonpolar character results in poor retention for polar compounds, which increases
method development time. In contrast, effective methods can be developed quickly on mid polarity
Rxi®-624Sil MS columns, because they provide greater retention and selectivity for polar compounds as
well as good thermal stability. For example, highly volatile, polar alkyl halide genotoxic impurities are
difficult to retain on 1s and 5s, but Rxi®-624Sil MS columns provide the retention needed to ensure
adequate separation (Figure 4). Increased retention makes GC-MS analysis easier to control and ultimately
allows faster method development.

Improving Results for Routine Analysis

Once a drug is approved, fast, reliable methods are needed for routine batch analysis. Establishing system
suitability is an important part of these procedures and a major factor in overall lab productivity.
Rxi®-624Sil MS columns provide the optimized selectivity and guaranteed reproducibility needed to
increase pass rates. For example, batch throughput can be improved for residual solvent testing under USP
<467> by using a column that provides increased resolution for system suitability components (Figure 5).
Greater resolution of critical pairs means higher system suitability pass rates, which allows more batches to
be analyzed per shift.
Optimized phase chemistry, complete column deactivation, and tightly-controlled manufacturing make
Rxi®-624Sil MS columns the best choice for many pharmaceutical applications. With better retention of
polar volatiles, lower bleed, and higher inertness, Rxi®-624Sil MS columns can improve lab productivity
by allowing new methods to be developed quickly and routine applications to be run more reliably.

learn more
For more
pharmaceutical
applications on
Rxi®-624Sil MS
columns, visit
www.restek.com
and download flyer
PHFL1245.

TECH TIP!

Resolution passes USP <467> criteria when
using a 1 mm liner (red line), but fails if a
4 mm liner is used (black line).
2
Peaks
1. Acetonitrile
2. Dichloromethane

Tim Herring, Technical Service Specialist

When running USP <467> by headspace, using a smaller
bore liner (1 mm) can improve system suitability pass
rates. Larger bore liners (4 mm) are used with direct
liquid injection because the sample is vaporized in the
injection port and the liner must be able to accommodate the solvent expansion volume. In contrast, in
headspace analysis, the sample is vaporized in a vial
instead of the injection port, so a large volume liner is
not needed, and in fact it can be deleterious. In headspace methods, using a smaller bore liner reduces band
broadening by increasing linear velocity, allowing faster
sample transfer and improving resolution.
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Figure 4 Polar compounds, such as alkyl halides, are highly retained on mid polarity Rxi®-624Sil MS columns, making
method development faster and easier than on a nonpolar 1 or 5 type column.

Enhanced retention for hard-to-retain
polar analytes makes method
development easier!

1.
2.
3.
4.
5.
6.

Peaks
2-Chloropropane
Bromoethane
1-Chloropropane
2-Bromopropane
Butyl chloride
1-Bromobutane

Column
Sample
Diluent:
Conc.:
Injection
Inj. Vol.:
Liner:

Rxi®-624Sil MS, 20 m, 0.18 mm ID, 1.00 µm (cat.# 13865)
DMSO
1 µg/mL
1 µL splitless (hold 0.5 min.)
3.5 mm Single Gooseneck Liner with wool placed 3 cm
from top (middle) (cat.# 22286)
220 °C
3 mL/min.

Inj. Temp.:
Purge Flow:
Oven
Oven Temp:
40 °C (hold 3 min.) to 200 °C at 20 °C/min.
Carrier Gas
He, constant flow
Linear Velocity: 40 cm/sec.
Detector
MS
Mode:
Scan
Transfer Line Temp.: 280 °C
Analyzer Type:
Quadrupole
Source Temp.:
280 °C
Solvent Delay Time: 0.5 min.
Ionization Mode: EI
Scan Range:
30-300 amu
Scan Rate:
5 scans/sec.
Instrument
Shimadzu 2010 GC & QP2010+ MS
Notes
Ions displayed: 42, 43, 57, 108 m/z
GC_PH1166

Figure 5 System suitability pass rates can be improved with Rxi®-624Sil MS columns. The innovative polymer chemistry
provides greater resolution of critical pairs that are difficult to separate on other 624 type columns.

DB-624

Rxi®-624Sil MS

Class 1 solvents coelute

• Baseline resolution
• Easy, reliable quantification

		 Peaks
			
1. 1,1-Dichloroethene
2. 1,1,1-Trichloroethane
3. Carbon tetrachloride
4. Benzene
5. 1,2-Dichloroethane
* DMSO interference

Conc.
(µg/mL)
0.07
0.08
0.03
0.02
0.04

Column:  Rxi®-624Sil MS, 30 m, 0.32 mm ID,
1.80 µm (cat.# 13870)
Sample:  Residual Solvents - Class 1
(cat.# 36279)  Complete analytical conditions
for chromatogram GC_PH1160 available at
www.restek.com
Example shown uses USP <467> Class 1 residual
solvents for system suitability comparison.
GC_PH1160

Custom Residual Solvent Mixes
A perfect match for validated residual solvent methods

Save time and money with mixes prepared to your specific solvent set and concentrations.
The more you buy the less you pay per ampul!

Easy online order form! www.restek.com/customusp

visit
visit www.restek.com/rxi
www.restek.com/rxi

5

ENVIRONMENTAL APPS CT-republished 2015

NEW! Rxi®-624Sil MS Columns:

Increase Sample Throughput for Environmental VOCs
Fast sample throughput is a primary concern for environmental labs interested in improving
productivity. Volatiles methods typically are time-consuming, but developing optimized
procedures can be challenging because compound lists are extensive and analytes vary significantly
in chemical characteristics. The selectivity and inertness of Rxi®-624Sil MS columns make them
ideal for optimizing environmental volatiles methods for better resolution and faster analysis time.
Establishing conditions that maximize sample throughput can be difficult, because conditions
optimized for speed can result in problematic coelutions, while conditions optimized for
resolution can result in long analysis times. The exceptional inertness of Rxi®-624Sil MS columns
produces highly symmetrical peaks for active compounds, which improves resolution and allows
separations to be maintained even under faster conditions. Here, an optimized method was
developed using an Rxi®-624Sil MS column to maintain adequate resolution, while throughput was
maximized by synchronizing purge and trap cycles with instrument cycles.

Improve Productivity and Resolve Critical Pairs

Initially, several critical pairs were chosen for computational modeling using Pro ezGC software.
The temperature program first determined by the software provided the best resolution, but also
resulted in an analysis time of 19 minutes. Since the purge and trap cycle time was 16.5 minutes,
other conditions were evaluated to see if adequate resolution could be maintained using a faster
instrument cycle. The final program, shown in Figure 6, reduced instrument downtime by
better synchronizing purge and trap cycles with instrument cycles, and also provided excellent
resolution. Using these conditions, up to 36 samples can be analyzed following EPA Method 8260
in a typical 12-hour shift.
Labs interested in optimizing both sample throughput and resolution of VOCs can adopt the
synchronized conditions established here on Rxi®-624Sil MS columns to maximize productivity
and assure accurate, reliable results.
For the complete application, visit www.restek.com/adv002

ProFLOW 6000
Electronic Flowmeter

• Measures volumetric flow for most gases across a range of 0.5-500 mL/min.
• NIST traceable calibration.
• Ex rating (electrical apparatus for explosive gas atmospheres) for hydrogen
and related gas types.
• Accuracy of ± 2% of flow or ± 0.2 mL/min., whichever is greater.
• Data output via USB port.

Go to www.restek.com/flowmeter for product features.
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Figure 6 Using an Rxi®-624Sil MS column under optimized conditions increases productivity by assuring good resolution
and minimal downtime when analyzing environmental volatiles.

Analyze up to 36 samples
per shift by synchronizing
instrument and purge
and trap cycles.

Critical pairs resolved using an Rxi®-624Sil MS column under synchronized
conditions:
Peak #s
26/29
41/42
41/45

Compounds
2-butanone (MEK)/ethyl acetate
benzene/1,2-dichloroethane
benzene/tert-amyl methyl ether (TAME)

Common Ions
43
62
43

For peak identifications and conditions visit www.restek.com and enter chromatogram GC_EV1169 in the search function.

Rxi®-624Sil MS Columns (fused silica)
(midpolarity Crossbond® silarylene phase; similar to 6% cyanopropylphenyl/94% dimethyl polysiloxane)
ID
0.18mm
0.25mm
0.32mm
0.53mm

df
1.00µm
1.40µm
1.80µm
3.00µm

temp. limits
-20 to 300/320°C
-20 to 300/320°C
-20 to 300/320°C
-20 to 280/300°C

20-Meter
13865

30-Meter

60-Meter

75-Meter

105-Meter

13868
13870
13871

   13869 NEW
   13872
   13873 NEW

  
  
   13874 NEW

   13875 NEW

  

visit

  

www.restek.com/rxi
www.restek.com/rxi
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New Sky™ inlet liners are easy to recognize as the best choice for
optimal chromatography. All Sky™ liners come in specially marked
boxes and are packaged in ultra-clean blister packs.
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Rapidly Analyze a Wide Range of Glycol Ethers by
GC-MS Using the New Rxi®-1301Sil MS Column
By Rebecca Stevens and Chris English

Abstract
Chromatographic conditions were developed for a fast GC-MS glycol ether analysis on the Rxi®-1301Sil MS column. This cyanobased thin film column provides better resolution and faster run times than the thick film cyanopropylphenyl-type columns
commonly used for speciation of the glycol ethers. The glycol ethers are high production volume industrial chemicals that often
occur as complex mixtures of isomers. The Rxi®-1301Sil MS column is uniquely matched for the separation of these isomers while
still producing narrow and symmetric peaks for the low molecular weight ethylene glycol ethers.

The Glycol Ethers
Glycol ethers are a broad class of commodity chemicals that find use in numerous applications. They are commonly used as
ingredients in paints and coatings, cleaning products, and personal care products. This class of compounds is characterized by
repeating ethylene (E-series) or propylene (P-series) glycol units terminated on one or both ends by alkyl ethers, phenyl ethers,
or acetates (Figure 1). Glycol ethers are produced and used in enormous quantities, primarily in Western Europe, China, and the
United States.
Their unique amphiphilic structure gives the glycol ethers favorable properties such as low volatility, strong solvent strength, high
water solubility, and the ability to serve as coupling agents that promote the miscibility of aqueous and organic phases. These
properties make glycol ethers a popular alternative to traditional oxygenated solvents such as ketones, ethers, and alcohols.
Toxicological studies indicate that the lower molecular weight E-series glycol ethers, such as ethylene glycol methyl ether (EGME),
ethylene glycol ethyl ether (EGEE), and their acetates, may pose a more serious health hazard to humans and animals than their
higher molecular weight counterparts.
The European Union and Canada have both adopted regulations limiting the use of glycol ethers in consumer products. In the EU,
several of the glycol ethers are banned entirely while others are regulated to a specific concentration level. In 2010, Environment
Canada (EC) published a reference method [1] for analysis of glycol ethers in consumer products including cleaners, degreasers,
and coatings. This method addresses the most commonly used glycol ethers and describes an analytical approach for achieving the
reporting limits set by Canadian regulation.

Pure Chromatography

www.restek.com
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Figure 1: Structures of E-Series and P-Series Glycol Ethers

E-Series Glycol Ethers

Ethylene glycol methyl ether

Diethylene glycol methyl ether

Ethylene glycol ethyl ether

Diethylene glycol butyl ether

Ethylene glycol phenyl ether

Triethylene glycol methyl ether

P-Ser ies Glycol Ethers

Propylene glycol methyl ether (α)

Dipropylene glycol methyl ether (α,α)

Propylene glycol methyl ether (β)

Dipropylene glycol methyl ether (β,β)

Propylene glycol butyl ether (α)

Dipropylene glycol methyl ether (α,β)

Glycol Ethers of Regulatory Importance are Well Resolved in Minimal Time
The Environment Canada reference method recommends a standard 624-type column in a 60 m x 0.32 mm x 1.80 μm format and
a temperature program that spans 30 minutes for glycol ether analysis. The Rxi®-1301Sil MS column has very similar selectivity to
that of 624-type columns as both are based on cyanopropylphenyl stationary phases; however, the thinner film and higher thermal
stability of the Rxi®-1301Sil MS column provide good separations in a fraction of the time.

www.restek.com
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The Rxi®-1301Sil MS column in a 30 m x 0.25 mm x 0.25 μm format with optimized run conditions results in an analysis time of just
8 minutes. Using a fast temperature program, baseline resolution of the DPGME isomer group is possible and is comparable to, if
not better than, the original method (Figure 2). The 0.25 μm film results in higher efficiency, narrow peaks, and, in turn, improved
resolution with less retention. The Rxi®-1301Sil MS column also has a temperature limit of 320 °C, allowing for a high-temperature
isothermal hold to remove any low-volatility sample components from the column. If these low-volatility contaminants are not
removed during the analytical run they may elute in subsequent analyses as broad “ghost” peaks, possibly interfering with analytes
of interest.
Faster run times can also be achieved using narrow-bore 30 meter 624-type columns with the same phase ratio, such as a 30 m x
0.25 mm x 1.4 μm format, which will maintain the same elution order. However, as shown in Figures 3 and 4, chromatographic
resolution is reduced in exchange for speed in this situation, and coelution of the DPGME III isomer with DEGEE occurs. Poor
resolution of the TPGME isomer group is also apparent. In contrast to 624-type columns, the Rxi®-1301Sil MS column provides
better resolution of critical compounds for glycol ether analysis in a much faster analysis time.
Chromatograms were collected using a 200 amu scan range beginning at 20 amu in order to capture the low mass fragments
generated by electron ionization of the glycol ethers. The glycol units fragment readily and even the higher molecular weight
P-series compounds do not produce abundant ions greater than 150 amu. A high scan speed was employed to achieve enough
points across the narrow peaks.

Figure 2: An Rxi®-1301Sil MS column provides excellent separation of glycol ethers of regulatory importance three
times faster than under the EC method conditions while maintaining baseline resolution of the DPGME isomers.
Peaks
1.
2.
3.
4.
5.
6.
7.
8.
9.

EGME
EGEE
Perﬂuoro TEGME (IS)
PnPGE
PGMA
EGBE
PGBE
DEGME
DPGME I

tR (min) Conc.
(μg/mL)
2.483
100
3.218
100
3.894
100
4.412
100
4.622
100
4.998
100
5.218
100
5.320
100
5.685
100

Peaks

Common Name
10.
11.
12.
13.
14.
15.
16.
17.
18.

Ethylene glycol methyl ether
Ethylene glycol ethyl ether
Perﬂuoro triethylene glycol methyl ether
Propylene glycol propyl ether
Propylene glycol methyl ether acetate
Ethylene glycol butyl ether
Propylene glycol butyl ether
Diethylene glycol methyl ether
Dipropylene glycol methyl ether

DPGME II
DEGEE
DPGME III
1,2-DCB-D4 (IS)
EGHE
DEGBE
EGPhE
TPGME isomers
DEGHE

Standard was prepared from commercially available neat compounds, 95-99% purity.

tR (min) Conc.
(μg/mL)
5.715
5.763
100
5.807
5.876
100
6.383
100
6.907
100
7.239
100
7.451
100
7.952
100

Common Name
Dipropylene glycol methyl ether
Diethylene glycol ethyl ether
Dipropylene glycol methyl ether
1,2-Dichlorobenzene-D4
Ethylene glycol hexyl ether
Diethylene glycol butyl ether
Ethylene glycol phenyl ether
Tripropylene glycol methyl ether
Diethylene glycol hexyl ether
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16
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13
6
4

5
11

3

8

2
1

12
10
9

2

3

4

5

17

6

7

8

Time (min)

GC_PC1280

Column
Sample
Diluent:
Conc.:
Injection
Inj. Vol.:
Inj. Temp.:
Oven
Oven Temp.:
Carrier Gas
Flow Rate:
Linear Velocity:
Detector

Rxi®-1301Sil MS, 30 m, 0.25 mm ID, 0.25 μm (cat.# 16094)

Scan Program:

Methanol
100 ppm

Transfer Line
Temp.:
Analyzer Type:
Source Type:
Source Temp.:
Quad Temp.:
Electron Energy:
Solvent Delay
Time:
Tune Type:
Ionization Mode:
Instrument

1 μL split (split ratio 30:1)
260 °C
40 °C (hold 2 min) to 300 °C at 27 °C/min (hold 3 min)
He, constant ﬂow
1.3 mL/min
41.05 cm/sec @ 40 °C
MS

3

Group
1

Start Time
(min)
2

Scan Range Scan Rate
(amu)
(scans/sec)
20-220
29

300°C
Quadrupole
Inert
230 °C
150 °C
70 eV
2 min
PFTBA
EI
Agilent 7890A GC & 5975C MSD
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Figure 3 : Analysis of glycol ethers on a conventional 624-type (30 m x 0.25 mm x 1.4 μm) column from another
vendor showing the longer analysis time required and coelution of DEGEE with a DPGME isomer.
Peaks
1.
2.
3.
4.
5.
6.
7.
8.
9.
10.
11.
12.
13.
14.
15.
16.
17.
18.

tR (min)

EGME
EGEE
Perﬂuoro TEGME (IS)
PnPGE
PGMA
EGBE
PGBE
DEGME
DPGME I
DPGME II
DEGEE
DPGME III
1,2-DCB-D4 (IS)
EGHE
DEGBE
EGPhE
TPGME isomers
DEGHE

Conc.
(μg/mL)
100
100
100
100
100
100
100
100
100
100
100

4.423
5.186
5.346
6.272
6.412
6.841
7.036
7.156
7.510
7.510
7.591
7.616
7.838
8.225
8.777
9.184
9.324
9.903

Common Name
Ethylene glycol methyl ether
Ethylene glycol ethyl ether
Perﬂuoro triethylene glycol methyl ether
Propylene glycol propyl ether
Propylene glycol methyl ether acetate
Ethylene glycol butyl ether
Propylene glycol butyl ether
Diethylene glycol methyl ether
Dipropylene glycol methyl ether
Dipropylene glycol methyl ether
Diethylene glycol ethyl ether
Dipropylene glycol methyl ether
1,2-Dichlorobenzene-D4
Ethylene glycol hexyl ether
Diethylene glycol butyl ether
Ethylene glycol phenyl ether
Tripropylene glycol methyl ether
Diethylene glycol hexyl ether

100
100
100
100
100
100

Standard was prepared from commercially available neat compounds, 95-99% purity.
14
7
6

4
5

8

2
1

16

15

13

18

11

12

3

17
9,10

4

4.5

5

5.5

6

6.5

7

7.5
Time (min)

8

8.5

9

9.5
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GC_EX1133

Column
Sample
Diluent:
Conc.:
Injection
Inj. Vol.:
Inj. Temp.:
Oven
Oven Temp.:
Carrier Gas
Flow Rate:
Linear Velocity:
Detector
Mode:

Scan Program:
Methanol
100 ppm

Transfer Line
Temp.:
Analyzer Type:
Source Type:
Source Temp.:
Quad Temp.:
Electron Energy:
Solvent Delay
Time:
Tune Type:
Ionization Mode:
Instrument

1 μL split (split ratio 30:1)
260 °C
40 °C (hold 2 min) to 240 °C at 27 °C/min (hold 6 min)
He, constant ﬂow
1.3 mL/min
41.05 cm/sec @ 40 °C
MS
Scan

Group
1

Start Time Scan Range
(min)
(amu)
2
20-220

Scan Rate
(scans/sec)
29

250 °C
Quadrupole
Inert
230 °C
150 °C
70 eV
2 min
PFTBA
EI
Agilent 7890A GC & 5975C MSD
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Figure 4: Analysis of glycol ethers on an Rtx®-624 column (30 m x 0.25 mm x 1.4 μm) showing the same analysis
time and coelution issues associated with thick film cyanopropylphenyl columns
Peaks

tR (min)

1.EGME
2. EGEE
3. Perﬂuoro TEGME (IS)
4. PnPGE
5. PGMA
6. EGBE
7. PGBE
8. DEGME
9. DPGME I + DPGME II
10. DEGEE + DPGME III
11. 1,2-DCB-D4 (IS)
12. EGHE
13. DEGBE
14. EGPhE
15. TPGME isomers
16. DEGHE

Conc.
(μg/mL)
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100

4.561
5.306
5.427
6.362
6.511
6.940
7.119
7.285
7.613
7.713
7.946
8.319
8.880
9.333
9.427
10.018

Common Name
Ethylene glycol methyl ether
Ethylene glycol ethyl ether
Perﬂuoro triethylene glycol methyl ether
Propylene glycol propyl ether
Propylene glycol methyl ether acetate
Ethylene glycol butyl ether
Propylene glycol butyl ether
Diethylene glycol methyl ether
Dipropylene glycol methyl ether
Diethylene glycol ethyl ether
1,2-Dichlorobenzene-D4
Ethylene glycol hexyl ether
Diethylene glycol butyl ether
Ethylene glycol phenyl ether
Tripropylene glycol methyl ether
Diethylene glycol hexyl ether

Standard was prepared from commercially available neat compounds, 95-99% purity.
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8

8.5

9

9.5
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GC_PC1282

See Figure 3 for conditions.

Rapid Analysis is Achieved Using a Thin Film Column Alternative
The Rxi®-1301Sil MS column is based on the same stationary phase chemistry as the Rxi®-624Sil MS column, but it is made in a
thin film format (0.25 μm). This combination of selectivity and film thickness provides an ideal solution for fast GC-MS analysis
of a wide range of glycol ethers, making the Rxi®-1301Sil MS column ideal for the analysis of comprehensive lists of glycol ether
compounds.
Figure 5 shows the optimized separation of 24 glycol ethers and two internal standards on the Rxi®-1301Sil MS column.
Perfluorinated glycol ethers, such as fluorinated triethylene glycol methyl ether (perfluoro-TEGME), are commercially available
and represent candidates for functionally similar surrogates or internal standards for applications where isotope-labeled standards
are not practical or are unnecessary.
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While column bleed can be a concern with some stationary phases, the Rxi®-1301Sil MS column can be used with confidence.
At the maximum method temperature of 300 °C, column bleed is minimal and does not interfere with mass spectral compound
identification. Low column bleed is critical to the operation of sensitive mass selective detectors and allows full scan spectra to be
collected without interference from bleed ions.

Figure 5: The optimized selectivity and efficiency of thin film Rxi®-1301Sil MS columns provides good separation
of many key compounds for glycol ether analysis.

Peaks
1.
2.
3.
4.
5.
6.
7.
8.
9.
10.
11.
12.
13.
14.
15.
16.
17.
18.
19.
20.
21.
22.
23.
24.
25.
26.

tR (min)

EGiPE
Perﬂuoro TEGME (IS)
EGPE
PnPGE
PGMA
EGEA
PGBE
DEGDME
DEGME
DEGEE
1,2-DCB-D4 (IS)
EGBEA
EGHE
DEGBE
TEGDME
TEGME
EGPhE
PGPhE
DEGBEA
DEGHE
DEGDBE
TEGBE
TetraEGME
TEGDA
PentaEGME
EGDPhE

Conc.
(μg/mL)
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100

3.723
3.894
4.137
4.411
4.621
4.933
5.218
5.263
5.322
5.763
5.876
6.197
6.384
6.909
7.069
7.138
7.242
7.328
7.768
7.955
8.057
8.382
8.590
8.826
9.822
9.877

Common Name
Ethylene glycol isopropyl ether
Perﬂuoro triethylene glycol methyl ether
Ethylene glycol propyl ether
Propylene glycol propyl ether
Propylene glycol methyl ether acetate
Ethylene glycol ethyl ether acetate
Propylene glycol butyl ether
Diethylene glycol dimethyl ether
Diethylene glycol methyl ether
Diethylene glycol ethyl ether
1,2-dichlorobenzene-D4
Ethylene glycol butyl ether acetate
Ethylene glycol hexyl ether
Diethylene glycol butyl ether
Triethylene glycol dimethyl ether
Triethylene glycol methyl ether
Ethylene glycol phenyl ether
Propylene glycol phenyl ether
Diethylene glycol butyl ether acetate
Diethylene glycol hexyl ether
Diethylene glycol dibutyl ether
Triethylene glycol butyl ether
Tetraethylene glycol methyl ether
Triethylene glycol diacetate
Pentaethlylene glycol methyl ether
Ethylene glycol diphenyl ether

*Indicates a minor isomer. Standard was prepared from commercially available neat compounds, 95-99% purity.
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See Figure 2 for conditions.
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Conclusion
The new Rxi®-1301Sil MS column from Restek provides a significant opportunity to improve glycol ether analysis. While 624-type
columns are often used for this work, the Rxi®-1301Sil MS column allow separations to be achieved in much faster analysis times.
Glycol ethers of regulatory concern can be analyzed in just 8 minutes while still achieving good separations of key isomers. Labs
interested in reducing analysis times for current methods based on 624-type columns should consider adoption of the Rxi®-1301Sil
MS column into their testing programs. The Rxi®-1301Sil MS column offers high thermal stability and very low bleed, ensuring
optimal performance for glycol ether analysis.
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Reduce Helium
Consumption by 68%
Using Nitrogen Purge Gas for VOCs in Water
• Save 490 mL of helium per
sample by switching to
nitrogen purge gas.
• Spend less money on lab gases
and reduce your dependence
on helium.
• Easily resolve critical Method
524.4 compounds using an
Rtx®-VMS column.

Visit www.restek.com for a complete product listing
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Reduce Helium Consumption by 68%
Using Nitrogen Purge Gas for VOCs in Water
By now, everyone has felt the impact of the helium supply
problem—even regulatory agencies. In order to help
laboratories reduce helium use, EPA has revised Method
524.3 to allow for the use of nitrogen as a purge gas.
Although labs have been doing this for years with other
methods, substantial reductions in helium consumption
can now be obtained when analyzing purgeable organic
compounds in water by GC-MS using the revised method.
By switching to nitrogen purge gas using Method
524.4, you can save an impressive 490 mL of helium per
sample, which translates into a 68% reduction in helium
consumption (Table I). Saving nearly 0.5 L of helium per
sample quickly adds up to considerable cost savings and
also insulates labs from the impact of fluctuating helium
availability.
In addition to reducing helium consumption by using
nitrogen purge gas, employing an Rtx®-VMS column
for this analysis allows all Method 524.4 criteria to be
easily met. The Rtx®-VMS column is recommended for
purge-and-trap GC-MS analysis of VOCs by Method 524.4

because the selectivity of this column provides ample
separation between all critical compounds. As shown in
Figure 1, good resolution is obtained for target analytes
including o-xylene and styrene, as well as 1,1,1-trichloroethane and carbon tetrachloride. The Rtx®-VMS column
is listed in Method 524.4 and was used by the EPA to
establish method performance [1]. No interference from
overlapping peaks was observed and the small bore
0.25 mm column results in higher column efficiency and
improved separations.
Labs analyzing purgeable organic compounds in water
can save money and reduce helium dependence by
using Method 524.4 with nitrogen purge gas and an
Rtx®-VMS column. To compare results achieved with
nitrogen purge gas to those obtained using helium, visit
www.restek.com/524blog
References
[1] U.S. Environmental Protection Agency, Method 524.4, Measurement of Purgeable
Organic Compounds in Water by Gas Chromatography/Mass Spectrometry Using
Nitrogen Purge Gas, May 2013. http://water.epa.gov/scitech/drinkingwater/labcert/
upload/815R13002.pdf (accessed December 19, 2013)

Table I: Using nitrogen purge gas allows labs to save reduce helium use by 68%.
Instrument

Analysis Step

He Volume

N₂ Volume

P&T

Purge

—

440

Dry Purge

—

50

Desorb

30.9

—

Split Vent*

140

—

Carrier

13.5

—

GC-MS

Septum Purge

45

—

Total Gas Volume

719.4

Volume of Helium Saved

490

Percent of Helium Saved

68%

*Gas saver is turned to 10 mL/min @ 1 min.
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Figure 1: The Rtx®-VMS column is specifically designed for separating purgeable organic compounds, which means it
provides excellent resolution of the Method 524.4 VOCs analyzed here using nitrogen purge gas.
		
1.
2.
3.
4.
5.
6.
7.
8.
9.
10.
11.
12.
13.
14.
15.
16.

Peaks
Dichlorodifluoromethane
Chlorodifluoromethane
Chloromethane
Vinyl chloride
1,3-Butadiene
Bromomethane
Trichlorofluoromethane
Diethyl ether
1,1-Dichloroethene
Carbon disulfide
Methyl iodide
Allyl chloride
Methylene chloride
trans-1,2-Dichloroethene
Methyl acetate
MTBE-d3 (SS)

17.
18.
19.
20.
21.
22.
23.
24.
25.
26.
27.
28.
29.
30.
31.
32.
33.

MTBE
tert-Butyl alcohol (TBA)
Diisopropyl ether (DIPE)
1,1-Dichloroethane
tert-Butyl ethyl ether (ETBE)
cis-1,2-Dichloroethene
Bromochloromethane
Chloroform
Carbon tetrachloride
Tetrahydrofuran
1,1,1-Trichloroethane
1,1-Dichloropropene
1-Chlorobutane
Benzene
tert-Amyl methyl ether (TAME)
1,2-Dichloroethane
Trichloroethene

34.
35.
36.
37.
38.
39.
40.
41.
42.
43.
44.
45.
46.
47.
48.
49.
50.

1,4-Difluorobenzene
tert-Amyl ethyl ether (TAEE)
Dibromomethane
1,2-Dichloropropane
Bromodichloromethane
cis-1,3-Dichloropropene
Toluene
Tetrachloroethene
trans-1,3-Dichloropropene
1,1,2-Trichloroethane
Ethyl methacrylate
Dibromochloromethane
1,3-Dichloropropane
1,2-Dibromoethane
Chlorobenzene-d5
Chlorobenzene
Ethylbenzene

51.
52.
53.
54.
55.
56.
57.
58.
59.
60.
61.
62.
63.
64.
65.
66.
67.

1,1,1,2-Tetrachloroethane
m-Xylene
p-Xylene
o-Xylene
Styrene
Bromoform
Isopropylbenzene
4-Bromofluorobenzene (SS)
Bromobenzene
n-Propylbenzene
1,1,2,2-Tetrachloroethane
2-Chlorotoluene
1,3,5-Trimethylbenzene
1,2,3-Trichloropropane
4-Chlorotoluene
tert-Butylbenzene
Pentachloroethane

68.
69.
70.
71.
72.
73.
74.
75.
76.
77.
78.
79.
80.
81.
82.
C.

1,2,4-Trimethylbenzene
sec-Butylbenzene
4-Isopropyltoluene
1,3-Dichlorobenzene
1,4-Dichlorobenzene-d4
1,4-Dichlorobenzene
n-Butylbenzene
Hexachloroethane
1,2-Dichlorobenzene-d4 (SS)
1,2-Dichlorobenzene
1,2-Dibromo-3-chloropropane
Hexachlorobutadiene
1,2,4-Trichlorobenzene
Naphthalene
1,2,3-Trichlorobenzene
Contamination from nitrogen
gas line; * Toluene-d8

Time (min)
Column
Sample
Diluent:
Conc.:
Injection
Liner:
Inj. Temp.:
Purge and Trap
Instrument:
Trap Type:
Purge:
Dry Purge:
Desorb:
Bake:
Interface
Connection:
Transfer Line Temp.:
Oven
Oven Temp.:

Rtx®-VMS, 30 m, 0.25 mm ID, 1.40 µm (cat.# 19915)
524.3 Internal standard/surrogate mix (cat.# 30017)
524.3 Gas calibration mix (cat.# 30014)
524.3 VOA MegaMix® standard (cat.# 30013)
RO water
40 ng/mL (5 mL sample)
purge and trap split (split ratio 30:1)
Sky® 1.0 mm ID straight inlet liner (cat.# 23333.1)
200 °C
EST Encon Evolution
Vocarb 3000
11 min, flow 40 mL/min
1 min, flow 50 mL/min
1 min @ 260 °C, flow 30.9 mL/min
8 min @ 265 °C
injection port
150 °C
45 °C (hold 4.5 min) to 100 °C at 12 °C/min to 240 °C at 25 °C/min (hold 1.32 min)

GC_EV1351
Carrier Gas
Flow Rate:
Detector
Mode:
Scan Program:

Transfer
Line Temp.:
Analyzer Type:
Source Temp.:
Quad Temp.:
Electron Energy:
Solvent
Delay Time:
Tune Type:
Ionization Mode:
Instrument
Notes

He, constant flow
0.9 mL/min
MS
Scan
Start Time
Group
(min)
1
1.5
2
2.9

Scan Range
(amu)
47–300
35–300

Scan Rate
(scans/sec)
5.4
5.19

240 °C
Quadrupole
230 °C
150 °C
70 eV
1.5 min
BFB
EI
Agilent 7890A GC & 5975C MSD
Nitrogen was used as the purge gas for the
EST Encon Evolution.
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For EPA 524.4 analysis, Restek recommends...

524.3 VOA MegaMix® Standard (69 components)
Allyl chloride (3-chloropropene) (107-05-1)
tert-Amyl ethyl ether (TAEE) (919-94-8)
tert-Amyl methyl ether (TAME) (994-05-8)
Benzene (71-43-2)
Bromobenzene (108-86-1)
Bromochloromethane (74-97-5)
Bromodichloromethane (75-27-4)
Bromoform (75-25-2)
tert-Butanol (TBA) (75-65-0)
n-Butylbenzene (104-51-8)
sec-Butylbenzene (135-98-8)
tert-Butylbenzene (98-06-6)
Carbon disulfide (75-15-0)
Carbon tetrachloride (56-23-5)
Chlorobenzene (108-90-7)
Chloroform (67-66-3)
1-Chlorobutane (butyl chloride) (109-69-3)
2-Chlorotoluene (95-49-8)
4-Chlorotoluene (106-43-4)
Dibromochloromethane (124-48-1)
1,2-Dibromo-3-chloropropane (96-12-8)
Dibromomethane (74-95-3)
1,2-Dibromoethane (EDB) (106-93-4)
1,2-Dichlorobenzene (95-50-1)
1,3-Dichlorobenzene (541-73-1)
1,4-Dichlorobenzene (106-46-7)
1,1-Dichloroethane (75-34-3)
1,2-Dichloroethane (107-06-2)
1,1-Dichloroethene (75-35-4)
cis-1,2-Dichloroethene (156-59-2)
trans-1,2-Dichloroethene (156-60-5)
1,2-Dichloropropane (78-87-5)
1,3-Dichloropropane (142-28-9)
1,1-Dichloropropene (563-58-6)
cis-1,3-Dichloropropene (10061-01-5)
2,000 µg/mL each in P&T methanol, 1 mL/ampul

trans-1,3-Dichloropropene (10061-02-6)
Diethyl ether (ethyl ether) (60-29-7)
Diisopropyl ether (DIPE) (108-20-3)
Ethylbenzene (100-41-4)
Ethyl-tert-butyl ether (ETBE) (637-92-3)
Ethyl methacrylate (97-63-2)
Hexachlorobutadiene (87-68-3)
Hexachloroethane (67-72-1)
Iodomethane (methyl iodide) (74-88-4)
Isopropylbenzene (cumene) (98-82-8)
4-Isopropyltoluene (p-cymene) (99-87-6)
Methyl acetate (79-20-9)
Methyl-tert-butyl ether (MTBE) (1634-04-4)
Methylene chloride (dichloromethane)

Rtx®-VMS Columns

(fused silica) (proprietary Crossbond® phase)

• Application-specific columns
for volatile organic pollutants
by GC-MS.
• Stable to 260 °C.
ID
0.25 mm

df
1.40 µm

(75-09-2)

Naphthalene (91-20-3)
Pentachloroethane (76-01-7)
n-Propylbenzene (103-65-1)
Styrene (100-42-5)
Tetrachloroethene (127-18-4)
1,1,1,2-Tetrachloroethane (630-20-6)
1,1,2,2-Tetrachloroethane (79-34-5)
Tetrahydrofuran (109-99-9)
Toluene (108-88-3)
1,2,3-Trichlorobenzene (87-61-6)
1,2,4-Trichlorobenzene (120-82-1)
1,1,1-Trichloroethane (71-55-6)
1,1,2-Trichloroethane (79-00-5)
Trichloroethene (79-01-6)
1,2,3-Trichloropropane (96-18-4)
1,2,4-Trimethylbenzene (95-63-6)
1,3,5-Trimethylbenzene (108-67-8)
m-Xylene (108-38-3)
o-Xylene (95-47-6)
p-Xylene (106-42-3)
cat.# 30013 (ea.)

• Complete separation of U.S.
EPA Method 8260B compounds
in less than 10 minutes.
• Proprietary Restek® phase.

temp. limits
-40 to 240/260 °C

30-Meter
19915

60-Meter
19916

Parker Balston® Nitrogen Gas Generators
• Produces ultra-pure nitrogen (up to 99.9999%).
• Require only a compressed air source and 110 volt
AC power.
• Typical applications include GC carrier gas, make-up
gas, and low flow sample concentrators.
• Maintenance kits include replacement filters.
Nitrogen Generators

Model #

Nitrogen Generator
Maintenance Kits

HPN2-1100 (ultra-high purity)
Model #

qty.
.
ea.
qty.

21653
cat.#

cat.#

Annual Maintenance Kit
Includes: 1st and 2nd stage prefilters
(1 each) and 1 final filter

for HPN2-1100, 76-92

kit

21649

Annual Maintenance Kit
Includes: 1st, 2nd, and 3rd stage
prefilters (1 each) and 1 final filter

for UHPN2-1100, 76-94, 76-96

kit

21655

Gas calibration and internal standards are also available at www.restek.com

Contact your Restek representative and order yours today!
Visit www.restek.com/Contact-Us to find a distributor or representative.

Questions about this or any other Restek® product?
Contact us or your local Restek® representative (www.restek.com/contact-us).
Restek® patents and trademarks are the property of Restek Corporation. (See www.restek.com/Patents-Trademarks for full list.) Other trademarks in Restek® literature or on its website are
the property of their respective owners. Restek® registered trademarks are registered in the U.S. and may also be registered in other countries.

© 2014 Restek Corporation. All rights reserved. Printed in the U.S.A.

www.restek.com
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Improve Results for GC-ECD
Analysis of Chlorinated Pesticides
With Resprep® CarboPrep® SPE Cleanup Cartridges
• Use CarboPrep® SPE cartridge
cleanup to remove coextracted
sterols, pigments, and nonpolar
compounds.
• Improve accuracy for chlorinated
pesticide samples by reducing
matrix interferences.
• Obtain baseline resolution and
excellent recoveries for Method
8081B analytes.

Many chlorinated pesticides have been banned for use because
of their short- and long-term toxicity, carcinogenicity, and
environmental persistence. An expanded list of these chemicals,
some of which are still actively applied in the field, has been
included in the updated U.S. Environmental Protection Agency
(EPA) Method 8081B. Despite the fact that most of these
chlorinated pesticides are now illegal to use, manufacture, and
transport in the U.S., organochlorine compounds are still a
potential source of pesticide poisoning. Although most of these
chlorinated pesticides have limited water solubility and mobility,
they do bioaccumulate and persist in the environment. Since
there is an ongoing risk for exposure from a number of sources,
it is still essential to test soils, wastewater, and sediments for
their presence.
One of the primary challenges chemists face with 8081B analysis
is chromatographic interference from matrix compounds.
This is because the methylene chloride or acetone/methylene
chloride solvent used for the extraction of water and soil also
removes a wide variety of organic matrix compounds. To
reduce interferences in the sample extracts, gel permeation
chromatography (GPC) and/or solid phase cleanup is
recommended. The GPC cleanup step removes high molecular
weight organic compounds, which can create active sites in
the injector if they do not volatilize completely. For solid phase
cleanup, Florisil® absorbent is commonly used to clean extracts
by removing polar contaminants.
Even after GPC and Florisil® cleanup steps, matrix interferences
typically still remain. SPE cleanup of chlorinated pesticide
samples with Resprep® CarboPrep® SPE cartridges can further
improve results by removing sterols, pigments, and nonpolar
interferences, without compromising the recovery of pesticides.
Extracts will have lower backgrounds, which results in fewer

Visit www.restek.com/resprep for a complete product listing

Pure Chromatography

www.restek.com
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chromatographic interferences, extended lifetime for inlet
liners and guard columns, and reduced maintenance of
sensitive ECD detectors. Results in Table I show that recovery
levels are excellent for this chlorinated pesticides list, when
following the cleanup procedure described in Figure 1. While
many of the components included in EPA Method 8081B are
difficult to fully resolve using GC-ECD, target components
can be reliably separated using the Rtx®-CLPesticides and
Rtx®-CLPesticides2 column pair.

Table I: Excellent recoveries of chlorinated pesticides
are obtained using Resprep® CarboPrep® SPE cartridges.
Compound

Adding Resprep® CarboPrep® 90 cartridges for SPE cleanup
of chlorinated pesticide samples is an effective way to
minimize interferences and improve method accuracy. Labs
interested in improving results for chlorinated pesticides
analysis should consider adding CarboPrep® SPE cleanup to
existing procedures and switching to Rtx®-CLPesticides and
Rtx®-CLPesticides2 columns.

%Recovery

%RSD

Tetrachloro-m-xylene

99.3

0.6

Hexachlorobenzene

100.6

1.3

α-BHC

99.6

0.4

γ-BHC

99.3

1.3

Heptachlor

98.9

0.8

Endosulfan I

101.9

4.7

Dieldrin

102.0

1.3

Endrin

103.2

1.8

4,4'-DDD

100.7

1.1

4,4'-DDT

102.8

2.1

Methoxychlor

101.0

4.1

Decachlorobiphenyl

102.4

0.6

See Figure 1 for analyte concentrations, as well as preparation and analysis details (n = 3).

Figure 1: Extract cleanup using Resprep® CarboPrep® SPE cartridges and analysis of chlorinated pesticides on an Rtx®-CLPesticides2 column.

1.
2.
3.
4.
5.
6.
7.
8.
9.
10.
11.
12.

Conc.
Peaks
(ng/mL)
Tetrachloro-m-xylene (SS)
1.0
Hexachlorobenzene
0.25
alpha-BHC
0.25
gamma-BHC
0.25
Heptachlor
0.25
Endosulfan I
0.25
Dieldrin
0.50
Endrin
0.50
4,4'-DDD
0.50
4,4'-DDT
0.50
Methoxychlor
2.50
Decachlorobiphenyl (SS)
1.0

12

1

11

7
2 3

5

4

89

10

6
GC_EV1300

4

6

Column
Sample

Diluent:
Injection
Inj. Vol.:
Liner:
Inj. Temp.:
Purge Flow:
Oven
Oven Temp.:
Carrier Gas
Flow Rate:
Detector
Make-up Gas Flow Rate:
Make-up Gas Type:
Data Rate:
Instrument
Notes

www.restek.com

8

10
Time (min)

12

14

Rtx®-CLPesticides2, 30 m, 0.32 mm ID, 0.25 µm (cat.# 11324) using Rxi® guard column 5 m,
0.32 mm ID (cat.# 10039) with universal “Y” Press-Tight® connector (cat.# 20406-261)
Pesticide standard mix A (cat.# 32297)
2,4,5,6-Tetrachloro-m-xylene (cat.# 32027)
Decachlorobiphenyl (BZ #209) (cat.# 32029)
Hexachlorobenzene (cat.# 32231)
Hexane
2 µL splitless (hold 0.75 min)
Sky® 4.0 mm ID single taper inlet liner w/wool (cat.# 23303.5)
250 °C
50 mL/min
110 °C (hold 0.5 min) to 320 °C at 15 °C/min (hold 5 min)
He, constant flow
3.5 mL/min
µ-ECD @ 330 °C
50 mL/min
N₂
50 Hz
Agilent/HP6890 GC
Sample: The four standards listed above were diluted in hexane to create a 5-50 ppb
sample solution.
Conditioning: Resprep® CarboPrep® SPE cartridges (3 mL, 250 mg, cat.# 26091) were
conditioned using 3 mL hexane:dichloromethane (80:20).
Cleanup: 1 mL of the sample solution was applied to the SPE cartridge and eluted using
20 mL of hexane:dichloromethane (80:20).

2
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Product Listings
Resprep® CarboPrep® SPE Cartridges
• Improved recovery of sulfonylurea herbicides, phenols, carbamates, and
triazine herbicides, compared to C18 and C8 cartridges.
• Wide range of selectivity for both analytes and their metabolites or
degradation products.
• Rapid sampling flow rates; uncompromised recoveries.
• Maximum capacity for contaminant cleanup.
• Controlled manufacturing improves cleanliness, ensures reproducible
performance.
Tube Volume,
Bed Weight
3 mL, 250 mg
6 mL, 500 mg

SPE Cartridge
CarboPrep 90
CarboPrep 90

qty.

cat.#

50-pk.
30-pk.

26091
26092

Excellent for
Pesticide Residue
Cleanup!

  
  

Rtx®-CLPesticides/Rtx®-CLPesticides2
•
•
•
•
•

Application-specific columns for organochlorine pesticides and herbicides.
Low bleed—ideal for GC-ECD or GC-MS analyses.
Baseline separations in less than 10 minutes.
Stable to 340 °C.
Analyze EPA Method 8081B, 8082A, 8151A, 504.1, 515, 508.1, and 552.2
compounds without time-consuming column change.

Rtx®-CLPesticides Columns (fused silica)
(proprietary Crossbond® phases)
ID
df
0.18 mm 0.18 µm
0.25 mm 0.25 µm
0.32 mm 0.32 µm
0.50 µm
0.53 mm 0.50 µm

temp. limits
-60 to 320/340 °C
-60 to 320/340 °C
-60 to 320/340 °C
-60 to 320/340 °C
-60 to 300/320 °C

15-Meter

20-Meter
42102

11120

  

11136
11137

  
  

30-Meter

60-Meter

  
11123
11141
11139
11140

  
  
  
  

11126

  

Rtx®-CLPesticides2 Columns (fused silica)
(proprietary Crossbond® phases)
ID
df
0.18 mm 0.14 µm
0.25 mm 0.20 µm
0.32 mm 0.25 µm
0.50 µm
0.53 mm 0.42 µm

temp. limits
-60 to 320/330 °C
-60 to 320/340 °C
-60 to 320/340 °C
-60 to 320/340 °C
-60 to 300/320 °C

10-Meter
42301

15-Meter
  
11321
11337

20-Meter
30-Meter
42302
  
11323
  
11324
11325
  
11340

60-Meter
  
  
  
  

Pesticide Standard Mix A (9 components)
α-BHC
γ-BHC (lindane)
4,4'-DDD

5 µg/mL
5
10

4,4'-DDT
dieldrin
endosulfan I

In hexane:toluene (90:10), 1 mL/ampul

10
10
5

  

Decachlorobiphenyl (BZ #209)
endrin
heptachlor
methoxychlor

10
5
50

decachlorobiphenyl
200 µg/mL in acetone, 1 mL/ampul
200 µg/mL in acetone, 5 mL/ampul
10 µg/mL in isooctane, 1 mL/ampul

cat.# 32297 (ea.)   

2,4,5,6-Tetrachloro-m-xylene

cat.# 32029 (ea.)   
cat.# 32030 (ea.)   
cat.# 32289 (ea.)   

Hexachlorobenzene

2,4,5,6-tetrachloro-m-xylene
200 µg/mL in acetone, 1 mL/ampul
200 µg/mL in acetone, 5 mL/ampul

11326

hexachlorobenzene
cat.# 32027 (ea.)   
cat.# 32028 (ea.)   

1,000 µg/mL in acetone, 1 mL/ampul

3

cat.# 32231 (ea.)   

www.restek.com
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Solid Phase Extraction Cartridges
from Restek

Proven Quality, Superior Cleanliness,
and Method-Specific Performance
Resprep® solid phase extraction (SPE) cartridges are manufactured with specially cleaned sorbents and
high-purity materials to minimize background and to help eliminate troublesome interference. In order
to ensure reproducibility, every finished product goes through rigorous QC testing, targeted to specific
applications whenever possible, and an extensive certificate of analysis details the results.
Available with the following sorbents:
•  Silica: Multipurpose
•  EPH Silica: Petroleum
•  Florisil® Adsorbent: Pesticides
•  CarboPrep® Adsorbent:
   Dirty Samples

www.restek.com/resprep

Contact your Restek representative and order yours today!
Visit www.restek.com/Contact-Us to find a distributor or representative.
PATENTS & TRADEMARKS
Restek® patents and trademarks are the property of Restek Corporation. (See www.restek.com/Patents-Trademarks for full list.) Other trademarks appearing in Restek®
literature or on its website are the property of their respective owners. The Restek® registered trademarks used here are registered in the United States and may also be
registered in other countries.
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© 2013 Restek Corporation. All rights reserved.
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Ship Our Rugged
Air Canisters at No Extra Cost
• Strong, durable canisters
stand up to field conditions.
• Reliable performance
without additional
shipping expenses.
• Available in 1–15 L sizes.

Visit www.restek.com/air for air sampling products and resources.

Innovative Chromatography Solutions www.restek.com • 1-800-356-1688 • 1-814-353-1300
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Ship Our Rugged Air Canisters at No Extra Cost
Durability, ease of use, and inertness are among the most important factors customers consider when purchasing new air
sampling canisters. Canister weight can also be a concern, so SilcoCan® and TO-Can® air sampling canisters pack extra strength
and reliability into each can. Compared to competitor products, Restek air canisters weigh a mere 320 g (the weight of a smart
phone) more, but are stronger and easier to use. Take a closer look at the 320 g difference in Table I, Restek’s bigger, more
comfortable to grip valve weighs 60 g more, the larger and easier to read vacuum/pressure gauge accounts for another 10 g,
which leaves an extra 250 g of hard-wearing metal that strengthens the sphere and bracket.
So what are the real-world implications of an extra 320 g? Well, you get a stronger, more durable canister that doesn’t cost any
more to ship than other canisters. According to expense calculators from major shipping companies, ground postage costs for
shipping four canisters would be the same for both sets of canisters. You won’t notice an extra 320 g of weight, but you will
benefit from the rugged durability it gives Restek air canisters. Try highly inert SilcoCan® canisters or general-purpose TO-Can®
canisters today!
Table I: A strong, durable air canister from Restek weighs only grams more than similar products and provides extra strength for the same
shipping cost.

Restek

2.27

220

90.0

Assembled
6 L Canister w/Gauge (kg)
2.58

Entech

2.02

160

80.0

2.26

Canister
Alone (kg)

Valve Alone
(g)

Gauge Alone
(g)

Four Shipping
Boxes (kg)

Total Weight of Four Canisters
in Shipping Boxes (kg)

Ground Postage from Miami, FL
to Dutch Harbor, AK (U.S.$)

13.3

2.95

207.74

12.0

Ship stronger
cans for the
SAME COST!

SilcoCan® Air Sampling Canisters Ideal for low-level reactive sulfur (1-20 ppb),
TO-14A, or TO-15 compounds

Description
w/ Parker Diaphragm Valve
w/ Parker Diaphragm Valve, Siltek Treated
w/ Parker Diaphragm Valve, and Gauge*
w/ Parker Diaphragm Valve, Siltek Treated, and Gauge*
without Valve

1 L Volume
cat.#
24180
24180-650
24140
24140-650
22090

3 L Volume
cat.#
24181
24181-650
24141
24141-650
22091

6 L Volume
cat.#
24182
24182-650
24142
24142-650
22092

15 L Volume
cat.#
24183
24183-650
24143
24143-650
22093

TO-Can® Air Sampling Canisters Optimized for Methods TO-14A, TO-15, IP-1A,
ASTM D5466, OSHA PV 2120, and NJ DEP Low Level TO-15
Description
w/ Parker Diaphragm Valve
w/ Parker Diaphragm Valve, and Gauge*
w/ Swagelok SS4H Bellows Valve
without Valve

1 L Volume
cat.#
24172
24176
22105
22094

3 L Volume
cat.#
24173
24177
22106
22095

6 L Volume
cat.#
24174
24178
22107
22096

15 L Volume
cat.#
24175
24179
22108
22097

*Range of standard gauge is -30" Hg to 60 psi. Do not exceed canister maximum pressure of 40 psig.

Contact your Restek representative and order yours today!
Visit www.restek.com/Contact-Us to find a distributor or representative.
PATENTS & TRADEMARKS
Restek® patents and trademarks are the property of Restek Corporation. (See www.restek.com/Patents-Trademarks for full list.) Other trademarks appearing in Restek®
literature or on its website are the property of their respective owners. The Restek® registered trademarks used here are registered in the United States and may also be
registered in other countries.
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© 2013 Restek Corporation. All rights reserved.
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Improve GC Analysis of Extractable
Petroleum Hydrocarbons
Using Resprep® EPH Fractionation SPE Cartridges

• Resprep® EPH fractionation SPE cartridges
are manufactured for method-specific
performance.
• Improved packaging and components for
superior cleanliness.
• Proven quality with method-specific testing
and documentation.

Concern for the environmental and health effects from exposure to
materials from leaking underground petroleum storage tanks has grown
over the last 20 years. The U.S. Environmental Protection Agency (EPA)
and international groups have addressed some of the analytical and
sample preparation techniques needed for both on-site and laboratory
assessment of possible water and soil contamination. Several U.S. states
also have developed their own methods to meet urgent or specific needs
for analyzing samples from their own geographical areas. One of the
earliest methods was developed by the Massachusetts Department of
Environmental Protection (MassDEP). Introduced in 1998, the MassDEP’s
Method for Determination of Extractable Petroleum Hydrocarbons (EPH)
was updated to Revision 1.1 in May 2004. This method is intended
for either qualitative identification of total petroleum hydrocarbons
(TPH) or for fractionation, detailed analysis, and quantification of both
aliphatic and aromatic fractions from site samples of water or soil/
sediment matrices [1]. This detailed quantitative analysis ensures optimal
identification of suspected contaminants and supports toxicological
assessment for human exposure. Because of the broad and thorough
nature of the quantitative information generated by this method, many
site managers and engineering firms request it to be used, even for their
out of state samples. Some other states, including Texas, have adopted
similarly detailed methods [2,3].
Method Challenges
Although these quantitative methods are useful, they present additional
demands on laboratories, especially at the sample preparation and
fractionation steps. Heavily contaminated samples require initial
extraction into methylene chloride, drying with sodium sulfate, solvent
exchange into hexane, and concentration, followed by fractionation and
cleanup using solid phase extraction (SPE) cartridges containing large
beds (5 g) of silica gel. Although these cartridges are now commercially
available from many suppliers, the quality of these products must be
assured for each lot, and, sometimes, even within lots. The activity level

Visit www.restek.com/resprep for a complete product listing
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and capacity of the silica used in the cartridge, the compression of the bed, and the quality of the
constituents and packaging used in the product all are critical to achieving good results. Because
the SPE cartridges have a large diameter, voiding can occur near the upper retaining frit and
within the silica bed due to settling during shipment and transport of the cartridges. Voids can be
eliminated by tapping the tip of the cartridge against a hard surface, to resettle and level the bed,
then inserting a clean, flat-ended rod into the cartridge and pushing firmly, to reposition the frit
into contact with the silica bed.
Determining the activity level of the silica is more difficult. The volume of hexane required to
fractionate the aliphatic portion of the sample, without allowing any aromatic analytes to break
through into the second methylene chloride fraction, can vary, typically from 17 mL to 22 mL
(±0.5 mL), and must be determined for every lot of cartridges. Slight variations in the silica
material, or in humidity levels during manufacture of the cartridges, can have a dramatic effect
on the hexane fractionation results. Exposure in the lab also can affect results, so all cartridges
should be left in their original packaging until needed, and unused cartridges should be resealed
immediately and stored in a desiccator.
The level of extractables in commercial SPE cartridges is one of the greatest concerns with these
methods. Trace levels of phthalates and other contaminants from cartridges, frits, and packaging
are easily extracted along with the desired analytes, complicating low-level quantification.
Proven Performance
We have always specially treated our Resprep® EPH fractionation SPE cartridges (cat.# 26065)
to ensure minimum background extractables and maximum silica activity. Figure 1 shows the
background level of the hexane fraction from a select group of competitor cartridges compared
to the significantly lower background from the new Resprep® product. We have expanded our
quality testing to demonstrate method-specific performance for the fractionation of extractable
petroleum hydrocarbons. We have also improved the packaging and components for superior
product cleanliness. This proven quality is demonstrated with extensive documentation provided
in each package. A certificate of analysis shows not only the physical characteristics of the sorbent,
but also the aromatic breakthrough and the chromatographic cleanliness.
If you are conducting EPH or similar analyses and are concerned with the quality and uniformity
of the SPE cartridges you have been using, try Resprep® EPH fractionation SPE cartridges.
Demonstrated product quality and rigorous testing ensure minimal interference from coextracted
compounds, which can improve accuracy and precision for extractable petroleum hydrocarbons.
References
[1] Massachusetts Department of Environmental Protection, Division of Environmental Analysis, Office of Research and Standards, Bureau of
Waste Site Cleanup, Method for the Determination of Extractable Petroleum Hydrocarbons (EPH) Revision 1.1, May 2004.
[2] Texas Natural Resource Conservation Commission, TNRCC Method 1005, Total Petroleum Hydrocarbon, Revision 03, June 1, 2001.
[3] Texas Natural Resource Conservation Commission, Draft TNRCC Method 1006, Characterization of Nc6 to Nc35 Petroleum Hydrocarbons
in Environmental Samples, (May 2000).
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Figure 1: New Resprep® EPH fractionation SPE cartridges have lower levels of background extractables than similar products from other
vendors. Surrogate standard 1-chlorooctadecane peak is shown for reference.
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Diluent:
Conc.:
Injection
Inj. Vol.:
Liner:
Inj. Temp.:
Purge Flow:
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Rtx®-5, 30 m, 0.32 mm ID, 0.25 µm (cat.# 10224)
MA EPH surrogate spike mix (cat.# 31479)
Hexane
20 µg/mL
0.5 µL splitless (hold 1 min)
2 mm ID straight liner w/IP deactivated wool (cat.# 21718)
300 °C
50 mL/min

14

16

GC_EV1293

Oven
Oven Temp.:
Carrier Gas
Flow Rate:
Detector
Instrument
Notes
Acknowledgement

40 °C (hold 1 min) to 300 °C at 12 °C/min to 330 °C at 6 °C/min (hold 6 min)
He, constant flow
3 mL/min @ 40 °C
FID @ 330 °C
PE Clarus 600 GC
SPE: Condition tube with 30 mL hexane. Elute with hexane, collecting
20 mL. Concentrate to 1 mL.
PerkinElmer for use of Clarus 600
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Improve GC Analysis of Extractable Petroleum Hydrocarbons
Using Resprep® EPH Fractionation SPE Cartridges
Method Specific SPE Cartridges
These cartridges have been specifically
designed to provide consistent and
reproducible results for EPH fractionation.
Tube Volume,
Bed Weight

Description

Applications

EPH Fractionation

Separation of aliphatic and aromatic hydrocarbons into distinct extract fractions.
Specially treated to reduce contaminants and increase capacity. Silica packing.

qty. cat.#

20 mL, 5 g 15-pk. 26065

Cartridges are manufactured using high density polypropylene and have polyethylene frits.
Cartridges may be processed by any one or all of these techniques: positive pressure, sidearm flask, centrifuge, or vacuum manifold.

Reference Standards
MA EPH Surrogate Spike Mix

MA Fractionation Check Mix

1-chlorooctadecane
o-terphenyl

PAHs:
acenaphthene
acenaphthylene
anthracene
benzo(a)anthracene
benzo(a)pyrene
benzo(b)fluoranthene
benzo(k)fluoranthene
benzo(ghi)perylene
chrysene
dibenzo(a,h)anthracene
fluoranthene
fluorene
indeno(1,2,3-cd)pyrene
2-methylnaphthalene
naphthalene
phenanthrene
pyrene

(2 components)

(31 components)

4,000 µg/mL each in acetone, 1 mL/ampul
cat.# 31479 (ea.)   

MA Fractionation Surrogate Spike Mix
(2 components)

2-bromonaphthalene
2-fluorobiphenyl
4,000 µg/mL each in hexane, 1 mL/ampul
cat.# 31480 (ea.)   

Hydrocarbons:
n-nonane (C9)
n-decane (C10)
n-dodecane (C12)
n-tetradecane (C14)
n-hexadecane (C16)
n-octadecane (C18)
n-nonadecane (C19)
n-eicosane (C20)
n-docosane (C22)
n-tetracosane (C24)
n-hexacosane (C26)
n-octacosane (C28)
n-triacontane (C30)
n-hexatriacontane (C36)

Solid Phase
Extraction
Cartridges
from Restek

• Proven Quality
• Superior Cleanliness
• Method-Specific
Performance

25 µg/mL each in hexane, 1 mL/ampul
cat.# 31481 (ea.)   

GC Column
Rtx®-5 Columns (fused silica)

(low polarity phase; Crossbond® diphenyl dimethyl polysiloxane)
Description		
30 m, 0.32 mm  ID, 0.25 µm

temp. limits			
-60 to 330/350 °C

qty.
ea.

cat.#
10224  
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Florisil® SPE Cleanup

for Chlorinated Pesticides Analysis
Many chlorinated pesticides have been banned for use because of
their short- and long-term toxicity, carcinogenicity, and environmental
persistence. A list of these chemicals, some of which are still actively
applied in the field, is included in U.S. EPA Method 8081B. Despite
the fact that most of these chlorinated pesticides are now illegal to
use, manufacture, and transport in many areas, organochlorines are
a common source of pesticide poisoning that results in reportable
illness. Although most of these chlorinated pesticides, insecticides,
and herbicides have limited water solubility and mobility, they bioaccumulate and persist in the environment. Since there is an ongoing risk
of exposure from a number of sources, it is essential to test soils, wastewater, and sediments for their presence.
Standard EPA methods for the preparation and analysis of pesticidecontaining hazardous wastes require initial liquid/liquid extraction with
dichloromethane, gel permeation chromatography (GPC) fractionation
of higher molecular weight interferences, and a final cleanup of polar
contaminants (like trichlorophenol) with Florisil® columns or Florisil®
solid phase extraction (SPE) tubes before analysis with GC electron
capture detection (ECD). Many labs have found that these sample
cleanup precautions reduce high background levels that result in
difficult quantitation and frequent GC/detector maintenance. With
Florisil® cleanup, extracts have lower backgrounds, producing better
chromatograms with less interference. In addition, the lifetime of inlet
liners and guard columns is extended, and maintenance of sensitive
ECD detectors is reduced. Results in Table I show that recovery levels
are excellent for chlorinated pesticides, when following the method
described in Figure 1.

Table I: Excellent recoveries are obtained for
chlorinated pesticides when sample extracts
are cleaned with Florisil® SPE tubes. (n=6)
Compound

tR (min)

% Recovery

Trichlorophenol

4.31

3.7

2,4,5,6-Tetrachloro-m-xylene

6.23

85.2

α-BHC

7.21

86.5

γ-BHC

7.74

88.4

β-BHC

7.86

88.9

δ-BHC

8.27

93.1

Heptachlor

8.35

97.0

Aldrin

8.78

88.0

Heptachlor epoxide

9.52

93.4

γ-Chlordane

9.75

94.9

α-Chlordane

9.94

89.5

Endosulfan I

10.00

90.2

4,4'-DDE

10.15

89.4

Dieldrin

10.34

101.2

Endrin

10.71

96.5

4,4'-DDD

10.84

93.7

Endosulfan II

10.96

92.8

4,4'-DDT

11.22

94.5

Endrin aldehyde

11.37

94.1

Endosulfan sulfate

11.69

89.9

Methoxychlor

12.03

108.4

Endrin ketone

12.32

91.5

Decachlorobiphenyl

13.76

108.4

Visit www.restek.com/florisil today!
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Figure 1: Extracts of a sample and blank demonstrate low background levels and good responses for target pesticides.
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(ng/mL)
20
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5
5
5
5
5
5
5
5
5
10
10
10
10
10
10
10
10
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10
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Time (min)

GC_EV1299
Column: Rtx®-CLPesticides2, 30 m, 0.32 mm ID, 0.25 µm (cat.# 11324) using Rxi® guard column 5 m, 0.32 mm ID (cat.# 10039) with universal “Y” Press-Tight® connector (cat.# 20406-261); Sample: 2,4,5,6-Tetrachlorom-xylene (cat.# 32027), Decachlorobiphenyl (BZ #209) (cat.# 32029), Organochlorine pesticide mix AB #2 (cat.# 32292); Injection: Inj. Vol.: 2 µL splitless (hold 0.75 min); Liner: Sky® 4 mm single taper w/wool (cat.#
23303.5); Inj. Temp.: 250 °C; Purge Flow: 50 mL/min; Oven: Oven Temp: 110 °C (hold 0.5 min) to 320 °C at 15 °C/min (hold 5 min); Carrier Gas: He, constant flow; Flow Rate: 3.5 mL/min; Detector: µ-ECD @ 330 °C;
Make-up Gas Flow Rate: 50 mL/min; Make-up Gas Type: N2; Data Rate: 50 Hz; Instrument: Agilent/HP6890 GC; Notes: A mixed standard was prepared in 1 mL hexane (see peak list for nominal concentration of each component). For cleanup, a Florisil® tube (cat.# 24034) was first conditioned with 6 mL hexane. The 1 mL standard was then loaded on the tube and eluted with hexane:acetone (90:10), collecting 10 mL of eluent. The eluent was
then concentrated down to 1 mL and analyzed.

Resprep® SPE Cartridges (Normal Phase)
Hydrophilic (polar) adsorbents used to extract hydrophilic analytes from nonpolar
matrices, such as organic solvents (e.g., polar contaminants from sample extracts).

All cartridges are manufactured using high density polypropylene
and have polyethylene frits unless otherwise noted.

Florisil  (EPA SW 846 methods and
CLP protocols)

Cartridges may be processed by any one or all of these techniques:
positive pressure, sidearm flask, centrifuge, or vacuum manifold.

*PTFE frits
**Glass tubes with PTFE frits

3 mL/500 mg
(50-pk.)
24031
24032*

6 mL/500 mg
(30-pk.)
  
  

26086**

6 mL/1000 mg
(30-pk.)
24034
26085**

  

  
  

15 mL/2 g
(15-pk.)
26228
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Visit www.restek.com/Contact-Us to find a distributor or representative.
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Analyze a Full 82-Component
EPA List Using Just Three Ampuls
With New EPA 524.3 Certified Reference Materials!
In support of the U.S. Safe Drinking Water Act (SDWA), Restek has
formulated a complete set of EPA 524.3 reference standards
for the monitoring of purgeable organic compounds in drinking
water—using as few as three ampuls! This collection of certified
reference materials (CRMs) also covers the seven volatile organic
compounds (VOCs) included in the Unregulated Contaminant
Monitoring Rule 3 (UCMR3), which requires monitoring of all public
drinking water systems with 10,000 or more customers.
• Full 82-component EPA 524.3 list using as few as three ampuls—
reduce prep time and chances for error or contamination.
(See Figure 1 on page 2!)

• EPA 524.3 VOA MegaMix® ampul includes oxygenates group—
no need to order separately.
• Volatile gases prepared separately—replace shorter-life components
without wasting money on full list.
• Two options for internal and surrogate standards—separate or
combined mix.
• Certified reference materials (CRMs) manufactured and QC-tested
in Restek’s ISO-accredited labs—satisfy your ISO requirements.
• Also ideal for surface water and groundwater testing.

Simplify your analyses and start
saving with our new EPA 524.3
reference standards.

Visit www.restek.com/524.3-standards today!
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Figure 1: 5 ppb Volatiles in Drinking Water on Rtx®-VMS by EPA 524.3
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1,2,4-Trimethylbenzene
sec-Butylbenzene
4-Isopropyltoluene
1,3-Dichlorobenzene
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Column
Sample

Rtx®-VMS, 30 m, 0.25 mm ID, 1.40 µm (cat.# 19915)
524.3 internal standard/surrogate mix (cat.# 30017)
524.3 gas calibration mix (cat.# 30014)
524.3 VOA MegaMix® standard (cat.# 30013)
RO water
5 ng/mL (5 mL sample)
purge and trap split (split ratio 30:1)
Sky™ 1.0mm ID straight inlet liner (cat.# 23333.1)
200 °C

Carrier Gas
He, constant flow
Flow Rate:
0.9 mL/min
Detector
MS
Mode:
Scan
Scan Program:			
Start Time Scan Range
Scan Rate
		Group
(min)
(amu)
(scans/sec)
1
1.5
47–300
5.4
2
2.9
35–300
5.19
Transfer Line Temp.: 240 °C
Analyzer Type:
Quadrupole
Source Temp.:
230 °C
Quad Temp.:
150 °C
Electron Energy:
70 eV
Solvent Delay Time: 1.5 min
Tune Type:
BFB
Ionization Mode:
EI
Instrument
Agilent 7890A GC & 5975C MSD
Acknowledgement EST Analytical provided the Centurion robotic autosampler
and Encon Evolution P&T concentrator.

Diluent:
Conc.:
Injection
Liner:
Inj. Temp.:
Purge and Trap
Instrument:
EST Encon Evolution
Trap Type:
Vocarb 3000
Purge:
11 min, flow 40 mL/min
Dry Purge:
1 min, flow 50 mL/min
Desorb:
1 min @ 260 °C, flow 30.9 mL/min
Bake:
8 min @ 265 °C
Interface Connection: injection port
Transfer Line Temp.: 150 °C
Oven
Oven Temp:
45 °C (hold 4.5 min) to 100 °C at 12 °C/min to 240 °C at 25 °C/min (hold 1.32 min)
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For EPA 524.3 analysis, Restek recommends...
EPA 524.3 Reference Standards

Rtx®-VMS Columns (fused silica)

524.3 VOA MegaMix (69 components)

• Application-specific columns for volatile organic
pollutants by GC-MS.
• Stable to 260 °C.
• No known equivalent phases.

allyl chloride ( 3-chloropropene )
tert-amyl ethyl ether (TAEE)
tert-amyl methyl ether (TAME)
benzene
bromobenzene
bromochloromethane
bromodichloromethane
bromoform
tert-butanol (TBA)
n-butylbenzene
sec-butylbenzene
tert-butylbenzene
carbon disulfide
carbon tetrachloride
chlorobenzene
chloroform
1-chlorobutane (butyl chloride)
2-chlorotoluene
4-chlorotoluene
dibromochloromethane
1,2-dibromo-3-chloropropane
dibromomethane
1,2-dibromoethane (EDB)
1,2-dichlorobenzene
1,3-dichlorobenzene
1,4-dichlorobenzene
1,1-dichloroethane
1,2-dichloroethane
1,1-dichloroethene
cis-1,2-dichloroethene
trans-1,2-dichloroethene
1,2-dichloropropane
1,3-dichloropropane
1,1-dichloropropene
cis-1,3-dichloropropene

trans-1,3-dichloropropene
diethyl ether (ethyl ether)
diisopropyl ether ( DIPE )
ethylbenzene
ethyl-tert-butyl ether (ETBE)
ethyl methacrylate
hexachlorobutadiene
hexachloroethane
iodomethane (methyl iodide)
isopropylbenzene (cumene)
4-isopropyltoluene (p-cymene)
methyl acetate
methyl-tert-butyl ether ( MTBE )
methylene chloride (dichloromethane)
naphthalene
pentachloroethane
n-propylbenzene
styrene
tetrachloroethene
1,1,1,2-tetrachloroethane
1,1,2,2-tetrachloroethane
tetrahydrofuran
toluene
1,2,3-trichlorobenzene
1,2,4-trichlorobenzene
1,1,1-trichloroethane
1,1,2-trichloroethane
trichloroethene
1,2,3-trichloropropane
1,2,4-trimethylbenzene
1,3,5-trimethylbenzene
m-xylene
o-xylene
p-xylene

2,000 µg/mL each in P&T methanol, 1 mL/ampul
cat.# 30013 (ea.)

524.3 Gas Calibration Mix (7 components)
bromomethane (methyl bromide)
1,3-butadiene
chlorodifluoromethane (CFC-22)
chloromethane (methyl chloride)
dichlorodifluoromethane (CFC-12)
trichlorofluoromethane (CFC-11)
vinyl chloride
2,000 µg/mL each in P&T methanol, 1 mL/ampul
cat.# 30014 (ea.)

524.3 Internal Standard Mix (3 components)

(proprietary Crossbond® phase)

Description
30 m, 0.25 mm ID, 1.40 µm

temp. limits
-40 to 240/260 °C

qty.
ea.

cat.#
19915

qty.

cat.#

ea.
5-pk.
25-pk.

23333.1
23333.5
23333.25

Sky™ 1.0 mm ID Straight Inlet Liner
for Agilent GCs equipped with split/splitless inlets

ID x OD x Length
Straight, Sky Technology,  Borosilicate Glass
1.0 mm x 6.3 mm x 78.5 mm
1.0 mm x 6.3 mm x 78.5 mm
1.0 mm x 6.3 mm x 78.5 mm

Manual Microliter Syringes
• Economical.
• Removable needles; replacement needles available at www.restek.com
• Each syringe plunger and barrel assembly is manufactured as one working unit;
components are not interchangeable or individually replaceable.
Volume
5 µL
10 µL
25 µL
100 µL
250 µL

Needle
Term.
R
R
R
R
R

Needle
Gauge
26
26
25
25
25

Needle
Length
50 mm
50 mm
50 mm
50 mm
50 mm

Point
Style
2
2
2
2
2

SGE
Model
5R**
10R**
25R
100R
250R

cat.#
001050
002050
003050
005050
006050

qty.
ea.
ea.
ea.
ea.
ea.

Restek
cat.#
24701
24703
24705
24709
24711

  
  
  
  
  

**With plunger protection.

chlorobenzene-d5
1,4-dichlorobenzene-d4
1,4-difluorobenzene
2,000 µg/mL each in P&T methanol, 1 mL/ampul
cat.# 30015 (ea.)

524.3 Surrogate Standard (3 components)
1-bromo-4-fluorobenzene (BFB)
methyl-d3-tert-butyl ether
1,2-dichlorobenzene-d4
2,000 µg/mL each in P&T methanol, 1 mL/ampul
cat.# 30016 (ea.)

524.3 Internal Standard/Surrogate Mix (6 components)
1-bromo-4-fluorobenzene (BFB)
methyl-d3-tert-butyl ether
chlorobenzene-d5
1,2-dichlorobenzene-d4
1,4-dichlorobenzene-d4
1,4-difluorobenzene

PTFE Tip, Gas-Tight Syringes
• Suitable for gases or liquids, for maximum inertness.
• High accuracy of dispensed volumes.
• Interchangeable barrels, plungers, and tips extend performance and increase
cost-effectiveness.
Volume
5 mL
50 mL

Needle
Term.
LL
LL

Needle
Gauge
*
*

SGE
Model
5MDR-LL-GT
50MR-LL-GT

cat.#
008760
009660

qty.
ea.
ea.

Restek
cat.#
24757
24761

  
  

*Syringes are equipped with a luer-lock fitting instead of a needle; if needed, needles sold separately at www.restek.com

2,000 µg/mL each in P&T methanol, 1 mL/ampul
cat.# 30017 (ea.)
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Mininert® Precision Sampling Valves for Vials
Mininert® valves are very convenient for repetitive sampling and limit content exposure to the silicon septum.
Description
Mininert Precision Sampling Valves
Replacement Septa

Type
Screw-Thread

Thread Size
13 mm/425

qty.
12-pk.
50-pk.

cat.#
24900
24906

  
  

1,000-pk.
24657

  

4.0 mL WISP 48 Screw-Thread Step Vials (15 x 45 mm, 13/425) (vials only)
Description
WISP 48 Step Vial w/White Graduated Marking Spot

Volume
4.0 mL

Material
Amber

100-pk.
24656

  

Precleaned Volatile Organic Analyte (VOA) Sampling Vials
• Container, liner, and closure cleaned, assembled, and lot traceable.
• Open top caps.
• PTFE faced 0.125” silicone septa.
Description

Volume

Color

Material

Screw-Thread Size

qty.

cat.#

Precleaned VOA Vials
Precleaned VOA Vials
Replacement Septa, 24 mm x 0.125”

40 mL
40 mL

Clear
Amber

Glass
Glass
PTFE-lined silicone

24 mm/400
24 mm/400

72-pk.
72-pk.
100-pk.

21796
21797
24694

  
  
  

Treated Welded/Drawn 304 Grade Stainless Steel Tubing
Our most popular grade of tubing. Recommended for:
•  chromatography applications.
•  gas delivery systems.
•  lower pressures.
•  inert applications.

Maximum temperature of 450 °C in an inert atmosphere.
Siltek®/Sulfinert® Treated (Coiled)
OD
1
/16” (1.59 mm)

ID
0.040” (1.02 mm)

cat.#
22505

  

  

  

  

Price-per-foot by length. Minimum order is 5 ft. Price breaks are available at 25 ft., 200 ft., and 400 ft.

Contact your Restek representative and order yours today!
Visit www.restek.com/Contact-Us to find a distributor or representative.
PATENTS & TRADEMARKS
Restek® patents and trademarks are the property of Restek Corporation. (See www.restek.com/Patents-Trademarks for full list.) Other trademarks appearing in Restek®
literature or on its website are the property of their respective owners. The Restek® registered trademarks used here are registered in the United States and may also be
registered in other countries.

Lit. Cat.# EVTS1667-UNV
© 2012 Restek Corporation. All rights reserved.
Printed in the U.S.A.

UK
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TECHNICAL GUIDE

Analysis of Halogenated Environmental
Pollutants Using Electron Capture Detection

• Sample preparation
techniques for liquid, solid,
and biota samples.
• Chromatographic methods
and best practices for
halogenated pollutants.
• Includes analysis of
chlorinated pesticides,
PCBs, chlorinated
herbicides, haloacetic acids,
EDB, DBCP, and TCP.

Pure Chromatog raphy
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This guide discusses analytical methods for monitoring halogenated pollutants in a wide variety of matrices including water, solids (soils and plant materials), and biota (fish and animal tissue). Classes of compounds such as chlorinated pesticides, polychlorinated biphenyls (PCBs), chlorinated herbicides,
disinfection byproducts, and fumigants are among the pollutants addressed
here. Gas chromatography (GC) combined with electron capture detection
(ECD) is a common technique used for analyzing these compounds. ECD
provides high sensitivity to these electronegative compounds, which results
in extremely low detection limits.
To ensure accurate identification,
each sample can be analyzed siUsing Restek’s
multaneously using a dual ECD
instrument and two columns of
Rtx®-CLPesticides
differing selectivity for confirmacolumn set, coupled
tional analysis.
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Columns and Kits
Inlet Supplies and Accessories

Extremely low detection limits,
combined with interferences from
sample matrices, present an analytical challenge for laboratories
involved in chlorinated pesticide
and herbicide analyses. Samples
are often highly contaminated
with non-target compounds such
as lipids and hydrocarbons, and
the methods require rigorous
quality control protocols. In addition, some of these compounds
can break down or be adsorbed
during the analytical procedure
leading to inaccurate results.

with the methods and
recommendations
presented in this
guide, will make your
analyses easier and
allow you to perform
other environmental
testing, such as PCB
analysis, using the same
columns and GC setup.

This guide offers information on the extraction, cleanup, and GC analysis of
chlorinated pesticides, PCBs, herbicides, disinfection byproducts, and fumigants from a wide range of sample matrices. Also included are listings of
products to simplify the analysis of these compounds.

Sample Preparation Methods
for Liquid, Solid, and Biota Samples
Proper extraction procedures must be followed in order to ensure reproducible quantitative transfer of target analytes from the sample matrix. However,
the wide variety of sample matrices combined with the extremely low levels
of compounds typically found in environmental samples presents a challenge
when extracting samples. Basic instructions for the most common techniques
for liquid, solid, and biota samples are presented here. In some cases, the pH
of the sample may need to be adjusted to ensure that the compounds of interest are extracted from the sample matrix. Specific methods, such as the U.S.
Environmental Protection Agency (EPA) methods referred to in this guide,
can be consulted for details on solvent type and pH adjustments.

Sample Preparation Products
See pages 25–27 or visit
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Liquid Samples

Separatory funnel extraction (EPA Method 3510) or automated liquid-liquid
extraction (EPA Method 3520) are common extraction techniques for liquid
samples. Extractions using separatory funnels are less time consuming and
less expensive to set up, but have issues with samples that tend to form emulsions with the extraction solvent. Automated liquid-liquid extractors are less
labor intensive and present fewer issues with emulsion-forming samples, but
are more expensive to set up and can be more difficult to clean. Solid phase
extraction (EPA Method 3535) can be used to extract pesticide compounds
from aqueous samples that have low particulate levels and minimal matrix
interferences, such as drinking water samples.

Figure 1: Separatory funnel.

Separatory Funnel Extraction

The typical aqueous sample volume is 1-liter and a 2-liter separatory funnel
is used for extraction (Figure 1). The sample pH is measured and adjusted
to conform to the method requirements. A specified volume of methodrecommended solvent is added to the sample and shaken for two minutes.
The separatory funnel should be vented periodically during shaking to
prevent pressure build-up. It is critical to shake all samples in the same
manner to minimize variations in extraction efficiency. The best way to ensure
consistency is to use a mechanical separatory funnel shaker. The extraction
step is repeated two more times with fresh aliquots of solvent to achieve
quantitative recovery of all analytes. Extracts from all three separations are
combined into the same collection vessel.
Continuous Liquid-Liquid Extraction

Continuous liquid-liquid extraction systems offer the convenience of unattended extraction, as well as significant advantages for samples that form
emulsions. However, proper glassware washing procedures are critical because, due to the extended contact time of the organic compounds with the
glass surfaces, reactive compounds can break down if these surfaces become
contaminated. Liquid-liquid extractors are available in two versions: conventional and accelerated. The accelerated type uses a hydrophobic membrane
to separate the aqueous and organic phases, and the extraction time can be
reduced by ⅓ to ¼ of the conventional extractor time. Note that the volume
of solvent is based on the design of the extractor.

Figure 2: SPE cartridges and disks
commonly used for extracting chlorinated
pesticides and PCBs from aqueous
samples.

Solid Phase Extraction (SPE)

Solid phase extraction (SPE) can also be used for the extraction of chlorinated
pesticides and PCBs from aqueous samples (EPA Methods 3535 and 508.1).
SPE allows faster extraction times and a significant reduction in solvent use.
The aqueous sample is passed through a cartridge or disk that contains a C18
packing material. The pesticides and PCBs are adsorbed by the C18 packing.
The analytes are then eluted from the cartridge or disk using a small volume
of ethyl acetate and methylene chloride. When using SPE, it is extremely important to follow the method recommendations. There are several manufacturers of C18 cartridges and disks (Figure 2), which are the typical media used
for these compounds, and the extraction steps will vary somewhat depending

SPE Products
See pages 25–26 or visit

www.restek.com/spe
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Figure 3: Soxhlet
extractor.

on the manufacturer and the format of the extraction media. Disks are more
commonly used for the extraction of larger volumes of aqueous samples because they allow more rapid flow compared to tubes, which reduces extraction time. The two biggest issues with SPE are the clogging of the disk or tube
with suspended solids and the breakthrough of targeted compounds. The use
of pre-filters may reduce clogging of the extraction media. Breakthrough can
occur if the sample contains a high level of organic material that will overload
the capacity of the adsorbent. Samples with high concentrations of suspended
solids and/or high organic content should not be extracted by SPE techniques.

Solid and Biota Samples

For solids and biota samples, Soxhlet or sonication extraction methods have
historically been the most commonly used approach. In recent years, new
extraction technologies, such as pressurized fluid and microwave extraction,
have become more prevalent because they reduce solvent usage and are less
labor intensive.
Soxhlet and Sonication Extraction

Soxhlet and sonication extraction work well for extracting halogenated pollutants from solid matrices and biological materials (Figure 3). Soxhlet extraction is time consuming and requires a large volume of solvent for extraction. Sonication (i.e., ultrasonic extraction) is a faster technique, but requires
constant operator attention. In both techniques, problems such as contamination are attributed to either contaminated reagents, especially sodium sulfate,
or poor laboratory practices being used when transferring sample extracts.
Samples are commonly mixed with sodium sulfate to achieve a sandy consistency prior to solvent addition. Using granular sodium sulfate is recommended because some pesticides can adsorb to the powdered material.

Figure 4: Dionex ASE® system.

Pressurized Fluid/Microwave/Supercritical Fluid Extraction

Several automated extraction methods have been developed for solid and biological samples. Pressurized fluid extraction (EPA Method 3545) runs unattended and utilizes much smaller solvent volumes than Soxhlet or sonication
procedures. Two commercially available pressurized fluid extraction systems
are the Dionex ASE® system (Figure 4) and the Applied Separations PSE system. Both systems are capable of extracting multiple samples unattended. Microwave extraction (EPA Method 3546) can be useful for automated extraction as well. Microwave extraction extracts multiple samples simultaneously.
Commercially available microwave extraction systems are offered by Milestone Scientific and CEM Corporation. Supercritical fluid extraction (EPA
Method 3560) has been promoted for a number of years as a “solventless”
extraction technique for environmental samples. Its application is limited due
to severe matrix-related variation, resulting in the need to modify the SFE
conditions depending on soil type, water content, sample size, and the type
of analytes. This ultimately requires additional sample preparation prior to
the actual extraction. These requirements have limited the use of SFE as an
extraction technique for many environmental applications.

Replacement Parts for ASE® Systems
See page 27 or visit www.restek.com/ase

4

www.restek.com
ENVIRONMENTAL APPS CT-republished 2015

Extraction Solvent Selection

For all sample extractions, use pesticide residue grade solvents and verify
their purity prior to use by analyzing solvent blanks. This ensures that interferences are not caused by impurities in the solvent. To perform a solvent
assay, reduce 300 to 400 mL of solvent to a final volume of 1 mL, and exchange
to hexane for analysis by GC-ECD.
Since soil and biota samples are essentially wet particles, acetone and dichloromethane usually are used in a 1:1 combination as the extraction solvent.
The acetone is needed to adequately penetrate into the soil particle so that
compounds contained in the particle can be extracted. Several other solvent
systems can be used for unique extractions, but generally this combination
works for most applications.
When using dichloromethane as an extraction solvent it is important to note
that it can form hydrochloric acid spontaneously without a stabilizer present. There are two classes of stabilizers: stabilizers that keep hydrochloric acid
from forming, and stabilizers that eliminate hydrochloric acid upon formation. Methanol is used to stop hydrochloric acid from forming. It is not recommended to extract aqueous samples, or solid samples that contain water,
using methanol-stabilized dichloromethane. The methanol will partition into
the water, leaving an unstable extract. Hydrochloric acid forms quickly in unstabilized dichloromethane, and injection of an acidic solvent will result in reactive liners and columns. The second type of stabilizer, amylene (1-pentene),
is commonly used to reduce hydrochloric acid formation. It is recommended
to use dichloromethane stabilized with amylene since it has a low boiling
point and will not interfere with early eluting target compounds.

Extract Drying

After the extraction has been completed, the extract is dried by passing it
through anhydrous sodium sulfate. Removing water from the dichloromethane with sodium sulfate is critical before the extract is concentrated to final
volume. Dichloromethane can hold approximately 1 mL of water per 100
mL of solvent. If water remains in the extract, it will partition out of the extract when the volume is reduced. If this occurs, either the dichloromethane
will evaporate first, leaving only water in the collection vessel, or a two-layer
extract will form. In either event, the recoveries of the target compounds
will be lower than desired, and the presence of water will interfere with gas
chromatographic analysis. The best way to remove the water is to filter the
dichloromethane extract through granular sodium sulfate held in a funnel
with a high-quality grade (Whatman® 541) filter paper or glass wool (Figure
5). Approximately 30 g of sodium sulfate is sufficient for most samples. This
step must not be skipped! After drying the sample, thoroughly rinse the sodium sulfate to ensure that the entire sample is transferred to the collection
vessel. Avoid using powdered sodium sulfate since some compounds can be
adsorbed onto the smaller particles. Use only a 10-60 mesh granular sodium
sulfate for best results. It also is important that this material be free from organic contaminants. Use pesticide residue grade sodium sulfate and store it
in glass containers. If purchased in bulk packages where exposure to plastic
is an issue, bake the material in a muffle furnace. To bake the sodium sulfate,
spread it no more than 1 inch thick in a Pyrex®-type glass container, place
into a muffle furnace, and bake at 400 °C for a minimum of two hours. After
this time, place hot sodium sulfate into a glass container and securely cap the
container to prevent re-adsorption of moisture from the atmosphere.

Figure 5:
Drying the
sample extract
with sodium
sulfate.

Bulk Sodium
Sulfate
See page 26 or visit

www.restek.com/spe

www.restek.com
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Figure 6: Extract concentrators.

TurboVap®

Extract Concentration

After drying the sample extract, the extraction solvent must be reduced in
volume to concentrate the analytes prior to analysis. Kuderna-Danish (KD)
type concentrators are most commonly used for this purpose. Alternatively,
automated concentrators such as TurboVap® or RapidVap® concentrators can
be used to reduce the solvent volume (Figure 6). If dichloromethane was the
only solvent used as the extraction solvent, it is important to exchange it with
hexane or isooctane during the concentration process. Even a small amount
of dichloromethane will overwhelm an electron capture detector (ECD). Add
1 to 2 mL of hexane or isooctane to the sample extract prior to the evaporation process. Since dichloromethane is more volatile than hexane or isooctane it will evaporate first leaving the concentrated sample in a methylene
chloride-free solution. The extract should never be allowed to dry completely
during the concentration step. This could lead to loss of the more volatile
components.

Extract Cleanup for Chlorinated Pesticides and PCBs
KudernaDanish
(KD)
Reacti-Vap on Reacti-Therm

Glassware
See page 25 or visit

www.restek.com/glassware

Sample extract cleanup is probably the most important step in maintaining
long-term instrument and column performance. Generally, when instrument
and column problems arise, they are caused by exposure of the injection port
and the column to nonvolatile compounds from the sample matrix. Environmental samples often contain high molecular weight hydrocarbons, sulfur
compounds, and phthalate esters. Plant and biota samples will contain pigments and lipids. While this nonvolatile material cannot be completely eliminated, some interferences can be reduced to levels where they become much
less of a problem for the inlet and analytical column. Solid phase extraction
(SPE) is the most common technique for removing these interfering compounds from the sample extracts. The choice of cleanup will depend on the
type and concentration of the interfering compounds and the analytes being
monitored. While cleanup procedures may add some additional processing
time and cost, the resulting increase in instrumental stability, decrease in instrument and column maintenance, and potential improvements in detection
limits can reduce the overall time and cost of analysis.
The two most common SPE cleanup materials used for chlorinated pesticide
analysis are Florisil® and carbon adsorbents. These materials are available in
pre-packed cartridges or in bulk for laboratories wishing to pack their own
cartridges. Florisil® adsorbent is a magnesium silicate which is useful in removing polar contaminants from sample extracts. It is also useful for retaining
co-extractants, such as phenols, that may interfere with GC analysis of pesticides. Florisil® material must be properly cleaned and activated prior to use.
Activation requires heating to 130 °C for 16 hours in an oven. It is very important to check each lot of Florisil® adsorbent to ensure minimal background
and to verify that the packing is at maximum activity level in order to maintain
the expected retention capacity. Resprep® pre-packed Florisil® SPE cartridges
are method-tested and suitable for most applications. For ultra-trace work,
glass SPE cartridges with PTFE frits may be required to eliminate any trace
interferences that might leach from the cartridge (Figure 7).

Figure 7: Glass SPE cartridge for extract cleanup.
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Chromatographic-grade graphitized carbon is a versatile, nonporous adsorbent, which has been successfully used to remove high molecular weight nonpolar interferences from pesticide extracts. It is available in commercially prepacked SPE cartridges. In general, carbon elutes polar compounds first, then
nonpolar compounds. For this reason, carbon makes a very good adsorbent
to remove nonpolar matrix interferences from sample extracts. Since graphitized carbon retains or extracts a variety of compounds, the extraction system
can be adjusted to retain and elute aliphatic, aromatic, polar, and nonpolar
analytes. For optimal recoveries, compounds of interest should be applied in
weak solvents or solutions with low solubility for the analytes, and eluted with
strong solvents. Mixed solvent systems that include dichloromethane often
are the most effective for elution. For ECD analysis it is critical to exchange
the eluted sample into a non-halogenated solvent prior to analysis. Note that,
due to the variability and high capacity of graphitized carbon, all fractionation
and elution volumes should be verified for each lot of material. In addition,
caution should be taken when using graphitized carbon to clean extracts for
PCB congener analysis because the coplanar PCB congeners BZ#77, 81, 126,
and 169 are very strongly retained and do not elute using the above solvent.
These congeners can be eluted using a 1:1 mixture of ethyl acetate and toluene. Other cleanup techniques, such as sulfur removal using activated copper
and gel permeation chromatography (GPC) may be used when necessary.

free literature
Florisil® SPE Cleanup
for Chlorinated
Pesticides
Analysis
lit. cat.#
EVTS1681-UNV

Improve Results for GC-ECD
Analysis of Chlorinated
Pesticides
With Resprep®
CarboPrep® SPE
Cleanup Cartridges
lit. cat.#
EVTS1775-UNV

Download your free copies from

Analyzing Halogenated Pollutants
Choosing the most appropriate analytical column and injection technique are
critical for achieving optimal results when testing for halogenated pollutants
in environmental samples. A wide range of capillary columns have been recommended for the separation of different halogenated pollutants, which can
result in frequent column changes and recalibration of the GC system. Using
an Rtx®-CLPesticides column set for multiple methods is a much better approach, as these columns have been developed to separate a wide range of
halogenated pollutants. Use of this column pair can result in shorter analysis
time, improved separation, and increased sample throughput in the laboratory. Due to its high sensitivity for halogenated compounds, electron capture
detection (ECD) is commonly used for halogenated pollutants. GC-MS is also
used for analyzing halogenated pollutants, particularly now that newer, more
sensitive instruments are available. Proper instrument setup and optimization are critical for accurate and consistent analyses. Many of these important
considerations will be addressed here.

www.restek.com

Florisil® and CarboPrep®
SPE Cartridges and
Bulk Adsorbent
See pages 25–26 or visit

www.restek.com/spe

Column Selection

A wide variety of columns have been used for analyzing chlorinated pesticides and herbicides. The ideal column for this analysis would completely
separate the compounds of interest, demonstrate excellent inertness to minimize breakdown and adsorption, and also exhibit low bleed at the high temperatures required to elute the target compounds and high molecular weight
matrix interferences. Since confirmation is often required, dual column systems using two columns of different selectivity are usually used. It is critical
that the primary and secondary (confirmational) columns be significantly
different in selectivity in order to obtain the elution order and retention time
changes that are needed to verify analytical results. In addition, both columns
must be of the same length and internal diameter to ensure the same amount
of sample is delivered to each column.

7 EPA Methods on 1 Column Pair!
Analyze Pesticides, PCBs, Herbicides
and More on a Single Rtx®-CLPesticides
Column Set. For details visit

www.restek.com/CLP7

www.restek.com
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The Rtx®-CLPesticides and the Rtx®-CLPesticides2 columns were developed
for the analysis of a wide range of halogenated pollutants. These two columns
have significantly different selectivities and can be used for accurate reporting
of many halogenated pollutants, which eliminates the need to change columns when analyzing samples for different methods. Both columns feature
excellent inertness, low bleed, and high thermal stability. The high inertness of the Rtx®-CLPesticides column set ensures minimal breakdown and
adsorption of active compounds such as endrin, DDT, and methoxychlor.
The maximum temperature limit of the Rtx®-CLPesticides column and the
Rtx®-CLPesticides2 column is up to 340 °C (depending on configuration),
which allows analysts to use high temperature treatment in order to remove
high boiling point contaminants. In addition, these columns can be operated under identical temperature programmed conditions for simultaneous
confirmational analysis, while still providing different elution patterns. Each
column is available in 0.18 mm, 0.25 mm, 0.32 mm, and 0.53 mm inner diameters (ID) and the phase ratio of each dimension has been optimized for
maximum resolution and reduced analysis time.

Figure 8: Carbon trap installed on GC
split vent.

Although Rtx®-CLPesticides columns are available in all common ID dimensions, the 0.32 mm ID size is typically recommended. This size provides the
best combination of sample loading capacity and analysis time. If your sample
extracts are particularly contaminated, you may find that the 0.53 mm ID
columns allow for longer lasting calibration because of their larger capacity.
Columns of 0.18 mm and 0.25 mm ID provide better resolution, but do not
have sufficient sample loading capacity for contaminated or high concentration samples. In most cases, the 0.32 mm ID is the size of choice for pesticide
and herbicide analyses. Example chromatograms are shown in the method
section of this guide beginning on page 14.

Injection Techniques

Several injection techniques can be used for analyzing halogenated pollutants:
splitless, direct, and on-column injections. Splitless injection requires careful
optimization for consistent and accurate results. Direct injection is a variation
of splitless injection that offers some advantages when analyzing compounds
that can react with active sites in the injection system. Cool on-column
injection has also been used for analyzing these compounds. Each of these
techniques, as well as their advantages and disadvantages, are discussed below.
Splitless Injection

Because ECDs are very sensitive
detectors, you may need to condition
your column overnight. Before doing
so, check thoroughly for leaks and
use high-quality oxygen-removal
traps to purify your carrier gas. Visit
www.restek.com/gc-condition for
column conditioning instructions.
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Splitless injection is a heated vaporization technique that requires a split/
splitless injection system. Using a syringe, the sample is introduced into a
glass liner inside the heated inlet. This causes the sample to vaporize; however, the injection port must be hot enough to completely vaporize the solvent
and the analytes. During the splitless injection mode, the split valve (purge
valve) is closed, allowing all of the carrier gas flow and injected sample to
be directed into the column. The split valve remains closed for a short time
(30 sec to 2 min) after the injection in an attempt to transfer as much of the
vaporized sample as possible from the injection port onto the column. After
this splitless hold, the purge vent is opened, and the remaining solvent and
non-transferred sample are vented out of the injection port. Since an ECD is
a non-destructive detector, the purge vent should have a carbon trap (Figure
8) attached to prevent any organic compounds from being vented into the
laboratory. The purge time must be optimized to ensure that the maximum
amount of analyte is transferred to the column, while minimizing the amount
of solvent. Generally, the purge time is determined by maximizing the area
count of the last eluting analyte. This technique allows for the maximum
amount of sample to be delivered to the column while excess solvent and
contaminants are purged from the system, which can lead to attaining lower
detection limits.

www.restek.com
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Splitless injection is prone to inertness problems because of the long residence
time in the inlet and exposure of the analytes, such as endrin and 4,4'-DDT,
to reactive surfaces in the injection system. The liner must be properly deactivated to prevent adsorption or breakdown and should be cleaned or replaced
frequently to maintain proper inertness. Nonvolatile and very high boiling
compounds from the sample matrix that are not vaporized can be left behind
in the injection system. These materials will eventually contaminate the injection port liner and the injection system itself, leading to adsorption and lower
response of active compounds. Another inertness problem is caused when
the vaporized sample expands outside the liner, exposing reactive analytes
to the metal surfaces inside the injector. The most common active area in the
injection port is at the bottom. The vaporized sample cloud can expand past
the column and come in contact with the metal disk (inlet seal) below the
liner when using an Agilent® injection port. Installing gold-plated inlet seals
will provide greater inertness. These inlet seals should be replaced along with
the liner during routine maintenance because they will also become contaminated from nonvolatile sample residue.
Direct Injection

Direct injection is also a heated vaporization technique. The major difference between splitless and direct injection is how the column connects to the
injection system. In conventional splitless injection, the liner is open at the
bottom to allow the sample and solvent to vent out of the injector when the
split valve is opened. With direct injection, the analytical column seals into a
specially designed Uniliner® inlet liner using a tapered press-fit connection at
the bottom of the liner. This allows the entire sample to enter the column and
the GC system and eliminates analyte contact with the active metal surfaces
below the bottom of the liner (Figure 9). An added benefit of using this type
of injection is the reduction in injection port discrimination, which results in
improved response for higher boiling compounds. When using a Uniliner®
inlet liner, the split valve (purge valve) should be set in the off mode and a
“higher than normal” flow rate should be used to contain the sample vapor
cloud in the liner.

Figure 9: Direct
injection using a
Uniliner® inlet liner.
Uniliner® liner with
press-fit seal*
inlet seal
analytical column

*For split/splitless injectors, use
the Drilled Uniliner® with the
hole near the top.

Figure 10: Dual column setups for
different injection techniques.
A. Using a “Y” Press-Tight® connector for
splitless or direct injection is recommended.

splitless or direct
injection liner

guard column

“Y” Press-Tight®

Cool On-Column Injection

In cool on-column injections, the needle is inserted directly into the column and the sample extract is deposited. On-column injections typically
provide the narrowest peak width and the best reproducibility compared to
other injection techniques. While on-column injection works extremely well
for relatively clean samples, it is not a recommended technique for samples
that contain nonvolatile residue. On-column injections are best suited for the
analysis of drinking water sample extracts, where analyte concentration levels are usually low and the amount of nonvolatile material is relatively small.
Conventional on-column injections are typically less than 1 µL and require
the use of a 0.53 mm ID analytical column or a 0.53 mm ID guard column
installed in the inlet and connected to a smaller diameter analytical column.

Dual Column Analysis

For confirmation purposes, two columns of differing selectivity are used
when analyzing halogenated pollutants. This requires a GC system with dual
electron capture detectors. The two most common techniques for installing
two columns into the same injection system are a “Y” connector or a two-hole
ferrule (Figure 10). There are several advantages of using a “Y” connector and
guard column, which is why this configuration is recommended. First, this
setup allows the user to perform splitless, direct, or on-column injections.
Second, guard columns are commonly used to protect the analytical column
from nonvolatile sample contaminants and increase column lifetime. Guard
columns are deactivated, but uncoated, lengths of fused silica tubing that
are connected to the front of the analytical column in order to protect it.
Typically, a 5 m section of guard column is connected to the single leg side of

analytical
columns

B. Alternatively, two-hole ferrules can be used
for splitless injection.
2 or 4 mm ID
splitless liner

inlet seal

two-hole
ferrule
analytical
column

analytical
column

www.restek.com
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How to Obtain a
Leak-Tight Seal Using a
Press-Tight® Connector
Press-Tight® connectors are easy
to use, but leaks will occur if they
are not properly sealed. The keys to
successful sealing are:
1. Using a SeCure® “Y” connector kit.
2. Making a clean, square cut on
the column.
3. Moistening the end of the column
with methanol before seating it
into the connector.
4. Using a Restek® electronic leak
detector (cat.# 22655) to verify a
leak-free connection at high inlet
pressure (30–50 psi) following an
oven cycle.

Guard Columns and
Connectors
See pages 28–29 or visit

www.restek.com
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the “Y” and the injector. The two analytical columns are then installed into
the other two legs of the “Y” and into separate detectors. There are three
styles of “Y” connectors. The more common Press-Tight® “Y” connector
uses concentric compressive forces to form a leak-tight seal under normal
operating pressures. This is also available in a SeCure® “Y” configuration
for added stability. The MXT® “Y” connector is a metal connector that uses
polyimide ferrules (see photos below). A less common approach is using
a two-hole ferrule for installing two columns into one injector, but this
requires two separate guard columns and separate connections between the
guard columns and each of the analytical columns. The sample split between
the two analytical columns will be dictated by their lengths and IDs. If the
columns are the same length and ID, the split between the two columns will
be approximately even. This setup cannot be used for on-column injection
because the syringe needle can only enter one column. It also cannot be used
for direct injections since only one column can be installed in the liner.

Electron Capture Detector Systems

One benefit of the ECD is its sensitivity to halogenated compounds, which
allows extremely low detection limits for many of these compounds. Another benefit of using an ECD is its selectivity for electronegative compounds,
which can eliminate some of the interferences in the sample matrix. To function properly, an ECD requires either nitrogen or 5% methane in argon (P5)
as a make-up gas. The linearity of ECDs for a 16- to 100-fold concentration
range is sufficient to pass most method calibration requirements. Linearity
for ECDs is strongly affected by the flow rate of the make-up gas. To achieve
linear response for chlorinated pesticides on an ECD, start by setting the
flow rate of the make-up gas according to the manufacturer’s recommendation and run a calibration curve including α-BHC and methoxychlor. Using these response factors, calculate the relative standard deviation (RSD)
of each compound. Adjust the make-up gas flow rate so the percent RSD of
these two compounds is approximately the same. Increasing the make-up
gas flow will improve the linearity of α-BHC but make linearity worse for
methoxychlor. The remaining pesticides will exhibit linear curves once the
make-up gas has been set to give good linearity for α-BHC and methoxychlor. For more information on operating and maintaining your ECD, please
consult your manufacturer’s manual.

Analytical Methods
Chlorinated Pesticides and PCBs

Several methods have been developed for the analysis of chlorinated pesticides and PCBs (Table I). The Rtx®-CLPesticides and the Rtx®-CLPesticides2
column combination results in the separation of the majority of chlorinated
pesticides and is suitable for PCB analysis as well. PCBs are most frequently
analyzed as multi-component technical mixtures called Aroclors. Aroclor
mixtures are differentiated by a numbering system that indicates the chlorination level of the mixture (e.g., Aroclor 1242 is 42% chlorine by weight).
The increasing level of chlorination generates mixtures with components
that have increasing numbers of chlorine atoms. This results in unique peak
patterns for each of the Aroclor mixtures. The critical aspect of Aroclor
analysis is pattern recognition, which is used to identify the specific Aroclor
present in the sample. This can be difficult due to weathering or biodegradation of the sample. Also, some samples may contain more than one Aroclor
which can greatly confuse pattern recognition.

www.restek.com
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Table I: Target analyte lists for chlorinated pesticides and PCBs in EPA methods.
Compound
Alachlor
Aldrin
Aroclor 1016*
Aroclor 1221*
Aroclor 1232*
Aroclor 1242*
Aroclor 1248*
Aroclor 1254*
Aroclor 1260*
Atarazine
Butachlor
α-BHC (α-HCH)
β-BHC (β-HCH)
δ-BHC (δ-HCH)
γ-BHC (γ-HCH, Lindane)
Captafol
Carbophenothion
cis-Chlordane
trans-Chlordane
Chlorneb
Chlorobenzilate
Chloropropylate
Chlorothalonil
Cyanazine
DBCP
DCPA (Dacthal)
4,4'-DDD
4,4'-DDE
4,4'-DDT
Diallate
Dichlone
Dichloran
Dicofol
Dieldrin
Endosulfan I
Endosulfan II
Endosulfan sulfate
Endrin
Endrin aldehyde
Endrin ketone
Etridiazole
Halowax-1000
Halowax-1001
Halowax-1013
Halowax-1014
Halowax-1051
Halowax-1099
Heptachlor
Heptachlor epoxide
Hexachlorobenzene
Hexachlorocyclopentadiene
Isodrin
Methoxychlor
Metoachlor
Metribuzin
Mirex
Nitrofen
trans-Nonachlor
PCNB
Permethrin (cis & trans)
cis-Permethrin
trans-Permethrin
Perthane
Propachlor
Simazine
Strobane
Technical chlordane*
Toxaphene*
Trifluralin

CAS Registry Number
15972-60-8
309-00-2
12674-11-2
11104-28-2
11141-16-5
53469-21-9
12672-29-6
11097-69-1
11096-82-5
1912-24-9
23184-66-9
319-84-6
319-85-7
319-86-8
58-89-9
2425-06-1
786-19-6
5103-71-9
5103-74-2
2675-77-6
510-15-6
5836-10-2
1897-45-6
21725-46-2
96-12-8
1861-32-1
72-54-8
72-55-9
50-29-3
2303-16-4
117-80-6
99-30-9
115-32-2
60-57-1
959-98-8
33213-65-9
1031-07-8
72-20-8
7421-93-4
53494-70-5
2593-15-9
58718-66-4
58718-67-5
12616-35-2
12616-36-3
2234-13-1
39450-05-0
76-44-8
1024-57-3
118-74-1
77-47-4
465-73-6
72-43-5
51218-45-2
21087-64-9
2385-85-5
1836-75-5
39765-80-5
82-68-8
52645-53-1
61949-76-6
61949-77-7
72-56-0
1918-16-7
122-34-9
8001-50-1
57-74-9
8001-35-2
1582-09-8

Method 508.1
√
√
√
√
√
√
√
√
√
√
√
√
√
√
√

Method 608

Method 8081B

√
√
√
√
√
√
√
√

√

√
√
√
√

√
√
√
√

√
√
√
√

√
√
√

√
√
√
√
√
√

√
√
√
√
√
√
√

√
√
√
√

√
√
√
√

√
√
√
√

√
√
√
√
√
√
√

√
√
√
√
√
√
√

√
√

√
√
√
√
√
√

√
√
√

Method 8082A

√
√
√
√
√
√
√

√
√
√
√
√
√

√
√
√

√
√
√
√
√
√
√

√
√
√
√
√

√
√

√
√

√
√
√
√

Method 8081B
Add’l Compounds
√

√
√

√
√

√
√

*Multi-component standards.
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Establishing and Maintaining Method Performance

The instrument used for the analysis of chlorinated pesticides and PCBs must be calibrated prior to performing quantitative analysis. The calibration should be linear over a 16- to 100-fold concentration range. The calibration of three to five points includes
analyzing a low standard to meet the required reporting limit, as well as a high standard to minimize the need for dilutions. The
linearity check should contain all the pesticides being reported. When using phenyl phase or cyanopropyl phase columns, not
all analytes are resolved; therefore, two separate mixtures of pesticides must be used in order to ensure accurate calibration. This
doubles the amount of time needed to calibrate for all the chlorinated pesticides. Because no coelution problems occur with the
Rtx®-CLPesticides and Rtx®-CLPesticides2 columns, the calibrations can be completed with a single mixture, which reduces the
overall time required to complete the calibration. Verifying linearity for all target compounds is important because different classes
of pesticides (e.g., α-BHC vs. methoxychlor) will differ in injection port discrimination, chromatographic peak shape, and detector
linearity. There are some chlorinated pesticides, such as technical chlordane and toxaphene, that are multi-component mixtures;
due to their complexity, accurate calibrations are difficult to achieve. Typically, a few of the dominant peaks in each of the multicomponent analytes are used to establish response factors. PCB calibration is handled the same way as the multi-component pesticides. Preferably, five peaks are chosen for the identification of each Aroclor. Initially, a five-point calibration of Aroclor 1016 and
Aroclor 1260 is used. Single points at the midrange are then analyzed for the remaining Aroclor compounds.

Tips for Ensuring Optimum System Performance
Start With an Inert Injection Port
Active sites in the injection port can cause analyte breakdown and reduce
recoveries. We recommend using deactivated Sky® inlet liners and gold-plated
dual Vespel® ring inlet seals to maximize inertness and prevent the loss of active
compounds, such as endrin, DDT and 2,4-dinitrophenol.

Use Deactivated Guard Columns and Connectors
Guard columns protect your analytical column from nonvolatile residue and are
also used for analyte focusing. Choose a deactivated guard column and attach it
with a Press-Tight® connector to create an inert sample path and prevent the loss
of target compounds.

Make Clean, Square Cuts for Leak-Free Connections
Restek® scoring wafers make cutting columns properly a quick and easy task. Just
draw the smooth edge of the wafer perpendicularly across the fused silica surface,
tap the column tubing, and then check your cut for jagged edges. Square cuts
ensure a leak-free seal with the connector.

Prevent Contaminants From Entering the System
Oxygen, water, and hydrocarbon contaminants in carrier gas and detector gas
lines will damage GC columns and cause noisy baselines. Use Super Clean® gas
filters from Restek to purify incoming gases and protect your GC system.

Check for Leaks at all Connections
Catch a leak before it becomes a costly problem! Leaks allow oxygen and moisture
to enter your system, which can cause permanent damage to GC columns and
also to some detectors, including ECDs. Checking for leaks with an electronic leak
detector allows you to identify and fix leaks before they cause problems.

12
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The injection port is where many of the analytical problems occur in the
analysis of chlorinated pesticides. Breakdown of endrin and 4,4'-DDT is not
uncommon and usually is indicative of a chemical reaction taking place in the
injection port. This breakdown could be caused by active glass wool, a contaminated or non-deactivated liner, an active metal surface in the injection
system, septa particles, or impurities in the carrier gas. The breakdown of 4,4'DDT is generally indicative of a dirty injection port caused by the analysis of
oily or “dirty” sample extracts. GPC or carbon column cleanup can be useful
in removing some of the matrix interferences that cause 4,4'-DDT breakdown
(see Extract Cleanup for Chlorinated Pesticides and PCBs section). Frequent
replacement of the inlet liner and inlet seal may be necessary to maintain low
breakdown levels of endrin and 4,4'-DDT. It may also be necessary to cut 6
to 12 inches off the front of the analytical column or guard column to reduce
the breakdown of endrin and 4,4'-DDT. Trimming the analytical or guard column removes any nonvolatile residue buildup in the column. Using a guard
column will extend the lifetime of the analytical column and minimize the
loss of separation that will result from trimming the analytical column.
Best practices and EPA methodology dictate that the inertness of the chromatographic system be confirmed on a regular basis. This is accomplished by
analyzing a system evaluation mix that contains endrin and 4,4'-DDT. Endrin
decomposes to endrin aldehyde and endrin ketone. 4,4'-DDT decomposes to
4,4'-DDD and 4,4'-DDE. The percentage of decomposition can be measured
and must be below 15% for both compounds. If the breakdown is above 15%,
instrument maintenance must be performed. Restek provides a complete
range of system evaluation test mixes, surrogate standards, and calibration
standards for chlorinated pesticides and PCBs. Visit www.restek.com for a
complete product listing.
If replacing the inlet liner and trimming the front of the analytical column
do not reduce breakdown, it may be necessary to perform additional inlet
maintenance. When samples are injected into the hot injection port, the vaporized extract can backflash and escape from the top and bottom of the liner, causing analytes to come into contact with metal surfaces. This will leave
nonvolatile residue on the metal surfaces of the injection port and create active sites. Keeping the injection port body clean requires frequent cleaning
or replacement of the inlet seal. Periodic swabbing of the inside of the injection port with solvent may also be necessary if other maintenance does not
reduce endrin and 4,4'-DDT breakdown. It may even be necessary to rinse the
carrier gas lines coming into the injector to remove contamination that has
backflashed into these lines. Do not flush solvent through any actuator valves
or rubber parts and be certain the injection port is at room temperature prior
to rinsing.

Guard Columns
and Connectors
See pages 28–29 or visit

www.restek.com

Certified Reference
Materials
See page 28 or visit

www.restek.com/reference
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Some labs choose to clean and reuse inlet liners. When this is done, it is critical to use proper deactivation procedures to minimize
endrin breakdown. There are two approaches to liner deactivation: perform the operation in-house or send liners out to be deactivated. Sending injection port liners to a company like Restek for cleaning and deactivating is inexpensive and allows analysts to
spend their time more productively. There is a standard procedure for deactivating liners that includes a process of cleaning the
liners and deactivating them. Contact Restek’s Technical Service group at support@restek.com; 1-800-356-1688, ext. 4; or 1-814353-1300, ext. 4 for more information.
Septa particles are another major cause of endrin breakdown. Over time, the septum will core and septum particles will sit on top of
a glass wool plug or at the bottom of the liner. Changing septa frequently and using high-quality septa can reduce coring and particle
generation. Ensuring that the syringe needle is free of burrs will also help reduce this problem. Alternatively, Merlin Microseal septa
can eliminate particles from collecting in the liner. Information on Merlin Microseal septa is available at www.restek.com
Carrier gas contamination is another potential cause of endrin breakdown. Endrin can react with contaminants that are carried into
the injection port by the carrier gas. Using in-line gas purifiers for the carrier gas will help remove contaminants so they are not
introduced into the analytical system.
Figures 11 through 16 show example chromatograms of chlorinated pesticides and PCBs on the Rtx®-CLPesticides column set using
optimized analysis conditions.

Figure 11: For commonly analyzed chlorinated pesticides, 0.32 mm ID columns provide the best balance of
capacity and resolution.
Rtx®-CLPesticides

Columns

Sample
Injection
Inj. Vol.:
Liner:
Inj. Temp.:
Oven
Oven Temp:

Rtx®-CLPesticides 30 m, 0.32 mm ID, 0.32 µm
(cat.# t)
and Rtx®-CLPesticides2 30 m, 0.32 mm ID, 0.25 µm
(cat.# 11324)
using Rxi® guard column 5 m, 0.32 mm ID (cat.# 10039)
with deactivated universal “Y” Press-Tight® connector
(cat.# 20405-261)
Organochlorine pesticide mix AB #2 (cat.# 32292)
Pesticide surrogate mix, EPA 8080, 8081 (cat.# 32000)
1 µL splitless (hold 0.3 min)
Splitless taper (4 mm) (cat.# 20799)
250 °C

120 °C to 200 °C at 45 °C/min to 230 °C at 15 °C/min to
330 °C at 30 °C/min (hold 2 min)
Carrier Gas He
Detector	μ-ECD @ 330 °C
Notes
Instrument was operated in constant flow mode.
Linear velocity: 60 cm/sec @ 120 °C.

Rtx®-CLPesticides2

This chromatogram was obtained using an Agilent
μ-ECD. To obtain comparable results, you will need
to employ a μ-ECD in addition to confirmational dual
columns connected to a 5-meter guard column using a
“Y” Press-Tight® connector.

GC_EV00933
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Figure 12: Analysis of an extended list of organochlorine pesticides (EPA Method 8081B) on the Rtx®-CLPesticides
and Rtx®-CLPesticides2 columns.
Rtx®-CLPesticides

Rtx®-CLPesticides2

GC_EV1193

Columns

Sample

Diluent:
Injection
Inj. Vol.:
Liner:
Inj. Temp.:
Oven
Oven Temp:

Rtx®-CLPesticides2 30 m, 0.32 mm ID, 0.25 µm (cat.# 11324)
and Rtx®-CLPesticides 30 m, 0.32 mm ID, 0.32 µm (cat.# 11141)
using Rxi® guard column 5 m, 0.32 mm ID (cat.# 10039)
with deactivated universal “Y” Press-Tight® connector (cat.# 20405-261)
Organochlorine pesticide mix AB #2 (cat.# 32292)
Organochlorine pesticide mix C #1 (cat.# 32296)
2,4,5,6-Tetrachloro-m-xylene (cat.# 32027)
Decachlorobiphenyl (BZ #209) (cat.# 32029)
Chlorpyrifos (cat.# 32212)
2,4'-DDE (cat.# 32099)
2,4'-DDD (cat.# 32098)
Chlorobenzilate (cat.# 32211)
Captan (cat.# custom)
cis-Nonachlor (cat.# custom)
Mirex (cat.# custom)
Oxychlordone (cat.# custom)
Diallate (cat.# custom)
Hexane
1 µL splitless (hold 0.3 min)
Cyclo double taper (4 mm) (cat.# 20896)
250 °C

80 °C to 175 °C at 8 °C/min to 195 °C at 11 °C/min to 235 °C at 7 °C/min
to 320 °C at 25 °C/min (hold 3 min)
Carrier Gas
He, constant flow
Linear Velocity: 28 cm/sec
Detector
µ-ECD @ 330 °C
Make-up Gas
Flow Rate: 60 mL/min
Make-up Gas
Type:
N2
Instrument
Agilent/HP6890 GC
Notes
This chromatogram was obtained using an Agilent μ-ECD. To obtain
comparable results, you will need to employ a μ-ECD in addition to
confirmational dual columns connected to a 5-meter guard column using
a “Y” Press-Tight® connector.

		 Peaks
Conc.
			
(ng/mL)
1. 1,2-Dibromo-3-chloropropane
100
2. Hexachlorocyclopentadiene
100
3. Tetrachloro-m-xylene (SS)
100
4. cis-Diallate
500
5. Hexachlorobenzene
100
6. trans-Diallate
500
7. α-BHC
40
8. γ-BHC
40
9. β-BHC
40
10. δ-BHC
40
11. Heptachlor
40
12. Aldrin
40
13. Chlorpyrifos
100
14. Isodrin
100
15. Oxychlordane
50
16. Heptachlor epoxide
40
17. trans-Chlordane*
40
18. 2,4'-DDE
100
19. trans-Nonachlor
100

		 Peaks
			
20. cis-Chlordane*
21. Endosulfan I
22. Captan
23. 4,4'-DDE
24. Dieldrin
25. 2,4'-DDD
26. Endrin
27. Chlorobenzilate
28. 2,4'-DDT
29. cis-Nonachlor
30. 4,4'-DDD
31. Endosulfan II
32. 4,4'-DDT
33. Endrin aldehyde
34. Endosulfan sulfate
35. Methoxychlor
36. Mirex
37. Endrin ketone
38. Decachlorobiphenyl

Conc.
(ng/mL)
40
40
100
100
80
100
80
500
100
100
80
80
80
80
80
400
100
80
100

* For information regarding the nomenclature used for cis-chlordane and trans-chlordane,
visit www.restek.com/chlordane-notice
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Figure 13: Common pesticides monitored for in drinking water and groundwater.
Rtx®-CLPesticides

GC_EV01004

Rtx®-CLPesticides2

		
1.
2.
3.
4.
5.
6.
7.
8.
9.
10.
11.
12.
13.
14.
15.
16.

Peaks
Hexachlorocyclopentadiene
Hexachlorobenzene
Simazine
Atrazine
γ-BHC
Heptachlor
Alachlor
Aldrin
Heptachlor epoxide
trans-Chlordane*
trans-Nonachlor
cis-Chlordane*
Dieldrin
Endrin
cis-Nonachlor
Methoxychlor

* For information regarding the
nomenclature used for cis-chlordane
and trans-chlordane, visit
www.restek.com/chlordane-notice

GC_EV01005

Columns

Sample
Diluent:
Injection
Inj. Vol.:
Liner:
Inj. Temp.:

16

Rtx®-CLPesticides 30 m, 0.32 mm ID, 0.32 µm (cat.# 11141)
and Rtx®-CLPesticides2 30 m, 0.32 mm ID, 0.25 µm (cat.# 11324)
using Rxi® guard column 5 m, 0.32 mm ID (cat.# 10039)
with deactivated universal “Y” Press-Tight® connector (cat.# 20405-261)
200 ng/mL 505 organohalide pesticide mix (cat.# 32024)
4.2 µg/mL simazine (cat.# 32236)
4.2 µg/mL atrazine (cat.# 32208)
Methanol
2 µL splitless (hold 0.75 min)
Cyclo double taper (4 mm) (cat.# 20896)
250 °C

Oven
Oven Temp:
Carrier Gas
Linear Velocity:
Detector
Instrument
Notes

90 °C (hold 1 min) to 310 °C at 10 °C/min (hold 5 min)
He, constant flow
40 cm/sec
µ-ECD @ 325 °C
Agilent/HP6890 GC
This chromatogram was obtained using an Agilent
μ-ECD. To obtain comparable results, you will need
to employ a μ-ECD in addition to confirmational dual
columns connected to a 5-meter guard column using
a “Y” Press-Tight® connector.
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Figure 14: Pesticides and herbicides monitored for in drinking water and groundwater on the Rtx®-CLPesticides
and Rtx®-CLPesticides2 columns.
Rtx®-CLPesticides
		
1.
2.
3.
4.
5.
6.
7.
8.
9.
10.
11.
12.
13.
14.
15.
16.
17.
18.
19.
20.
21.
22.
23.
24.
25.
26.
27.
28.
29.
30.
31.
32.
33.
34.
35.
36.
37.
38.

GC_EV01022

Rtx®-CLPesticides2

Peaks
Hexachlorocyclopentadiene
Etridiazole
Chlorneb
Propachlor
Trifluralin
Hexachlorobenzene
α-BHC
Simazine
Atrazine
Pentachloronitrobenzene (IS)
γ-BHC
β-BHC
δ-BHC
Heptachlor
Chlorothalonil
Metribuzin
Alachlor
Aldrin
4,4'-Dibromobiphenyl (SS)
Metachlor
DCPA
Heptachlor epoxide
trans-Chlordane*
Cyanazine
cis-Chlordane*
Endosulfan I
4,4'-DDE
Dieldrin
Endrin
Chlorobenzilate
4,4'-DDD
Endosulfan II
4,4'-DDT
Endrin aldehyde
Endosulfan sulfate
Methoxychlor
cis-Permethrin
trans-Permethrin

* For information regarding the
nomenclature used for cis-chlordane
and trans-chlordane, visit
www.restek.com/chlordane-notice
Columns

Sample

Diluent:
Injection
Inj. Vol.:
Liner:
Inj. Temp.:
Oven
Oven Temp:

GC_EV01023

Rtx®-CLPesticides2 30 m, 0.32 mm ID, 0.25 µm
(cat.# 11324)
and Rtx®-CLPesticides 30 m, 0.32 mm ID, 0.32 µm
(cat.# 11141)
using Rxi® guard column 5 m, 0.32 mm ID
(cat.# 10039)
with deactivated universal “Y” Press-Tight®
connector (cat.# 20405-261)
50 ng/mL 508.1 calibration mix #1 (cat.# 32094)
100 ng/mL 508.1 calibration mix #2 (cat.# 32095)
100 ng/mL 508.1 calibration mix #3 (cat.# 32096)
50 ng/mL pentachloronitrobenzene (cat.# 32091)
250 ng/mL 4,4'-dibromobiphenyl (cat.# 32092)
500 ng/mL atrazine (cat.# 32208)
500 ng/mL simazine (cat.# 32236)
Ethyl acetate
2 µL splitless (hold 0.75 min)
Cyclo double taper (4 mm) (cat.# 20896)
250 °C

80 °C (hold 0.5 min) to 155 °C at 19 °C/min (hold 1
min) to 210 °C at 4 °C/min to 310 °C at 25 °C/min
(hold 0.5 min)
Carrier Gas He, constant flow
Linear
Velocity: 26 cm/sec
Detector	μ-ECD @ 325 °C
Notes
This chromatogram was obtained using an Agilent
μ-ECD. To obtain comparable results, you will need
to employ a μ-ECD in addition to confirmational
dual columns connected to a 5-meter guard column
using a “Y” Press-Tight® connector.

www.restek.com
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Figure 15: Aroclor compounds on Rtx®-CLPesticides columns.
Rtx®-CLPesticides
30 m, 0.32 mm ID, 0.32 µm (cat.# 11141)

		 Peaks
1. Decachlorobiphenyl (DCB)

Column
Sample
Injection
Inj. Vol.:
Liner:
Inj. Temp.:
Pulse Pressure:
Oven
Oven Temp:

Rtx®-CLPesticides, 30 m, 0.32 mm ID, 0.32 µm (cat.# 11141)
PCB kit #1 diluted to 1,000 ppb in hexane (cat.# 32089)
Decachlorobiphenyl (BZ #209) diluted to 100 ppb in acetone
(cat.# 32029)
1.0 µL pulsed splitless (hold 0.3 min)
Cyclo double taper (4 mm) (cat.# 20895)
250 °C
30 psi (206.8 kPa)

120 °C to 200 °C at 45 °C/min to 230 °C at 15 °C/min
to 330 °C at 30 °C/min (hold 2 min)
Carrier Gas
He, constant flow
Linear Velocity: 60 cm/sec
Detector	μ-ECD @ 330 °C
Notes
This chromatogram was obtained using an Agilent
μ-ECD. To obtain comparable results, you will need
to employ a μ-ECD in addition to confirmational
dual columns connected to a 5-meter guard column
using a “Y” Press-Tight® connector.
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Figure 16: Aroclor compounds on Rtx®-CLPesticides2 columns.
		 Peaks
1. Decachlorobiphenyl (DCB)

Rtx®-CLPesticides2
30 m, 0.32 mm ID, 0.25 µm (cat.# 11324)

Column
Sample
Injection
Inj. Vol.:
Liner:
Inj. Temp.:
Pulse Pressure:
Oven
Oven Temp:

Rtx®-CLPesticides2, 30 m, 0.32 mm ID, 0.25 µm (cat.# 11324)
PCB kit #1 diluted to 1,000 ppb in hexane (cat.# 32089)
Decachlorobiphenyl (BZ #209) diluted to 100 ppb in acetone
(cat.# 32029)
1.0 µL pulsed splitless (hold 0.3 min)
Cyclo double taper (4 mm) (cat.# 20895)
250 °C
30 psi (206.8 kPa)

120 °C to 200 °C at 45 °C/min to 230 °C at 15 °C/min to 330 °C
at 30 °C/min (hold 2 min)
Carrier Gas
He, constant flow
Linear Velocity: 60 cm/sec
Detector	μ-ECD @ 330 °C
Notes
This chromatogram was obtained using an Agilent μ-ECD. To
obtain comparable results, you will need to employ a μ-ECD
in addition to confirmational dual columns connected to a
5-meter guard column using a “Y” Press-Tight® connector.

For analysis of other PCBs, visit
www.restek.com/chromatograms
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Chlorinated Herbicides

Several methods have been developed for the analysis of chlorinated herbicides, including the methods listed in Table II. Since these compounds are
used in different forms (free acids, salts, and esters) the methods require a hydrolysis step to convert all compounds to the free acid form. However, the free
acid form is not amenable to gas chromatography and must be derivatized to
the methyl ester form before GC analysis. This esterification is accomplished
using diazomethane. Diazomethane is a highly toxic, reactive, and potentially
explosive material that should only be handled by analysts experienced with this
process. Pentafluorobenzyl bromide has also been used for the derivatization
of chlorinated acid herbicides, but interferences from phenols and chlorinated phenols can be problematic for this derivatization reagent. Since hydrolyzed acids can readily react with basic surfaces, it is critical to acid rinse all
glassware used for sample extraction and transfer. It is also recommended to
acid rinse the sodium sulfate used for extract drying.

For sample prep products,
reference standards,
inlet supplies, and
columns for analyzing
chlorinated herbicides and
haloacetic acids, visit
www.restek.com

Table II: Target analyte lists for chlorinated herbicides by EPA
method.
Compound
Acifluorfen
Bentazon
Chloramben
2,4-D
Dalapon
2,4-DB
DCPA acid metabolites
Dicamba
3,5-Dichlorobenzoic acid
Dichlorprop
Dinoseb
5-Hydroxydicamba
MCPA
MCPP
4-Nitrophenol
Pentachlorophenol (PCP)
Picloram
2,4,5-T
2,4,5-TP

CAS #
50594-66-6
25057-89-0
133-90-4
94-75-7
75-99-0
94-82-6
1918-00-9
51-36-5
120-36-5
88-85-7
7600-50-2
94-74-6
7085-19-0
100-02-7
87-86-5
1918-02-1
93-76-5
93-72-1

Method
515.1
√
√
√
√
√
√
√
√
√
√
√
√
√
√
√
√
√

Method
615

Method
8151

√
√
√

√
√
√

√

√

√
√

√
√

√
√

√
√
√
√

√
√

√
√

Once esterified, the chlorinated herbicides can be analyzed by GC and
Rtx®-CLPesticides and Rtx®-CLPesticides2 columns can be used to separate
these derivatized compounds. Both internal and surrogate standards are
specified for these methods to ensure accurate quantitative results. Restek
provides a complete range of internal and surrogate standards, as well as calibration standards, for chlorinated herbicides as both free acids and methyl
esters. Figure 17 shows example chromatograms of chlorinated herbicides on
the Rtx®-CLPesticides column set using optimized analysis conditions.

Table III: Target analyte lists for haloacetic
acids (EPA Method 552.2).
Compound
Bromochloroacetic acid (BCAA)
Bromodichloroacetic acid (BDCAA)
Chlorodibromoacetic acid (CDBAA)
Dalapon
Dibromoacetic acid (DBAA)
Dichloroacetic acid (DCAA)
Monobromoacetic acid (MBAA)
Monochloroacetic acid (MCAA)
Tribromoacetic acid (TBAA)
Trichloroacetic acid (TCAA)
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CAS #
5589-96-8
7113-314-7
5278-95-5
75-99-0
631-64-1
79-43-6
79-08-3
79-11-8
75-96-7
76-03-9

Haloacetic Acids

Haloacetic acids are byproducts created when drinking water is chlorinated.
Analytical methods (such as EPA 552.2) were developed for the analysis of
haloacetic acids in drinking water. Table III shows the target list of compounds included in this method. A 100 mL sample of water is adjusted to
a pH of 11.5 and extracted with methyl tert-butyl ether (MTBE) to remove
basic and neutral compounds from the sample. The sample is then acidified to
pH 0.5 and the haloacetic acids are extracted into MTBE. The acids are then
converted to methyl esters using diazomethane and analyzed by capillary GC
using an ECD detector. Diazomethane is a highly toxic, reactive, and potentially explosive material that should only be handled by analysts experienced with
this process. Note that derivatization can also be accomplished using acidic
methanol and heat.

www.restek.com
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Figure 17: Analysis of chlorinated herbicides on the Rtx®-CLPesticides column set.
Rtx®-CLPesticides

<13 min chlorophenoxyacid
herbicide analysis!

		 Peaks
1. Dalapon methyl ester
2. 3,5-Dichlorobenzoic acid methyl ester (SS)
3. 4-Nitroanisole
4. DCAA methyl ester (SS)
5. Dicamba methyl ester
6. MCPP methyl ester
7. MCPA Methyl ester
8. Dichlorprop, methyl ester
9. 4,4'-DBOB (IS)
10. 2,4-D methyl ester
11. Pentachloroanisole
12. 2,4,5-TP, methyl ester
13. 2,4,5-T methyl ester
14. Chloramben, methyl ester
15. 2,4-DB methyl ester
16. Dinoseb methyl ester
17. Bentazon methyl ester
18. DCPA
19. Pichloram methyl ester
20. Acifluorfen methyl ester
C. contaminant

Columns
GC_EV00971

Rtx®-CLPesticides2
Sample

Fully resolve bentazon and
picloram methyl esters
Diluent:
Injection
Inj. Vol.:
Liner:
Inj. Temp.:
Oven
Oven Temp:

Rtx®-CLPesticides2 30 m, 0.32 mm ID,
0.25 µm (cat.# 11324)
and Rtx®-CLPesticides 30 m, 0.32 mm ID,
0.32 µm (cat.# 11141)
using Rxi® deactivated guard column 5 m,
0.32 mm ID (cat.# 10039)
with universal “Y” Press-Tight® connector
(cat.# 20405-261)
200 ng/mL herbicide mix #1 (cat.# 32055)
1,000 ng/mL dalapon methyl ester
(cat.# 32057)
20,000 ng/mL herbicide mix #3 (cat.# 32059)
200 ng/mL herbicide mix #4 (cat.# 32062)
250 ng/mL 4,4'-dibromooctafluorobiphenyl
(cat.# 32053)
400 ng/mL 2,4-dichlorophenyl acetic acid
methyl ester (cat.# 32050)
Hexane
1.0 µL splitless (hold 0.75 min)
Cyclo double taper (4 mm) (cat.# 20895)
250 °C

70 °C (hold 0.5 min) to 190 °C at 25 °C/min
(hold 1 min) to 300 °C at 11 °C/min (hold
5 min)
Carrier Gas
He, constant pressure
Linear Velocity: 36 cm/sec @ 70 °C
Detector
µ-ECD @ 325 °C
Instrument
Agilent/HP6890 GC
Notes
This chromatogram was obtained using an
Agilent μ-ECD. To obtain comparable results,
you will need to employ a μ-ECD in addition
to confirmational dual columns connected to
a 5-meter guard column using a “Y” PressTight® connector.

GC_EV00971A
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Figure 18 shows example chromatograms of derivatized haloacetic acids on the Rtx®-CLPesticides column set using optimized
analysis conditions. Both internal and surrogate standards are specified for this method to ensure accurate quantitative results.
Restek provides a complete range of internal and surrogate standards, as well as calibration standards, for haloacetic acids as both
free acids and methyl esters.

Figure 18: Analysis of derivatized haloacetic acids on Rtx®-CLPesticides and Rtx®-CLPesticides2 columns.
Rtx®-CLPesticides

Peaks
			
1. Methyl monochloroacetate
2. Methyl monobromoacetate
3. Methyl dichloroacetate
4. Dalapon methyl ester
5. Methyl trichloroacetate
6. 1,2,3-Trichloropropane (IS)
7. Methyl bromo(chloro)acetate
8. Methyl bromodichloroacetate
9. Methyl dibromoacetate
10. Methyl chlorodibromoacetate
11. Methyl 2,3-dibromopropionate (SS)
12. Methyl tribromoacetate

Columns
GC_EV01006

Rtx®-CLPesticides2
Sample

Conc.
(µg/mL)
1.2
0.8
1.2
2
0.4
4
0.8
0.8
0.4
2
2
4

Rtx®-CLPesticides2 30 m, 0.32 mm ID, 0.25 µm
(cat.# 11324)
and Rtx®-CLPesticides 30 m, 0.32 mm ID, 0.32 µm
(cat.# 11141)
using Rxi® guard column 5 m, 0.32 mm ID (cat.# 10039)
with deactivated universal “Y” Press-Tight® connector
(cat.# 20405-261)
Haloacetic acid methyl ester mix #2 (cat.# 31647)
Dalapon methyl ester (cat.# 32057)
Methyl-2,3-dibromopropionate (cat.# 31656)
1,2,3-Trichloropropane (cat.# 31648)
Methyl tert-butyl ether (MTBE)

Diluent:
Injection
Inj. Vol.:
1.0 µL splitless (hold 0.75 min)
Liner:
Cyclo double taper (4 mm) (cat.# 20896)
Inj. Temp.:
250 °C
Oven
Oven Temp:
35 °C (hold 4 min) to 250 °C at 15 °C/min (hold 5 min)
Carrier Gas
He, constant flow
Linear Velocity: 25 cm/sec
Detector	μ-ECD @ 300 °C
Notes
This chromatogram was obtained using an Agilent
μ-ECD. To obtain comparable results, you will need
to employ a μ-ECD in addition to confirmational dual
columns connected to a 5-meter guard column using a
“Y” Press-Tight® connector.

GC_EV01007
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EDB, DBCP, and TCP

1,2-Dibromoethane (EBD), 1,2-dibromo-3-chloropropane (DBCP), and
1,2,3-trichloropropane (TCP) are common byproducts created when
drinking water is chlorinated. EPA Methods 504.1 and 8011 were developed for the analysis of EBD, DBCP, and TCP in drinking water. A 35 mL
sample of drinking water is extracted with 2 mL of hexane and analyzed
by capillary gas chromatography using ECD detection. Figure 19 shows
example chromatograms of these compounds on the Rtx®-CLPesticides
columns using optimized analysis conditions. Restek provides a complete
range of calibration standards for these compounds.

Certified Reference
Materials
See page 28 or visit

www.restek.com/reference

Figure 19: Analysis of EDB, DBCP, and TCP on the Rtx®-CLPesticides column set.
Rtx®-CLPesticides
		
		 Peaks
1. Bromodichloromethane
2. Chlorodibromomethane
3. 1,2-Dibromoethane (EDB)
4. 1,1,1,2-Tetrachloroethane
5. Bromoform
6. 1,2,3-Trichloropropane
7. 1,2-Dibromo-3-chloropropane (DBCP)

CLP tR
(min)
2.504
3.239
3.531
3.910
3.935
4.655
5.480

CLP2 tR
(min) 1
2.866
3.740
3.899 1
4.166
4.505
4.833
5.850

1

2

2

1

2

2

4

4

4

4

3

3

3

3

5

5

7

7

5

5

7

7

0

0

1

1

2

2

3

3

4

4

0

0

1

1

2

2

3

3

4

4

Rtx®-CLPesticides2

0

0

0

0

1
1
Columns

Sample

Diluent:
Conc.:
Injection
Inj. Vol.:
Liner:
Inj. Temp.:
Purge Flow:

1
1

2

2

1

1

1

1

3

2

2

2

2

3

2
3
2
3
Rtx®-CLPesticides2 30 m, 0.32 mm ID, 0.25 µm (cat.# 11324)
and Rtx®-CLPesticides 30 m, 0.32 mm ID, 0.32 µm (cat.# 11141)
using Rxi® guard column 5 m, 0.32 mm ID (cat.# 10039)
with Universal “Y” Press-Tight® connector (cat.# 20405)
Dibromochloromethane (chlorodibromochloromethane) (cat.# 30271)
Bromodichloromethane (cat.# 30251)
504.1 calibration mix (cat.# 30239)
1,1,1,2-tetrachloroethane (cat.# 30411)
Bromoform (cat.# 30252)
n-Hexane
10 ng/mL
2 µL splitless (hold 0.50 min)
Sky® 4 mm single taper inlet liner w/wool (cat.# 23303.1)
200 °C
50 mL/min

6

6

6

65

5

6

6

Time(min) Time(min)

5

5

6

6

Time(min) Time(min)

4

4

4

4

3

3

3

3

5

5

5

5
6

4

4

4

4

Oven
Oven Temp:
Carrier Gas
Linear Velocity:
Detector
Make-up Gas
Flow Rate:
Make-up Gas
Type:
Data Rate:
Instrument
Notes

6

7

7

7

7

6
5
5

6

5

6

6

Time(min) Time(min)

5

6

6

Time(min) Time(min)

GC_EV1227

30 °C (hold 2.0 min) to 220 °C at 30 °C/min
He, constant flow
60 cm/sec
µ-ECD @ 220 °C
50 mL/min
He
50 Hz
Agilent/HP6890 GC
This chromatogram was obtained using an Agilent
μ-ECD. To obtain comparable results, you will need
to employ a μ-ECD in addition to confirmational
dual-columns connected to a 5-meter guard
column using a “Y” Press-Tight® connector.

www.restek.com
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Summary
Using Restek’s Rtx®-CLPesticides
column set, coupled with the
methods and recommendations
presented in this guide, will
make your analyses easier and
allow you to perform other
environmental testing, such as
PCB analysis, using the same
columns and GC setup.

Although the analysis of chlorinated pesticides and herbicides historically
has been one of the more difficult tests performed by environmental testing laboratories, using Restek’s Rtx®-CLPesticides column set, coupled with
the methods and recommendations presented in this guide, will make your
analyses easier and allow you to perform other environmental testing, such as
PCB analysis, using the same columns and GC setup. Careful sample preparation and extract cleanup, proper injection technique, and suitable analytical columns and standards will improve your results and increase your lab’s
throughput.
When problems occur, using proper troubleshooting and maintenance techniques can quickly re-establish system integrity. When faced with difficulties in your pesticide or herbicide analysis, remember that the majority of
problems occur during the sample preparation and cleanup steps, or at the
injection port of the GC. If you are still having difficulties with your analysis
after following the steps in this guide, please contact Restek’s technical service
at support@restek.com; 1-800-356-1688, ext. 4; or 1-814-353-1300, ext. 4 and
we will be happy to help you.

Chromatogram Search Tool
Search by compound name,
synonym, CAS #, or keyword.
www.restek.com/chromatograms
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Sample Preparation
Glassware
Soxhlet Extraction Apparatus
Soxhlet extraction is used for the continuous solvent extraction of organic
analytes from a solid matrix. All parts are connected with ST joints to reduce
any risk of contamination. All flask joints are ST 24/40 joints.
Description
Extraction Apparatus
Extraction Apparatus
Extraction Apparatus

ID
30 mm
40 mm
50 mm

Volume
125 mL
250 mL
300 mL

Taper Size
34/45
45/50
55/50

qty.
kit
kit
kit

cat.#
23342
23343
23344

qty.
kit
kit
kit
kit
kit
kit
kit

cat.#
23381
23382
23383
23384
23385
23386
23387

Separatory Funnels, Squibb Type with PTFE Stopcock
With solid ST stopper.
Description
Separatory Funnel, Squibb Type
Separatory Funnel, Squibb Type
Separatory Funnel, Squibb Type
Separatory Funnel, Squibb Type
Separatory Funnel, Squibb Type
Separatory Funnel, Squibb Type
Separatory Funnel, Squibb Type

Volume
30 mL
60 mL
125 mL
250 mL
500 mL
1L
2L

Stopcock
2 PTFE
2 PTFE
2 PTFE
4 PTFE
4 PTFE
4 PTFE
6 PTFE

Kuderna-Danish Evaporator Concentrator
This apparatus is used to concentrate analytes from volatile solvents. Apparatus consist of a 3-ball Snyder distilling column, flask and concentrator tube. The flask and
receivers are held together by ST joints and the included poly joint clamp. Concentrator tube is graduated.
Description
Kuderna-Danish Evaporator
Kuderna-Danish Evaporator

Volume
250 mL
500 mL

Receiver Capacity
10 mL
15 mL

qty.
kit
kit

cat.#
23339
23340

Taper Size
19/22

qty.
ea.

cat.#
23341

Concentrator Tube
Description
Graduated Concentrator Tube

Volume
10 mL

Solid Phase Extraction
Resprep® SPE Cartridges (Normal Phase)
Hydrophilic (polar) adsorbents used to extract hydrophilic analytes from nonpolar
matrices, such as organic solvents (e.g., polar contaminants from sample extracts).

Florisil
(EPA SW 846 methods and CLP protocols)

3 mL/500 mg
(50-pk.)
24031
24032*

6 mL/500 mg
(30-pk.)
26086**

6 mL/1,000 mg
(30-pk.)
24034
26085**

15 mL/2 g
(15-pk.)
26228

All cartridges are manufactured using
high density polypropylene and have
polyethylene frits unless otherwise noted.
Cartridges may be processed by any one or all
of these techniques: positive pressure, sidearm
flask, centrifuge, or vacuum manifold.

*PTFE frits **Glass tubes with PTFE frits

▲

Visit www.restek.com
for additional products
and services
www.restek.com
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Solid Phase Extraction, cont.
Resprep® CarboPrep® SPE Cartridges

• Improved recovery of sulfonylurea herbicides, phenols, carbamates, and triazine
herbicides, compared to C18 and C8 cartridges.
• Wide range of selectivity for both analytes and their metabolites or degradation
products.
• Rapid sampling flow rates; uncompromised recoveries.
• Maximum capacity for contaminant cleanup.
• Controlled manufacturing improves cleanliness, ensures reproducible performance.
Excellent for Pesticide
Residue Cleanup!

SPE Cartridge
CarboPrep 90
CarboPrep 90

Tube Volume, Bed Weight
3 mL, 250 mg
6 mL, 500 mg

qty.
50-pk.
30-pk.

cat.#
26091
26092

Resprep®-C18 SPE Disks

•
•
•
•
•
Resprep® disks & flow filters extract
analytes of interest at high flow rates
and significantly reduce clogging.

Glass fiber disks embedded with C18 bonded silica.
Extract semivolatile organic compounds.
Deep-pore design reduces clogging and allows faster flow rates.
Meet requirements for EPA Methods 525.1, 506, 550.1, and 549.1.
Lower cost than PTFE disks.

Description
Resprep-C18
Resprep-C18

Diameter
47 mm
90 mm

qty.
20-pk.
12-pk.

cat.#
24004
25988

Resprep® SPE Flow Filters

• Designed specifically to improve flow when filtering oil and grease samples.
• Use with Resprep® Diskcover-47 reservoir, or any 47 mm glass sample reservoir.
Description
Resprep SPE Flow Filters

qty.
20-pk.

cat.#
26024

Sodium Sulfate (Bulk Adsorbent)

• Ideal for removing water from sample extracts.
• Activate by heating to 400 °C for four hours before use.
• Packaged in recloseable 5 kg buckets.
Anhydrous sodium sulfate is the most common drying agent used to remove moisture
from sample extracts. We package our 60 mesh material in recloseable buckets.
Description
Sodium Sulfate

qty.
5 kg

cat.#
26204

Florisil® PR (Bulk Adsorbent)

• Pesticide residue grade.
• Packaged in glass containers.
Florisil® PR is commonly used to remove polar interferences from pesticide residues.
This bulk material is ideal for labs packing their own extraction cartridges for pesticide
residue extractions.
Description
Florisil PR, 60/100 mesh

26

qty.
500 g

cat.#
26135

www.restek.com
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Granulated Activated Copper (Bulk Adsorbent)

• Convenient form for removing sulfur from environmental extracts.
• Acidified and activated—ready for use.
Activated copper effectively removes elemental sulfur from environmental extracts. Our
acid-washed and activated material can be used right out of the package. The 30 mesh
granular material eliminates the potential for fine copper particles in filtered extracts.
Description
Granulated Activated Copper, 30 mesh

qty.
1 kg

cat.#
26136

Accelerated Solvent Extraction
Extraction Cell Bodies for ASE® 200 Systems

• Cell bodies are serialized for easy sample identification.
• Inner surfaces polished for easier cleaning.
Extraction Cell Body
1 mL for ASE 200
5 mL for ASE 200
11 mL for ASE 200
22 mL for ASE 200
33 mL for ASE 200

Similar to
Dionex part #
054973
054974
048820
048821
048822

Stainless Steel
qty.
cat.#
ea.
26110
ea.
26112
ea.
26114
ea.
26098
ea.
26116

Cell bodies are
serialized for
easy sample
identification.

Extraction Cell Caps & Replacement Parts for ASE® 200 Systems
• Inner surfaces polished for easier cleaning.
• Caps include frit, washer, PTFE O-ring, and threaded insert.

Description
Snap Rings for Caps for ASE 200
Funnel for ASE 200
PTFE O-Rings for ASE 200 & ASE 300 Caps
Viton O-Rings for ASE 200 & ASE 300 Caps

Similar to
Dionex part #
049450
049453
049453
Similar to
Dionex part #
049456
056958
049457
056325

Stainless Steel
qty.
cat.#
2-pk.
26096
2-pk.
26166
10-pk.
26100
100-pk.
25959
qty.
10-pk.
ea.
100-pk.
50-pk.

cat.#
26184
26180
26187
26188

▲

Description
Replacement Extraction Cell End Caps for ASE 200
Cap Inserts for ASE 200
Replacement Frits for ASE 200
Replacement Frits for ASE 200

Other ASE® 200 and
ASE® 300 replacement
parts are available at
www.restek.com/ase

Visit the Restek blog for the most current chromatography topics.
blog.restek.com

www.restek.com
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Reference Standards
▲

Additional reference standards
for chlorinated pesticides, PCBs,
and chlorinated herbicides are
available at www.restek.com

Organochlorine Pesticide Mix AB #1 (20 components)
aldrin
α-BHC
β-BHC
δ-BHC
γ-BHC (lindane)

cis-chlordane
trans-chlordane
4,4'-DDD
4,4'-DDE
4,4'-DDT

dieldrin
endosulfan I
endosulfan II
endosulfan sulfate
endrin

endrin aldehyde
endrin ketone
heptachlor
heptachlor epoxide (isomer B)
methoxychlor

200 µg/mL each in hexane:toluene (1:1), 1 mL/ampul

cat.# 32291

Organochlorine Pesticide Mix AB #2 (20 components)
cis-chlordane
trans-chlordane
4,4'-DDD
4,4'-DDE
4,4'-DDT

aldrin
8 µg/mL
α-BHC
8
β-BHC
8
δ-BHC
8
γ-BHC (lindane)
8

8
8
16
16
16

dieldrin
endosulfan I
endosulfan II
endosulfan sulfate
endrin

16
8
16
16
16

16
endrin aldehyde
endrin ketone
16
heptachlor
8
heptachlor epoxide (isomer B) 8
methoxychlor
80

In hexane:toluene (1:1), 1 mL/ampul

cat.# 32292

Pesticide Surrogate Mix (2 components)
decachlorobiphenyl

2,4,5,6-tetrachloro-m-xylene

200 µg/mL each in acetone, 1 mL/ampul
200 µg/mL each in acetone, 5 mL/ampul

cat.# 32000
cat.# 32457

Organochlorine Pesticide System Evaluation Mix (2 components)
• Designed for daily assessment of system performance.
• Reveals active sites in the injection port and/or GC column.
• Prepared in MTBE—low expansion volume helps minimize backflash.
4,4'-DDT 200 µg/mL

endrin

100 µg/mL

In methyl tert-butyl ether, 1 mL/ampul

cat.# 32417

Instrument Supplies
Guard Columns and Connectors
Rxi® Guard/Retention Gap Columns (fused silica)

•
•
•
•
Deactivated guard columns
minimize breakdown and
improve recovery of analytes!

Extend column lifetime.
Excellent inertness—obtain lower detection limits for active compounds.
Sharper chromatographic peaks by utilizing retention gap technology.
Maximum temperature: 360 °C.
Nominal ID

Nominal OD

0.25 mm
0.32 mm
0.53 mm

0.37 ± 0.04 mm
0.45 ± 0.04 mm
0.69 ± 0.05 mm

5-Meter
cat.#
10029
10039
10054

5-Meter/6-pk.
cat.#
10029-600
10039-600
10054-600

10-Meter
cat.#
10059
10064
10073

10-Meter/6-pk.
cat.#
10059-600
10064-600
10073-600

Intermediate-Polarity Deactivated Guard/Retention Gap Columns/
Transfer Lines (fused silica)

•
•
•
•

Tested with a comprehensive test mix to ensure high inertness.
Useful for a wide range of applications.
Use with most common solvents.
Maximum temperature: 325 °C
Nominal ID
0.53 mm

28

Nominal OD
0.69 ± 0.05 mm

5-Meter
10045

5-Meter/6-pk.
10045-600

www.restek.com
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Guard Columns and Connectors, cont.
Press-Tight® Connectors

• Deactivated Press-Tight® connectors maintain complete inertness along the
GC flow path.
• Fit 0.33–0.74 mm OD columns (Restek 0.1–0.53 mm ID).

Universal Angled “Y” Press-Tight® Connectors

• Perform confirmation analysis with a single injection.
• Inlet and outlet ends conform to the column curvature—alleviates column-end
connection strain.
Description
Universal Angled “Y” Press-Tight Connector
Universal Angled “Y” Press-Tight Connector, Deactivated

ea.
20403
20403-261

3-pk.
20404
20404-261

Columns and Kits
Rtx®-CLPesticides/Rtx®-CLPesticides2
•
•
•
•
•

Application-specific columns for organochlorine pesticides and herbicides.
Low bleed—ideal for GC-ECD or GC-MS analyses.
Baseline separations in less than 10 minutes.
Stable to 340 °C.
Analyze EPA Method 8081B, 8082A, 8151A, 504.1, 515, 508.1, and 552.2
compounds without time-consuming column change.

Rtx®-CLPesticides Columns (fused silica)
(proprietary Crossbond® phases)
ID
df
temp. limits
0.18 mm 0.18 µm -60 to 320/340 °C
0.25 mm 0.25 µm -60 to 320/340 °C
0.32 mm 0.32 µm -60 to 320/340 °C
0.50 µm -60 to 320/340 °C
0.53 mm 0.50 µm -60 to 300/320 °C

15-Meter

20-Meter
42102

11120
11136
11137

30-Meter

60-Meter

11123
11141
11139
11140

11126

Rtx®-CLPesticides2 Columns (fused silica)
(proprietary Crossbond® phases)
10-Meter
42301

15-Meter

11321
11337

20-Meter
42302

30-Meter

60-Meter

11323
11324
11325
11340

11326

▲

ID
df
temp. limits
0.18 mm 0.14 µm -60 to 320/330 °C
0.25 mm 0.20 µm -60 to 320/340 °C
0.32 mm 0.25 µm -60 to 320/340 °C
0.50 µm -60 to 320/340 °C
0.53 mm 0.42 µm -60 to 300/320 °C

Visit www.restek.com
for additional products
and services

For convenient money-saving kits
visit www.restek.com

www.restek.com
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Inlet Supplies and Accessories
Restek Super Clean® Gas Filter Kits and Replacements

22020

•
•
•
•
•

High-purity output ensures 99.9999% pure gas (at max. flow of 2 L/min).
“Quick connect” fittings for easy, leak-tight cartridge changes.
Glass inside to prevent diffusion; polycarbonate housing outside for safety.
All traps measure 10 5/8" x 1 3/4" (27 x 4.4 cm).
Each base plate unit measures 4" x 4" x 1 7/8" (10.2 x 10.2 x 4.8 cm).

Description
Carrier Gas Cleaning Kit
Includes: mounting base plate, 1/8" inlet/outlet fittings, and oxygen/moisture/hydrocarbon triple gas filter
Replacement Triple Gas Filter (removes oxygen, moisture, and hydrocarbons)
Helium-Specific Carrier Gas Cleaning Kit
Includes: mounting base plate, 1/8" inlet/outlet fittings, and
oxygen/moisture/hydrocarbon helium-specific filter
Replacement Helium-Specific Gas Filter (removes oxygen, moisture, and hydrocarbons)

base plate

qty.

cat.#

kit

22019

ea.

22020

kit

21983

ea.

21982

Dual Vespel® Ring Inlet Seals Washerless, leak-tight seals for Agilent® GCs

Vespel® ring
seal on top and
bottom surfaces!

Extend column lifetime!

•
•
•
•
•

Does not require a separate washer.
Requires less torque to seal.
Does not require retightening of reducing nut after several oven cycles.
Extends column lifetime by preventing oxygen from reaching the column.
Same price as the regular inlet seals with washers.

0.8 mm ID Dual Vespel Ring Inlet Seal
Gold-Plated

2-pk.
21240

10-pk.
21241

50-pk.
23418

Sky® Inlet Liners for Agilent GCs
Splitless Liners
for Agilent GCs

ID
OD x Length

4 mm Single Taper

4.0 mm
6.5 mm x 78.5 mm

4 mm Single Taper w/Wool

4.0 mm
6.5 mm x 78.5 mm

4 mm Double Taper

4.0 mm
6.5 mm x 78.5 mm

4 mm Cyclo Double Taper

4.0 mm
6.5 mm x 78.5 mm

Direct Injection Liners for Agilent GCs
(for 0.25/0.32/0.53mm ID Columns)
Drilled Uniliner (hole near top)

ID
OD x Length
4.0 mm
6.3 mm x 78.5 mm

Similar to Agilent part #
5181-3316 (ea.)
5183-4695 (5-pk.)
5183-4696 (25-pk.)
5062-3587 (ea.)
5183-4693 (5-pk.)
5183-4694 (25-pk.)
5181-3315 (ea.)
5183-4705 (5-pk.)
5183-4706 (25-pk.)

Similar to Agilent part #

ea.

cat.#
5-pk.

25-pk.

23302.1

23302.5

23302.25

23303.1

23303.5

23303.25

23308.1

23308.5

23308.25

23310.1

23310.5

23310.25

ea.

cat.#
5-pk.

25-pk.

23311.1

23311.5

23311.25

Patent pending
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Restek Electronic Leak Detector
Don’t let a small leak turn into a costly repair—protect your analytical column
by using a Restek leak detector.

Features & benefits include:
• Audible tone indicates the severity of a leak.
• Redesigned circuitry offers 12 hours of operation between charges.
• Detects a broad range of gases; EX rated for use with hydrogen and
other explosive gases.*
• Ergonomic, handheld design.
• Rugged side grips for added durability.
• Handy probe storage for cleanliness and convenience.
• Long-lasting battery; up to 12 hours of continuous use.
• Automatic shutoff.
• A convenient hard-sided carrying and storage case.
• Easy-to-clean probe assembly.
• A universal charger set (U.S., European, UK, and Australian plugs included).
Backed by a one-year warranty, the Restek leak detector is the industry standard for
performance and affordability in handheld leak detectors.
Leak Detector Specifications
Detectable Gases:
Battery:
Operating Temperature Range:
Humidity Range:
Warranty:
Certifications:
Compliance:

22655

Helium, nitrogen, argon, carbon dioxide, hydrogen
Rechargeable lithium ion internal battery pack (12 hours normal operation)
32–120 °F (0–48 °C)
0–97%
One year
CE, Ex, Japan
WEEE, RoHS

Limits of Detection

22657
Optional soft-side storage case is ideal for
storing your leak detector or flowmeter in
smaller spaces, such as your toolbox.

These gases can be detected with the Restek electronic leak detector at the following leak rates:

Minimum Detectable Gas Limits and Indicating LED Color:
Helium, 1.0 x 10-5, red LED
Hydrogen*, 1.0 x 10-5, red LED
Nitrogen, 1.4 x 10-3, yellow LED
Argon, 1.0 x 10-4, yellow LED
Carbon dioxide, 1.0 x 10-4, yellow LED

Gas detection limits measured in atm cc/sec.

Description
Leak Detector With Hard-Sided Carrying Case and Universal Charger Set (U.S., UK, European, Australian)
Small Probe Adaptor for Leak Detector
Dynamic Duo Combo Pack (Restek Leak Detector and ProFLOW 6000 Flowmeter)
Soft-Sided Storage Case for Leak Detector or ProFLOW 6000 Flowmeter

qty.
ea.
ea.
kit
ea.

cat.#
22655
22658
22654
22657

22658

▲

Avoid using liquid leak detectors on a GC! Liquids can be drawn into the system and/or into the leak detector.
*Caution: The Restek electronic leak detector is designed to detect trace amounts of hydrogen in a noncombustible environment. It is NOT designed for determining leaks in a combustible environment. A combustible gas detector should be
used for determining combustible gas leaks under any condition. When using it to detect hydrogen, the Restek electronic
leak detector may only be used for determining trace amounts in a GC environment.

Verify hard-to-reach leaks using
the small probe adaptor
(sold separately).

Visit www.restek.com
for additional products
and services

www.restek.com
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Our EZGC® Web App Will Kick-Start Your GC Method Development

It Doesn’t Get Much Easier Than the EZGC® Chromatogram Modeler
A revolutionary new version of our popular EZGC®
application is now live—it’s easier to use and it’s
absolutely free. Just enter your compounds, and
our cutting-edge system will recommend not only
a GC column, but also the conditions to reliably
separate your target analytes. It will even show
you a modeled chromatogram! On a PC or Mac,
desktop or tablet, the EZGC® web app can go
anywhere and will quickly become your go-to
resource for creating optimized, custom methods.

• EZ to Use – Just enter your target compounds,
and in seconds, the EZGC® system gives you
a customized method, including column,
conditions, and model chromatogram.
• EZ to Analyze – Model chromatograms are
fully interactive. Zoom in, view chemical
structures, and even overlay mass spectra.
• EZ to Save – Print your chromatogram and
custom settings, or save them for future reference.

Start developing incredible GC methods today!

www.restek.com/ezgc

PATENTS & TRADEMARKS
Restek® patents and trademarks are the property of Restek Corporation. (See www.restek.com/Patents-Trademarks for full list.) Other trademarks appearing in Restek® literature or on its website
are the property of their respective owners. The Restek® registered trademarks used here are registered in the United States and may also be registered in other countries.

Lit. Cat.# EVTG1648-UNV
© 2014 Restek Corporation. All rights reserved.
Printed in the U.S.A.
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A New Solution for Trace-Level Analysis
of 1,4-Dioxane in Drinking Water
Large Volume Injection in an Unmodified Splitless GC Inlet

Set up for Success
• Resprep® SPE cartridges assure clean extracts
free of matrix interferences.
• Sky® inlet liner w/wool provides inert solvent reservoir 		
improving reproducibility for 10 µL injections.
• Rxi® retention gap refocuses sample onto the analytical
column resulting in narrow, symmetrical peaks.
• Rxi®-624Sil MS analytical column provides the selectivity
needed to achieve resolution requirements and the high
thermal stability (320 °C) to prevent carryover.

Innovative Chromatography Products

www.restek.com
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A New Solution for 1,4-Dioxane in Drinking Water: CSR-LVSI
• Perform large volume splitless injection with an unmodified Agilent-style split/splitless GC inlet.
• Reliably detect 1,4-dioxane down to 5.0 ppt in drinking water.
• Improve quantitative accuracy by introducing more analyte to the detector.
Global concern over the carcinogenic potential of 1,4-dioxane has led to greater regulatory interest in this compound. For example,
as part of Unregulated Contaminant Monitoring Rule 3 (UCMR3), the U.S. EPA is requiring increased monitoring of 1,4-dioxane
in drinking water and has revised the 1x10-6 cancer risk assessment level down to 0.35 µg/L. This risk level corresponds to the lifetime probability of one individual developing cancer in an exposed population of one million. As a result, the proposed minimum
reporting level (MRL) for 1,4-dioxane as part of UCMR3 is 0.07 µg/L [1].
Large volume splitless injection (LVSI) can be advantageous when trying to analyze trace-level contaminants in clean matrices like
drinking water. Since more target compound is introduced onto the analytical column, detectability is improved; however, a specialized injection port, such as a PTV, is generally required for LVSI [2]. PTV is not a viable option for this analysis, because the boiling
points of the solutes (1,4-dioxane, and 1,4-dioxane-d8) and the SPE elution solvent (dichloromethane) are too similar. While PTV
is not appropriate for analyzing 1,4-dioxane in water, a new option—concurrent solvent recondensation–large volume splitless
injection (CSR-LVSI)—is highly effective.
Building on work by chemists at Thermo Scientific [3,4], Restek  has been exploring the use of CSR-LVSI with a completely unmodified Agilent-style inlet. We used a typical SPE method for sample preparation, a fast autosampler injection with liquid sample band
formation in a liner containing glass wool, a retention gap (precolumn) press-fitted to the analytical column, and a starting GC oven
temperature below the boiling point of the solvent (Figure 1). By employing CSR-LVSI, detection limits for 1,4-dioxane in drinking
water can be lowered without investing in specialized equipment.

Figure 1: How it Works: The CSR-LVSI Setup.
1. Clean, interference-free extracts from drinking water samples
are produced using Resprep® SPE cartridges.
2. A fast autosampler injection with liquid band formation is
used to make large volume (10 µL) injections.
3. The liquid sample enters a 4 mm Sky® inlet liner containing
deactivated quartz glass wool at the bottom. The wool is critical
since it acts as a “solvent reservoir”. It also enhances vaporization
and improves injection-to-injection reproducibility.
4. Rapid solvent evaporation occurs in the hot inlet, causing a
pressure surge and a high rate of flow onto an Rxi® retention gap
(precolumn), which is attached to the analytical column using
a Press-Tight® connector.
5. Because the starting oven temperature is below the boiling point
of the solvent, solvent recondensation occurs in the retention gap
at the same rate that evaporation occurs in the inlet, driving the
rapid transfer of material to the column and preventing backflash.

Carrier gas
Sky® inlet liner
Solvent
vapors
Bottom of
the liner

Glass
wool
Liquid
sample
High flow

Recondensed
solvent
Rxi® retention gap

6. Higher boiling point solutes transfer to the retention gap after the
solvent transfer, and are trapped by the recondensed solvent film.
7. After total sample transfer to the retention gap, the oven temperature
ramp evaporates the solvent, focusing the analytes into a narrow
band prior to analysis on the Rxi®-624Sil MS analytical column.

2

Rxi®-624Sil MS Column
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Comparing CSR-LVSI to Standard Injection
With large volume injections, there can be concern about analyte loss. Comparing peaks from CSR-LVSI and standard volume
injections that delivered equivalent analyte masses on-column is a good way to determine if loss is occurring. As shown in Figure
2, retention time and peak shape vary greatly, but peak areas are comparable, demonstrating that no sample was lost when using
the CSR-LVSI technique.
In addition, the use of CSR-LVSI improves peak shape, which is a phenomenon that has been reported before [5]. The recondensation of the solvent and analytes in the cool oven and subsequent re-evaporation of the dichloromethane solvent as the oven program
passes 40 °C focuses the solutes into a very narrow band before they are separated by the analytical column. The result is a narrow,
symmetrical 1,4-dioxane peak that can be easily and accurately integrated.

Figure 2: Overlay of CSR-LVSI and standard volume injections. Comparable areas for equivalent on-column
amounts from both injection techniques indicate no loss of sample occurred when using CSR-LVSI.
2 CSR-LVSI

Peaks
1. 1 µL injection of 500 pg/µL 1,4-dioxane standard (500 pg on-column)
2. 10 µL injection of 50 pg/µL 1,4-dioxane standard (500 pg on-column)

(500 pg)

6500

Rxi®-624Sil MS, 30 m, 0.25 mm ID, 1.40 µm (cat.# 13868)
using Rxi® guard column 5 m, 0.25 mm ID (cat.# 10029)
with Universal Press-Tight® connectors (cat.# 20429)
1,4-Dioxane (cat.# 30287)
Dichloromethane
splitless (hold 1 min)
Sky® 4 mm single taper/gooseneck w/wool (cat.# 23303.5)
120 °C
80 mL/min

6000

Column

5500

Sample
Diluent:
Injection
Liner:
Inj. Temp.:
Purge Flow:
Oven
Oven Temp:
35 °C (hold 1 min) to 120 °C at 12 °C/min (hold 1 min)
Carrier Gas
He, constant flow
Flow Rate:
1.4 mL/min
Linear Velocity:
30.556 cm/sec @ 35 °C
Detector
MS
Mode:
SIM
SIM Program:
Start Time
		 Group
(min)
Ion(s)
Dwell (ms)
    1
5.0
46,78,80 m/z
50
    2
5.85
96,88,64,62,58 m/z
40
Transfer Line Temp.: 280 °C
Analyzer Type:
Quadrupole
Source Temp.:
230 °C
Quad Temp.:
150 °C
Solvent Delay Time: 5.0 min
Tune Type:
BFB
Ionization Mode:
EI
Instrument
Agilent 7890A GC & 5975C MSD

5000

CSR-LVSI improves
peak shape and
response.

4500
4000
3500
3000

Standard injection
(500 pg)

2500

1

2000
1500
1000
500
0

5.20

5.40 5.60

5.80 6.00 6.20

6.40

6.60 6.80 7.00 7.20

7.40 7.60 7.80

8.00 8.20

8.40

8.60 8.80

9.00 9.20

9.40 9.60 Time (min)

GC_EV1260

The improved peak shape and response obtained using CSR-LVSI results in linear responses across a wide concentration range.
Calibration curves at levels well below typical minimum detection limits displayed excellent correlations (R2 = 0.9998 for 1 to 1,000
pg/µL [10 to 10,000 pg on-column] and R2 = 0.9996 for 0.5 to 50 pg/µL [5 to 500 pg on-column]). Calibration levels and equivalent
concentrations are shown in Table I. Achieving linear calibrations for trace-levels makes CSR-LVSI a viable technique for meeting
lower detection limits.

Table I: Calibration curve (0.5-50 pg/µL) for CSR-LVSI.
Level
1
2
3
4
5

Prepared Standard (pg/µL)
0.50
1.0
5.0
10
50

10 µL Injection
On-Column Amount (pg)
5.0
10
50
100
500

Equivalent Concentration
in 500 mL Samples (µg/L)
0.010
0.020
0.10
0.20
1.0

www.restek.com
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Lower Detection Limits for 1,4-Dioxane in Drinking Water Using CSR-LVSI
While chromatographic and linearity results for injected standards clearly show that CSR-LVSI holds great promise for trace-level
analysis of 1,4-dioxane, this analysis is very sensitive to interference from coextracted matrix components. Combining CSR-LVSI
in an unmodified inlet with effective sample preparation creates an opportunity to lower detection limits without investing in new
equipment. As shown in this excerpt (full application note available at www.restek.com/dioxane) labs can accurately report 1,4-dioxane down to 5.0 ppt using this setup and procedure.
Sample Preparation: Reliably Eliminate Interferences With Resprep® SPE Cartridges
A typical SPE sample preparation procedure involves extracting a sample using a tube packed with activated charcoal, and then
drying the extract and concentrating it to a final volume of 1 mL.  However, due to the high volatility of 1,4-dioxane and tetrahydrofuran-d8, this approach is not recommended for 1,4-dioxane analysis. In fact, the concentration step is expressly forbidden in EPA
Method 522 [6] in order to prevent evaporative loss of the target analytes.  
For our CSR-LVSI work, we used a 6 mL Resprep® SPE cartridge containing 2 g activated charcoal (cat.# 26032). This cartridge was
designed specifically for extraction of 1,4-dioxane from drinking water and is intended for samples ranging from 0.5 L to 1 L. A very
thorough evaluation of this cartridge is described in Grimmett and Munch's paper on the development of the Method 522 [2]  and
average recoveries of 1,4-dioxane in the mid 80 to low 90 percentile with %RSDs less than 5 (n = 7 for each matrix) were reported.
Extraction with Resprep® SPE cartridges produces accurate, reproducible results for 1,4-dioxane in drinking water; however, when
making large volume injections, the potential for increased interferences exists as more coextracted material is injected onto the
column. In this case, 10 times the normal amount of sample and cartridge matrix is being injected, so it is critical to verify the
absence of interferences for both the quantitation ion (m/z 88) and the confirmation ion (m/z 58).  The analysis of fortified drinking water extracts shown in Figure 3 clearly demonstrates that both ions are fully separated from matrix interferences and this was
consistent through testing.

Figure 3: 1,4-Dioxane extracted ion chromatogram of a 10 µL CSR-LVSI of a 0.5 pg/µL fortified drinking water
extract (5 pg on-column). Note that the 1,4-dioxane quantification ion (m/z 88) and confirmation ion (m/z 58) are
fully separated from matrix interferences and good peak responses were obtained.

EIC

4

Peaks
Tetrahydrofuran-d8 (IS)
Co-extracted material
1,4-Dioxane-d8 (SS)
1,4-Dioxane
Co-extracted material

m/z 88.00

1.
2.
3.
4.
5.

m/z 58.00

See Figure 2 for conditions.

6.00

6.20

6.40

6.60

• Signal-to-noise = 16 (m/z 88)
at 5 pg on-column

2

• Baseline separation from 		
matrix interferences
1

3

5
4

5.20 5.40

5.60

5.80

6.00

6.20

6.40

6.60

6.80

7.00

7.20

7.40

7.60

7.80

8.00

8.20

8.40

Time (min)
GC_EV1263
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Analysis: Choose Columns and Conditions for Detection Down to 5.0 ppt
CSR-LVSI offers improved peak shape and response for 1,4-dioxane compared to standard injection volume methods. These chromatographic improvements allow quantification even at 5.0 ppt using the setup and procedure shown here. The use of a Sky® inlet
liner with wool is critical as it provides an inert reservoir for the large sample volume, enhances vaporization, and helps assure good
repeatability across injections. Peak shape and response are also improved because the CSR-LVSI technique recondenses the solvent
and analytes in the cool oven and then subsequently re-evaporates the dichloromethane solvent as the oven program passes 40 °C.  
These conditions, along with the use of a deactivated Rxi® retention gap, focus the solutes into a tight band, which helps produce
narrow, symmetrical peaks on the analytical column.  A 0.25 mm ID retention gap at least 5 meters long is required for a 10 µL
injection. Focusing is especially critical for this application, because 1,4-dioxane and tetrahydrofuran have high vapor pressures
and some material is expected to transfer to the retention gap with the solvent vapors. Without this step, the chromatography of the
target analytes would suffer.
Once the solutes enter the analytical column, separation begins. Choosing an analytical column with an appropriate stationary
phase is vital in getting the best separation of 1,4-dioxane from any interferences. An Rxi®-624Sil MS column was chosen for this
analysis because it offers the selectivity necessary to separate the target analytes from any coextracted matrix components. As shown
in Figure 3, when using CSR-LVSI both the quantification ion and confirmation ion for 1,4-dioxane are fully separated from matrix interferences and good peak responses were obtained at just 5 pg on-column. In contrast, when 1 µL of the same extract was
injected, the resulting peak is barely distinguishable from the noise and the confirmation ion cannot be seen (Figure 4). Ultimately,
the improved signal-to-noise ratios obtained using CSR-LVSI resulted in recoveries that were within the expected range (Table II)
and that matched published method development data very well [2].

Table II: CSR-LVSI resulted in good recovery of both 1,4-dioxane and surrogate 1,4-dioxane-d8 from extracted
fortified samples.
Matrix
Bottled drinking water
Bottled drinking water
Bottled drinking water
Reagent water
Reagent water
Reagent water

Fortified Sample
Conc. (µg/L)
0.0050
0.20
0.20
0.020
0.20
0.0

Volume of Sample
Extracted (L)
1.0
0.50
1.0
0.50
0.50
0.50

Theoretical Extract
Conc. (pg/µL)
0.50
10
20
1.0
10
0.0

Recovery
(pg/µL)
0.40
9.2
18
1.0
8.4
-

1,4-Dioxane
% Recovery
80
92
87
100
84
-

Surrogate
% Recovery
125
102
96
88
92
86

Figure 4: 1,4-Dioxane extracted ion chromatogram of a standard splitless 1 µL injection of a 0.5 pg/µL fortified
drinking water extract (0.5 pg on-column). Peaks are barely distinguishable from background noise.
EIC
m/z 88.00

Peaks
1. Tetrahydrofuran-d8 (IS)
2. 1,4-Dioxane-d8 (SS)
3. 1,4-Dioxane

3

Tetrahydrofuran-d8 (IS) and 1,4-dioxane-d8 (SS)
were not detected.

m/z 58.00

See Figure 2 for conditions.
5.10

5.20

5.40

5.60

5.80

6.00

6.20

Standard splitless injection
produces poor response.

3.60 3.80 4.00 4.20 4.40 4.60 4.80 5.00 5.20 5.40 5.60 5.80 6.00 6.20 6.40 6.60 6.80 7.00 7.20 7.40 7.60 7.80 8.00 8.20 8.40
Time (min)
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Since CSR-LVSI introduces more matrix onto the column than a typical injection, having an analytical column that has a high thermal stability is also a benefit.  While most 624 type columns have maximum operating temperatures of 240–260 °C, the Rxi®-624Sil
MS column has an extended maximum operating temperature of 320 °C. This allows a high temperature period following analysis
to be used to remove contaminants from the column, which reduces the potential for the carryover of interfering coextracted material between samples. This can also increase sample throughput, given that less volatile compounds will elute faster at 320 °C than
at 260 °C.  

Summary
Concurrent solvent recondensation–large volume splitless injection (CSR-LVSI) with an unmodified Agilent-style split/splitless
GC inlet is a viable approach for analyzing 1,4-dioxane in drinking water. While large volume injection usually involves specialized
equipment, using it with a completely unmodified split/splitless inlet provides a cost-effective way to meet ever decreasing detection
limits.  From SPE cartridges and analytical reference materials to inlet supplies and GC columns, Restek provides all of the products
to support this important application.
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Product Listing
Tetrahydrofuran-d8 Standard

Method Specific SPE Cartridges

tetrahydrofuran-d8

These cartridges have been specifically
designed to provide consistent and
reproducible results for the method or
application stated.

2,000 µg/mL in P&T methanol, 1 mL/ampul
cat.# 30112 (ea.)   

1,4-Dioxane-d8

Description

1,4-dioxane-d8
2,000 µg/mL in P&T methanol, 1 mL/ampul
cat.# 30614 (ea.)   

EPA Methods
521 & 522

1,4-Dioxane

Applications
For use in EPA Method 521:
Nitrosamines in Drinking Water and
EPA Method 522 for 1,4-Dioxane in
Drinking Water. Activated charcoal
packing.

Tube Volume,
Bed Weight
6 mL, 2 g

qty.
30-pk.

cat.#
26032   

1,4-dioxane
2,000 µg/mL in P&T methanol, 1 mL/ampul
cat.# 30287 (ea.)   

Rxi®-624Sil MS Columns (fused silica)
(midpolarity Crossbond® silarylene phase;
similar to 6% cyanopropylphenyl/94%
dimethyl polysiloxane)

EZ Twist Top® Split/Splitless
Injection Port
for Agilent 7890 GCs
Description

qty.

cat.#

Injection Port Assembly Kit, Siltek Treated
Includes: Siltek weldment, Siltek shell weldment, 2 weldment O-rings,
Siltek dual Vespel ring inlet seal, septum nut, reducing nut, stainless steel
capillary nut for use with 1/16" ferrules, and weldment removal tool

kit

22178

ea.
10-pk.
10-pk.
ea.
2-pk.
ea.
2-pk.
10-pk.
ea.

22176
22729
23405
20631
20883
22078
21242
21243
22728

Shell Weldment, Siltek Treated
Weldment O-rings
High Temperature Weldment O-Rings
Septum Nut, Autosampler & PTV (for 23-gauge needles)
Stainless Steel Capillary Column Nut (for use with standard 1/16" ferrules)
Reducing Nut
0.8 mm Dual Vespel Ring Inlet Seal, Siltek-Treated
Weldment Removal Tool

Description
30 m, 0.25 mm ID, 1.40 µm

Description
5 m, 0.25 mm ID, 0.37 ± 0.04 mm OD
5 m, 0.25 mm ID, 0.37 ± 0.04 mm OD

  
  

25-pk.
20401
20430

  
  

qty.
ea.
6-pk.

100-pk.
20402   
—

ID x OD x Length
Single Taper, Sky Technology, Wool, Borosilicate Glass
4.0 mm x 6.5 mm x 78.5 mm
Single Taper, Sky Technology, Wool, Borosilicate Glass
4.0 mm x 6.5 mm x 78.5 mm
Single Taper, Sky Technology, Wool, Borosilicate Glass
4.0 mm x 6.5 mm x 78.5 mm

Flip Seal™ Dual Vespel® Ring Inlet Seals

Restek Electronic Leak Detector

Reversible, two-sided design allows significantly
more analyses than other seals, at the same
price—simply use, flip, then use again!

Don't let a small leak turn into a costly
repair—protect your analytical column by
using a Restek leak detector.

1.2 mm ID Flip Seal Dual Vespel Ring Inlet Seal
Gold-Plated
Siltek-Deactivated
Flip Seal Dual Vespel Ring Inlet Seal Kit
Includes: gold-plated 1.2 mm ID inlet seal,
reducing nut adaptor, 1/16" SS nut

2-pk.
23411
23412
qty.
kit

  
  

10-pk.
23413
23414
cat.#

  
  

23406

  

Note: The Flip Seal™ inlet seal requires a special reducing nut adaptor fitting, which is included in the
kit. The Flip Seal™ Adaptor can be used with standard 1/16" ferrules.

cat.
13868

cat.#
10029
10029-600

Sky® 4.0mm ID Single Taper Inlet Liner w/ Wool
For Agilent GCs equipped with split/splitless inlets

Press-Tight® Connectors
5-pk.
20400
20429

qty.
ea.

Rxi® Guard/Retention Gap Columns (fused silica)

Visit www.restek.com/slideshows for an educational video on our EZ Twist Top®
injection port system.

Description
Universal Press-Tight Connectors
Universal Press-Tight Connectors, Deactivated

temp. limits
-20 to 300/320 °C

Description
Leak Detector With Hard-Sided
Carrying Case and Universal Charger
Set (U.S., UK, European, Australian)
Small Probe Adaptor for Leak Detector
Dynamic Duo Combo Pack (Restek
Leak Detector and ProFLOW 6000
Flowmeter)
Soft-Sided Storage Case for Leak
Detector or ProFLOW 6000 Flowmeter

qty.

cat.#

ea.

22655   

ea.

22658   

kit

22654   

ea.

22657   

qty.

cat.#

ea.

23303.1

5-pk.

23303.5

25-pk.

23303.25

www.restek.com
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Restek Has Added
ISO Guide 34 and
17025 Accreditations
We Now Offer a Full Line of Certified Reference Materials!
Restek is proud to announce that our reference standard manufacturing and QA testing
labs in Bellefonte, PA, have earned ISO Guide 34 and 17025 accreditations through A2LA.
More than ever, you can rely on Restek for all of your reference standards, and now, you
can also experience the advantages of our ISO accreditations:

• Satisfy regulatory requirements by sourcing CRMs from an accredited supplier.
• Benefit from the exceptional product quality and customer service needed
to meet strict ISO 9001, Guide 34, and 17025 guidelines.

• Get the same reliability and documentation with custom-formulated

solutions as you do with stock standards—both fall under Restek’s accreditation.

• Eliminate POs by ordering primary- and secondary-source reference standards, GC
and LC columns, sample prep supplies, and accessories from one vendor.
We invite you to visit www.restek.com/iso to learn more about our ISO quality
credentials and view our certificates (including scopes of accreditation).
If you have any questions or would like more information, feel free to contact
customer service at 814-353-1300, ext. 3, or csreps@restek.com
Note: If your lab must use certified reference materials (CRMs), please be sure to tell your Restek representative
when ordering so we can help you meet your regulatory requirements as we transition our inventory.
PATENTS & TRADEMARKS
Restek® patents and trademarks are the property of Restek Corporation. (See www.restek.com/Patents-Trademarks for full list.) Other trademarks appearing
in Restek® literature or on its website are the property of their respective owners. The Restek® registered trademarks used here are registered in the United
States and may also be registered in other countries.

Lit. Cat.# EVBR1682-UNV
© 2012 Restek Corporation. All rights reserved.
Printed in the U.S.A.

www.restek.com

Japan
UK
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Analyze Seven EPA Methods
on One GC Column Pair!
Pesticides, PCBs, Herbicides, and More
on Rtx®-CLPesticides & Rtx®-CLPesticides2 Columns

• Reduce downtime by running
multiple methods on a single
column set.
• Speed up analysis time
without sacrificing resolution.
• Restek’s unique column
selectivity assures optimal
separations.

Pure Chromato g raphy
www.restek.com
  
1 2015
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Save Time and Money—Use One Column Pair for Seven EPA Methods

Dual
Column
Analysis

Analyze Pesticides, PCBs, Herbicides, and More on
Rtx®-CLPesticides & Rtx®-CLPesticides2 Columns
Get fast separations without sacrificing resolution by using Restek’s proprietary Rtx®-CLPesticides and
Rtx®-CLPesticides2 columns for multiple environmental methods. Instead of changing columns
between GC-ECD methods, you can save time by analyzing chlorinated pesticides, PCBs, herbicides,
and other halogenated compounds on a single column set using an Agilent® micro-ECD. As shown in
the applications in this brochure, Rtx®-CLPesticides and Rtx®-CLPesticides2 columns have a unique
selectivity and are ideal for multiple GC-ECD methods. Compare them to your current column set
(Table I) and you’ll see the Restek advantage!

Table I: Rtx®-CLPesticides columns offer the best overall performance for organochlorine pesticide analysis, as well as
many other GC-ECD methods (0.32 mm ID columns).
Method
Compound List
8081B

(Organochlorine
pesticides)

8081B (extended)
(Organochlorine
pesticides)

8082A

(Polychlorinated
biphenyls [PCBs],
Aroclors)

8151A

(Chlorinated
herbicides)

504.1

(EDB, DBCP, TCP)

505

(Organohalide
pesticides)

508.1

(Chlorinated pesticides, herbicides,
organohalides)

552.2

(Haloacetic acids,
dalapon)

Column Pair
Rtx-CLPesticides /
Rtx-CLPesticides2
Competitor A set
Competitor B set
Rtx-CLPesticides /
Rtx-CLPesticides2
Competitor A set
Competitor B set
Rtx-CLPesticides /
Rtx-CLPesticides2
Competitor A set
Competitor B set
Rtx-CLPesticides /
Rtx-CLPesticides2
Competitor A set
Competitor B set
Rtx-CLPesticides /
Rtx-CLPesticides2
Competitor A set
Competitor B set
Rtx-CLPesticides /
Rtx-CLPesticides2
Competitor A set
Competitor B set
Rtx-CLPesticides /
Rtx-CLPesticides2
Competitor A set
Competitor B set
Rtx-CLPesticides /
Rtx-CLPesticides2
Competitor A set
Competitor B set

Analysis Time
(min)

Coelutions

7/7

0/0

7/8
10 / 9

0/1
0/0

24 / 23

1/2

27 / 29
NDP / 16

0/3
NDP / 3

7/7

n/a

6/7
24 / 21

n/a
n/a

13 / 13

1/0

13 / 13
16 / 15

0/0
1/1

6/6

0/0

6/6
NDP

0/0
NDP

18 / 18.5

1/1

14 / 14
35 / 36

0/1
1/2

23.5 / 24

2/2

21 / 23
18 / 17

0/3
2/4

12 / 12

0/0

8/9
NDP / 10

1/1
NDP / 1

Restek Advantage
• Increase sample throughput
with 7 min analyses and
baseline resolution.
• Best balance of speed and
selectivity.
• All compounds are resolved on
at least one column.

• Fast PCB analysis times.

• More elution order changes
improve confidence in
confirmational results.

• Reliably separate analytes from
trihalomethane interferences.

• All compounds resolved
on at least one column.

• Good balance of speed
and resolution.

• No coelutions—get accurate
results for compounds that
coelute on other columns.

Comparison based on published competitor data. All columns tested were 0.32 mm ID. NDP = no data published
NOTE: Analyzing dirty or derivatized samples can contaminate your column. Restek does not recommend analyzing trace-level pesticide samples following derivatized samples
(e.g., Methods 8151A and 552.2) without first performing inlet maintenance. Standard steps include trimming the guard column and changing the inlet liner, o-ring, seal, and septum.

ENVIRONMENTAL APPS CT-republished 2015

Achieve Optimal Results with Our Parallel Dual-Column Setup
Rtx®-CLPesticides and Rtx®-CLPesticides2 columns are designed for organochlorine pesticide analysis using a parallel
dual-column setup that provides both fast analyses and reduced downtime. The stationary phase film thicknesses and optimized
run conditions allow rapid analysis without sacrificing column capacity, meaning faster sample throughput for your laboratory.
Parallel dual-column analysis saves time because data for primary and confirmation analyses are obtained from a single injection.
In addition, injection port maintenance is reduced because only one injector is used. Once the sample passes through a single guard
column, it is split on to two analytical columns which are attached using a “Y” connector (Figure 1). Parallel dual-column analysis
using Rtx®-CLPesticides and Rtx®-CLPesticides2 columns offers many advantages including:

• Method-compliant results in half the time
Parallel dual-column analysis provides simultaneous
acquisition of primary and confirmation data
using columns with different selectivities.

• Consistent performance
Resolution and relative retention times are unaffected
by maintenance since the guard column
can be trimmed instead of the analytical columns.

• Reduced contamination
Guard column traps nonvolatile residue, protecting
the analytical columns.

• Enhanced reproducibility
Using a single inlet and “Y” connector results in
consistent vaporization and on-column amounts.

Figure 1: Perform parallel dual-column analysis using a single injector and guard column with split flow onto
two analytical columns.
detectors

injector
analytical
columns

guard
column

SeCure® “Y”
connector

In addition to organochlorine pesticide analysis, parallel dual-column analysis using the Rtx®-CLPesticides and Rtx®-CLPesticides2
columns is an effective approach for several other environmental ECD methods. As detailed on the following pages, this column
pair provides excellent results for analysis time and resolution of critical compounds for seven EPA methods: 8081B (organochlorine pesticides); 8082A (PCBs/Aroclors); 8151A (chlorinated herbicides); 504.1 (EDB, DBCP, and TCP); 505 (organohalide pesticides); 508.1 (chlorinated pesticides, herbicides, and organohalides); and 552.2 (haloacetic acids and dalapon).

ENVIRONMENTAL APPS CT-republished 2015

EPA Method 8081B: Organochlorine Pesticide Analysis
Organochlorine pesticides emerged in the 1940s, but are no longer used today due to their persistence in the environment. However, they still are monitored in water, soil, and other samples. EPA Method 8081B is widely used for organochlorine pesticide analysis
in a variety of difficult sample matrices. The selectivity of the Rtx®-CLPesticides column set was originally tuned for Method 8081
and Method 8081B, which provide an excellent example of the performance of the column pair (Figure 2). All compounds are fully
resolved in just seven minutes using standard 0.32 mm columns and an Agilent® micro-ECD for analysis. (Analysis times reflect
simultaneous parallel dual-column analysis.) Fast analysis times translate into high sample throughput, which is an important consideration for environmental labs. In addition, several elution order changes are observed, filling the confirmational requirements
of the method.

Figure 2: Cut analysis time in half for organochlorine pesticide analysis (Method 8081B) using Rtx®-CLPesticides
columns and a micro-ECD.
Rtx®-CLPesticides

Fully resolve target compounds
on a 0.32 mm ID column
in less than 7 min.

GC_EV00933

Rtx®-CLPesticides2

Dual
Column
Analysis

		 Peaks
1. 2,4,5,6-Tetrachloro-m-xylene (SS)
2. α-BHC
3. γ-BHC
4. β-BHC
5. δ-BHC
6. Heptachlor
7. Aldrin
8. Heptachlor epoxide (isomer B)
9. trans-Chlordane*
10. cis-Chlordane*
11. Endosulfan I
12. 4,4'-DDE
13. Dieldrin
14. Endrin
15. 4,4'-DDD
16. Endosulfan II
17. 4,4'-DDT
18. Endrin aldehyde
19. Endosulfan sulfate
20. Methoxychlor
21. Endrin ketone
22. Decachlorobiphenyl (SS)
* For information regarding the nomenclature used for cis-chlordane
and trans-chlordane, visit www.restek.com/chlordane-notice

GC_EV00933A
Columns: Rtx®-CLPesticides 30 m, 0.32 mm ID, 0.32 µm (cat.# 11141) and Rtx®-CLPesticides2 30 m, 0.32 mm ID, 0.25 µm (cat.# 11324) using Rxi® guard column 5 m, 0.32 mm ID (cat.# 10039)
with deactivated universal “Y” Press-Tight® connector (cat.# 20405-261); Sample: Organochlorine pesticide mix AB #2 (cat.# 32292) Pesticide surrogate mix, EPA 8080, 8081 (cat.# 32000);
Injection: Inj. Vol.: 1 µL splitless (hold 0.3 min), Liner: Splitless taper (4 mm) (cat.# 20799), Inj. Temp.: 250 °C, Oven: Oven Temp: 120 °C to 200 °C at 45 °C/min to 230 °C at 15 °C/min to 330 °C at
30 °C/min (hold 2 min); Carrier Gas: He; Detector: micro-ECD @ 330 °C;
Notes:
Instrument was operated in constant flow mode. Linear velocity: 60 cm/sec @ 120 °C.
This chromatogram was obtained using an Agilent micro-ECD. To obtain comparable results, you will need to employ a micro-ECD in addition to confirmational dual columns connected to a 5-meter guard
column using a “Y” Press-Tight® connector.
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EPA Method 8151A: Chlorinated Herbicide Analysis
Today, many modern herbicides are designed to selectively kill specific types of vegetation. Even though these herbicides are not environmentally persistent and degrade in less than one year, EPA Method 8151A was developed for chlorinated herbicide analysis in wastewater
and soil matrices. The most commonly used compounds targeted in this method are the chlorophenoxy herbicides. Of these herbicides,
(2,4-dicholorophenoxy)acetic acid, also known as 2,4-D, is the most widely used and widely monitored herbicide worldwide.
According to Method 8151A, samples containing the target herbicides are analyzed using a parallel dual-column confirmation setup
and an ECD, the recommended method of detection. Because of this, many laboratories acquire chlorinated herbicides on the same
instrument setup used for chlorinated pesticide and PCB analyses. The Rtx®-CLPesticides and Rtx®-CLPesticides2 column pair also
perform exceptionally well for chlorinated herbicide analysis; in fact, all 17 target compounds in EPA Method 8151A can be determined in just 13 minutes using these columns. One pair of compounds (bentazon and picloram methyl esters) coelutes on the
Rtx®-CLPesticides column, but these compounds are fully resolved on the Rtx®-CLPesticides2 column. And, due to the difference
in selectivity of the columns, several elution order changes occur filling the confirmational requirement of the method (Figure 3).

Figure 3: Excellent resolution of chlorinated herbicides on the Rtx®-CLPesticides/Rtx®-CLPesticides2 column pair.
Rtx®-CLPesticides
<13 min
chlorophenoxyacid
herbicide analysis!

GC_EV00971
Columns

Sample

Diluent:
Injection
Inj. Vol.:
Liner:
Inj. Temp.:
Oven
Oven Temp:
Carrier Gas
Linear Velocity:
Detector
Instrument
Notes

Rtx®-CLPesticides2 30 m, 0.32 mm ID, 0.25 µm (cat.# 11324)
and Rtx®-CLPesticides 30 m, 0.32 mm ID, 0.32 µm (cat.# 11141)
using Rxi® deactivated guard column 5 m, 0.32 mm ID (cat.# 10039)
with universal “Y” Press-Tight® connector (cat.# 20405-261)
200 ng/mL herbicide mix #1 (cat.# 32055)
1,000 ng/mL dalapon methyl ester (cat.# 32057)
20,000 ng/mL herbicide mix #3 (cat.# 32059)
200 ng/mL herbicide mix #4 (cat.# 32062)
250 ng/mL 4,4'-dibromooctafluorobiphenyl (cat.# 32053)
400 ng/mL 2,4-dichlorophenyl acetic acid methyl ester (cat.# 32050)
Hexane

		 Peaks
1. Dalapon methyl ester
2. 3,5-Dichlorobenzoic acid
methyl ester (SS)
3. 4-Nitroanisole
4. DCAA methyl ester (SS)
5. Dicamba methyl ester
6. MCPP methyl ester
7. MCPA Methyl ester
8. Dichlorprop, methyl ester
9. 4,4'-DBOB (IS)
10. 2,4-D methyl ester
11. Pentachloroanisole
12. 2,4,5-TP, methyl ester
13. 2,4,5-T methyl ester
14. Chloramben, methyl ester
15. 2,4-DB methyl ester
16. Dinoseb methyl ester
17. Bentazon methyl ester
18. DCPA
19. Pichloram methyl ester
20. Acifluorfen methyl ester
C. contaminant

Dual
Column
Analysis

Rtx®-CLPesticides2
Fully resolve bentazon and
picloram methyl esters

1.0 µL splitless (hold 0.75 min)
Cyclo double taper (4 mm) (cat.# 20895)
250 °C
70 °C (hold 0.5 min) to 190 °C at 25 °C/min (hold 1 min) to 300 °C at
11 °C/min (hold 5 min)
He, constant pressure
36 cm/sec @ 70 °C
Micro-ECD @ 325 °C
Agilent/HP6890 GC
This chromatogram was obtained using an Agilent micro-ECD. To
obtain comparable results, you will need to employ a micro-ECD
in addition to confirmational dual columns connected to a 5-meter
guard column using a “Y” Press-Tight® connector.
Analyzing dirty or derivatized samples can contaminate your
column. Restek does not recommend analyzing trace-level
pesticide samples following derivatized samples (e.g., Methods
8151A and 552.2) without first performing inlet maintenance.
Standard steps include trimming the guard column and changing
the inlet liner, O-ring, seal, and septum.

GC_EV00971A
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EPA Method 8082A: PCB Analysis
Polychlorinated biphenyls (PCBs) are a group of industrial organochlorine chemicals that were used extensively as coolant fluids in
transformers and capacitors. Later they were used as plasticizers, de-inking solvents, heat transfer fluids in machinery, and also as waterproofing agents, among other uses. PCBs are chemically inert liquids that are difficult to burn. Because they are very persistent in
the environment, bioaccumulate in living systems, and some are toxic (i.e., coplanar PCBs), they are a major environmental concern.
EPA Method 8082A details how Aroclor mixtures and PCB congeners are to be analyzed in a parallel dual-column confirmation
setup. When choosing columns, it is important to select stationary phases that have low bleed and high thermal stability. This allows
the columns to be held at high temperature at the end of each analysis to prevent carryover from one injection to the next. Because
many instruments used for PCB analysis also may be used for pesticide and herbicide analyses, the column pair of choice is the
Rtx®-CLPesticides and Rtx®-CLPesticides2 columns. This column set provides low bleed, high thermal stability, and is designed for
primary column analysis and secondary column confirmation.

Figure 4: Aroclor analysis on the Rtx®CLPesticides column.
Rtx®-CLPesticides

		 Peaks
1. Decachlorobiphenyl (DCB)

30 m, 0.32 mm ID, 0.32 µm (cat.# 11141)

Column
Sample
Injection
Inj. Vol.:
Liner:
Inj. Temp.:
Pulse Pressure:
Oven
Oven Temp:
Carrier Gas
Linear Velocity:
Detector
Notes

6

Rtx®-CLPesticides, 30 m, 0.32 mm ID, 0.32 µm (cat.# 11141)
PCB kit #1 diluted to 1,000 ppb in hexane (cat.# 32089)
Decachlorobiphenyl (BZ #209) diluted to 100 ppb in acetone (cat.# 32029)
1.0 µL pulsed splitless (hold 0.3 min)
Cyclo double taper (4 mm) (cat.# 20895)
250 °C
30 psi (206.8 kPa)
120 °C to 200 °C at 45 °C/min to 230 °C at 15 °C/min to 330 °C at 30 °C/min (hold 2 min)
He, constant flow
60 cm/sec
Micro-ECD @ 330 °C
This chromatogram was obtained using an Agilent® micro-ECD. To obtain
comparable results, you will need to employ a micro-ECD in addition to
confirmational dual columns connected to a 5-meter guard column using a
“Y” Press-Tight® connector.

www.restek.com
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For Aroclor mixture analysis under EPA 8082A, individual Aroclor mixes are required to be analyzed as standards, then the sample
extract chromatograms are compared to the standards to qualitatively identify the Aroclor mixtures. Once identification has been
made, quantification can be performed by selecting five of the largest peaks, treating them as individual compounds, and then reporting the average concentration. Figures 4 and 5 show the individual Aroclor mixes and the differences among them.
When analyzing for PCB congeners using Method 8082A, each peak is to be treated as an individual component and a standard
curve is made for each of the congeners of interest. Note that while many laboratories are interested in the analysis of PCBs by congener, most do not need, or desire, to analyze all 209.

Figure 5: Aroclor analysis on the Rtx®CLPesticides2 column.
Rtx®-CLPesticides2

		 Peaks
1. Decachlorobiphenyl (DCB)

30 m, 0.32 mm ID, 0.25 µm (cat.# 11324)

Column
Sample
Injection
Inj. Vol.:
Liner:
Inj. Temp.:
Pulse Pressure:
Oven
Oven Temp:
Carrier Gas
Linear Velocity:
Detector
Notes

Rtx®-CLPesticides2, 30 m, 0.32 mm ID, 0.25 µm (cat.# 11324)
PCB kit #1 diluted to 1,000 ppb in hexane (cat.# 32089)
Decachlorobiphenyl (BZ #209) diluted to 100 ppb in acetone (cat.# 32029)
1.0 µL pulsed splitless (hold 0.3 min)
Cyclo double taper (4 mm) (cat.# 20895)
250 °C
30 psi (206.8 kPa)
120 °C to 200 °C at 45 °C/min to 230 °C at 15 °C/min to 330 °C at 30 °C/min
(hold 2 min)
He, constant flow
60 cm/sec
Micro-ECD @ 330 °C
This chromatogram was obtained using an Agilent® micro-ECD. To obtain
comparable results, you will need to employ a micro-ECD in addition to
confirmational dual columns connected to a 5-meter guard column using a
“Y” Press-Tight® connector.

www.restek.com
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EPA Method 504.1: EDB, DBCP, TCP Analysis
EPA Method 504.1 is a common test performed by environmental laboratories for the analysis of 1,2-dibromoethane (EDB),
1,2-dibromo-3-chloropropane (DBCP), and 1,2,3-trichloropropane (TCP) in drinking water. This method uses parallel dualcolumn gas chromatography with electron capture detection (GC-ECD), the same instrument setup that is used for the analysis of
chlorinated pesticides and herbicides. Thus, when selecting a set of capillary columns for EDB, DBCP, TCP analysis, it is advantageous that they work well for a number of different methods.
The Rtx®-CLPesticides and the Rtx®-CLPesticides2 columns provide excellent separation for the compounds listed in Method 504.1,
as well as for analytes in several other drinking water methods. Figure 6 shows the analysis of the Method 504.1 target compounds
on these columns connected in parallel using a glass ‘Y’ Press-Tight® connector. This configuration is important to ensure that
both the primary and confirmation column analyses are performed simultaneously under the same conditions and using the same
injection port. Method 504.1 requires that EDB, DBCP, and TCP be fully resolved from the common interference compounds
(e.g., chloroform, bromodichloromethane, chlorodibromomethane, 1,1,1,2-tetrachloroethane, and bromoform). The Rtx®- CLPesticides2 columns fully resolved these compounds. Note that the coelution of 1,1,1,2-tetrachloroethane and bromoform is between
two interference compounds; it does not affect the identification or quantification of EDB, DBCP, or TCP.

Figure 6: EDB, DBCP, and TCP analysis on Rtx®-CLPesticides and Rtx®-CLPesticides2 columns according to
EPA Method 504.1
Rtx®-CLPesticides

1.
2.
3.
4.
5.
6.
7.

Peaks
Bromodichloromethane
Chlorodibromomethane
1,2-Dibromoethane (EDB)
1,1,1,2-Tetrachloroethane
Bromoform
1,2,3-Trichloropropane
1,2-Dibromo-3-chloropropane (DBCP)

CLP tR (min)
2.504
3.239
3.531
3.910
3.935
4.655
5.480

CLP2 tR (min)
2.866
3.740
3.899
4.166
4.505
4.833
5.850

Rtx®-CLPesticides2

GC_EV1227

Dual
Column
Analysis
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Columns: Rtx®-CLPesticides2 30 m, 0.32 mm ID, 0.25 µm (cat.# 11324) and Rtx®-CLPesticides 30 m, 0.32 mm ID, 0.32 µm (cat.# 11141) using Rxi® guard column 5 m, 0.32 mm ID
(cat.# 10039) with Universal “Y” Press-Tight® connector (cat.# 20405); Sample: Dibromochloromethane (chlorodibromochloromethane) (cat.# 30271); Bromodichloromethane
(cat.# 30251); 504.1 calibration mix (cat.# 30239); 1,1,1,2-tetrachloroethane (cat.# 30411); Bromoform (cat.# 30252); Diluent: n-Hexane; Conc.: 10 ng/mL; Injection: Inj. Vol.: 2
µL splitless (hold 0.50 min); Liner: Sky® 4 mm single taper inlet liner w/wool (cat.# 23303.1); Inj. Temp.: 200 °C; Purge Flow: 50 mL/min; Oven: Oven Temp: 30 °C (hold 2.0 min)
to 220 °C at 30 °C/min; Carrier Gas: He, constant flow; Flow Rate: 5.0 mL/min; Linear Velocity: 60 cm/sec; Detector: micro-ECD @ 220 °C; Make-up Gas Flow Rate: 50 mL/min;
Make-up Gas Type: He; Data Rate: 50 Hz; Instrument: Agilent/HP6890 GC; Notes: This chromatogram was obtained using an Agilent® micro-ECD. To obtain comparable results,
you will need to employ a micro-ECD in addition to confirmational dual-columns connected to a 5-meter guard column using a “Y” Press-Tight® connector.
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EPA Method 552.2: Haloacetic Acid Analysis
Haloacetic acids are a byproduct of chlorinated disinfection of drinking water. Historically, there has been some concern that these
analytes may represent a chronic risk to human health, and toxicological evidence suggests that some of them are possible human
carcinogens. Elevated levels of haloacetic acids in drinking water could pose acute human risk because of their corrosive nature.
Using Method 552.2 and an appropriate GC column set, such as the Rtx®- CLPesticides and the Rtx®-CLPesticides2 columns, environmental chemists can achieve accurate analysis of haloacetic acids and dalapon.
Haloacetic acid analysis can be performed on a variety of GC column phases. However, an important criterion for column selection
is the degree of resolution between the methylated haloacetic acid compounds and known interference compounds like bromoform. Bromoform may be present due to the partial decarboxylation of tribromoacetic acid that can occur during a methylation
step that uses acidic methanol. As shown in Figure 7, the Rtx®-CLPesticides and Rtx®-CLPesticides2 columns provide the necessary
resolution for this GC-ECD analysis in less than 12 minutes, using the same instrument setup as several other EPA methods.

Figure 7: Dalapon and haloacetic acid analysis by Method 552.2 on an Rtx®-CLPesticides column set.
Rtx®-CLPesticides
Dual
Column
Analysis

Peaks
			
1. Methyl monochloroacetate
2. Methyl monobromoacetate
3. Methyl dichloroacetate
4. Dalapon methyl ester
5. Methyl trichloroacetate
6. 1,2,3-Trichloropropane (IS)
7. Methyl bromo(chloro)acetate
8. Methyl bromodichloroacetate
9. Methyl dibromoacetate
10. Methyl chlorodibromoacetate
11. Methyl 2,3-dibromopropionate (SS)
12. Methyl tribromoacetate

Conc.
(µg/mL)
1.2
0.8
1.2
2
0.4
4
0.8
0.8
0.4
2
2
4

GC_EV01006

Rtx®-CLPesticides2
Columns

Sample

Diluent:
Injection
Inj. Vol.:
Liner:
Inj. Temp.:
Oven
Oven Temp:
Carrier Gas
Linear Velocity:
Detector
Notes

Rtx®-CLPesticides2 30 m, 0.32 mm ID, 0.25 µm (cat.#
11324)
and Rtx®-CLPesticides 30 m, 0.32 mm ID, 0.32 µm (cat.#
11141)
using Rxi® guard column 5 m, 0.32 mm ID (cat.# 10039)
with deactivated universal “Y” Press-Tight® connector
(cat.# 20405-261)
Haloacetic acid methyl ester mix #2 (cat.# 31647)
Dalapon methyl ester (cat.# 32057)
Methyl-2,3-dibromopropionate (cat.# 31656)
1,2,3-Trichloropropane (cat.# 31648)
Methyl tert-butyl ether (MTBE)
1.0 µL splitless (hold 0.75 min)
Cyclo double taper (4 mm) (cat.# 20896)
250 °C
35 °C (hold 4 min) to 250 °C at 15 °C/min (hold 5 min)
He, constant flow
25 cm/sec
Micro-ECD @ 300 °C
This chromatogram was obtained using an Agilent®
micro-ECD. To obtain comparable results, you will need
to employ a micro-ECD in addition to confirmational dual
columns connected to a 5-meter guard column using a
“Y” Press-Tight® connector.
Analyzing dirty or derivatized samples can contaminate your
column. Restek does not recommend analyzing trace-level
pesticide samples following derivatized samples (e.g., Methods
8151A and 552.2) without first performing inlet maintenance.
Standard steps include trimming the guard column and changing
the inlet liner, O-ring, seal, and septum.

GC_EV01007

www.restek.com
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EPA Method 505: Organohalide Pesticide Analysis and EPA Method 508.1:
Chlorinated Pesticide, Chlorinated Herbicide, and Organohalide Analysis
With the advent of modern agriculture and its vast selection of chemical pest control measures, the farming community has
made significant increases in productivity and efficiency. Crop yield per acre is extremely high, due in part to the role of pesticides and herbicides in mitigating the devastating effects of many plant and insect pests. However, the use of these chemicals
can have drawbacks, including surface and ground water contamination. EPA Methods 505 and 508.1 are used for chlorinated
pesticide, chlorinated herbicide, and organohalide analysis in drinking and ground water.
Table II: Rtx®-CLPesticides and Rtx®-CLPesticides2 columns easily
The Rtx®-CLPesticides and Rtx®-CLPesticides2
pass Method 508.1 performance criteria.
column set also works well for the analysis of
Test/Requirement		
Analyte Concentration (ppb) Rtx -CLPesticides2 Rtx -CLPesticides
compounds in these methods because the colInertness (breakdown <20%)
endrin
50
0.9%
1.4%
umns are highly selective for analytes that conInertness (breakdown <20%)
4,4'-DDT
100
1.0%
1.1%
tain electronegative substituents. The optimized
Sensitivity (S/N>3)		 chlorpyrifos
2
12.0
6.2
Chromatographic performance
parallel dual-column method shown here satisfies
(0.8<PGF<1.15)		
DCPA
50
1.03
1.06
method requirements in very fast analysis times,
Column performance		
delta-BHC/
which improves sample throughput (Table II,
(resolution>0.50)		 chlorothalonil
40/50
9.9
26.8
Figures 8 and 9).
®

®

Figure 8: Organohalide pesticide analysis (Method 505) on Rtx®-CLPesticides and Rtx®-CLPesticides2 columns.
Rtx®-CLPesticides
		
1.
2.
3.
4.
5.
6.
7.
8.
9.
10.
11.
12.
13.
14.
15.
16.

Peaks
Hexachlorocyclopentadiene
Hexachlorobenzene
Simazine
Atrazine
γ-BHC
Heptachlor
Alachlor
Aldrin
Heptachlor epoxide
trans-Chlordane*
trans-Nonachlor
cis-Chlordane*
Dieldrin
Endrin
cis-Nonachlor
Methoxychlor

Dual
Column
Analysis

* For information regarding the nomenclature
used for cis-chlordane and trans-chlordane, visit
www.restek.com/chlordane-notice
GC_EV01004

Rtx®-CLPesticides2
Columns

Sample
Diluent:
Injection
Inj. Vol.:
Liner:
Inj. Temp.:
Oven
Oven Temp:
Carrier Gas
Linear Velocity:
Detector
Instrument
Notes

Rtx®-CLPesticides 30 m, 0.32 mm ID, 0.32 µm (cat.# 11141)
and Rtx®-CLPesticides2 30 m, 0.32 mm ID, 0.25 µm (cat.# 11324)
using Rxi® guard column 5 m, 0.32 mm ID (cat.# 10039)
with deactivated universal “Y” Press-Tight® connector
(cat.# 20405-261)
200 ng/mL 505 organohalide pesticide mix (cat.# 32024)
4.2 µg/mL simazine (cat.# 32236)
4.2 µg/mL atrazine (cat.# 32208)
Methanol
2 µL splitless (hold 0.75 min)
Cyclo double taper (4 mm) (cat.# 20896)
250 °C
90 °C (hold 1 min) to 310 °C at 10 °C/min (hold 5 min)
He, constant flow
40 cm/sec
Micro-ECD @ 325 °C
Agilent/HP6890 GC
This chromatogram was obtained using an Agilent® micro-ECD. To
obtain comparable results, you will need to employ a micro-ECD
in addition to confirmational dual columns connected to a 5-meter
guard column using a “Y” Press-Tight® connector.

GC_EV01005
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Figure 9: 24-minute analysis of Method 508.1 chlorinated pesticides, herbicides, and
organohalides using Rtx®-CLPesticides columns and a micro-ECD.

Dual
Column
Analysis

Rtx®-CLPesticides

GC_EV01022

Rtx®-CLPesticides2

		
1.
2.
3.
4.
5.
6.
7.
8.
9.
10.
11.
12.
13.
14.
15.
16.
17.
18.
19.

Peaks
Hexachlorocyclopentadiene
Etridiazole
Chlorneb
Propachlor
Trifluralin
Hexachlorobenzene
α-BHC
Simazine
Atrazine
Pentachloronitrobenzene (IS)
γ-BHC
β-BHC
δ-BHC
Heptachlor
Chlorothalonil
Metribuzin
Alachlor
Aldrin
4,4'-Dibromobiphenyl (SS)

20.
21.
22.
23.
24.
25.
26.
27.
28.
29.
30.
31.
32.
33.
34.
35.
36.
37.
38.

Metachlor
DCPA
Heptachlor epoxide
trans-Chlordane
Cyanazine
cis-Chlordane
Endosulfan I
4,4'-DDE
Dieldrin
Endrin
Chlorobenzilate
4,4'-DDD
Endosulfan II
4,4'-DDT
Endrin aldehyde
Endosulfan sulfate
Methoxychlor
cis-Permethrin
trans-Permethrin

* For information regarding the nomenclature used for cis-chlordane and
trans-chlordane, visit www.restek.com/chlordane-notice

Rtx®-CLPesticides2 30 m, 0.32 mm ID, 0.25 µm (cat.# 11324)
and Rtx®-CLPesticides 30 m, 0.32 mm ID, 0.32 µm (cat.# 11141)
using Rxi® guard column 5 m, 0.32 mm ID (cat.# 10039)
with deactivated universal “Y” Press-Tight® connector
(cat.# 20405-261)
50 ng/mL 508.1 calibration mix #1 (cat.# 32094)
100 ng/mL 508.1 calibration mix #2 (cat.# 32095)
100 ng/mL 508.1 calibration mix #3 (cat.# 32096)
50 ng/mL pentachloronitrobenzene (cat.# 32091)
250 ng/mL 4,4'-dibromobiphenyl (cat.# 32092)
500 ng/mL atrazine (cat.# 32208)
500 ng/mL simazine (cat.# 32236)
Ethyl acetate

Columns

Sample

Diluent:
Injection
Inj. Vol.:
Liner:
Inj. Temp.:
Oven
Oven Temp:

2 µL splitless (hold 0.75 min)
Cyclo double taper (4 mm) (cat.# 20896)
250 °C

Carrier Gas
Linear Velocity:
Detector
Notes

80 °C (hold 0.5 min) to 155 °C at 19 °C/min (hold 1 min) to 210
°C at 4 °C/min to 310 °C at 25 °C/min (hold 0.5 min)
He, constant flow
26 cm/sec
Micro-ECD @ 325 °C
This chromatogram was obtained using an Agilent® micro-ECD.
To obtain comparable results, you will need to employ a microECD in addition to confirmational dual columns connected to a
5-meter guard column using a “Y” Press-Tight® connector.

GC_EV01023
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Get Set for Parallel Dual-Column Analysis!
Analytical Columns
Improved resolution and faster analysis times, compared to 1701 or phenyl phases, make the Rtx®-CLPesticides/Rtx®-CLPesticides2
column pair ideal for analyzing chlorinated pesticides, PCBs as Aroclors, and chlorinated herbicides. These columns offer alternate
selectivity, meeting method requirements for elution order changes and relative retention time shifts. Column bleed is low, allowing
high boiling point contaminants to be heated off of the column, which extends column lifetime.

Rtx®-CLPesticides Columns (fused silica)
(proprietary Crossbond® phases)
ID
df
temp. limits
0.18 mm 0.18 µm -60 to 320/340 °C
0.25 mm 0.25 µm -60 to 320/340 °C
0.32 mm 0.32 µm -60 to 320/340 °C
0.50 µm -60 to 320/340 °C
0.53 mm 0.50 µm -60 to 300/320 °C

15-Meter
—
11120
—
11136
11137

20-Meter
42102
—
—
—
—

30-Meter
—
11123
11141
11139
11140

60-Meter
—
11126
—
—
—

20-Meter
42302
—
—
—
—

30-Meter
—
11323
11324
11325
11340

60-Meter
—
11326
—
—
—

Rtx®-CLPesticides2 Columns (fused silica)
(proprietary Crossbond® phases)
ID
df
temp. limits
10-Meter
0.18 mm 0.14 µm -60 to 320/330 °C 42301
0.25 mm 0.20 µm -60 to 320/340 °C
—
0.32 mm 0.25 µm -60 to 320/340 °C
—
0.50 µm -60 to 320/340 °C
—
0.53 mm 0.42 µm -60 to 300/320 °C
—

15-Meter
—
—
11321
—
11337

Rtx®-CLPesticides Column Kit (0.32 mm ID)

kit

(Note: Columns are not preconnected in this kit.)
Rtx-CLPesticides Kit (0.32 mm ID)

cat.# 11196 (kit)

Includes:
30 m, 0.32 mm ID, 0.32 µm Rtx-CLPesticides Column Column
30 m, 0.32 mm ID, 0.25 µm Rtx-CLPesticides2 Column Column
Universal Angled “Y” Press-Tight Connector, Deactivated
5 m, 0.32 mm ID Siltek Guard Column

Rtx®-CLPesticides Column Kit (0.53 mm ID)

kit

(Note: Columns are not preconnected in this kit.)
Rtx-CLPesticides Kit (0.53 mm ID)

cat.# 11197 (kit)

Includes:
30 m, 0.53 mm ID, 0.50 µm Rtx-CLPesticides Column Column
30 m, 0.53 mm ID, 0.42 µm Rtx-CLPesticides2 Column Column
Universal Angled “Y” Press-Tight Connector, Deactivated
5 m, 0.53 mm ID IP Deactivated Guard Column

Save Money,
Buy a Kit!

cat.#
11141
11324
20403-261
10027

Purchase one of these
recommended combinations
of guard and analytical
columns and save money.

cat.#
11140
11340
20403-261
10045

0.25 mm ID columns are also available at www.restek.com
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Connectors
The best chromatography for parallel dual-column analysis is obtained using the universal “Y” PressTight® connector. The internal design of the taper allows the column to seal to the glass surface and
minimizes dead volume. To strengthen this connection, Restek developed the SeCure® “Y” connector,
which uses a C-clamp to hold the columns in place, assuring a reliable connection.
The MXT®-Union connectors are an alternative connector system that uses special ferrules designed to
eliminate dead volume. The MXT®-Union is made of stainless steel and is deactivated with Siltek® treatment, making an inert sample pathway. The special ferrules used to make the connection are designed to
eliminate the dead volume when installing the columns.

Universal “Y” Press-Tight® Connectors

An alternative method of performing dual-column confirmational analyses!
Description
Universal “Y” Press-Tight Connector, Deactivated

ea.
3-pk.
20405-261 20406-261

SeCure® “Y” Connector Kits
Kits include: SeCure® “Y” connector body, three knurled nuts, universal “Y” Press-Tight® union,
three ferrules.
Description
SeCure “Y” Connector Kit
SeCure “Y” Connector Kit
SeCure “Y” Connector Kit
Knurled Nut

Ferrules Fit Column ID
0.18/0.25/0.28 mm
0.32 mm
0.45/0.53 mm

qty.
kit
kit
kit
3-pk.

cat.#
20276
20277
20278
20279

The SeCure® “Y” connector’s
open design allows visual
confirmation of the seal.

Graphite Ferrules for SeCure® “Y” Connectors
Buy extra to keep spares on hand.
Ferrule ID
0.4 mm
0.4 mm
0.5 mm
0.5 mm
0.8 mm
0.8 mm

Fits Column ID
0.10/0.15/0.18/0.25/0.28 mm
0.10/0.15/0.18/0.25/0.28 mm
0.32 mm
0.32 mm
0.45/0.53 mm
0.45/0.53 mm

qty.
10-pk.
50-pk.
10-pk.
50-pk.
10-pk.
50-pk.

Graphite
20200
20227
20201
20228
20202
20224

MXT® “Y”-Union Connector Kits for Fused Silica Columns
Each kit contains the MXT® union; three 1/32-inch nuts; and three, one-piece, fused silica adaptors.
Description
For 0.25 mm ID Fused Silica Columns
For 0.32 mm ID Fused Silica Columns
For 0.53 mm ID Fused Silica Columns

qty.
kit
kit
kit

cat.#
21389
21388
21387

www.restek.com
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Get Set for Parallel Dual-Column Analysis!
Inlet Liners
The Rtx®-CLPesticides and Rtx®-CLPesticides2 column pair will work with both split or splitless injection techniques and any liner
geometry. Various inlet liners are used for pesticide analysis; the four most common are the single taper, double taper, cyclo double
taper, and the drilled Uniliner® inlet liner.
The drilled Uniliner® inlet liner provides the most inert sample pathway and eliminates injection port discrimination because the
sample is funneled directly onto the column without contacting the metal injection port. Using a drilled Uniliner® inlet liner eliminates the need to replace the inlet seal at the bottom of the injection port, substantially reducing maintenance time and expense.
The tapered liners are also commonly used for pesticide analysis and work best with pressure pulsing conditions. The best tapered liner
to use with pressure pulsing is the cyclo double taper. This liner has a screw-type sample pathway which collects nonvolatile material at
the beginning of the screws and offers more surface area to vaporize the sample prior to reaching the entrance of the column.

Liners for Splitless Injection with Agilent GCs:
Sky® 4.0 mm ID Single Taper Inlet Liner

Sky® 4.0 mm ID Single Taper Inlet Liner w/ Wool

ID x OD x Length
qty.
Single Taper, Sky Technology, Borosilicate Glass
4.0 mm x 6.5 mm x 78.5 mm
ea.
4.0 mm x 6.5 mm x 78.5 mm
5-pk.
4.0 mm x 6.5 mm x 78.5 mm
25-pk.

ID x OD x Length
qty.
Single Taper, Sky Technology, Wool, Borosilicate Glass
4.0 mm x 6.5 mm x 78.5 mm
ea.
4.0 mm x 6.5 mm x 78.5 mm
5-pk.
4.0 mm x 6.5 mm x 78.5 mm
25-pk.

cat.#
23302.1
23302.5
23302.25

cat.#
23303.1
23303.5
23303.25

Sky® 4.0 mm ID Double Taper Inlet Liner

Sky® 4.0 mm ID Cyclo Double Taper Inlet Liner

ID x OD x Length
qty.
Double Taper, Sky Technology, Borosilicate Glass
4.0 mm x 6.5 mm x 78.5 mm
ea.
4.0 mm x 6.5 mm x 78.5 mm
5-pk.
4.0 mm x 6.5 mm x 78.5 mm
25-pk.

ID x OD x Length
qty.
Cyclo Double Taper, Sky Technology, Borosilicate Glass
4.0 mm x 6.5 mm x 78.5 mm
ea.
4.0 mm x 6.5 mm x 78.5 mm
5-pk.
4.0 mm x 6.5 mm x 78.5 mm
25-pk.

cat.#
23308.1
23308.5
23308.25

Sky® 4.0 mm ID Drilled Uniliner® Inlet Liner
with Hole near Top

cat.#
23310.1
23310.5
23310.25

Liners for Split Injection with Agilent GCs
Sky® 4.0 mm ID Precision® Inlet Liner w/ Wool

ID x OD x Length
qty.
cat.#
Drilled Uniliner (hole near top), Sky Technology, Borosilicate Glass
4.0 mm x 6.3 mm x 78.5 mm
ea.
23311.1
4.0 mm x 6.3 mm x 78.5 mm
5-pk.
23311.5
4.0 mm x 6.3 mm x 78.5 mm
25-pk.
23311.25

ID x OD x Length
qty.
cat.#
Precision, Sky Technology, Borosilicate Glass with Quartz Wool
4.0 mm x 6.3 mm x 78.5 mm
ea.
23305.1
4.0 mm x 6.3 mm x 78.5 mm
5-pk.
23305.5
4.0 mm x 6.3 mm x 78.5 mm
25-pk.
23305.25

Dual Vespel® Ring Inlet Seals

Washerless, leak-tight seals for Agilent GCs
0.8 mm ID Dual Vespel Ring Inlet Seal
Gold-Plated
Siltek-Treated
1.2 mm ID Dual Vespel Ring Inlet Seal
Gold-Plated
Siltek-Treated

Patented.
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2-pk.
21240
21242
2-pk.
21246
21248

10-pk.
21241
21243
10-pk.
21247
21249

50-pk.
23418
23419
—
—
—

21240

21248

Restek Recommended!

www.restek.com
ENVIRONMENTAL APPS CT-republished 2015

Sample Preparation

Resprep® SPE Cartridges (Normal Phase)
Hydrophilic (polar) adsorbents used to extract hydrophilic analytes from nonpolar matrices, such as
organic solvents (e.g., polar contaminants from sample extracts).
3 mL/500 mg
(50-pk.)
24031
24032*
24035
24036*

Florisil (EPA SW 846 methods and CLP protocols)
Silica (EPA SW 846 methods)

6 mL/500 mg
(30-pk.)
26086**

6 mL/1,000 mg
(30-pk.)
24034
26085**

15 mL/2 g
(15-pk.)

24038

—

—

26228

All cartridges are manufactured
using high-polyethylene frits unless
otherwise noted.

*PTFE frits **Glass tubes with PTFE frits

Resprep® CarboPrep® SPE Cartridges
Tube Volume,
Bed Weight
3 mL, 250 mg
6 mL, 500 mg

SPE Cartridge
CarboPrep 90
CarboPrep 90

Reference Standards

Organochlorine Pesticide Mix AB #1
(20 components)
aldrin
α-BHC
β-BHC
δ-BHC
γ-BHC (lindane)
cis-chlordane
trans-chlordane
4,4'-DDD
4,4'-DDE
4,4'-DDT

dieldrin
endosulfan I
endosulfan II
endosulfan sulfate
endrin
endrin aldehyde
endrin ketone
heptachlor
heptachlor epoxide (isomer B)
methoxychlor

200 µg/mL each in hexane:toluene (1:1), 1 mL/ampul
cat.# 32291 (ea.)

Organochlorine Pesticide Mix AB #2

qty.

cat.#

50-pk.
30-pk.

26091
26092

Excellent for Pesticide
Residue Cleanup!

Organochlorine Pesticide Resolution
Check Mix (with surrogates) (22 components)
aldrin
10 µg/mL
α-BHC
10
β-BHC
10
δ-BHC
10
γ-BHC (lindane)
10
cis-chlordane
10
trans-chlordane
10
decachlorobiphenyl (SS)
20
dieldrin
20
4,4'-DDD
20
4,4'-DDE
20
4,4'-DDT
20

endosulfan I
10
endosulfan II
20
endosulfan sulfate
20
endrin
20
endrin aldehyde
20
endrin ketone
20
heptachlor
10
heptachlor epoxide (isomer B) 10
methoxychlor
100
2,4,5,6-tetrachlorom-xylene (SS)
10

In hexane:toluene (90:10), 1 mL/ampul
cat.# 32454 (ea.)

(20 components)
aldrin
α-BHC
β-BHC
δ-BHC
γ-BHC (lindane)
cis-chlordane
trans-chlordane
4,4'-DDD
4,4'-DDE
4,4'-DDT

8 µg/mL
8
8
8
8
8
8
16
16
16

dieldrin
16
endosulfan I
8
endosulfan II
16
endosulfan sulfate
16
endrin
16
endrin aldehyde
16
endrin ketone
16
heptachlor
8
heptachlor epoxide (isomer B) 8
methoxychlor
80

In hexane:toluene (1:1), 1 mL/ampul
cat.# 32292 (ea.)

Organochlorine Pesticide System
Evaluation Mix (2 components)
4,4'-DDT
endrin

200 µg/mL
100 µg/mL

Aroclor Solutions
Volume is 1 mL/ampul. Concentration is µg/mL unless otherwise noted.
Compound
Aroclor 1016
Aroclor 1221
Aroclor 1232
Aroclor 1242
Aroclor 1248
Aroclor 1254
Aroclor 1260
Aroclor 1262
Aroclor 1268

CAS #
12674-11-2
11104-28-2
11141-16-5
53469-21-9
12672-29-6
11097-69-1
11096-82-5
37324-23-5
11100-14-4

Solvent
H
H
H
H
H
H
H
H
H

Conc.
1,000
1,000
1,000
1,000
1,000
1,000
1,000
1,000
1,000

cat.#
32006
32007
32008
32009
32010
32011
32012
32409
32410

H = hexane

Restek Offers a Full
Line of Certified
Reference Materials
www.restek.com/iso

In methyl tert-butyl ether, 1 mL/ampul
cat.# 32417 (ea.)

Pesticide Surrogate Mix (2 components)
decachlorobiphenyl
2,4,5,6-tetrachloro-m-xylene
200 µg/mL each in acetone, 1 mL/ampul
cat.# 32000 (ea.)
200 µg/mL each in acetone, 5 mL/ampul
cat.# 32457 (ea.)

Visit www.restek.com for more products and resources for environmental labs!
www.restek.com
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Dynamic Duo (Restek Leak Detector and ProFLOW 6000 Flowmeter)
Protect your instrument and improve data quality with this powerful pair from Restek. Checking for leaks and verifying flows
before you start helps you avoid costly problems later.
Description
Dynamic Duo Combo Pack (Restek Leak Detector and ProFLOW 6000 Flowmeter)
Related Products and Accessories
Leak Detector With Hard-Sided Carrying Case and Universal Charger Set (U.S., UK, European, Australian)
Small Probe Adaptor for Leak Detector
Restek ProFLOW 6000 Electronic Flowmeter With Hard-Sided Carrying Case
Soft-Sided Storage Case for Leak Detector or ProFLOW 6000 Flowmeter

Restek’s New Leak Detector

ProFLOW 6000 Flowmeter

Redesigned and better than ever, our new
leak detector is an essential tool for troubleshooting and routine maintenance of your
gas chromatograph. Don’t risk damaging
your system or losing sensitivity; check for
leaks often and protect your GC column and
instrument with a Restek leak detector!

With its wide range of capabilities, the
ProFLOW 6000 flowmeter simplifies gas
flow measurement in the lab. Real-time
measurements can be made for various
types of flow paths, including continually
changing gas types.

Leak Detector Specifications:
Detectable Gases: Helium, nitrogen, argon, carbon dioxide, hydrogen
Battery:
Rechargeable lithium ion internal battery pack (12 hours normal operation)
Operating
Temp. Range:
32–120 °F (0–48 °C)
Humidity Range: 0–97%
Warranty:
One year
Certifications:
CE, Ex, Japan
Compliance:
WEEE, RoHS
Limits of Detection
These gases can be detected with the Restek electronic leak detector at the
following leak rates:
Minimum Detectable Gas Limits and Indicating LED Color:
• Helium, 1.0 x 10-5, red LED
• Hydrogen*, 1.0 x 10-5, red LED
• Nitrogen, 1.4 x 10-3, yellow LED
• Argon, 1.0 x 10-4, yellow LED
• Carbon dioxide, 1.0 x 10-4, yellow LED

Gas detection limits measured in atm cc/sec.

qty.
kit

cat.#
22654

ea.
ea.
ea.
ea.

22655
22658
22656
22657

Flowmeter Specifications:
Type of Flowmeter: Volumetric
Battery:
2-AA
Operating
Temp. Range:
32–120 °F (0–48 °C)
Warranty:
One year
Certifications:
CE, Ex
Compliance:
WEEE, RoHS

Patented.

Optional Accessories
22658

22657
Soft-Side Carry/Storage Case
Ideal for storing your leak detector or
flowmeter in smaller spaces such as
a tool box.

Small Probe Adaptor for
Leak Detector
Verify hard-to-reach leaks using
the small probe adaptor.

Order today at www.restek.com
PATENTS & TRADEMARKS
Restek® patents and trademarks are the property of Restek Corporation. (See www.restek.com/Patents-Trademarks for full list.) Other trademarks appearing in Restek® literature or on its website
are the property of their respective owners. The Restek® registered trademarks used here are registered in the United States and may also be registered in other countries.
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© 2014 Restek Corporation. All rights reserved.
Printed in the U.S.A.

www.restek.com

UK

ENVIRONMENTAL APPS CT-republished 2015

Technical Article

Helium, Hydrogen, or Nitrogen—The Choice is Yours:
Unique Rtx®-CLPesticides Column Set Provides Optimal
Results for Organochlorine Pesticides GC-Micro-ECD
Analysis Using Any Carrier Gas
By Jason Thomas, Chris English, Jack Cochran, Gary Stidsen

The Rtx®-CLPesticides Column Set Lets You Make the Choice
• Option 1: Get faster results from helium than when using competitor columns
• Option 2: Save money and increase sample throughput using hydrogen
• Option 3: Simplify the gas system and reduce costs using nitrogen
Over the past few years, the increasing costs and uncertain availability of helium have prompted many labs to explore alternate
carrier gas options. While switching from helium to either hydrogen or nitrogen carrier gas can be problematic for methods using
a mass spectrometer, methods that employ an electron capture detector (ECD) are generally good candidates for transfer as long
as column selectivity is adequate. For heavily used methods that employ helium, such as organochlorine pesticides analysis following EPA Method 8081, conversion to a different carrier gas provides a significant cost savings opportunity. Here we compared
the performance of Rtx®-CLPesticides and Rtx®-CLPesticides2 columns to a competitor’s CLP column set using helium, hydrogen,
and nitrogen carrier gases for this frequently used dual-column GC-ECD method. These column sets differ in selectivity, and since
proprietary Rtx®-CLPesticides and Rtx®-CLPesticides2 columns were developed specifically for organochlorine pesticides analysis
by GC-ECD, their unique column selectivities provide optimal resolution and fast analysis times whether operated using helium,
hydrogen, or nitrogen carrier gases. In addition, since the Rtx®-CLPesticides columns provide more separation between critical
peaks compared to competitor columns, they can be trimmed for maintenance without sacrificing resolution, which results in
longer column lifetimes. This extra separating power also gives you more room for method optimization, so you can save time on
every analysis.
Both hydrogen and nitrogen are less expensive than helium and can be reliably supplied commercially or using in-lab generators.
Either carrier gas option provides significant cost savings compared to helium, but it is important to consider the relative pros and
cons of each gas prior to switching to an alternate carrier gas. Since hydrogen has a higher optimal linear velocity and can be operated at higher flow rates, analytes elute earlier than when using helium, which allows faster analysis times and increased sample
throughput. However, as discussed later, hydrogen is a flammable reducing gas that must be used with some basic precautions in
order to avoid safety issues and problems with poor response due to active sites in the system. In contrast, nitrogen is highly inert
and also can be used as a replacement for helium. Although it has the advantage of inertness, nitrogen must be used at slower flow
rates in order to obtain adequate resolution between peaks, significantly increasing analysis times. Since nitrogen is also generally
used as the ECD make-up gas, using it as the carrier gas allows for a simple single-gas setup that is extremely cost-effective. Regardless of which carrier gas is used, columns with optimized selectivity are advantageous because they provide enough separation
between critical pairs to allow instrument conditions to be optimized for faster analysis.

Pure Chromatography
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In order to evaluate the relative performance of both column sets using all three carrier gases, we used an Agilent® 6890 GC with a
split/splitless inlet and dual micro-ECDs. The dual column configuration for each column pair was set up using a 5 m x 0.32 mm
Rxi® guard column (cat.# 10039) connected to the analytical columns using a universal “Y” Press-Tight® connector (cat.# 20406).
Comparisons of the Rtx®-CLPesticides and the competitor column sets were made using a single ramp oven temperature program.
The temperature program was not changed, but the flow rate was adjusted for each column set and gas combination in order to
obtain the fastest analysis time possible under the standardized oven conditions. For each combination, flow was increased until
acceptable resolution could no longer be obtained. In addition to the competitor comparison, a faster method using an accelerated
oven temperature program was also evaluated for the Rtx®-CLPesticides column set using both helium and hydrogen. Results are
summarized in Table I, while chromatograms and the benefits and limitations of each carrier gas are presented in subsequent sections discussing considerations of the three carrier gas options. Calibrations were also evaluated using a 6-point curve (1–100 ppb)
and results are presented in Table II.
Regardless of the carrier gas you choose, the success of your analysis depends in large part on which analytical columns are used.
Whether you stick with helium or explore using other carrier gases, Restek’s Rtx®-CLPesticides column set outperforms competitor
columns and provides optimal resolution and fast run times.

Table I: Rtx®-CLPesticides and Rtx®-CLPesticides2 columns were developed specifically for organochlorine pesticides analysis by GC-ECD, and their unique column selectivities give you the speed and resolution you need, so
you can pick the carrier gas you want. See Figures 1-9 for chromatographic results and conditions.
Elution Time of Last Eluting Compound (min)
Helium
Hydrogen
Helium
Hydrogen
Nitrogen
(Fast Method)
(Fast Method)
Rtx-CLPesticides column set
9.44
9.36
9.37
6.95
6.75
Competitor-CLP column set
10.18
10.12
Inadequate resolution
*
*
* The purpose of this study was to compare columns of differing selectivity under typical operating conditions. The accelerated
method was optimized for the Rtx®-CLPesticides column set and is not transferable to the competitor column set because these
column sets do not have the same selectivity.

Table II: Rtx®-CLPesticides columns provided calibrations that met the Method 8081 requirement of <20% relative
standard deviation (RSD) for each individual compound (averages shown below).
Average %RSD for all Analytes*
Helium
Hydrogen
Nitrogen
Rtx-CLPesticides
4.4
4.5
4.1
Rtx-CLPesticides2
5.2
7.6
4.0
*%RSD was calculated first for each analyte using six standards across the calibration range (1–100 ppb), then average %RSD
across all analytes was calculated.

Option 1: Get Faster Results From Helium Than When Using Competitor Columns
Helium is still the most commonly used carrier gas for GC. Despite cost and availability concerns, helium continues to be the
workhorse carrier gas because it provides excellent separations in a reasonable analysis time. Since the Rtx®-CLPesticides columns
were developed by Restek to have unique selectivities specifically for organochlorine pesticides, they provide excellent resolution
of these target compounds. Using the single ramp oven program, all analytes were completely separated in 9.44 min using a helium
carrier gas flow rate of 3.5 mL/min (Figure 1). Note that this flow rate is higher than the maximum optimal flow rate for helium, but
since Restek’s highly selective Rtx®-CLPesticides column set provides more-than-adequate separation under optimum conditions,
they can be reliably optimized for maximum time savings. In comparison, this flow rate was not adequate to resolve all compounds
on the competitor column set, so the flow was adjusted until acceptable resolution could be obtained. Using a helium carrier gas
flow of 4.8 mL/min, adequate resolution was obtained for all analytes, although the high degree of retention for decachlorobiphenyl
resulted in this last compound not eluting until 10.18 min (Figure 2). When using helium carrier gas, the Rtx®-CLPesticides column
set provides a significant advantage over the competitor’s CLP column pair in that similar separations were obtained while saving
over half a minute per analysis.
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Figure 1: The Rtx®-CLPesticides column set separates organochlorine pesticides in just 9.44 min using helium,
compared to 10.18 min with the competitor’s CLP column set.
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Columns: Rtx®-CLPesticides2 30 m, 0.32 mm ID, 0.25 µm (cat.# 11324) and Rtx®-CLPesticides 30 m, 0.32 mm ID, 0.32 µm (cat.# 11141) using Rxi® guard column 5 m, 0.32 mm ID (cat.# 10039)
with universal “Y” Press-Tight® connector (cat.# 20406-261); Sample: Organochlorine pesticide mix AB #2 (cat.# 32292); Hexachlorobenzene (cat.# 32231); 2,4,5,6-Tetrachloro-m-xylene
(cat.# 32027); Decachlorobiphenyl (BZ #209) (cat.# 32029); Diluent: n-Hexane; Injection: Inj. Vol.: 2 µL splitless (hold 0.75 min); Liner: Sky® 4 mm single taper w/wool (cat.# 23303.5);
Inj. Temp.: 250 °C; Purge Flow: 50 mL/min; Oven: Oven Temp.: 110 °C (hold 0.5 min) to 325 °C at 25 °C/min (hold 2 min); Carrier Gas: He, constant flow; Linear Velocity: 52 cm/sec;
Detector: Micro-ECD @ 340 °C; Make-up Gas Flow Rate: 50 mL/min; Make-up Gas Type: N2; Data Rate: 50 Hz; Instrument: Agilent/HP6890 GC
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Figure 2: Analysis of organochlorine pesticides on the competitor’s CLP column set using helium carrier gas.
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Columns: Competitor CLP1 30 m, 0.32 mm ID, 0.25 µm and competitor CLP2 30 m, 0.32 mm ID, 0.5 µm; using Rxi® guard column 5 m, 0.32 mm ID (cat.# 10039) with universal “Y” Press-Tight®
connector (cat.# 20406-261); Sample: Organochlorine pesticide mix AB #2 (cat.# 32292); 2,4,5,6-Tetrachloro-m-xylene (cat.# 32027); Decachlorobiphenyl (BZ #209) (cat.# 32029); Hexachlorobenzene (cat.# 32231); Diluent: n-Hexane; Injection: Inj. Vol.: 2 µL splitless (hold 0.75 min); Liner: Sky® 4 mm single taper w/wool (cat.# 23303.5); Inj. Temp.: 250 °C; Purge Flow: 50 mL/
min; Oven: Oven Temp.: 110 °C (hold 0.5 min) to 325 °C at 25 °C/min (hold 2 min); Carrier Gas: He, constant flow; Linear Velocity: 64 cm/sec; Detector: Micro-ECD @ 340 °C; Make-up Gas
Flow Rate: 50 mL/min; Make-up Gas Type: N2; Data Rate: 50 Hz; Instrument: Agilent/HP6890 GC

In addition to providing faster analysis times than the competitor’s column set using the standard method, the Rtx®-CLPesticides
column set can also be operated under an accelerated multi-ramp oven program to obtain sub-7 minute run times (Figure 3). The
Rtx®-CLPesticides and Rtx®-CLPesticides2 columns are finely tuned for organochlorine pesticides and robust enough to maintain
resolution after heavy use and aggressive conditions. Column selectivity ensures all compounds are adequately separated for accurate integration, and fast analysis times allow maximum sample throughput when using helium carrier gas. Note that in order to
achieve the separation shown here, it may be necessary to use an oven pillow or 220 V instrument, otherwise acceptable resolution
may not be obtained because the actual oven temperatures and ramp rates may be lower and slower than the instrument settings.
We recommend referring to the published maximum ramping temperatures for your instrument before beginning work. Also,
since an oven pillow prevents use of the front inlet, the columns must be hung together on the back hanger with the guard column
installed in the back inlet.
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For labs currently relying on helium carrier gas, the use of Rtx®-CLPesticides columns for organochlorine pesticides analysis is a
better alternative than the competitor’s CLP column set. All target compounds can be quickly separated with room to spare using a
standard method, and sample throughput can be further improved by using an accelerated method that provides good results with
fast analysis times of less than 7 minutes.

Figure 3: The unique selectivity of the Rtx®-CLPesticides column set allows organochlorine pesticides to be fully
resolved in less than 7 min using accelerated oven conditions.
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Columns: Rtx®-CLPesticides2 30 m, 0.32 mm ID, 0.25 µm (cat.# 11324) and Rtx®-CLPesticides 30 m, 0.32 mm ID, 0.32 µm (cat.# 11141) using Rxi® guard column 5 m, 0.32 mm ID (cat.# 10039)
with universal “Y” Press-Tight® connector (cat.# 20406-261); Sample: Organochlorine pesticide mix AB #2 (cat.# 32292);Hexachlorobenzene (cat.# 32231); 2,4,5,6-Tetrachloro-m-xylene
(cat.# 32027); Decachlorobiphenyl (BZ #209) (cat.# 32029); Diluent: n-Hexane; Injection: Inj. Vol.: 2 µL splitless (hold 0.3 min); Liner: Sky® 4 mm single taper w/wool (cat.# 23303.5); Inj.
Temp.: 250 °C; Purge Flow: 50 mL/min; Oven: Oven Temp.: 120 °C to 200 °C at 45 °C/min to 230 °C at 15 °C/min to 330 °C at 30 °C/min (hold 2 min); Carrier Gas: He, constant flow; Linear
Velocity: 71 cm/sec; Detector: Micro-ECD @ 340 °C; Make-up Gas Flow Rate: 50 mL/min; Make-up Gas Type: N2; Data Rate: 50 Hz; Instrument: Agilent/HP6890 GC
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Option 2: Save Money and Increase Sample Throughput Using Hydrogen Carrier Gas
Hydrogen carrier gas is a popular alternative to helium, because it is the fastest of the three commonly used carrier gases. Its higher
optimal linear velocity means faster flow rates can be used, which results in shorter analysis times and increased sample throughput. As shown in Figures 4 and 5, similar separations were obtained on both column sets when using hydrogen carrier gas instead
of helium in a shorter analysis time. However, in this case the biggest time savings was attributable to the column set that was used,
not to the carrier gas. Once again, over half a minute was saved per analysis when using the Rtx®-CLPesticides column set (Figure
4) rather than the competitor’s CLP column set (Figure 5).

Figure 4: When using hydrogen carrier gas, organochlorine pesticides elute in 9.36 min with greater resolution of
critical pairs on Rtx®-CLPesticides columns than with competitor CLP columns.
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Columns: Rtx®-CLPesticides2 30 m, 0.32 mm ID, 0.25 µm (cat.# 11324) and Rtx®-CLPesticides 30 m, 0.32 mm ID, 0.32 µm (cat.# 11141) using Rxi® guard column 5 m, 0.32 mm ID (cat.# 10039)
with universal “Y” Press-Tight® connector (cat.# 20406-261); Sample: Organochlorine pesticide mix AB #2 (cat.# 32292); 2,4,5,6-Tetrachloro-m-xylene (cat.# 32027); Decachlorobiphenyl
(BZ #209) (cat.# 32029); Hexachlorobenzene (cat.# 32231); Diluent: n-Hexane; Injection: Inj. Vol.: 2 µL splitless (hold 0.75 min); Liner: Sky® 4 mm single taper w/wool (cat.# 23303.5); Inj.
Temp.: 250 °C; Purge Flow: 50 mL/min; Oven: Oven Temp.: 110 °C (hold 0.5 min) to 325 °C at 25 °C/min (hold 2 min); Carrier Gas: H2, constant flow; Linear Velocity: 52 cm/sec;
Detector: Micro-ECD @ 340 °C; Make-up Gas Flow Rate: 50 mL/min; Make-up Gas Type: N2; Data Rate: 50 Hz; Instrument: Agilent/HP6890 GC
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Figure 5: Analysis of organochlorine pesticides on the competitor CLP column set using hydrogen
carrier gas.
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Columns: Competitor CLP1 30 m, 0.32 mm ID, 0.25 µm and competitor CLP2 30 m, 0.32 mm ID, 0.5 µm using Rxi® guard column 5 m, 0.32 mm ID (cat.# 10039) with universal “Y” Press-Tight®
connector (cat.# 20406-261); Sample: Organochlorine pesticide mix AB #2 (cat.# 32292); 2,4,5,6-Tetrachloro-m-xylene (cat.# 32027); Decachlorobiphenyl (BZ #209) (cat.# 32029); Hexachlorobenzene (cat.# 32231); Diluent: n-Hexane; Injection: Inj. Vol.: 2 µL splitless (hold 0.75 min); Liner: Sky® 4 mm single taper w/wool (cat.# 23303.5); Inj. Temp.: 250 °C; Purge Flow: 50 mL/min;
Oven: Oven Temp.: 110 °C (hold 0.5 min) to 325 °C at 25 °C/min (hold 2 min); Carrier Gas: H2, constant flow; Linear Velocity: 65 cm/sec; Detector: Micro-ECD @ 340 °C; Make-up Gas Flow Rate:
50 mL/min; Make-up Gas Type: N2; Data Rate: 50 Hz; Instrument: Agilent/HP6890 GC

As with the helium carrier gas experiment, the use of an accelerated oven ramp was also explored for analyzing organochlorine
pesticides using hydrogen carrier gas and the Rtx®-CLPesticides column set. As shown in Figure 6, good separations were obtained
for all compounds and the analysis time was further reduced to just 6.75 min. In comparison to the base method used for both
column pairs, the results obtained for the Rtx®-CLPesticides column set using hydrogen carrier gas and the accelerated multi-ramp
oven program provide an opportunity for considerable cost savings and better overall productivity. For labs interested in reducing
helium expenditures and maximizing speed and sample throughput, analyzing organochlorine pesticides using hydrogen carrier
gas and Rtx®-CLPesticides columns with aggressive oven temperature programming is the best alternative.
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Figure 6: Sample throughput for organochlorine pesticides can be maximized by using Rtx®-CLPesticides columns and hydrogen carrier gas. All peaks elute in just 6.75 min using this inexpensive alternative to helium.
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Columns: Rtx®-CLPesticides2 30 m, 0.32 mm ID, 0.25 µm (cat.# 11324) and Rtx®-CLPesticides 30 m, 0.32 mm ID, 0.32 µm (cat.# 11141) using Rxi® guard column 5 m, 0.32 mm ID (cat.# 10039)
with universal “Y” Press-Tight® connector (cat.# 20406-261); Sample: Organochlorine pesticide mix AB #2 (cat.# 32292); 2,4,5,6-Tetrachloro-m-xylene (cat.# 32027); Decachlorobiphenyl
(BZ #209) (cat.# 32029); Hexachlorobenzene (cat.# 32231); Diluent: n-Hexane; Injection: Inj. Vol.: 2 µL splitless (hold 0.3 min); Liner: Sky® 4 mm single taper w/wool (cat.# 23303.5); Inj.
Temp.: 250 °C; Purge Flow: 50 mL/min; Oven: Oven Temp.: 120 °C to 200 °C at 45 °C/min to 230 °C at 15 °C/min to 330 °C at 30 °C/min (hold 2 min); Carrier Gas: H2, constant flow;
Linear Velocity: 81 cm/sec; Detector: Micro-ECD @ 340 °C; Make-up Gas Flow Rate: 50 mL/min; Make-up Gas Type: N2; Data Rate: 50 Hz; Instrument: Agilent/HP6890 GC

Often, the first concern when considering switching to hydrogen carrier gas is understanding and managing the safety issues. Fortunately hydrogen generators minimize much of the risk. Hydrogen generators produce hydrogen gas on demand, so much smaller
quantities are stored compared to high-pressure gas cylinders. In addition, generators use controlled flow rates, built-in sensors,
and automatic shut-off features that turn the unit off in the event a leak is detected. With these safety features engineered into the
unit, hydrogen generators reduce much of the risk associated with using hydrogen carrier gas.
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Another issue with using hydrogen that receives less attention than safety concerns is the potential for chemical reactions that
contribute to system activity. During the work described here, we observed a decrease in peak response for several compounds
when hydrogen was used instead of helium. This decreased response is indicative of activity problems in the inlet and was most
pronounced for methoxychlor and 4,4'-DDT (Figure 7). System activity can be caused by metal shavings in the liner catalyzing
a hydrogenation reaction between the hydrogen carrier gas and the pesticides. Since metal shavings are generated by the needle
scraping a metal needle guide, using a Merlin Microseal septum and a 23 g needle will eliminate this problem and is recommended
especially when using hydrogen carrier gas. Merlin Microseal septa are made from a wear-resistant fluorocarbon elastomer. The
elastomer construction of the Merlin Microseal, in combination with its unique two-stage sealing mechanism and rounded needle,
greatly reduces the generation of metal particles in the liner. Review our technical blog (http://blog.restek.com/?p=3590) for more
on reducing analyte breakdown by using Merlin Microseal septa.

Figure 7: When using hydrogen carrier gas, peak response can be reduced for active compounds unless a Merlin
Microseal septum is used.
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Columns: Rtx®-CLPesticides2 30 m, 0.32 mm ID, 0.25 µm (cat.# 11324) and Rtx®-CLPesticides 30 m, 0.32 mm ID, 0.32 µm (cat.# 11141) using Rxi® guard column 5 m, 0.32 mm ID (cat.# 10039)
with universal “Y” Press-Tight® connector (cat.# 20406-261); Sample: Organochlorine pesticide mix AB #2 (cat.# 32292); Hexachlorobenzene (cat.# 32231); 2,4,5,6-Tetrachloro-m-xylene
(cat.# 32027); Decachlorobiphenyl (BZ #209) (cat.# 32029); Diluent: n-Hexane; Injection: Inj. Vol.: 2 µL splitless (hold 0.75 min); Liner: Sky® 4 mm single taper w/wool (cat.# 23303.5); Inj.
Temp.: 250 °C; Purge Flow: 50 mL/min; Oven: Oven Temp.: 110 °C (hold 0.5 min) to 325 °C at 25 °C/min (hold 2 min); Carrier Gas: He, constant flow; Linear Velocity: 52 cm/sec; Detector:
Micro-ECD @ 340 °C; Make-up Gas Flow Rate: 50 mL/min; Make-up Gas Type: N2; Data Rate: 50 Hz; Instrument: Agilent/HP6890 GC; Notes: Conditions above are for helium carrier gas. For
hydrogen carrier gas conditions, see chromatogram GC_EV1327.
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Option 3: Simplify the Gas System and Reduce Costs Using Nitrogen
Nitrogen carrier gas is also a viable option for analyzing organochlorine pesticides using GC-ECD. Assuming it is also used as the
ECD makeup gas, nitrogen allows for a much simpler and less expensive setup since it is less expensive than helium and because
only one source of gas is needed to operate the instrument. The tradeoff with nitrogen is that it is a slower carrier gas, so its use is
limited to situations where longer analysis times are acceptable.
The unique selectivities of the Rtx®-CLPesticides and Rtx®-CLPesticides2 columns make the use of nitrogen carrier gas feasible
and provide reasonable analysis times. Figure 8 demonstrates that, while peaks are somewhat broader than when using helium or
hydrogen, adequate resolution is obtained for all organochlorine pesticides on the Rtx®-CLPesticides column set. The optimized
selectivity of this column pair provides enough resolution between peaks to accommodate analysis outside optimum flow conditions. This allows easy transferability of helium-based methods to alternate carrier gases. In addition, the last compound elutes at
9.37 min, which is comparable to results obtained when using the basic single ramp method with either helium or hydrogen. In
contrast, regardless of the flow rate used, adequate resolution could not be obtained on the competitor’s CLP2 column for cis- and
trans-chlordane as well as for endosulfan I (Figure 9). If using nitrogen carrier gas is desired as a way to reduce helium consumption
and related costs, Rtx®-CLPesticides columns are the only viable option.

Figure 8: Only Rtx®-CLPesticides and Rtx®-CLPesticides2 columns provide adequate resolution when using nitrogen carrier gas, allowing labs to take advantage of this inexpensive alternative to helium carrier gas.
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Columns: Rtx®-CLPesticides2 30 m, 0.32 mm ID, 0.25 µm (cat.# 11324) and Rtx®-CLPesticides 30 m, 0.32 mm ID, 0.32 µm (cat.# 11141) using Rxi® guard column 5 m, 0.32 mm ID (cat.# 10039)
with universal “Y” Press-Tight® connector (cat.# 20406-261); Sample: Organochlorine pesticide mix AB #2 (cat.# 32292); 2,4,5,6-Tetrachloro-m-xylene (cat.# 32027); Decachlorobiphenyl (BZ
#209) (cat.# 32029); Hexachlorobenzene (cat.# 32231); Injection: Inj. Vol.: 2 µL splitless (hold 0.75 min); Liner: Sky® 4 mm single taper w/wool (cat.# 23303.5); Inj. Temp.: 250 °C; Purge Flow: 50
mL/min; Oven: Oven Temp.: 110 °C (hold 0.5 min) to 325 °C at 25 °C/min (hold 2 min); Carrier Gas: N2, constant flow; Linear Velocity: 53 cm/sec; Detector: Micro-ECD @ 340 °C; Make-up Gas
Flow Rate: 50 mL/min; Make-up Gas Type: N2; Data Rate: 50 Hz; Instrument: Agilent/HP6890 GC
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Figure 9: Nitrogen carrier gas is not a viable option when using the competitor’s CLP column set as resolution is
inadequate between critical organochlorine pesticides.
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Columns: Competitor CLP1 30 m, 0.32 mm ID, 0.25 µm and competitor CLP2 30 m, 0.32 mm ID, 0.5 µm using Rxi® guard column 5 m, 0.32 mm ID (cat.# 10039) with universal “Y” PressTight® connector (cat.# 20406-261); Sample: Organochlorine pesticide mix AB #2 (cat.# 32292); 2,4,5,6-Tetrachloro-m-xylene (cat.# 32027); Decachlorobiphenyl (BZ #209) (cat.# 32029);
Hexachlorobenzene (cat.# 32231); Diluent: n-Hexane; Injection: Inj. Vol.: 2 µL splitless (hold 0.75 min); Liner: Sky® 4 mm single taper w/wool (cat.# 23303.5); Inj. Temp.: 250 °C; Purge Flow:
50 mL/min; Oven: Oven Temp.: 110 °C (hold 0.5 min) to 325 °C at 25 °C/min (hold 2 min); Carrier Gas: N2, constant flow; Linear Velocity: 64 cm/sec; Detector: Micro-ECD @ 340 °C;
Make-up Gas Flow Rate: 50 mL/min; Make-up Gas Type: N2; Data Rate: 50 Hz; Instrument: Agilent/HP6890 GC

Conclusion
As labs explore the use of alternate carrier gases as a way to reduce dependence on helium, using Rtx®-CLPesticides and Rtx®CLPesticides2 columns is the most advantageous strategy. These columns are tuned specifically to provide optimal selectivity for
organochlorine pesticides when analyzed using electron capture detection, ensuring that they reliably produce good separations
in less time than comparable competitor CLP columns. Not only do the Rtx®-CLPesticides columns produce faster results under
traditional operating conditions, they can also be operated under accelerated ramps and flow rates to produce sub-7 minute analyses with both helium and hydrogen. In addition, they are the only column set that makes the use of nitrogen carrier gas a practical
option, which gives you the freedom to choose the carrier gas option that best meets your needs.
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Technical Article

Helium, Hydrogen, or Nitrogen—The Choice is Yours:
Unique Rtx®-CLPesticides Column Set Provides Optimal
Results for Organochlorine Pesticides GC-Micro-ECD
Analysis Using Any Carrier Gas
By Jason Thomas, Chris English, Jack Cochran, Gary Stidsen

The Rtx®-CLPesticides Column Set Lets You Make the Choice
• Option 1: Get faster results from helium than when using competitor columns
• Option 2: Save money and increase sample throughput using hydrogen
• Option 3: Simplify the gas system and reduce costs using nitrogen
Over the past few years, the increasing costs and uncertain availability of helium have prompted many labs to explore alternate
carrier gas options. While switching from helium to either hydrogen or nitrogen carrier gas can be problematic for methods using
a mass spectrometer, methods that employ an electron capture detector (ECD) are generally good candidates for transfer as long
as column selectivity is adequate. For heavily used methods that employ helium, such as organochlorine pesticides analysis following EPA Method 8081, conversion to a different carrier gas provides a significant cost savings opportunity. Here we compared
the performance of Rtx®-CLPesticides and Rtx®-CLPesticides2 columns to a competitor’s CLP column set using helium, hydrogen,
and nitrogen carrier gases for this frequently used dual-column GC-ECD method. These column sets differ in selectivity, and since
proprietary Rtx®-CLPesticides and Rtx®-CLPesticides2 columns were developed specifically for organochlorine pesticides analysis
by GC-ECD, their unique column selectivities provide optimal resolution and fast analysis times whether operated using helium,
hydrogen, or nitrogen carrier gases. In addition, since the Rtx®-CLPesticides columns provide more separation between critical
peaks compared to competitor columns, they can be trimmed for maintenance without sacrificing resolution, which results in
longer column lifetimes. This extra separating power also gives you more room for method optimization, so you can save time on
every analysis.
Both hydrogen and nitrogen are less expensive than helium and can be reliably supplied commercially or using in-lab generators.
Either carrier gas option provides significant cost savings compared to helium, but it is important to consider the relative pros and
cons of each gas prior to switching to an alternate carrier gas. Since hydrogen has a higher optimal linear velocity and can be operated at higher flow rates, analytes elute earlier than when using helium, which allows faster analysis times and increased sample
throughput. However, as discussed later, hydrogen is a flammable reducing gas that must be used with some basic precautions in
order to avoid safety issues and problems with poor response due to active sites in the system. In contrast, nitrogen is highly inert
and also can be used as a replacement for helium. Although it has the advantage of inertness, nitrogen must be used at slower flow
rates in order to obtain adequate resolution between peaks, significantly increasing analysis times. Since nitrogen is also generally
used as the ECD make-up gas, using it as the carrier gas allows for a simple single-gas setup that is extremely cost-effective. Regardless of which carrier gas is used, columns with optimized selectivity are advantageous because they provide enough separation
between critical pairs to allow instrument conditions to be optimized for faster analysis.

Pure Chromatography
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In order to evaluate the relative performance of both column sets using all three carrier gases, we used an Agilent® 6890 GC with a
split/splitless inlet and dual micro-ECDs. The dual column configuration for each column pair was set up using a 5 m x 0.32 mm
Rxi® guard column (cat.# 10039) connected to the analytical columns using a universal “Y” Press-Tight® connector (cat.# 20406).
Comparisons of the Rtx®-CLPesticides and the competitor column sets were made using a single ramp oven temperature program.
The temperature program was not changed, but the flow rate was adjusted for each column set and gas combination in order to
obtain the fastest analysis time possible under the standardized oven conditions. For each combination, flow was increased until
acceptable resolution could no longer be obtained. In addition to the competitor comparison, a faster method using an accelerated
oven temperature program was also evaluated for the Rtx®-CLPesticides column set using both helium and hydrogen. Results are
summarized in Table I, while chromatograms and the benefits and limitations of each carrier gas are presented in subsequent sections discussing considerations of the three carrier gas options. Calibrations were also evaluated using a 6-point curve (1–100 ppb)
and results are presented in Table II.
Regardless of the carrier gas you choose, the success of your analysis depends in large part on which analytical columns are used.
Whether you stick with helium or explore using other carrier gases, Restek’s Rtx®-CLPesticides column set outperforms competitor
columns and provides optimal resolution and fast run times.

Table I: Rtx®-CLPesticides and Rtx®-CLPesticides2 columns were developed specifically for organochlorine pesticides analysis by GC-ECD, and their unique column selectivities give you the speed and resolution you need, so
you can pick the carrier gas you want. See Figures 1-9 for chromatographic results and conditions.
Elution Time of Last Eluting Compound (min)
Helium
Hydrogen
Helium
Hydrogen
Nitrogen
(Fast Method)
(Fast Method)
Rtx-CLPesticides column set
9.44
9.36
9.37
6.95
6.75
Competitor-CLP column set
10.18
10.12
Inadequate resolution
*
*
* The purpose of this study was to compare columns of differing selectivity under typical operating conditions. The accelerated
method was optimized for the Rtx®-CLPesticides column set and is not transferable to the competitor column set because these
column sets do not have the same selectivity.

Table II: Rtx®-CLPesticides columns provided calibrations that met the Method 8081 requirement of <20% relative
standard deviation (RSD) for each individual compound (averages shown below).
Average %RSD for all Analytes*
Helium
Hydrogen
Nitrogen
Rtx-CLPesticides
4.4
4.5
4.1
Rtx-CLPesticides2
5.2
7.6
4.0
*%RSD was calculated first for each analyte using six standards across the calibration range (1–100 ppb), then average %RSD
across all analytes was calculated.

Option 1: Get Faster Results From Helium Than When Using Competitor Columns
Helium is still the most commonly used carrier gas for GC. Despite cost and availability concerns, helium continues to be the
workhorse carrier gas because it provides excellent separations in a reasonable analysis time. Since the Rtx®-CLPesticides columns
were developed by Restek to have unique selectivities specifically for organochlorine pesticides, they provide excellent resolution
of these target compounds. Using the single ramp oven program, all analytes were completely separated in 9.44 min using a helium
carrier gas flow rate of 3.5 mL/min (Figure 1). Note that this flow rate is higher than the maximum optimal flow rate for helium, but
since Restek’s highly selective Rtx®-CLPesticides column set provides more-than-adequate separation under optimum conditions,
they can be reliably optimized for maximum time savings. In comparison, this flow rate was not adequate to resolve all compounds
on the competitor column set, so the flow was adjusted until acceptable resolution could be obtained. Using a helium carrier gas
flow of 4.8 mL/min, adequate resolution was obtained for all analytes, although the high degree of retention for decachlorobiphenyl
resulted in this last compound not eluting until 10.18 min (Figure 2). When using helium carrier gas, the Rtx®-CLPesticides column
set provides a significant advantage over the competitor’s CLP column pair in that similar separations were obtained while saving
over half a minute per analysis.
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Figure 1: The Rtx®-CLPesticides column set separates organochlorine pesticides in just 9.44 min using helium,
compared to 10.18 min with the competitor’s CLP column set.
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GC_EV1310

Columns: Rtx®-CLPesticides2 30 m, 0.32 mm ID, 0.25 µm (cat.# 11324) and Rtx®-CLPesticides 30 m, 0.32 mm ID, 0.32 µm (cat.# 11141) using Rxi® guard column 5 m, 0.32 mm ID (cat.# 10039)
with universal “Y” Press-Tight® connector (cat.# 20406-261); Sample: Organochlorine pesticide mix AB #2 (cat.# 32292); Hexachlorobenzene (cat.# 32231); 2,4,5,6-Tetrachloro-m-xylene
(cat.# 32027); Decachlorobiphenyl (BZ #209) (cat.# 32029); Diluent: n-Hexane; Injection: Inj. Vol.: 2 µL splitless (hold 0.75 min); Liner: Sky® 4 mm single taper w/wool (cat.# 23303.5);
Inj. Temp.: 250 °C; Purge Flow: 50 mL/min; Oven: Oven Temp.: 110 °C (hold 0.5 min) to 325 °C at 25 °C/min (hold 2 min); Carrier Gas: He, constant flow; Linear Velocity: 52 cm/sec;
Detector: Micro-ECD @ 340 °C; Make-up Gas Flow Rate: 50 mL/min; Make-up Gas Type: N2; Data Rate: 50 Hz; Instrument: Agilent/HP6890 GC
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Figure 2: Analysis of organochlorine pesticides on the competitor’s CLP column set using helium carrier gas.
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Columns: Competitor CLP1 30 m, 0.32 mm ID, 0.25 µm and competitor CLP2 30 m, 0.32 mm ID, 0.5 µm; using Rxi® guard column 5 m, 0.32 mm ID (cat.# 10039) with universal “Y” Press-Tight®
connector (cat.# 20406-261); Sample: Organochlorine pesticide mix AB #2 (cat.# 32292); 2,4,5,6-Tetrachloro-m-xylene (cat.# 32027); Decachlorobiphenyl (BZ #209) (cat.# 32029); Hexachlorobenzene (cat.# 32231); Diluent: n-Hexane; Injection: Inj. Vol.: 2 µL splitless (hold 0.75 min); Liner: Sky® 4 mm single taper w/wool (cat.# 23303.5); Inj. Temp.: 250 °C; Purge Flow: 50 mL/
min; Oven: Oven Temp.: 110 °C (hold 0.5 min) to 325 °C at 25 °C/min (hold 2 min); Carrier Gas: He, constant flow; Linear Velocity: 64 cm/sec; Detector: Micro-ECD @ 340 °C; Make-up Gas
Flow Rate: 50 mL/min; Make-up Gas Type: N2; Data Rate: 50 Hz; Instrument: Agilent/HP6890 GC

In addition to providing faster analysis times than the competitor’s column set using the standard method, the Rtx®-CLPesticides
column set can also be operated under an accelerated multi-ramp oven program to obtain sub-7 minute run times (Figure 3). The
Rtx®-CLPesticides and Rtx®-CLPesticides2 columns are finely tuned for organochlorine pesticides and robust enough to maintain
resolution after heavy use and aggressive conditions. Column selectivity ensures all compounds are adequately separated for accurate integration, and fast analysis times allow maximum sample throughput when using helium carrier gas. Note that in order to
achieve the separation shown here, it may be necessary to use an oven pillow or 220 V instrument, otherwise acceptable resolution
may not be obtained because the actual oven temperatures and ramp rates may be lower and slower than the instrument settings.
We recommend referring to the published maximum ramping temperatures for your instrument before beginning work. Also,
since an oven pillow prevents use of the front inlet, the columns must be hung together on the back hanger with the guard column
installed in the back inlet.
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For labs currently relying on helium carrier gas, the use of Rtx®-CLPesticides columns for organochlorine pesticides analysis is a
better alternative than the competitor’s CLP column set. All target compounds can be quickly separated with room to spare using a
standard method, and sample throughput can be further improved by using an accelerated method that provides good results with
fast analysis times of less than 7 minutes.

Figure 3: The unique selectivity of the Rtx®-CLPesticides column set allows organochlorine pesticides to be fully
resolved in less than 7 min using accelerated oven conditions.
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Columns: Rtx®-CLPesticides2 30 m, 0.32 mm ID, 0.25 µm (cat.# 11324) and Rtx®-CLPesticides 30 m, 0.32 mm ID, 0.32 µm (cat.# 11141) using Rxi® guard column 5 m, 0.32 mm ID (cat.# 10039)
with universal “Y” Press-Tight® connector (cat.# 20406-261); Sample: Organochlorine pesticide mix AB #2 (cat.# 32292);Hexachlorobenzene (cat.# 32231); 2,4,5,6-Tetrachloro-m-xylene
(cat.# 32027); Decachlorobiphenyl (BZ #209) (cat.# 32029); Diluent: n-Hexane; Injection: Inj. Vol.: 2 µL splitless (hold 0.3 min); Liner: Sky® 4 mm single taper w/wool (cat.# 23303.5); Inj.
Temp.: 250 °C; Purge Flow: 50 mL/min; Oven: Oven Temp.: 120 °C to 200 °C at 45 °C/min to 230 °C at 15 °C/min to 330 °C at 30 °C/min (hold 2 min); Carrier Gas: He, constant flow; Linear
Velocity: 71 cm/sec; Detector: Micro-ECD @ 340 °C; Make-up Gas Flow Rate: 50 mL/min; Make-up Gas Type: N2; Data Rate: 50 Hz; Instrument: Agilent/HP6890 GC
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Option 2: Save Money and Increase Sample Throughput Using Hydrogen Carrier Gas
Hydrogen carrier gas is a popular alternative to helium, because it is the fastest of the three commonly used carrier gases. Its higher
optimal linear velocity means faster flow rates can be used, which results in shorter analysis times and increased sample throughput. As shown in Figures 4 and 5, similar separations were obtained on both column sets when using hydrogen carrier gas instead
of helium in a shorter analysis time. However, in this case the biggest time savings was attributable to the column set that was used,
not to the carrier gas. Once again, over half a minute was saved per analysis when using the Rtx®-CLPesticides column set (Figure
4) rather than the competitor’s CLP column set (Figure 5).

Figure 4: When using hydrogen carrier gas, organochlorine pesticides elute in 9.36 min with greater resolution of
critical pairs on Rtx®-CLPesticides columns than with competitor CLP columns.
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Columns: Rtx®-CLPesticides2 30 m, 0.32 mm ID, 0.25 µm (cat.# 11324) and Rtx®-CLPesticides 30 m, 0.32 mm ID, 0.32 µm (cat.# 11141) using Rxi® guard column 5 m, 0.32 mm ID (cat.# 10039)
with universal “Y” Press-Tight® connector (cat.# 20406-261); Sample: Organochlorine pesticide mix AB #2 (cat.# 32292); 2,4,5,6-Tetrachloro-m-xylene (cat.# 32027); Decachlorobiphenyl
(BZ #209) (cat.# 32029); Hexachlorobenzene (cat.# 32231); Diluent: n-Hexane; Injection: Inj. Vol.: 2 µL splitless (hold 0.75 min); Liner: Sky® 4 mm single taper w/wool (cat.# 23303.5); Inj.
Temp.: 250 °C; Purge Flow: 50 mL/min; Oven: Oven Temp.: 110 °C (hold 0.5 min) to 325 °C at 25 °C/min (hold 2 min); Carrier Gas: H2, constant flow; Linear Velocity: 52 cm/sec;
Detector: Micro-ECD @ 340 °C; Make-up Gas Flow Rate: 50 mL/min; Make-up Gas Type: N2; Data Rate: 50 Hz; Instrument: Agilent/HP6890 GC
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Figure 5: Analysis of organochlorine pesticides on the competitor CLP column set using hydrogen
carrier gas.
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Columns: Competitor CLP1 30 m, 0.32 mm ID, 0.25 µm and competitor CLP2 30 m, 0.32 mm ID, 0.5 µm using Rxi® guard column 5 m, 0.32 mm ID (cat.# 10039) with universal “Y” Press-Tight®
connector (cat.# 20406-261); Sample: Organochlorine pesticide mix AB #2 (cat.# 32292); 2,4,5,6-Tetrachloro-m-xylene (cat.# 32027); Decachlorobiphenyl (BZ #209) (cat.# 32029); Hexachlorobenzene (cat.# 32231); Diluent: n-Hexane; Injection: Inj. Vol.: 2 µL splitless (hold 0.75 min); Liner: Sky® 4 mm single taper w/wool (cat.# 23303.5); Inj. Temp.: 250 °C; Purge Flow: 50 mL/min;
Oven: Oven Temp.: 110 °C (hold 0.5 min) to 325 °C at 25 °C/min (hold 2 min); Carrier Gas: H2, constant flow; Linear Velocity: 65 cm/sec; Detector: Micro-ECD @ 340 °C; Make-up Gas Flow Rate:
50 mL/min; Make-up Gas Type: N2; Data Rate: 50 Hz; Instrument: Agilent/HP6890 GC

As with the helium carrier gas experiment, the use of an accelerated oven ramp was also explored for analyzing organochlorine
pesticides using hydrogen carrier gas and the Rtx®-CLPesticides column set. As shown in Figure 6, good separations were obtained
for all compounds and the analysis time was further reduced to just 6.75 min. In comparison to the base method used for both
column pairs, the results obtained for the Rtx®-CLPesticides column set using hydrogen carrier gas and the accelerated multi-ramp
oven program provide an opportunity for considerable cost savings and better overall productivity. For labs interested in reducing
helium expenditures and maximizing speed and sample throughput, analyzing organochlorine pesticides using hydrogen carrier
gas and Rtx®-CLPesticides columns with aggressive oven temperature programming is the best alternative.
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Figure 6: Sample throughput for organochlorine pesticides can be maximized by using Rtx®-CLPesticides columns and hydrogen carrier gas. All peaks elute in just 6.75 min using this inexpensive alternative to helium.
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Columns: Rtx®-CLPesticides2 30 m, 0.32 mm ID, 0.25 µm (cat.# 11324) and Rtx®-CLPesticides 30 m, 0.32 mm ID, 0.32 µm (cat.# 11141) using Rxi® guard column 5 m, 0.32 mm ID (cat.# 10039)
with universal “Y” Press-Tight® connector (cat.# 20406-261); Sample: Organochlorine pesticide mix AB #2 (cat.# 32292); 2,4,5,6-Tetrachloro-m-xylene (cat.# 32027); Decachlorobiphenyl
(BZ #209) (cat.# 32029); Hexachlorobenzene (cat.# 32231); Diluent: n-Hexane; Injection: Inj. Vol.: 2 µL splitless (hold 0.3 min); Liner: Sky® 4 mm single taper w/wool (cat.# 23303.5); Inj.
Temp.: 250 °C; Purge Flow: 50 mL/min; Oven: Oven Temp.: 120 °C to 200 °C at 45 °C/min to 230 °C at 15 °C/min to 330 °C at 30 °C/min (hold 2 min); Carrier Gas: H2, constant flow;
Linear Velocity: 81 cm/sec; Detector: Micro-ECD @ 340 °C; Make-up Gas Flow Rate: 50 mL/min; Make-up Gas Type: N2; Data Rate: 50 Hz; Instrument: Agilent/HP6890 GC

Often, the first concern when considering switching to hydrogen carrier gas is understanding and managing the safety issues. Fortunately hydrogen generators minimize much of the risk. Hydrogen generators produce hydrogen gas on demand, so much smaller
quantities are stored compared to high-pressure gas cylinders. In addition, generators use controlled flow rates, built-in sensors,
and automatic shut-off features that turn the unit off in the event a leak is detected. With these safety features engineered into the
unit, hydrogen generators reduce much of the risk associated with using hydrogen carrier gas.

www.restek.com

8
ENVIRONMENTAL APPS CT-republished 2015

Another issue with using hydrogen that receives less attention than safety concerns is the potential for chemical reactions that
contribute to system activity. During the work described here, we observed a decrease in peak response for several compounds
when hydrogen was used instead of helium. This decreased response is indicative of activity problems in the inlet and was most
pronounced for methoxychlor and 4,4'-DDT (Figure 7). System activity can be caused by metal shavings in the liner catalyzing
a hydrogenation reaction between the hydrogen carrier gas and the pesticides. Since metal shavings are generated by the needle
scraping a metal needle guide, using a Merlin Microseal septum and a 23 g needle will eliminate this problem and is recommended
especially when using hydrogen carrier gas. Merlin Microseal septa are made from a wear-resistant fluorocarbon elastomer. The
elastomer construction of the Merlin Microseal, in combination with its unique two-stage sealing mechanism and rounded needle,
greatly reduces the generation of metal particles in the liner. Review our technical blog (http://blog.restek.com/?p=3590) for more
on reducing analyte breakdown by using Merlin Microseal septa.

Figure 7: When using hydrogen carrier gas, peak response can be reduced for active compounds unless a Merlin
Microseal septum is used.
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Columns: Rtx®-CLPesticides2 30 m, 0.32 mm ID, 0.25 µm (cat.# 11324) and Rtx®-CLPesticides 30 m, 0.32 mm ID, 0.32 µm (cat.# 11141) using Rxi® guard column 5 m, 0.32 mm ID (cat.# 10039)
with universal “Y” Press-Tight® connector (cat.# 20406-261); Sample: Organochlorine pesticide mix AB #2 (cat.# 32292); Hexachlorobenzene (cat.# 32231); 2,4,5,6-Tetrachloro-m-xylene
(cat.# 32027); Decachlorobiphenyl (BZ #209) (cat.# 32029); Diluent: n-Hexane; Injection: Inj. Vol.: 2 µL splitless (hold 0.75 min); Liner: Sky® 4 mm single taper w/wool (cat.# 23303.5); Inj.
Temp.: 250 °C; Purge Flow: 50 mL/min; Oven: Oven Temp.: 110 °C (hold 0.5 min) to 325 °C at 25 °C/min (hold 2 min); Carrier Gas: He, constant flow; Linear Velocity: 52 cm/sec; Detector:
Micro-ECD @ 340 °C; Make-up Gas Flow Rate: 50 mL/min; Make-up Gas Type: N2; Data Rate: 50 Hz; Instrument: Agilent/HP6890 GC; Notes: Conditions above are for helium carrier gas. For
hydrogen carrier gas conditions, see chromatogram GC_EV1327.
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Option 3: Simplify the Gas System and Reduce Costs Using Nitrogen
Nitrogen carrier gas is also a viable option for analyzing organochlorine pesticides using GC-ECD. Assuming it is also used as the
ECD makeup gas, nitrogen allows for a much simpler and less expensive setup since it is less expensive than helium and because
only one source of gas is needed to operate the instrument. The tradeoff with nitrogen is that it is a slower carrier gas, so its use is
limited to situations where longer analysis times are acceptable.
The unique selectivities of the Rtx®-CLPesticides and Rtx®-CLPesticides2 columns make the use of nitrogen carrier gas feasible
and provide reasonable analysis times. Figure 8 demonstrates that, while peaks are somewhat broader than when using helium or
hydrogen, adequate resolution is obtained for all organochlorine pesticides on the Rtx®-CLPesticides column set. The optimized
selectivity of this column pair provides enough resolution between peaks to accommodate analysis outside optimum flow conditions. This allows easy transferability of helium-based methods to alternate carrier gases. In addition, the last compound elutes at
9.37 min, which is comparable to results obtained when using the basic single ramp method with either helium or hydrogen. In
contrast, regardless of the flow rate used, adequate resolution could not be obtained on the competitor’s CLP2 column for cis- and
trans-chlordane as well as for endosulfan I (Figure 9). If using nitrogen carrier gas is desired as a way to reduce helium consumption
and related costs, Rtx®-CLPesticides columns are the only viable option.

Figure 8: Only Rtx®-CLPesticides and Rtx®-CLPesticides2 columns provide adequate resolution when using nitrogen carrier gas, allowing labs to take advantage of this inexpensive alternative to helium carrier gas.
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Columns: Rtx®-CLPesticides2 30 m, 0.32 mm ID, 0.25 µm (cat.# 11324) and Rtx®-CLPesticides 30 m, 0.32 mm ID, 0.32 µm (cat.# 11141) using Rxi® guard column 5 m, 0.32 mm ID (cat.# 10039)
with universal “Y” Press-Tight® connector (cat.# 20406-261); Sample: Organochlorine pesticide mix AB #2 (cat.# 32292); 2,4,5,6-Tetrachloro-m-xylene (cat.# 32027); Decachlorobiphenyl (BZ
#209) (cat.# 32029); Hexachlorobenzene (cat.# 32231); Injection: Inj. Vol.: 2 µL splitless (hold 0.75 min); Liner: Sky® 4 mm single taper w/wool (cat.# 23303.5); Inj. Temp.: 250 °C; Purge Flow: 50
mL/min; Oven: Oven Temp.: 110 °C (hold 0.5 min) to 325 °C at 25 °C/min (hold 2 min); Carrier Gas: N2, constant flow; Linear Velocity: 53 cm/sec; Detector: Micro-ECD @ 340 °C; Make-up Gas
Flow Rate: 50 mL/min; Make-up Gas Type: N2; Data Rate: 50 Hz; Instrument: Agilent/HP6890 GC
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Figure 9: Nitrogen carrier gas is not a viable option when using the competitor’s CLP column set as resolution is
inadequate between critical organochlorine pesticides.
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Columns: Competitor CLP1 30 m, 0.32 mm ID, 0.25 µm and competitor CLP2 30 m, 0.32 mm ID, 0.5 µm using Rxi® guard column 5 m, 0.32 mm ID (cat.# 10039) with universal “Y” PressTight® connector (cat.# 20406-261); Sample: Organochlorine pesticide mix AB #2 (cat.# 32292); 2,4,5,6-Tetrachloro-m-xylene (cat.# 32027); Decachlorobiphenyl (BZ #209) (cat.# 32029);
Hexachlorobenzene (cat.# 32231); Diluent: n-Hexane; Injection: Inj. Vol.: 2 µL splitless (hold 0.75 min); Liner: Sky® 4 mm single taper w/wool (cat.# 23303.5); Inj. Temp.: 250 °C; Purge Flow:
50 mL/min; Oven: Oven Temp.: 110 °C (hold 0.5 min) to 325 °C at 25 °C/min (hold 2 min); Carrier Gas: N2, constant flow; Linear Velocity: 64 cm/sec; Detector: Micro-ECD @ 340 °C;
Make-up Gas Flow Rate: 50 mL/min; Make-up Gas Type: N2; Data Rate: 50 Hz; Instrument: Agilent/HP6890 GC

Conclusion
As labs explore the use of alternate carrier gases as a way to reduce dependence on helium, using Rtx®-CLPesticides and Rtx®CLPesticides2 columns is the most advantageous strategy. These columns are tuned specifically to provide optimal selectivity for
organochlorine pesticides when analyzed using electron capture detection, ensuring that they reliably produce good separations
in less time than comparable competitor CLP columns. Not only do the Rtx®-CLPesticides columns produce faster results under
traditional operating conditions, they can also be operated under accelerated ramps and flow rates to produce sub-7 minute analyses with both helium and hydrogen. In addition, they are the only column set that makes the use of nitrogen carrier gas a practical
option, which gives you the freedom to choose the carrier gas option that best meets your needs.
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Environmental Applications

Techniques for Optimizing GC Analysis of
Ethylene Glycol in Water
The analysis of ethylene glycol in water is a very common test in environmental laboratories. Many of these samples originate from
water runoff at airports, where ethylene glycol is used as a de-icing agent for airplanes during winter months. Because ethylene
glycol is highly soluble in water, it is not easily concentrated by purge and trap. Therefore, the most frequently used sample introduction technique is direct aqueous injection. The direct aqueous injection of ethylene glycol can be challenging because, if not done
properly, it can be difficult to attain reproducibility and good peak shape. The large expansion volume of water can cause backflash,
carryover can cause inconsistent results, and excess water can extinguish the FID flame. These problems can prevent achieving the
detection limit for ethylene glycol, which may vary in the 1-10 ppm range.

Poor Peak Shape
With a column head pressure of 10 psig and an injection port temperature of
250 °C, a 1 µL injection of water will expand to 1,420 µL of vapor. This large
vapor cloud exceeds the volume of most inlet liners, causing backflash. If backflash occurs, the vapor cloud can expand out of the liner and injection port and
result in poor sample transfer onto the column. Also, the glycol compounds are
not focused in a narrow band but, instead, are focused in the condensed water
that beads onto the column walls, so the compounds of interest can elute as split
peaks. This peak splitting effect is most apparent when performing a splitless
injection because of the solvent focusing required. Split peaks and backflash
compromise the analysis by causing irreproducible peak shapes.
One technique to reduce the effect of vapor expansion and poor solvent focusing is the use of a Uniliner® or Drilled Uniliner® injection port liner. This
liner forms a leak-free connection with the column end (Figure 1), thereby
ensuring a complete sample transfer. The column sealed at the bottom of the
liner minimizes sample backflash, eliminating the potential for ghost peaks.
By using a Uniliner® liner, the aqueous ethylene glycol sample is vaporized and
quantitatively transferred to the column in a focused band, thereby achieving
reproducible peak areas. Uniliner® liners are available for conversion of packed
column injection systems and for split/splitless injection systems.

Figure 1: The Uniliner® inlet liner forms a
leak-free connection, minimizes backflash,
and helps transfer the sample from inlet
to column.
Direct injection
using a Uniliner®
liner—an alternative
to splitless!
Uniliner® liner with
press-fit seal*

inlet seal
analytical column

Sample Residue Carryover
Carryover is another problem associated with ethylene glycol analysis. When
analyzing glycols, carryover can be caused by sample residue in the syringe being
carried over from one injection to another. If the syringe is not properly cleaned
between analyses, carryover will cause inconsistent results. It was determined
that rinsing the syringe with either water or water:methanol (50:50) three to six
times between each injection will eliminate sample residue and minimize the
possibility of carryover.

*For split/splitless injectors, use
the Drilled Uniliner® with the hole
near the top.

Pure Chromatography
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FID Flameout
Column stationary phase choice is a critical consideration when analyzing glycols in water via
direct injection. Water analyzed on a nonpolar
stationary phase, such as the Rtx®-1 column, or on
a moderately polar stationary phase, such as the
Rtx®-200 column, could cause the flame on the FID
to be extinguished. This is because the water will
not partition properly and will “bead up” on the
phase, producing a large plug of water that passes
through the detector and extinguishes the flame.

Figure 2: The Stabilwax® column shows good peak shape and
response for ethylene glycol after 100 injections.
Peaks
1. Propylene glycol
2. Ethylene glycol

Stabilwax®, 30 m, 0.53 mm ID, 1.0 µm
(cat.# 10655)
Glycols
Water
100 ppm

Column
Sample
Diluent:
Conc.:
Injection
Inj. Vol.:
Liner:

To minimize the possibility of extinguishing
the flame, select a polar stationary phase that is
more compatible with water. The Stabilwax® stationary phase is one of the more polar phases,
making it a good choice for water injections. It
allows water to partition properly, which prevents
it from beading up on the stationary phase and
quenching the FID flame.

1.0 µL direct
Open-top Uniliner® inlet liner without
wool (cat.# 20843-205)
225 °C

Inj. Temp.:
Oven
Oven Temp:
Carrier Gas
Linear Velocity:
Detector
Instrument
Notes

80 °C (hold 1 min) to 200 °C at
8 °C/min (hold 5 min)
He, constant linear velocity
50 cm/sec
FID @ 250 °C
Agilent/HP6890 GC
Septum Purge: 5.0 cc/min

The Stabilwax® column can easily handle direct
aqueous injections without showing any signs of
degradation. Testing of the Stabilwax® column was
GC_EV00546
performed by injecting 1 µL of a water standard 100
times. Peak shape and response of ethylene glycol
and propylene glycol remained consistent throughout the analyses (Figures 2 and 3). The Stabilwax® column also allows sensitive detection of low ppm levels of glycol compounds. Notice the 5 ppm standard for ethylene glycol in water is easily achieved, and peak shape
is maintained when compared to a 25 ppm standard (Figure 4).

Conclusion
You can achieve better response and reproducibility for the GC analysis of ethylene glycol in water by using direct injection with a
Uniliner® liner, a polar capillary column, such as a Stabilwax® column, and multiple syringe washes between runs. Using these techniques can assist in attaining reproducible analyses with detection limits in the low ppm range.

Figure 3: The Stabilwax® column combined with a Uniliner® liner shows remarkable response consistency.
750,000

700,000

Area Counts

650,000

.. . . . . . . . . . . . . .

600,000

Average

.

propylene glycol
ethylene glycol

550,000

500,000

Average
450,000

400,000
0

7

14

21

28

35

42

49

56

63

70

77

84

91

98

Number of Injections

www.restek.com

2
ENVIRONMENTAL APPS CT-republished 2015

Column:
Inj.:

propylene glycol

Figure 4: The Stabilwax® column can easily analyze
5 ppm and 25 ppm standards.

Stabilwax , 30 m, 0.53 mm ID, 1.0 µm (cat.# 10655)
1.0 µL of ethylene glycol and propylene glycol sample in water.
Open-top Uniliner® direct injection liner without wool (cat.# 22272-205).*
5 ppm and 25 ppm
Agilent 5890 w/7673 Autosampler
80 °C (hold 1 min) to 200 °C @ 8 °C/min (5.0 min)
225 °C/250 °C
helium
50 cm/sec.
FID
5.0 cc/min

25 ppm standard

Concentration:
Instrument:
Oven temp.:
Inj./det. temp.:
Carrier gas:
Linear velocity:
Detector:
Septa purge:

ethylene glycol

®

*For split/splitless injectors, use the Drilled Uniliner® with the hole near the top.

ethylene glycol

propylene glycol

5 ppm standard

~

~
8.0

9.0

10.0

8.0

11.0

9.0

10.0

11.0

Recommended Products
Stabilwax® Columns (fused silica)
(polar phase; Crossbond® polyethylene glycol)
Description
30 m, 0.32 mm ID, 1.00 µm
30 m, 0.53 mm ID, 1.00 µm

temp. limits
40 to 240/260 °C		
40 to 240/250 °C		

qty.
ea.
ea.

cat.#
10654
10655

Excellent peak shape for glycols
produces lower detection limits.

Don’t let a small leak turn into a costly repair—protect your analytical
column by using a Restek® leak detector.
Restek Electronic Leak Detector
Features & benefits include:
• Audible tone indicates the severity of a leak.
• Redesigned circuitry offers 12 hours of operation between charges.
• Detects a broad range of gases; EX rated for use with hydrogen and other explosive gases.*
• Ergonomic, handheld design.
• Rugged side grips for added durability.
• Handy probe storage for cleanliness and convenience.
• Long-lasting battery; up to 12 hours of continuous use.
• Automatic shutoff.
• A convenient carrying and storage case.
• Easy-to-clean probe assembly.
Description
Leak Detector With Hard-Sided Carrying Case and Universal Charger Set (U.S., UK, European, Australian)
Small Probe Adaptor for Leak Detector
Dynamic Duo Combo Pack (Restek Leak Detector and ProFLOW 6000 Flowmeter)
Soft-Sided Storage Case for Leak Detector or ProFLOW 6000 Flowmeter

qty.
ea.
ea.
kit
ea.

cat.#
22655
22658
22654
22657

Avoid using liquid leak detectors on a GC! Liquids can be drawn into the system and/or into the leak detector.
*Caution: The Restek® electronic leak detector is designed to detect trace amounts of hydrogen in a noncombustible
environment. It is NOT designed for determining leaks in a combustible environment. A combustible gas detector should
be used for determining combustible gas leaks under any condition. When using it to detect hydrogen, the Restek®
electronic leak detector may only be used for determining trace amounts in a GC environment.

3

Backed by a one-year warranty,
the Restek® leak detector is the
industry standard for performance
and affordability in handheld
leak detectors.
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Restek® Liners—ensure complete sample transfer and eliminate the effects of backflash.
Liners and Inlet Adaptor for Agilent Packed Column Injectors
DI Liners for Agilent GCs**
(For 0.25/0.32/0.53mm ID Columns)

COLUMN INSTALLS THIS END

Drilled Uniliner (hole near top)
Drilled Uniliner (hole near bottom)
Double Taper Drilled Uniliner (hole near top)
Double Taper Drilled Uniliner (hole near bottom)
Drilled Cyclo-Uniliner (hole near top)
Open-top Uniliner w/Deact. Wool

Benefits/Uses
trace, active samples,
high recovery
& linearity
trace, active samples,
high recovery
& linearity
trace, active samples,
high recovery
& linearity
trace, active samples,
high recovery
& linearity
trace, dirty, high MW,
active samples,
high recovery & linearity
trace, dirty,
active samples,
high recovery & linearity

ID*
OD x Length

Similar to
Agilent part #

ea.

cat.#
5-pk.

25-pk.

21054

21055

20998

20756

20771

20508

20509

20954

20989

4.0 mm
6.3 mm x 78.5 mm

22979

22980

4.0 mm
6.3 mm x 78.5 mm

22272

22273

4.0 mm
6.3 mm x 78.5 mm
4.0 mm
6.3 mm x 78.5 mm

G1544-80730

4.0 mm
6.3 mm x 78.5 mm
4.0 mm
6.3 mm x 78.5 mm

G1544-80700

*Nominal ID at syringe needle expulsion point.
**Hole in Drilled Uniliner liner makes direct injection possible with EPC-equipped Agilent 6890 & 7890 GCs!

Uniliner® Liner for 1/4-Inch Packed Injection Port Conversion
•
•
•
•

Reduces solvent tailing.
Versatile—0.53 mm ID version can be used in the direct (DI) or on-column (OC) injection mode.
Incorporates a gentle taper that seals the column and reduces dead volume in direct injection mode.
Available in various designs.

Description

Column ID
Injection Mode*

ea.
cat.#

5-pk.
cat.#

Uniliner Liner (small buffer volume chamber 60 mm long, for injections ≤2 µL)

0.53 mm DI or OC

20902

20903

0.32 & 0.53 mm DI only

20308

20309

0.53 mm DI or OC

20301

20305

Cyclo-Uniliner Liner (for active, dirty samples)

0.32 & 0.53 mm DI only

20319

20320

Open-Top Uniliner Liner (packed with wool)

0.32 & 0.53 mm DI only

20315

20316

Low Volume/Purge & Trap Uniliner Liner
(1 mm ID x 5 mm OD: use in 1/4" injection ports to troubleshoot purge & trap units)

0.32 & 0.53 mm DI only

20307

20314

Uniliner Liner (large buffer volume chamber 85 mm long, for injections ≤4 µL)

Uniliner Liner Adaptor
(required for installing Uniliner liners in 1/4" injection ports)
Note: a Uniliner liner must be used with a Unliner liner adaptor (cat.# 20310 or 20311) for 1/4-inch injection ports. Remember to
include a liner adaptor when ordering a Uniliner liner, unless you are purchasing replacement Uniliner liners.
1/4" Ferrules for Uniliner Liner Adaptor

Includes 1/4-inch nut & graphite ferrule, 1/16-inch nut,
and 0.8 mm ID graphite ferrule.
Stainless Steel Siltek-Treated
For injection ports <8 cm

20310

For injection ports 8-15 cm

20311

22282

cat.# 20234 (5-pk.)

*DI = direct injection, OC = on-column injection
PATENTS & TRADEMARKS
Restek® patents and trademarks are the property of Restek Corporation. (See www.restek.com/Patents-Trademarks for full list.) Other trademarks appearing in Restek® literature or on its website
are the property of their respective owners. The Restek® registered trademarks used here are registered in the United States and may also be registered in other countries.
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Environmental Applications

Combined Determination of 1,4-Dioxane and
Nitrosamine Contaminants in Drinking Water
Using a Single SPE Cartridge and Concurrent Solvent Recondensation–
Large Volume Splitless Injection (CSR-LVSI) With EI GC-MS
By Chris Rattray and Jack Cochran

Abstract
Global concern over the carcinogenic potential of 1,4-dioxane and several nitrosamines has resulted in increased interest in the
development of more efficient testing methods for these contaminants in drinking waters. In the U.S., the current methodologies recommended for the analysis of 1,4-dioxane and nitrosamines in drinking waters are Environmental Protection Agency
(EPA) Methods 522 and 521, respectively. EPA Method 522 is a relatively simple gas chromatography–mass spectrometry (GC-MS)
method using electron ionization (EI), while Method 521 requires positive chemical ionization (PCI) using liquid methanol or
acetonitrile reagent gas, along with tandem mass spectrometry (GC-MS/MS).
The method described here uses the same coconut charcoal sorbent solid phase extraction (SPE) cartridges and dichloromethane
eluent recommended in EPA Methods 522 and 521 to concentrate 0.50 L water samples to 10 mL extracts. However, both the extraction and instrumental analysis portions of EPA Methods 522 and 521 have been combined by analyzing a single quantitatively
collected SPE tube extract for both 1,4-dioxane and nitrosamines during a single chromatographic run. The benefits of the current
combination method include fewer samples to collect, ship, and extract; a reduction in solvent use; and higher sample throughput.
Because the final SPE extract cannot be concentrated via evaporation due to volatile compound loss, we employed concurrent
solvent recondensation–large volume splitless injection (CSR-LVSI), which uses a standard splitless injector to deliver 50 μL injections of extract to a pre-column connected to a typical GC column for separation followed by EI MS analysis. When combined
with selected ion monitoring (SIM), this large volume injection allows for practical quantitation limits (PQLs) as low as 10 ng/L for
1,4-dioxane and 0.5–2.0 ng/L for the nitrosamines.

Introduction
1,4-Dioxane is a highly water-soluble synthetic organic solvent used to stabilize chlorinated solvents; 1,1,1-trichloroethane (TCA),
for example, may contain up to 8% 1,4-dioxane. Improper disposal of chlorinated solvents can lead to the accumulation of 1,4-dioxane in ground and surface waters used as drinking water sources [1]. Global concern over the carcinogenic potential of 1,4-dioxane, along with its identification as a Group 2B compound by the World Health Organization’s (WHO) International Agency
for Research on Cancer (IARC), has led to increased regulatory interest in this compound. For example, as a part of Unregulated
Contaminant Monitoring Rule 3 (UCMR3), the U.S. EPA is requiring that all municipalities serving drinking water to more than
10,000 people monitor 1,4-dioxane levels for 12 consecutive months between 2013 and 2015. The mandated method for 1,4-dioxane analysis is EPA Method 522, which was developed for part-per-trillion (ppt) analysis of drinking waters using solid phase
extraction (SPE) cartridges and gas chromatography–mass spectrometry (GC-MS) in selected ion monitoring (SIM) mode. The
1x10-6 cancer risk assessment level for 1,4-dioxane is 0.35 μg/L and, as a result, the proposed minimum reporting level (MRL) for
1,4-dioxane as part of UCMR3 is 70 ng/L (70 ppt) [2].

Innovative Chromatography Solutions
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Tetrahydrofuran (THF) is another widely used volatile ether with a structure similar to that of 1,4-dioxane. We chose to include
THF in the work here because the chemical similarities indicated that it would be well suited to the carbon SPE extraction method.
Also, its high volatility makes it an ideal compound to highlight the benefits of CSR-LVSI when performing trace analysis of volatile
compounds. THF is widely used as a solvent in polymerization reactions and as a starting material for elastomeric polyurethane
fibers. THF dissolves polyvinyl chloride (PVC) polymers and is a major ingredient in PVC cement, making it a likely contaminant
to find in certain residential settings. With an LD50 similar to that of acetone, its presence in drinking water is monitored, but not
strictly regulated, with neither a maximum contaminant level nor a target maximum level published.
Nitrosamines are an emerging class of drinking water contaminants that can enter the drinking water system through multiple
wastewater disinfection processes such as chlorination [3-6], chloramination [3-5], and chlorine dioxide treatment [3], as well as
ozone treatment of high total organic content (TOC) wastewaters followed by chlorination [3]. Nitrosamine formation has also been
shown to occur through the process of nitrogen fixation on the surface of the activated carbon sorbents used both for water treatment and quantitative analysis [7]. In addition to their creation as disinfection byproducts, nitrosamines can enter the environment
through manufacturing processes where they are used as starting materials and formed as intermediates and byproducts during a
variety of synthetic chemical processes [8, 9], especially in pesticide and pharmaceutical manufacturing.
N-nitrosodimethylamine (NDMA) is the primary nitrosamine of concern, like 1,4-dioxane and THF, its high water solubility limits
the efficiency of purge-and-trap and liquid-liquid extraction when determining low ppt concentrations. The disinfection treatment
study by Zhao et al. showed that NDMA is detected at the highest concentration and with the most frequency compared to other nitrosamines [3]. They suggest that NDMA can serve as a surrogate for nitrosamine exposure assessment, similar to the way benzo[a]
pyrene has been used for polycyclic aromatic hydrocarbon (PAH) exposure assessment. NDMA is also one of the 13 suspected
carcinogens listed in 29 CFR 1910.1003, requiring special precautions when handling concentrated solutions or neat material [10].
The human health impact of nitrosamines has been a growing concern, with NDMA the focus of a 2006 WHO drinking water study
[11]. The latest edition of the Report on Carcinogens (RoC) published by the National Toxicology program lists 15 nitrosamines
as likely human carcinogens (N-methyl-n'-nitro-n-nitrosoguanidine, N-nitrosodi-n-butylamine, N-nitrosodiethanolamine, Nnitrosodiethylamine, N-nitrosodimethylamine, N-nitrosodi-n-propylamine, N-nitroso-n-ethylurea, 4-(N-nitrosomethylamino)1-(3-pyridyl)-1-butanone, N-nitroso-n-methylurea, N-nitrosomethylvinylamine, N-nitrosomorpholine, N-nitrosonornicotine, Nnitrosopiperidine, N-nitrosopyrrolidine, N-nitrososarcosine) [9]. Table I lists the eight nitrosamines covered in this work, and all
eight are included in the RoC report and the U.S. EPA’s Resource Conservation and Recovery Act (RCRA) groundwater testing list
[12]: seven alkyl-nitrosamines and one dioxane analog (N-nitrosomorpholine). Table I also lists the EPA’s Integrated Risk Information System (IRIS) one in a million cancer risk assessment values (based on consumption of two liters of contaminated water a day
for a lifetime [8]), which range from the low to sub nanogram per liter level for the nitrosamines in question [13].

Table I: Method Analytes
CAS Registry
Number

Boiling
Point (°C)

Molecular Mass
(AMU)

Vapor Pressure
(mm Hg 20 °C)

IRIS 1x10-6 Cancer
Concentration (ng/L) [13]

UCMR Study
Number

Tetrahydrofuran (THF)

109-99-9

66

72

143

-

-

1,4-Dioxane

123-91-1

101.1

88

30

350

3

N-nitrosodi-methylamine (NDMA)

62-75-9

153

74

2.7

0.7

2

10595-95-6

154.4

88

1.1

2.0

2

N-nitrosodi-ethylamine (NDEA)

55-18-5

173.9

102

0.86

0.2

2

N-nitrosodi-n-propylamine (NDPA)

621-64-7

206

130

0.086

5.0

2

Analyte

N-nitrosomethyl-ethylamine (NMEA)

N-nitrosodi-n-butylamine (NDBA)

924-16-3

116 (a)

158

0.05 (b)

6.0

2

N-nitroso-pyrrolidine (NPYR)

930-55-2

214

100

0.06

20

2

N-nitroso-piperidine (NPIP)

100-75-4

219

114

0.092

-

-

N-nitroso-morpholine (NMOR)

59-89-2

224

116

0.036

-

-

a. 14 mm Hg
b. 25 °C
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Reliably quantitating down to low and sub ppt levels using standard laboratory equipment is a challenge. Several methods have been
published recently which combine positive chemical ionization (PCI) with high resolution MS (HRMS) [14], tandem MS [8, 15, 16],
and single quadrupole MS [17]. The benefits of PCI are numerous. The “softer” ionization preserves the molecular ion (plus adduct)
at a much higher ratio than standard electron ionization (EI) [8, 16]. Also, using ammonia as the reagent gas enhances method
selectivity and analyte signal-to-noise (relative to methanol). Similar proton affinities to ammonia cause amine and nitroso adducts
to be favored, reducing background noise levels [16]. Ammonia is not without drawbacks, however. It is highly corrosive and not all
chemical ionization sources are compatible; in addition, condensation is a concern, and leaks will quickly clear the lab.
The U.S. EPA method for analyzing nitrosamines in drinking water (Method 521) requires liquid chemical ionization (methanol or
acetonitrile) [15] which is compatible with limited instrumentation (namely, the ion source in the Varian® Saturn 4 and Saturn 2000
instruments). An alternative single quadrupole MS method published by Agilent uses 20% methane as the ionization gas, which is
inexpensive, readily available, and a common PCI gas [17]. The method we developed here is subject to the reduced sensitivity inherent to EI (i.e., relative to PCI). HRMS could make up for some of the reduced sensitivity, but HRMS instruments are much more
expensive and difficult to operate than their low resolution counterparts. Instead, we used large volume injection (LVI) to overcome
the relative sensitivity deficiency of EI; in fact, EPA Method 521 uses a large volume injection in concert with a programmed temperature vaporization (PTV) injector [8, 15].
Using large volume splitless injection in GC-MS is advantageous when trying to analyze trace-level contaminants in clean matrices
like drinking water because greater levels of target compounds are introduced onto the analytical column resulting in better detectability. Generally, a special injection port such as a PTV injector is required for LVI [1]. With the PTV inlet temperature set near the
boiling point of the solvent, the sample is introduced at a high split ratio and as the solvent evaporates the analytes of interest are
concentrated in the inlet. After a predetermined time, the split valve is closed and the inlet temperature is increased to transfer the
concentrated sample and remaining solvent onto the column. This solvent-venting, analyte-concentrating step requires a relatively
large difference in boiling points between solvent and solute, more than 100 °C, in order to prevent loss of analytes of interest to the
split vent [18]. This rules out using LVI with a PTV type injection port for the analyte list covered here due to inadequate differences
in boiling points. The SPE elution solvent used for the work presented here is dichloromethane (DCM), which has a boiling point
of 40 °C. THF and THF-d8 have boiling points around 66 °C, while 1,4-dioxane and its deuterated counterpart 1,4-dioxane-d8 both
boil around 100 °C.
This lab has successfully demonstrated that concurrent solvent recondensation–large volume splitless injection (CSR-LVSI), a technique described by Magni and Porzano [19, 20], can be used without any modification to an Agilent®-style splitless injection port for
a variety of analyses including polycyclic aromatic hydrocarbons (PAHs), total petroleum hydrocarbons (TPH), EPA Method 8270
semivolatiles [21], and brominated flame retardants [22], as well as many organochlorine, organonitrogen, and organophosphorus
pesticides. Application chemists at Thermo Scientific have successfully applied a CSR-LVSI technique to drugs of abuse, pesticides,
and polychlorinated biphenyls by injecting 20–35 μL and significantly improving limits of detection [23-25]. The CSR-LVSI technique can overcome the aforementioned LVI boiling point obstacle and was, therefore, adopted in the current study for analyzing
trace levels of 1,4-dioxane and nitrosamines in drinking water. For this application, we used an Rxi® pre-column (10 m x 0.53 mm)
press-fitted to a Rxi®-5Sil MS analytical column (30 m x 0.25 mm ID x 1.0 μm) and a starting GC oven temperature below the boiling point of the solvent. A fast autosampler injection with liquid band formation of the injected sample into a liner containing glass
wool eliminates backflash in the hot injection port [26]. Most recently, a detection limit of 5 ng/L 1,4-dioxane in drinking water was
demonstrated using a 10 μL CSR-LVSI combined with a 1 L solid phase extraction [27].

Experimental
Solid Phase Extraction (SPE)
Since a single SPE cartridge was to be utilized for the combined sampling of 1,4-dioxane, THF, and nitrosamines, it was imperative
to evaluate method performance across a variety of concentrations. Therefore, three fortified samples were prepared at three different concentrations and used to evaluate recoveries. The deuterated 1,4-dioxane surrogate was added at 4,000 ng/L with an expected
final extract concentration of 200 ng/mL. The deuterated N-nitrosodimethylamine surrogate was added at 400 ng/L so that the
extracts would have a final surrogate concentration of 20 ng/mL. The target reporting limits for 1,4-dioxane and THF are ten times
higher than most of the nitrosamines, so calibration standards, matrix fortification levels, and surrogate levels all reflect this difference. The bottled waters were fortified while still in their plastic bottles, recapped, mixed by inversion, and allowed to sit for several
hours to ensure homogeneous samples. See Table II for compound-specific fortification levels.
Each sample was extracted using a single Resprep® activated coconut charcoal SPE cartridge (cat.# 26032) following the procedure
described in section 11.4 (SPE Procedure Option 1; Extraction of 500-mL Samples) of EPA Method 522. Immediately after solvent
elution, the extracts were fortified with 50 μL of internal standard mix and brought up to 10 mL final volume resulting in a concentration of 10 ng/mL or 100 ng/mL in the extracts. The extracts were then transferred to a large storage vial and dried with anhydrous
sodium sulfate.
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Table II: Laboratory Fortified Blank (LFB) Concentrations (ng/L) (Extract Concentrations in Parenthesis [ng/mL])
Analyte

Blank

THF

Low

Mid

High

0.0 (0.0)

10 (0.50)

50 (2.5)

500 (25)

4,000 (200)

4,000 (200)

4,000 (200)

4,000 (200)

1,4-Dioxane

0.0 (0.0)

10 (0.50)

50 (2.5)

500 (25)

N-nitrosodimethylamine-d6 (SS)

400 (20)

400 (20)

400 (20)

400 (20)

1,4-Dioxane-d8 (SS)

N-nitrosodimethylamine

0.0 (0.0)

0.50 (0.025)

2.5 (0.13)

25 (1.3)

N-nitrosomethylethylamine

0.0 (0.0)

1.0 (0.050)

5.0 (0.25)

50 (2.5)

N-nitrosodiethylamine

0.0 (0.0)

1.0 (0.050)

5.0 (0.25)

50 (2.5)

N-nitrosopyrrolidine

0.0 (0.0)

1.0 (0.050)

5.0 (0.25)

50 (2.5)

N-nitrosodi-n-propylamine

0.0 (0.0)

1.0 (0.050)

5.0 (0.25)

50 (2.5)

N-nitrosomorpholine

0.0 (0.0)

0.50 (0.025)

2.5 (0.13)

25 (1.3)

N-nitrosopiperidine

0.0 (0.0)

1.0 (0.050)

5.0 (0.25)

50 (2.5)

N-nitrosodi-n-butylamine

0.0 (0.0)

1.0 (0.050)

5.0 (0.25)

50 (2.5)

GC-MS Conditions
Figure 1 illustrates the setup used for CSR-LVSI. Instrument conditions are presented in Table III.

Figure 1: CSR-LVSI setup: 1. Custom single taper Sky® inlet liner with 15 mg of wool at the bottom, 2. 10 m x 0.53
mm ID Rxi® deactivated guard column (cat.# 10073), 3. SGE® 0.4–0.8 mm OD μ-union, 4. 30 m x 0.25 mm ID x 1.0
μm df Rxi®-5Sil MS analytical column (cat.# 13653), 5. 5975 MSD.
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Table III: Agilent® 7890A-5975C GC-MS Parameters
7693 Automatic Liquid Sampler (ALS) Parameters
Syringe

SGE® 100 μL gas tight syringe with fixed 26/23 gauge needle (cat.# 005668)

Injection Volume

50 μL

Injection Speed

4,000 μL/min

Split/Splitless GC Inlet Parameters
Inlet Mode

Splitless for 1.5 min, then split 100 mL/min

Temperature

275 °C

Liner

Custom Sky® 4 mm ID single taper liner with ~15 mg quartz wool

GC Parameters
Flow Program

5.08 mL/min (hold 8.9 min) to 2.0 mL/min at 1.0 mL/min/min

Oven Temperature Program

35 °C (hold 1.5 min) to 50 °C at 50 °C/min (hold 7.1 min) to 320 °C at 11.12 °C/min (hold 1.5 min)

Pre-Column

0.53 mm ID x 10 m Rxi® guard column (cat.# 10073)

Analytical Column

30 m x 0.25 mm ID x 1.0 μm df Rxi®-5Sil MS (cat.# 13653)

Column Union

SGE® μ-Union 0.8 to 0.4 (cat.# 073562)

Carrier Gas

He, constant flow

MS Parameters
Transfer Line Temp.

320 °C

Source Temp.

230 °C

Quad Temp.

150 °C

Electron Energy

70 eV

Solvent Delay Time

9.90 min

Tune Type

BFB

Ionization Mode

EI

SIM Program
Group

Start Time (min)

Ions (m/z)

Dwell (ms)

1

9.90

42, 46, 71, 72, 78, 80

20

2

10.50

58, 62, 64, 88, 96

20

3

11.20

42, 43, 46, 48, 74, 80

20

4

12.00

43, 56, 88, 102

30

5

15.50

58, 68, 70, 78, 86, 100, 116, 130, 144

20

6

17.40

84, 99, 114, 116, 141, 158

20

Calibration Curve
To evaluate the viability of a CSR-LVSI approach to meeting the IRIS 1x10-6 cancer risk levels, a calibration curve was prepared
using 1,4-dioxane (cat.# 30287); nitrosamine calibration mix, Method 521 (cat.# 31898); 8270 Appendix IX mix #1, revised
(cat.# 32459); and tetrahydrofuran (cat.# 30414). The surrogates 1,4-dioxane-d8 (cat.# 30614) and N-nitrosodimethylamine-d6
(cat.# 33910) and internal standards THF-d8 (cat.# 30112) and N-nitrosodipropylamine-d14 (cat.# 33911) were added at constant
concentrations to each level in the calibration curve (Table IV).
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Table IV: Calibration Curve (ng/mL)
Analyte

ICAL 1

ICAL 2

ICAL 3

ICAL 4

ICAL 5

ICAL 6

ICAL 7

ICAL 8

THF-d8 IS)

100

100

100

100

100

100

100

100

THF

0.10

0.20

0.50

1.0

2.5

5.0

25

50

1,4-Dioxane-d8 (SS)

200

200

200

200

200

200

200

200

1,4-Dioxane

0.10

0.20

0.50

1.0

2.5

5.0

25

50

N-nitrosodimethylamine-d6 (SS)

20

20

20

20

20

20

20

20

N-nitrosodimethylamine

0.005

0.01

0.025

0.050

0.13

0.25

1.3

2.5

N-nitrosomethylethylamine

0.010

0.020

0.050

0.10

0.25

0.50

2.5

5.0

N-nitrosodiethylamine

0.010

0.020

0.050

0.10

0.25

0.50

2.5

5.0

10

10

10

10

10

10

10

10

N-nitrosopyrrolidine

0.010

0.020

0.050

0.10

0.25

0.50

2.5

5.0

N-nitrosodi-n-propylamine

0.010

0.020

0.050

0.10

0.25

0.50

2.5

5.0

N-nitrosomorpholine

0.005

0.010

0.025

0.050

0.13

0.25

1.3

2.5

N-nitrosopiperidine

0.010

0.020

0.050

0.10

0.25

0.50

2.5

5.0

N-nitrosodi-n-butylamine

0.010

0.020

0.050

0.10

0.25

0.50

2.5

5.0

N-nitrosodi-n-propylamine-d14 (IS)

Results and Discussion
We set out with the goal of verifying the feasibility of 50 μL CSR-LVSI when combined with standard EI GC-MS equipment to meet
the low levels of detection relevant to human health. Figure 2 is a demonstration of the viability of 50 μL CSR-LVSI. Using a high
column flow (5 mL/min) during the solvent focusing step allowed us to shorten the analysis time while maintaining the resolution
of 1,4-dioxane and THF from the solvent peak. In addition, the use of a high temperature stability Rxi®-5Sil MS column allowed us
program the oven up to 330 °C at the end of each analysis to remove contaminants from the column and prevent carryover between
injections (Figure 3). As shown in Table V, the combination of the CSR-LVSI method and single SPE cartridge approach offers considerable time savings. For example, a 20-sample batch can be extracted and analyzed in just under 18 hours using the combined
method, compared to running both methods separately which was estimated to require 31.7 hours. In addition, the combined single
SPE cartridge method resulted in a reduction in solvent consumption.

Table V: Combining the extraction and analysis of 1,4-dioxane (Method 522) and nitrosamines (Method 521) into
a single method allows a time savings of approximately 14 hours per 20-sample batch, compared to running both
methods separately.
Hours Required for Extraction and Analysis of a 20-Sample Batch
Method 521

Methods 521 and 522
Run Separately

Method 522

Combined Method

Time Saved Using
Combined Method

Sample Prep Time

8*

4

12*

4

8

GC Analysis Time

12.6

7.1

19.7

13.7

6

Total Time

20.6

11.1

31.7

17.7

14

Note: Sample preparation times were estimated. Analysis times were determined based on calculated oven program times listed in the methods. Oven cool down, equilibration, and injection sequence times were approximated based on comparison of the oven program times and actual times.
*Includes a required extract concentration step.
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Figure 2: Combined SIM analysis of EPA Methods 522 (1,4-dioxane) and 521 (nitrosamines) compounds using CSRLVSI. Analysis utilizes a 30 m x 0.25 mm x 1.0 μm Rxi®-5Sil MS analytical column and a 10 m x 0.53 mm ID Rxi® deactivated guard pre-column joined with an SGE® μ-union.

Peaks
1.
2.
3.
4.
5.
6.
7.

Tetrahydrofuran-d8 (IS)
Tetrahydrofuran
1,4-Dioxane-d8 (SS)
1,4-Dioxane
N-Nitrosodimethylamine-d6 (SS)
N-Nitrosodimethylamine
N-Nitrosomethylethylamine
2

1
1

Peaks

Conc.
(ng/mL)
100
50
200
50
20
2.5
5.0

m/z
m/z
m/z
m/z
m/z
m/z

8.
9.
10.
11.
12.
13.
14.

Conc.
(ng/mL)
5.0
10
5.0
5.0
2.5
5.0
5.0

N-Nitrosodiethylamine
N-Nitrosodi-n-propylamine-d14 (IS)
N-Nitrosopyrrolidine
N-Nitrosodi-n-propylamine
N-Nitrosomorpholine
N-Nitrosopiperidine
N-Nitrosodi-n-butylamine

3

80.00
72.00
96.00
88.00
58.00
42.00

4

2
3
m/z
m/z
m/z
m/z

144.00
100.00
130.00
116.00

10

12
9

4

11
10

5
6

11.00

7

12.00

13.00

13

14

11,12

9
8

14.00

15.00

16.00

17.00

18.00

19.00

20.00

Time (min)
GC_EV1334

Column
Sample

Diluent:
Injection
Inj. Vol.:
Liner:
Inj. Temp.:
Purge Flow:
Oven
Oven Temp.:
Carrier Gas
Flow Program:

Rxi®-5Sil MS, 30 m, 0.25 mm ID, 1.00 μm (cat.# 13653)
using Rxi® guard column 10 m, 0.53 mm ID (cat.# 10073)
with SGE® μ-union
N-Nitrosodimethylamine-d6 (cat.# 33910)
1,4-Dioxane-d8 (cat.# 30614)
N-Nitrosodi-n-propylamine-d14 (cat.# 33911)
Tetrahydrofuran-d8 (cat.# 30112)
Nitrosamine calibration mix, Method 521 (cat.# 31898)
Appendix IX mix #1, revised (cat.# 32459)
Dichloromethane

Detector
Mode:
SIM Program:

50 μL splitless (hold 1.5 min)
Custom single taper Sky® 4 mm ID liner with 15 mg quartz wool
275 °C
100 mL/min

Transfer Line
Temp.:
Analyzer Type:
Source Temp.:
Quad Temp.:
Solvent Delay
Time:
Tune Type:
Ionization Mode:
Instrument

35 °C (hold 1.5 min) to 50 °C at 50 °C/min (hold 7.1 min) to 320 °C
at 11.12 °C/min (hold 1.5 min)
He, ﬂow program
5.08 mL/min (hold 8.9 min) to 2.0 mL/min at 1.0 mL/min/min

7

MS
SIM
Group
1
2
3
4
5

Start Time
(min)
9.90
10.50
11.20
12.00
15.50

6

17.40

Ion(s)
(m/z)
42, 46, 71, 72, 78, 80
58, 62, 64, 88, 96
42, 43, 46, 48, 74, 80
43, 56, 88, 102
58, 68, 70, 78, 86, 100,
116, 130, 144
84, 99, 114, 116, 141, 158

Dwell
(ms)
20
20
20
30
20
20

320 °C
Quadrupole
230 °C
150 °C
9.9 min
BFB
EI
Agilent 7890A GC & 5975C MSD
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Figure 3: The laboratory fortified sample shown here illustrates the amount of co-extracted material eluted from
the carbon cartridge. Selecting an Rxi®-5Sil MS column for this analysis allows us to program the oven up to 330 °C
after each run, ensuring that column carryover is not a source of interference in subsequent analysis.

Peaks
1. N-nitroso-di-n-butylamine

= TIC
= m/z 99
= m/z 141

N-nitrosodi-n-butylamine

20.00

21.00

22.00

23.00

24.00

25.00

26.00

27.00
Time (min)

28.00

29.00

30.00

31.00

32.00

33.00

34.00

GC_EV1355
Rxi®-5Sil MS, 30 m, 0.25 mm ID, 1.00 μm (cat.# 13653)
using Rxi® guard column 10 m, 0.53 mm ID (cat.# 10073)
with SGE® μ-union
N-Nitrosodimethylamine-d6 (cat.# 33910)
1,4-Dioxane-d8 (cat.# 30614)
N-Nitrosodi-n-propylamine-d14 (cat.# 33911)
Tetrahydrofuran-d8 (cat.# 30112)
Nitrosamine calibration mix, Method 521 (cat.# 31898)
Appendix IX mix #1, revised (cat.# 32459)
Dichloromethane
50 ng/L (sample fortiﬁcation level)

Column
Sample

Diluent:
Conc.:
Injection
Inj. Vol.:
Liner:
Inj. Temp.:
Purge Flow:
Oven
Oven Temp.:

SIM Program:

Transfer Line
Temp.:
Analyzer Type:
Source Type:
Drawout Plate:
Source Temp.:
Quad Temp.:
Solvent Delay
Time:
Tune Type:
Ionization Mode:
Instrument

50 μL splitless (hold 1.5 min)
Custom single taper Sky® liner with 15 mg wool on bottom
275 °C
100 mL/min

Carrier Gas
Flow Program:
Detector
Mode:

35 °C (hold 1.5 min) to 50 °C at 50 °C/min (hold 7.1 min) to 320 °C
at 11.12 °C/min (hold 1.5 min)
He, ﬂow program
5.08 mL/min (hold 8.9 min) to 2.0 mL/min at 1.0 mL/min/min
MS
SIM
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Group
1
2
3
4
5

Start Time
(min)
9.90
10.50
11.20
12.00
15.50

6

17.40

Ion(s)
(m/z)
42, 46, 71, 72, 78, 80
58, 62, 64, 88, 96
42, 43, 46, 48, 74, 80
43, 56, 88, 102
58, 68, 70, 78, 86, 100,
116, 130, 144
84, 99, 114, 116, 141, 158

Dwell
(ms)
20
20
20
30
20
20

320 °C
Quadrupole
Inert
6 mm ID
230 °C
150 °C
9.9 min
BFB
EI
Agilent 7890A GC & 5975C MSD
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Linearity
An eight-point calibration curve was generated by injecting 50 μL each of the calibration levels described in Table VI. Calibration
linearity was evaluated using a 1/x weighted linear regression, with R values between 0.994 and 0.999. Surrogates were evaluated by
the % relative standard deviation (RSD) of their relative response factors (RRF), and both showed less than 4.0% RSD across eight
calibration levels. Note that while operating in selected ion mode, especially when dealing with low molecular weight ions, it is critical that the peaks of interest be separated from interferences. In fact, EPA Method 522 explicitly states that the analyst must verify
the absence of interferences for 1,4-dioxane at both the quantitation ion (m/z 88) and the confirmation ion (m/z 58). We dropped
the two lowest points of the 1,4-dioxane calibration because the quantitation ion could not be resolved from the residual dichloromethane background, even though the confirmation ion showed good recovery.

Table VI: Eight-point calibration curve levels. For each level, the split cells give the extract concentration on the
left (ng/mL) and equivalent sample concentrations on the right (ng/L). 50 μL injections were used for low ppt-level
SIM analysis.
Level
1
Analytes

ICAL

Level
2

Sample

ICAL

Level
3

Sample

ICAL

Level
4

Sample

ICAL

Level
5

Sample

ICAL

Level
6

Sample

ICAL

Level
7

Sample

ICAL

Level
8

Sample

ICAL

R

Sample

THF-d8 IS)

100

--

100

--

100

--

100

--

100

--

100

--

100

--

100

--

--

THF

0.10

2.0

0.20

4.0

0.50

10

1.0

20

2.5

50

5.0

100

25

500

50

1,000

0.998

1,4-Dioxane-d8 (SS)

200

4,000

200

4,000

200

4,000

200

4,000

200

4,000

200

4,000

200

4,000

200

4,000

1.90%*

1,4-Dioxane

--

--

--

--

0.50

10

1.0

20

2.5

50

5.0

100

25

500

50

1,000

0.999

N-nitrosodimethylamine-d6
(SS)

20

400

20

400

20

400

20

400

20

400

20

400

20

400

20

400

3.60%*

N-nitrosodimethylamine

--

--

--

--

0.025

0.50

0.050

1.0

0.13

2.5

0.25

5.0

1.3

25

2.5

50

0.998

N-nitrosomethylethylamine

--

--

--

--

--

--

0.10

2.0

0.25

5.0

0.50

10

2.5

50

5.0

100

0.998

N-nitrosodiethylamine

0.010

0.20

0.020

0.40

0.050

1.0

0.10

2.0

0.25

5.0

0.50

10

2.5

50

5.0

100

0.998

N-nitrosodi-npropylamine-d14 (IS)

10

--

10

--

10

--

10

--

10

--

10

--

10

--

10

--

--

N-nitrosopyrrolidine

0.997

0.010

0.20

0.020

0.40

0.050

1.0

0.10

2.0

0.25

5.0

0.50

10

2.5

50

5.0

100

N-nitrosodi-n-propylamine

--

--

--

--

0.050

1.0

0.10

2.0

0.25

5.0

0.50

10

2.5

50

5.0

100

0.997

N-nitrosomorpholine

--

--

0.010

0.20

0.025

0.50

0.050

1.0

0.13

2.5

0.25

5.0

1.3

25

2.5

50

0.994

N-nitrosopiperidine

0.010

0.20

0.020

0.40

0.050

1.0

0.10

2.0

0.25

5.0

0.50

10

2.5

50

5.0

100

0.997

--

--

0.020

0.40

0.050

1.0

0.10

2.0

0.25

5.0

0.50

10

2.5

50

5.0

100

0.997

N-nitrosodi-n-butylamine

For surrogate standards, linearity was assessed based on the % RSD of their relative response factors across eight calibration levels.
Levels with “—“ instead of a concentration were dropped from the calibration because of poor signal-to-noise ratios.
Internal standards were added to the extracts and have no equivalent sample concentration.

Practical Quantitation Limits
Unlike instrument detection limits (IDLs) and method detection limits (MDLs), practical quantitation limits (PQLs) are not statistically determined. Also, there is no regulation (outside of an individual laboratory’s quality plan) governing the determination of a
PQL, making its assignment somewhat arbitrary. Some laboratories have defined the PQL internally as the IDL × 10 or the MDL
× 6, but most set the PQL for each compound as the lowest point in the calibration curve, and this is how we set the quantitation
limits for this work. Using the lowest point in the calibration curve gives a higher confidence in the value at these low levels than a
multiple of a statistically determined number.
Recoveries From Blanks and Fortified Samples
We expected that the coconut charcoal would strongly retain the planar molecules, and that the dichloromethane would only efficiently elute the alkyl nitrosamine compounds. Table VII gives examples of the planar geometries that would be strongly retained by
the coconut charcoal, as well as the alkyl chemistries that would undergo near complete elution by dichloromethane. N-nitrosodiphenylamine was not expected to be fully eluted from the coconut SPE tube, therefore, it was not included in the method (although
it is on the RCRA compound list and the analyte test list for both the wastewater and hazardous waste nitrosamines testing methods
[Methods 607 and 8070A, respectively]). Munch and Bassett described detecting N-nitrosodiphenylamine in their blanks when
using coconut charcoal SPE tubes [8]; we experienced the same phenomenon, indicating that this SPE technique is inappropriate
for N-nitrosodiphenylamine. This may be an example of the mechanism for nitrosamine formation from secondary amines on the
surface of activated carbon recently published by Padhye et al. [7].
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Table VII: Planar compounds are expected to be retained by the charcoal SPE cartridges, whereas alkyl molecules
should be nearly completely eluted from the cartridges with dichloromethane.
Planar Molecule

Non-Planar Molecule

Nitrosamine With Planar Ligands

o-Toluidine

N-nitrosodi-methylamine

N-nitrosodiphenylamine

A thorough evaluation of the method-specific Resprep® SPE cartridge for EPA 522 (cat.# 26032), which is a 6 mL cartridge with
2 g activated charcoal, was described in the papers on the development of EPA Methods 521 and 522 [1, 8]. The cartridge was
demonstrated to be effective for samples ranging between 0.5 L and 1 L, though high levels of suspended solids may severely restrict
flow or completely clog the cartridge before the full sample amount has passed. Nitrosamines were also demonstrated to show
reduced recoveries when 1 L samples were analyzed, likely due to breakthrough. Average recoveries of 1,4-dioxane and nitrosamines
were in the mid-80 to low-90 percentile with %RSDs less than 5 (n=7 for each matrix) when the activated carbon SPE cartridges
were used to extract three different drinking water sources (surface water, high total organic carbon surface water, and high mineral
content ground water)[1, 8]. In light of this work, our concern regarding the SPE cartridge was not extraction efficiency, but rather
the consequences of injecting 50 times the normal amount of sample matrix into the GC.
Several of the higher molecular weight nitrosamines as well as 1,4-dioxane and tetrahydrofuran, were detected in the blank samples
above the lowest calibration levels, which had been used as the practical quantitation limits (Table VIII). There are several possible
reasons for this; lab contamination, especially with 1,4-dioxane and THF is a known problem. With this in mind, we used purchased
bottled water for the blanks as well as the fortified samples. The most likely source of contamination is the finished drinking waters
used for the blanks. We were surprised by the background level of THF found, given that we purchased what we expected to be
“clean” filtered drinking waters from a major commercial supplier. Another possible source of low-level nitrosamine contamination
may be reactivity between chloramines and the activated coconut charcoal in the extraction tube [7]. Also, at these extremely low
levels, isobaric interferences cannot be discounted. The quant ions were changed for several of the nitrosamine compounds when
it was discovered that the primary ions selected from NIST spectra showed interferences with co-extracted material in sample
extracts. In order to report the analyte list at the trace levels detected, we modified the default reporting limit of any compound
detected in the blank to twice the amount detected. These “blank adjusted” reporting limits are also presented in Table VIII along
with the initial expected PQLs and the EPA Method 522/521 minimum reporting limits.
Analyte recoveries from laboratory fortified samples are presented in Table IX. The low-level fortified samples showed higher than
expected recoveries for the same compounds that showed signs of contamination in the blank. NDMA, the nitrosamine of highest
concern, was detected at sub-ppt levels, below its IRIS 10-6 cancer risk assessment level (0.7 ng/L) using this CSR-LVSI technique
(Figure 4). NDEA, another nitrosamine of concern, showed an average recovery of 75% for waters spiked at 1.0 ng/L. While not
quite the risk assessment level for NDEA (0.2 ng/L), this is well below the notification level of 10 ng/L used by the California EPA
and other states.
The mid-level laboratory fortified samples showed much better percent recoveries for all but a few compounds (THF, 1,4-dioxane, and N-nitroso-di-n-butylamine) as shown in Table IX. This is most likely due to source water contamination. The high-level
laboratory fortified samples showed recoveries that conformed to expectations better than the two previous levels, though THF and
NDMA showed deviations higher than the rest of the compounds (Table IX). At 50 ppt, the high bias of N-nitroso-di-n-butylamine
disappeared.
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Table VIII: Laboratory Blank Recoveries and Adjusted Reporting Limits
Limits

Analyte

Blank

EPA Min
Reporting Limit
(ng/L)

Initial
PQL (ng/L)

Blank Adjusted
Reporting Limit
(ng/L)

Avg. Recovery
(ng/L) N = 3

Avg. %
Recovery

% RSD

NA

2.0

340

170

--

69
5.0

THF
1,4-Dioxane-d8 (SS)

--

--

--

4,300

110

1,4-Dioxane

70

10

36

18

--

8.1

N-nitrosodimethylamine-d6 (SS)

--

--

--

350

88

6.4

N-nitrosodimethylamine

1.6

0.50

0.50

<0.50

--

--

N-nitrosomethylethylamine

1.5

2.0

2.0

<2.0

--

--

N-nitrosodiethylamine

2.1

0.20

0.56

0.28

--

--*

N-nitrosopyrrolidine

1.4

0.20

2.8

1.4

--

3.6

N-nitrosodi-n-propylamine

1.2

1.0

6.8

3.4

--

1.4

N-nitrosomorpholine

NA

0.20

1.1

0.56

--

0.21

N-nitrosopiperidine

1.4

0.20

1.4

0.68

--

44

N-nitrosodi-n-butylamine

1.4

0.40

14

7.0

--

16

*N-nitrosodiethylamine was detected in only one of three blank samples.

Table IX: Analyte Recoveries From Laboratory Fortified Samples
Low Level

Analyte
THF
1,4-Dioxane

Mid Level

High Level

Blank-Adjusted
Reporting Limit
(ng/L)

IRIS 1x10-6
Cancer Conc.
(ng/L)

Avg. Recovery
(ng/L) N = 3

Avg. %
Recovery

%
RSD

Avg.
Recovery
(ng/L) N = 3

Avg. %
Recovery

% RSD

Avg. Recovery
(ng/L) N = 3

Avg. %
Recovery

% RSD

340

--

<340

--

--

<340

--

--

610

120

20

36

350

<36

--

--

72

140

1.9

510

100

19

N-nitrosodimethylamine

0.50

0.7

0.63

130

14

2.3

92

9.3

17

68

26
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Figure 4: N-nitrosodimethylamine (NDMA) quantitation ion EIC for a low-level fortified sample (0.50 ng/L).
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Conclusion
The preceding work was conducted to evaluate the effectiveness of combining concurrent solvent recondensation–large volume
injection with an unmodified splitless inlet to lower the detection limits of standard GC-MS equipment operating in EI mode, while
combining volatile and semivolatile analytes that use similar extraction procedures in order to minimize sample prep and analysis
times.
Our anticipated reporting limits (PQLs), based on the lowest calibration point for each individual compound were well below the
minimum reporting limits published in EPA Methods 522 and 521. However, the contamination of the blank water used for the
laboratory fortified samples caused us to raise the minimum reporting limits used for this application. Unfortunately, some of these
limits were raised above the levels published in the EPA methods.
When performing this work in the future, it would be prudent to further purify the reagent water used for laboratory control samples. Inert gas is commonly used to purge volatiles from blank reagent water, but the “volatile” impurities found in our blank water
do not purge efficiently enough to expect the reagent water to test clean at the low ng/L levels we targeted in this work. One of the
recommended uses for the carbon Empore® disk is cleaning up water for purge-and-trap applications. This type of activated carbon
disk or cartridge cleanup should be applied to any reagent water before laboratory fortification.
With this combined approach, we estimate a 20-sample batch could be extracted and analyzed in less than 18 hours, which is 14
hours faster than when running the methods separately. In addition to providing a means of reducing sample prep costs and increasing sample throughput, this work offers a good starting point for modifying wastewater or hazardous waste methods to speed
up sample prep and sample analysis. This 50 μL CSR-LVSI technique, when combined with SPE sample preparation, may reduce
the necessary wastewater or hazardous waste sample from 500 mL to just tens of milliliters, significantly reducing sample handling
costs.
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Environmental Applications

Combined Determination of 1,4-Dioxane and
Nitrosamine Contaminants in Drinking Water
Using a Single SPE Cartridge and Concurrent Solvent Recondensation–
Large Volume Splitless Injection (CSR-LVSI) With EI GC-MS
By Chris Rattray and Jack Cochran

Abstract
Global concern over the carcinogenic potential of 1,4-dioxane and several nitrosamines has resulted in increased interest in the
development of more efficient testing methods for these contaminants in drinking waters. In the U.S., the current methodologies recommended for the analysis of 1,4-dioxane and nitrosamines in drinking waters are Environmental Protection Agency
(EPA) Methods 522 and 521, respectively. EPA Method 522 is a relatively simple gas chromatography–mass spectrometry (GC-MS)
method using electron ionization (EI), while Method 521 requires positive chemical ionization (PCI) using liquid methanol or
acetonitrile reagent gas, along with tandem mass spectrometry (GC-MS/MS).
The method described here uses the same coconut charcoal sorbent solid phase extraction (SPE) cartridges and dichloromethane
eluent recommended in EPA Methods 522 and 521 to concentrate 0.50 L water samples to 10 mL extracts. However, both the extraction and instrumental analysis portions of EPA Methods 522 and 521 have been combined by analyzing a single quantitatively
collected SPE tube extract for both 1,4-dioxane and nitrosamines during a single chromatographic run. The benefits of the current
combination method include fewer samples to collect, ship, and extract; a reduction in solvent use; and higher sample throughput.
Because the final SPE extract cannot be concentrated via evaporation due to volatile compound loss, we employed concurrent
solvent recondensation–large volume splitless injection (CSR-LVSI), which uses a standard splitless injector to deliver 50 μL injections of extract to a pre-column connected to a typical GC column for separation followed by EI MS analysis. When combined
with selected ion monitoring (SIM), this large volume injection allows for practical quantitation limits (PQLs) as low as 10 ng/L for
1,4-dioxane and 0.5–2.0 ng/L for the nitrosamines.

Introduction
1,4-Dioxane is a highly water-soluble synthetic organic solvent used to stabilize chlorinated solvents; 1,1,1-trichloroethane (TCA),
for example, may contain up to 8% 1,4-dioxane. Improper disposal of chlorinated solvents can lead to the accumulation of 1,4-dioxane in ground and surface waters used as drinking water sources [1]. Global concern over the carcinogenic potential of 1,4-dioxane, along with its identification as a Group 2B compound by the World Health Organization’s (WHO) International Agency
for Research on Cancer (IARC), has led to increased regulatory interest in this compound. For example, as a part of Unregulated
Contaminant Monitoring Rule 3 (UCMR3), the U.S. EPA is requiring that all municipalities serving drinking water to more than
10,000 people monitor 1,4-dioxane levels for 12 consecutive months between 2013 and 2015. The mandated method for 1,4-dioxane analysis is EPA Method 522, which was developed for part-per-trillion (ppt) analysis of drinking waters using solid phase
extraction (SPE) cartridges and gas chromatography–mass spectrometry (GC-MS) in selected ion monitoring (SIM) mode. The
1x10-6 cancer risk assessment level for 1,4-dioxane is 0.35 μg/L and, as a result, the proposed minimum reporting level (MRL) for
1,4-dioxane as part of UCMR3 is 70 ng/L (70 ppt) [2].
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Tetrahydrofuran (THF) is another widely used volatile ether with a structure similar to that of 1,4-dioxane. We chose to include
THF in the work here because the chemical similarities indicated that it would be well suited to the carbon SPE extraction method.
Also, its high volatility makes it an ideal compound to highlight the benefits of CSR-LVSI when performing trace analysis of volatile
compounds. THF is widely used as a solvent in polymerization reactions and as a starting material for elastomeric polyurethane
fibers. THF dissolves polyvinyl chloride (PVC) polymers and is a major ingredient in PVC cement, making it a likely contaminant
to find in certain residential settings. With an LD50 similar to that of acetone, its presence in drinking water is monitored, but not
strictly regulated, with neither a maximum contaminant level nor a target maximum level published.
Nitrosamines are an emerging class of drinking water contaminants that can enter the drinking water system through multiple
wastewater disinfection processes such as chlorination [3-6], chloramination [3-5], and chlorine dioxide treatment [3], as well as
ozone treatment of high total organic content (TOC) wastewaters followed by chlorination [3]. Nitrosamine formation has also been
shown to occur through the process of nitrogen fixation on the surface of the activated carbon sorbents used both for water treatment and quantitative analysis [7]. In addition to their creation as disinfection byproducts, nitrosamines can enter the environment
through manufacturing processes where they are used as starting materials and formed as intermediates and byproducts during a
variety of synthetic chemical processes [8, 9], especially in pesticide and pharmaceutical manufacturing.
N-nitrosodimethylamine (NDMA) is the primary nitrosamine of concern, like 1,4-dioxane and THF, its high water solubility limits
the efficiency of purge-and-trap and liquid-liquid extraction when determining low ppt concentrations. The disinfection treatment
study by Zhao et al. showed that NDMA is detected at the highest concentration and with the most frequency compared to other nitrosamines [3]. They suggest that NDMA can serve as a surrogate for nitrosamine exposure assessment, similar to the way benzo[a]
pyrene has been used for polycyclic aromatic hydrocarbon (PAH) exposure assessment. NDMA is also one of the 13 suspected
carcinogens listed in 29 CFR 1910.1003, requiring special precautions when handling concentrated solutions or neat material [10].
The human health impact of nitrosamines has been a growing concern, with NDMA the focus of a 2006 WHO drinking water study
[11]. The latest edition of the Report on Carcinogens (RoC) published by the National Toxicology program lists 15 nitrosamines
as likely human carcinogens (N-methyl-n'-nitro-n-nitrosoguanidine, N-nitrosodi-n-butylamine, N-nitrosodiethanolamine, Nnitrosodiethylamine, N-nitrosodimethylamine, N-nitrosodi-n-propylamine, N-nitroso-n-ethylurea, 4-(N-nitrosomethylamino)1-(3-pyridyl)-1-butanone, N-nitroso-n-methylurea, N-nitrosomethylvinylamine, N-nitrosomorpholine, N-nitrosonornicotine, Nnitrosopiperidine, N-nitrosopyrrolidine, N-nitrososarcosine) [9]. Table I lists the eight nitrosamines covered in this work, and all
eight are included in the RoC report and the U.S. EPA’s Resource Conservation and Recovery Act (RCRA) groundwater testing list
[12]: seven alkyl-nitrosamines and one dioxane analog (N-nitrosomorpholine). Table I also lists the EPA’s Integrated Risk Information System (IRIS) one in a million cancer risk assessment values (based on consumption of two liters of contaminated water a day
for a lifetime [8]), which range from the low to sub nanogram per liter level for the nitrosamines in question [13].

Table I: Method Analytes
CAS Registry
Number

Boiling
Point (°C)

Molecular Mass
(AMU)

Vapor Pressure
(mm Hg 20 °C)

IRIS 1x10-6 Cancer
Concentration (ng/L) [13]

UCMR Study
Number

Tetrahydrofuran (THF)

109-99-9

66

72

143

-

-

1,4-Dioxane

123-91-1

101.1

88

30

350

3

N-nitrosodi-methylamine (NDMA)

62-75-9

153

74

2.7

0.7

2
2

Analyte

N-nitrosomethyl-ethylamine (NMEA)

10595-95-6

154.4

88

1.1

2.0

N-nitrosodi-ethylamine (NDEA)

55-18-5

173.9

102

0.86

0.2

2

N-nitrosodi-n-propylamine (NDPA)

621-64-7

206

130

0.086

5.0

2

N-nitrosodi-n-butylamine (NDBA)

924-16-3

116 (a)

158

0.05 (b)

6.0

2

N-nitroso-pyrrolidine (NPYR)

930-55-2

214

100

0.06

20

2

N-nitroso-piperidine (NPIP)

100-75-4

219

114

0.092

-

-

N-nitroso-morpholine (NMOR)

59-89-2

224

116

0.036

-

-

a. 14 mm Hg
b. 25 °C
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Reliably quantitating down to low and sub ppt levels using standard laboratory equipment is a challenge. Several methods have been
published recently which combine positive chemical ionization (PCI) with high resolution MS (HRMS) [14], tandem MS [8, 15, 16],
and single quadrupole MS [17]. The benefits of PCI are numerous. The “softer” ionization preserves the molecular ion (plus adduct)
at a much higher ratio than standard electron ionization (EI) [8, 16]. Also, using ammonia as the reagent gas enhances method
selectivity and analyte signal-to-noise (relative to methanol). Similar proton affinities to ammonia cause amine and nitroso adducts
to be favored, reducing background noise levels [16]. Ammonia is not without drawbacks, however. It is highly corrosive and not all
chemical ionization sources are compatible; in addition, condensation is a concern, and leaks will quickly clear the lab.
The U.S. EPA method for analyzing nitrosamines in drinking water (Method 521) requires liquid chemical ionization (methanol or
acetonitrile) [15] which is compatible with limited instrumentation (namely, the ion source in the Varian® Saturn 4 and Saturn 2000
instruments). An alternative single quadrupole MS method published by Agilent uses 20% methane as the ionization gas, which is
inexpensive, readily available, and a common PCI gas [17]. The method we developed here is subject to the reduced sensitivity inherent to EI (i.e., relative to PCI). HRMS could make up for some of the reduced sensitivity, but HRMS instruments are much more
expensive and difficult to operate than their low resolution counterparts. Instead, we used large volume injection (LVI) to overcome
the relative sensitivity deficiency of EI; in fact, EPA Method 521 uses a large volume injection in concert with a programmed temperature vaporization (PTV) injector [8, 15].
Using large volume splitless injection in GC-MS is advantageous when trying to analyze trace-level contaminants in clean matrices
like drinking water because greater levels of target compounds are introduced onto the analytical column resulting in better detectability. Generally, a special injection port such as a PTV injector is required for LVI [1]. With the PTV inlet temperature set near the
boiling point of the solvent, the sample is introduced at a high split ratio and as the solvent evaporates the analytes of interest are
concentrated in the inlet. After a predetermined time, the split valve is closed and the inlet temperature is increased to transfer the
concentrated sample and remaining solvent onto the column. This solvent-venting, analyte-concentrating step requires a relatively
large difference in boiling points between solvent and solute, more than 100 °C, in order to prevent loss of analytes of interest to the
split vent [18]. This rules out using LVI with a PTV type injection port for the analyte list covered here due to inadequate differences
in boiling points. The SPE elution solvent used for the work presented here is dichloromethane (DCM), which has a boiling point
of 40 °C. THF and THF-d8 have boiling points around 66 °C, while 1,4-dioxane and its deuterated counterpart 1,4-dioxane-d8 both
boil around 100 °C.
This lab has successfully demonstrated that concurrent solvent recondensation–large volume splitless injection (CSR-LVSI), a technique described by Magni and Porzano [19, 20], can be used without any modification to an Agilent®-style splitless injection port for
a variety of analyses including polycyclic aromatic hydrocarbons (PAHs), total petroleum hydrocarbons (TPH), EPA Method 8270
semivolatiles [21], and brominated flame retardants [22], as well as many organochlorine, organonitrogen, and organophosphorus
pesticides. Application chemists at Thermo Scientific have successfully applied a CSR-LVSI technique to drugs of abuse, pesticides,
and polychlorinated biphenyls by injecting 20–35 μL and significantly improving limits of detection [23-25]. The CSR-LVSI technique can overcome the aforementioned LVI boiling point obstacle and was, therefore, adopted in the current study for analyzing
trace levels of 1,4-dioxane and nitrosamines in drinking water. For this application, we used an Rxi® pre-column (10 m x 0.53 mm)
press-fitted to a Rxi®-5Sil MS analytical column (30 m x 0.25 mm ID x 1.0 μm) and a starting GC oven temperature below the boiling point of the solvent. A fast autosampler injection with liquid band formation of the injected sample into a liner containing glass
wool eliminates backflash in the hot injection port [26]. Most recently, a detection limit of 5 ng/L 1,4-dioxane in drinking water was
demonstrated using a 10 μL CSR-LVSI combined with a 1 L solid phase extraction [27].

Experimental
Solid Phase Extraction (SPE)
Since a single SPE cartridge was to be utilized for the combined sampling of 1,4-dioxane, THF, and nitrosamines, it was imperative
to evaluate method performance across a variety of concentrations. Therefore, three fortified samples were prepared at three different concentrations and used to evaluate recoveries. The deuterated 1,4-dioxane surrogate was added at 4,000 ng/L with an expected
final extract concentration of 200 ng/mL. The deuterated N-nitrosodimethylamine surrogate was added at 400 ng/L so that the
extracts would have a final surrogate concentration of 20 ng/mL. The target reporting limits for 1,4-dioxane and THF are ten times
higher than most of the nitrosamines, so calibration standards, matrix fortification levels, and surrogate levels all reflect this difference. The bottled waters were fortified while still in their plastic bottles, recapped, mixed by inversion, and allowed to sit for several
hours to ensure homogeneous samples. See Table II for compound-specific fortification levels.
Each sample was extracted using a single Resprep® activated coconut charcoal SPE cartridge (cat.# 26032) following the procedure
described in section 11.4 (SPE Procedure Option 1; Extraction of 500-mL Samples) of EPA Method 522. Immediately after solvent
elution, the extracts were fortified with 50 μL of internal standard mix and brought up to 10 mL final volume resulting in a concentration of 10 ng/mL or 100 ng/mL in the extracts. The extracts were then transferred to a large storage vial and dried with anhydrous
sodium sulfate.
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Table II: Laboratory Fortified Blank (LFB) Concentrations (ng/L) (Extract Concentrations in Parenthesis [ng/mL])
Analyte
THF
1,4-Dioxane-d8 (SS)
1,4-Dioxane

Blank

Low

Mid

High

0.0 (0.0)

10 (0.50)

50 (2.5)

500 (25)

4,000 (200)

4,000 (200)

4,000 (200)

4,000 (200)

0.0 (0.0)

10 (0.50)

50 (2.5)

500 (25)
400 (20)

N-nitrosodimethylamine-d6 (SS)

400 (20)

400 (20)

400 (20)

N-nitrosodimethylamine

0.0 (0.0)

0.50 (0.025)

2.5 (0.13)

25 (1.3)

N-nitrosomethylethylamine

0.0 (0.0)

1.0 (0.050)

5.0 (0.25)

50 (2.5)

N-nitrosodiethylamine

0.0 (0.0)

1.0 (0.050)

5.0 (0.25)

50 (2.5)

N-nitrosopyrrolidine

0.0 (0.0)

1.0 (0.050)

5.0 (0.25)

50 (2.5)

N-nitrosodi-n-propylamine

0.0 (0.0)

1.0 (0.050)

5.0 (0.25)

50 (2.5)

N-nitrosomorpholine

0.0 (0.0)

0.50 (0.025)

2.5 (0.13)

25 (1.3)

N-nitrosopiperidine

0.0 (0.0)

1.0 (0.050)

5.0 (0.25)

50 (2.5)

N-nitrosodi-n-butylamine

0.0 (0.0)

1.0 (0.050)

5.0 (0.25)

50 (2.5)

GC-MS Conditions
Figure 1 illustrates the setup used for CSR-LVSI. Instrument conditions are presented in Table III.

Figure 1: CSR-LVSI setup: 1. Custom single taper Sky® inlet liner with 15 mg of wool at the bottom, 2. 10 m x 0.53
mm ID Rxi® deactivated guard column (cat.# 10073), 3. SGE® 0.4–0.8 mm OD μ-union, 4. 30 m x 0.25 mm ID x 1.0
μm df Rxi®-5Sil MS analytical column (cat.# 13653), 5. 5975 MSD.
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Table III: Agilent® 7890A-5975C GC-MS Parameters
7693 Automatic Liquid Sampler (ALS) Parameters
Syringe

SGE® 100 μL gas tight syringe with fixed 26/23 gauge needle (cat.# 005668)

Injection Volume

50 μL

Injection Speed

4,000 μL/min

Split/Splitless GC Inlet Parameters
Inlet Mode

Splitless for 1.5 min, then split 100 mL/min

Temperature

275 °C

Liner

Custom Sky® 4 mm ID single taper liner with ~15 mg quartz wool

GC Parameters
Flow Program

5.08 mL/min (hold 8.9 min) to 2.0 mL/min at 1.0 mL/min/min

Oven Temperature Program

35 °C (hold 1.5 min) to 50 °C at 50 °C/min (hold 7.1 min) to 320 °C at 11.12 °C/min (hold 1.5 min)

Pre-Column

0.53 mm ID x 10 m Rxi® guard column (cat.# 10073)

Analytical Column

30 m x 0.25 mm ID x 1.0 μm df Rxi®-5Sil MS (cat.# 13653)

Column Union

SGE® μ-Union 0.8 to 0.4 (cat.# 073562)

Carrier Gas

He, constant flow

MS Parameters
Transfer Line Temp.

320 °C

Source Temp.

230 °C

Quad Temp.

150 °C

Electron Energy

70 eV

Solvent Delay Time

9.90 min

Tune Type

BFB

Ionization Mode

EI

SIM Program
Group

Start Time (min)

Ions (m/z)

Dwell (ms)

1

9.90

42, 46, 71, 72, 78, 80

20

2

10.50

58, 62, 64, 88, 96

20

3

11.20

42, 43, 46, 48, 74, 80

20

4

12.00

43, 56, 88, 102

30

5

15.50

58, 68, 70, 78, 86, 100, 116, 130, 144

20

6

17.40

84, 99, 114, 116, 141, 158

20

Calibration Curve
To evaluate the viability of a CSR-LVSI approach to meeting the IRIS 1x10-6 cancer risk levels, a calibration curve was prepared
using 1,4-dioxane (cat.# 30287); nitrosamine calibration mix, Method 521 (cat.# 31898); 8270 Appendix IX mix #1, revised
(cat.# 32459); and tetrahydrofuran (cat.# 30414). The surrogates 1,4-dioxane-d8 (cat.# 30614) and N-nitrosodimethylamine-d6
(cat.# 33910) and internal standards THF-d8 (cat.# 30112) and N-nitrosodipropylamine-d14 (cat.# 33911) were added at constant
concentrations to each level in the calibration curve (Table IV).
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Table IV: Calibration Curve (ng/mL)
Analyte

ICAL 1

ICAL 2

ICAL 3

ICAL 4

ICAL 5

ICAL 6

ICAL 7

ICAL 8

THF-d8 IS)

100

100

100

100

100

100

100

100

THF

0.10

0.20

0.50

1.0

2.5

5.0

25

50

1,4-Dioxane-d8 (SS)

200

200

200

200

200

200

200

200

1,4-Dioxane

0.10

0.20

0.50

1.0

2.5

5.0

25

50

20

20

20

20

20

20

20

20

N-nitrosodimethylamine-d6 (SS)
N-nitrosodimethylamine

0.005

0.01

0.025

0.050

0.13

0.25

1.3

2.5

N-nitrosomethylethylamine

0.010

0.020

0.050

0.10

0.25

0.50

2.5

5.0

N-nitrosodiethylamine

0.010

0.020

0.050

0.10

0.25

0.50

2.5

5.0

N-nitrosodi-n-propylamine-d14 (IS)

10

10

10

10

10

10

10

10

0.010

0.020

0.050

0.10

0.25

0.50

2.5

5.0

N-nitrosodi-n-propylamine

0.010

0.020

0.050

0.10

0.25

0.50

2.5

5.0

N-nitrosomorpholine

0.005

0.010

0.025

0.050

0.13

0.25

1.3

2.5

N-nitrosopiperidine

0.010

0.020

0.050

0.10

0.25

0.50

2.5

5.0

N-nitrosodi-n-butylamine

0.010

0.020

0.050

0.10

0.25

0.50

2.5

5.0

N-nitrosopyrrolidine

Results and Discussion
We set out with the goal of verifying the feasibility of 50 μL CSR-LVSI when combined with standard EI GC-MS equipment to meet
the low levels of detection relevant to human health. Figure 2 is a demonstration of the viability of 50 μL CSR-LVSI. Using a high
column flow (5 mL/min) during the solvent focusing step allowed us to shorten the analysis time while maintaining the resolution
of 1,4-dioxane and THF from the solvent peak. In addition, the use of a high temperature stability Rxi®-5Sil MS column allowed us
program the oven up to 330 °C at the end of each analysis to remove contaminants from the column and prevent carryover between
injections (Figure 3). As shown in Table V, the combination of the CSR-LVSI method and single SPE cartridge approach offers considerable time savings. For example, a 20-sample batch can be extracted and analyzed in just under 18 hours using the combined
method, compared to running both methods separately which was estimated to require 31.7 hours. In addition, the combined single
SPE cartridge method resulted in a reduction in solvent consumption.

Table V: Combining the extraction and analysis of 1,4-dioxane (Method 522) and nitrosamines (Method 521) into
a single method allows a time savings of approximately 14 hours per 20-sample batch, compared to running both
methods separately.
Hours Required for Extraction and Analysis of a 20-Sample Batch
Method 521

Methods 521 and 522
Run Separately

Method 522

Combined Method

Time Saved Using
Combined Method

Sample Prep Time

8*

4

12*

4

8

GC Analysis Time

12.6

7.1

19.7

13.7

6

Total Time

20.6

11.1

31.7

17.7

14

Note: Sample preparation times were estimated. Analysis times were determined based on calculated oven program times listed in the methods. Oven cool down, equilibration, and injection sequence times were approximated based on comparison of the oven program times and actual times.
*Includes a required extract concentration step.
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Figure 2: Combined SIM analysis of EPA Methods 522 (1,4-dioxane) and 521 (nitrosamines) compounds using CSRLVSI. Analysis utilizes a 30 m x 0.25 mm x 1.0 μm Rxi®-5Sil MS analytical column and a 10 m x 0.53 mm ID Rxi® deactivated guard pre-column joined with an SGE® μ-union.

Peaks
1.
2.
3.
4.
5.
6.
7.

2

1
1

Peaks

Conc.
(ng/mL)
100
50
200
50
20
2.5
5.0

Tetrahydrofuran-d8 (IS)
Tetrahydrofuran
1,4-Dioxane-d8 (SS)
1,4-Dioxane
N-Nitrosodimethylamine-d6 (SS)
N-Nitrosodimethylamine
N-Nitrosomethylethylamine

m/z
m/z
m/z
m/z
m/z
m/z

8.
9.
10.
11.
12.
13.
14.

Conc.
(ng/mL)
5.0
10
5.0
5.0
2.5
5.0
5.0

N-Nitrosodiethylamine
N-Nitrosodi-n-propylamine-d14 (IS)
N-Nitrosopyrrolidine
N-Nitrosodi-n-propylamine
N-Nitrosomorpholine
N-Nitrosopiperidine
N-Nitrosodi-n-butylamine

3

80.00
72.00
96.00
88.00
58.00
42.00

4

2
3
m/z
m/z
m/z
m/z

144.00
100.00
130.00
116.00

10

12
9

4

11
10

5
6

11.00

7

12.00

13.00

13

14

11,12

9
8

14.00

15.00

16.00

17.00

18.00

19.00

20.00

Time (min)
GC_EV1334

Column
Sample

Diluent:
Injection
Inj. Vol.:
Liner:
Inj. Temp.:
Purge Flow:
Oven
Oven Temp.:
Carrier Gas
Flow Program:

Rxi®-5Sil MS, 30 m, 0.25 mm ID, 1.00 μm (cat.# 13653)
using Rxi® guard column 10 m, 0.53 mm ID (cat.# 10073)
with SGE® μ-union
N-Nitrosodimethylamine-d6 (cat.# 33910)
1,4-Dioxane-d8 (cat.# 30614)
N-Nitrosodi-n-propylamine-d14 (cat.# 33911)
Tetrahydrofuran-d8 (cat.# 30112)
Nitrosamine calibration mix, Method 521 (cat.# 31898)
Appendix IX mix #1, revised (cat.# 32459)
Dichloromethane

Detector
Mode:
SIM Program:

50 μL splitless (hold 1.5 min)
Custom single taper Sky® 4 mm ID liner with 15 mg quartz wool
275 °C
100 mL/min

Transfer Line
Temp.:
Analyzer Type:
Source Temp.:
Quad Temp.:
Solvent Delay
Time:
Tune Type:
Ionization Mode:
Instrument

35 °C (hold 1.5 min) to 50 °C at 50 °C/min (hold 7.1 min) to 320 °C
at 11.12 °C/min (hold 1.5 min)
He, ﬂow program
5.08 mL/min (hold 8.9 min) to 2.0 mL/min at 1.0 mL/min/min

7

MS
SIM
Group
1
2
3
4
5

Start Time
(min)
9.90
10.50
11.20
12.00
15.50

6

17.40

Ion(s)
(m/z)
42, 46, 71, 72, 78, 80
58, 62, 64, 88, 96
42, 43, 46, 48, 74, 80
43, 56, 88, 102
58, 68, 70, 78, 86, 100,
116, 130, 144
84, 99, 114, 116, 141, 158

Dwell
(ms)
20
20
20
30
20
20

320 °C
Quadrupole
230 °C
150 °C
9.9 min
BFB
EI
Agilent 7890A GC & 5975C MSD
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Figure 3: The laboratory fortified sample shown here illustrates the amount of co-extracted material eluted from
the carbon cartridge. Selecting an Rxi®-5Sil MS column for this analysis allows us to program the oven up to 330 °C
after each run, ensuring that column carryover is not a source of interference in subsequent analysis.

Peaks
1. N-nitroso-di-n-butylamine

= TIC
= m/z 99
= m/z 141

N-nitrosodi-n-butylamine

20.00

21.00

22.00

23.00

24.00

25.00

26.00

27.00
Time (min)

28.00

29.00

30.00

31.00

32.00

33.00

34.00

GC_EV1355
Rxi®-5Sil MS, 30 m, 0.25 mm ID, 1.00 μm (cat.# 13653)
using Rxi® guard column 10 m, 0.53 mm ID (cat.# 10073)
with SGE® μ-union
N-Nitrosodimethylamine-d6 (cat.# 33910)
1,4-Dioxane-d8 (cat.# 30614)
N-Nitrosodi-n-propylamine-d14 (cat.# 33911)
Tetrahydrofuran-d8 (cat.# 30112)
Nitrosamine calibration mix, Method 521 (cat.# 31898)
Appendix IX mix #1, revised (cat.# 32459)
Dichloromethane
50 ng/L (sample fortiﬁcation level)

Column
Sample

Diluent:
Conc.:
Injection
Inj. Vol.:
Liner:
Inj. Temp.:
Purge Flow:
Oven
Oven Temp.:

SIM Program:

Transfer Line
Temp.:
Analyzer Type:
Source Type:
Drawout Plate:
Source Temp.:
Quad Temp.:
Solvent Delay
Time:
Tune Type:
Ionization Mode:
Instrument

50 μL splitless (hold 1.5 min)
Custom single taper Sky® liner with 15 mg wool on bottom
275 °C
100 mL/min

Carrier Gas
Flow Program:
Detector
Mode:

35 °C (hold 1.5 min) to 50 °C at 50 °C/min (hold 7.1 min) to 320 °C
at 11.12 °C/min (hold 1.5 min)
He, ﬂow program
5.08 mL/min (hold 8.9 min) to 2.0 mL/min at 1.0 mL/min/min
MS
SIM
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Group
1
2
3
4
5

Start Time
(min)
9.90
10.50
11.20
12.00
15.50

6

17.40

Ion(s)
(m/z)
42, 46, 71, 72, 78, 80
58, 62, 64, 88, 96
42, 43, 46, 48, 74, 80
43, 56, 88, 102
58, 68, 70, 78, 86, 100,
116, 130, 144
84, 99, 114, 116, 141, 158

Dwell
(ms)
20
20
20
30
20
20

320 °C
Quadrupole
Inert
6 mm ID
230 °C
150 °C
9.9 min
BFB
EI
Agilent 7890A GC & 5975C MSD
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Linearity
An eight-point calibration curve was generated by injecting 50 μL each of the calibration levels described in Table VI. Calibration
linearity was evaluated using a 1/x weighted linear regression, with R values between 0.994 and 0.999. Surrogates were evaluated by
the % relative standard deviation (RSD) of their relative response factors (RRF), and both showed less than 4.0% RSD across eight
calibration levels. Note that while operating in selected ion mode, especially when dealing with low molecular weight ions, it is critical that the peaks of interest be separated from interferences. In fact, EPA Method 522 explicitly states that the analyst must verify
the absence of interferences for 1,4-dioxane at both the quantitation ion (m/z 88) and the confirmation ion (m/z 58). We dropped
the two lowest points of the 1,4-dioxane calibration because the quantitation ion could not be resolved from the residual dichloromethane background, even though the confirmation ion showed good recovery.

Table VI: Eight-point calibration curve levels. For each level, the split cells give the extract concentration on the
left (ng/mL) and equivalent sample concentrations on the right (ng/L). 50 μL injections were used for low ppt-level
SIM analysis.
Level
1
Analytes

ICAL

Level
2

Sample

ICAL

Level
3

Sample

ICAL

Level
4

Sample

ICAL

Level
5

Sample

ICAL

Level
6

Sample

ICAL

Level
7

Sample

ICAL

Level
8

Sample

ICAL

R

Sample

THF-d8 IS)

100

--

100

--

100

--

100

--

100

--

100

--

100

--

100

--

--

THF

0.10

2.0

0.20

4.0

0.50

10

1.0

20

2.5

50

5.0

100

25

500

50

1,000

0.998

1,4-Dioxane-d8 (SS)

200

4,000

200

4,000

200

4,000

200

4,000

200

4,000

200

4,000

200

4,000

200

4,000

1.90%*

1,4-Dioxane

--

--

--

--

0.50

10

1.0

20

2.5

50

5.0

100

25

500

50

1,000

0.999

N-nitrosodimethylamine-d6
(SS)

20

400

20

400

20

400

20

400

20

400

20

400

20

400

20

400

3.60%*

N-nitrosodimethylamine

--

--

--

--

0.025

0.50

0.050

1.0

0.13

2.5

0.25

5.0

1.3

25

2.5

50

0.998

N-nitrosomethylethylamine

--

--

--

--

--

--

0.10

2.0

0.25

5.0

0.50

10

2.5

50

5.0

100

0.998

N-nitrosodiethylamine

0.010

0.20

0.020

0.40

0.050

1.0

0.10

2.0

0.25

5.0

0.50

10

2.5

50

5.0

100

0.998

N-nitrosodi-npropylamine-d14 (IS)

10

--

10

--

10

--

10

--

10

--

10

--

10

--

10

--

--

N-nitrosopyrrolidine

0.997

0.010

0.20

0.020

0.40

0.050

1.0

0.10

2.0

0.25

5.0

0.50

10

2.5

50

5.0

100

N-nitrosodi-n-propylamine

--

--

--

--

0.050

1.0

0.10

2.0

0.25

5.0

0.50

10

2.5

50

5.0

100

0.997

N-nitrosomorpholine

--

--

0.010

0.20

0.025

0.50

0.050

1.0

0.13

2.5

0.25

5.0

1.3

25

2.5

50

0.994

N-nitrosopiperidine

0.010

0.20

0.020

0.40

0.050

1.0

0.10

2.0

0.25

5.0

0.50

10

2.5

50

5.0

100

0.997

--

--

0.020

0.40

0.050

1.0

0.10

2.0

0.25

5.0

0.50

10

2.5

50

5.0

100

0.997

N-nitrosodi-n-butylamine

For surrogate standards, linearity was assessed based on the % RSD of their relative response factors across eight calibration levels.
Levels with “—“ instead of a concentration were dropped from the calibration because of poor signal-to-noise ratios.
Internal standards were added to the extracts and have no equivalent sample concentration.

Practical Quantitation Limits
Unlike instrument detection limits (IDLs) and method detection limits (MDLs), practical quantitation limits (PQLs) are not statistically determined. Also, there is no regulation (outside of an individual laboratory’s quality plan) governing the determination of a
PQL, making its assignment somewhat arbitrary. Some laboratories have defined the PQL internally as the IDL × 10 or the MDL
× 6, but most set the PQL for each compound as the lowest point in the calibration curve, and this is how we set the quantitation
limits for this work. Using the lowest point in the calibration curve gives a higher confidence in the value at these low levels than a
multiple of a statistically determined number.
Recoveries From Blanks and Fortified Samples
We expected that the coconut charcoal would strongly retain the planar molecules, and that the dichloromethane would only efficiently elute the alkyl nitrosamine compounds. Table VII gives examples of the planar geometries that would be strongly retained by
the coconut charcoal, as well as the alkyl chemistries that would undergo near complete elution by dichloromethane. N-nitrosodiphenylamine was not expected to be fully eluted from the coconut SPE tube, therefore, it was not included in the method (although
it is on the RCRA compound list and the analyte test list for both the wastewater and hazardous waste nitrosamines testing methods
[Methods 607 and 8070A, respectively]). Munch and Bassett described detecting N-nitrosodiphenylamine in their blanks when
using coconut charcoal SPE tubes [8]; we experienced the same phenomenon, indicating that this SPE technique is inappropriate
for N-nitrosodiphenylamine. This may be an example of the mechanism for nitrosamine formation from secondary amines on the
surface of activated carbon recently published by Padhye et al. [7].
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Table VII: Planar compounds are expected to be retained by the charcoal SPE cartridges, whereas alkyl molecules
should be nearly completely eluted from the cartridges with dichloromethane.
Planar Molecule

Non-Planar Molecule

Nitrosamine With Planar Ligands

o-Toluidine

N-nitrosodi-methylamine

N-nitrosodiphenylamine

A thorough evaluation of the method-specific Resprep® SPE cartridge for EPA 522 (cat.# 26032), which is a 6 mL cartridge with
2 g activated charcoal, was described in the papers on the development of EPA Methods 521 and 522 [1, 8]. The cartridge was
demonstrated to be effective for samples ranging between 0.5 L and 1 L, though high levels of suspended solids may severely restrict
flow or completely clog the cartridge before the full sample amount has passed. Nitrosamines were also demonstrated to show
reduced recoveries when 1 L samples were analyzed, likely due to breakthrough. Average recoveries of 1,4-dioxane and nitrosamines
were in the mid-80 to low-90 percentile with %RSDs less than 5 (n=7 for each matrix) when the activated carbon SPE cartridges
were used to extract three different drinking water sources (surface water, high total organic carbon surface water, and high mineral
content ground water)[1, 8]. In light of this work, our concern regarding the SPE cartridge was not extraction efficiency, but rather
the consequences of injecting 50 times the normal amount of sample matrix into the GC.
Several of the higher molecular weight nitrosamines as well as 1,4-dioxane and tetrahydrofuran, were detected in the blank samples
above the lowest calibration levels, which had been used as the practical quantitation limits (Table VIII). There are several possible
reasons for this; lab contamination, especially with 1,4-dioxane and THF is a known problem. With this in mind, we used purchased
bottled water for the blanks as well as the fortified samples. The most likely source of contamination is the finished drinking waters
used for the blanks. We were surprised by the background level of THF found, given that we purchased what we expected to be
“clean” filtered drinking waters from a major commercial supplier. Another possible source of low-level nitrosamine contamination
may be reactivity between chloramines and the activated coconut charcoal in the extraction tube [7]. Also, at these extremely low
levels, isobaric interferences cannot be discounted. The quant ions were changed for several of the nitrosamine compounds when
it was discovered that the primary ions selected from NIST spectra showed interferences with co-extracted material in sample
extracts. In order to report the analyte list at the trace levels detected, we modified the default reporting limit of any compound
detected in the blank to twice the amount detected. These “blank adjusted” reporting limits are also presented in Table VIII along
with the initial expected PQLs and the EPA Method 522/521 minimum reporting limits.
Analyte recoveries from laboratory fortified samples are presented in Table IX. The low-level fortified samples showed higher than
expected recoveries for the same compounds that showed signs of contamination in the blank. NDMA, the nitrosamine of highest
concern, was detected at sub-ppt levels, below its IRIS 10-6 cancer risk assessment level (0.7 ng/L) using this CSR-LVSI technique
(Figure 4). NDEA, another nitrosamine of concern, showed an average recovery of 75% for waters spiked at 1.0 ng/L. While not
quite the risk assessment level for NDEA (0.2 ng/L), this is well below the notification level of 10 ng/L used by the California EPA
and other states.
The mid-level laboratory fortified samples showed much better percent recoveries for all but a few compounds (THF, 1,4-dioxane, and N-nitroso-di-n-butylamine) as shown in Table IX. This is most likely due to source water contamination. The high-level
laboratory fortified samples showed recoveries that conformed to expectations better than the two previous levels, though THF and
NDMA showed deviations higher than the rest of the compounds (Table IX). At 50 ppt, the high bias of N-nitroso-di-n-butylamine
disappeared.
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Table VIII: Laboratory Blank Recoveries and Adjusted Reporting Limits
Limits

Blank

EPA Min
Reporting Limit
(ng/L)

Initial
PQL (ng/L)

Blank Adjusted
Reporting Limit
(ng/L)

THF

NA

2.0

340

170

--

69

1,4-Dioxane-d8 (SS)

--

--

--

4,300

110

5.0

1,4-Dioxane

70

10

36

18

--

8.1

Analyte

Avg. Recovery
(ng/L) N = 3

Avg. %
Recovery

% RSD

N-nitrosodimethylamine-d6 (SS)

--

--

--

350

88

6.4

N-nitrosodimethylamine

1.6

0.50

0.50

<0.50

--

--

N-nitrosomethylethylamine

1.5

2.0

2.0

<2.0

--

--

N-nitrosodiethylamine

2.1

0.20

0.56

0.28

--

--*

N-nitrosopyrrolidine

1.4

0.20

2.8

1.4

--

3.6

N-nitrosodi-n-propylamine

1.2

1.0

6.8

3.4

--

1.4

N-nitrosomorpholine

NA

0.20

1.1

0.56

--

0.21

N-nitrosopiperidine

1.4

0.20

1.4

0.68

--

44

N-nitrosodi-n-butylamine

1.4

0.40

14

7.0

--

16

*N-nitrosodiethylamine was detected in only one of three blank samples.

Table IX: Analyte Recoveries From Laboratory Fortified Samples
Low Level

Analyte

Blank-Adjusted
Reporting Limit
(ng/L)

Mid Level

IRIS 1x10-6

Cancer Conc.
(ng/L)

Avg. Recovery
(ng/L) N = 3

Avg. %
Recovery

%
RSD

Avg.
Recovery
(ng/L) N = 3

Avg. %
Recovery

High Level

% RSD

Avg. Recovery
(ng/L) N = 3

Avg. %
Recovery

% RSD

THF

340

--

<340

--

--

<340

--

--

610

120

20

1,4-Dioxane

36

350

<36

--

--

72

140

1.9

510

100

19

N-nitrosodimethylamine

0.50

0.7

0.63

130

14

2.3

92
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3.6
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4
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--
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2.4
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<14
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Figure 4: N-nitrosodimethylamine (NDMA) quantitation ion EIC for a low-level fortified sample (0.50 ng/L).
Peaks
1. N-Nitrosodimethylamine-d6
2. N-Nitrosodimethylamine

Conc.
(ng/mL)
10
0.025

m/z
80
74

GC_EV1348

Column
Sample
Diluent:
Injection
Inj. Vol.:
Liner:
Inj. Temp.:
Purge Flow:
Oven
Oven Temp.:
Carrier Gas
Flow Program:
Detector
Mode:
SIM Program:
Transfer Line
Temp.:
Analyzer Type:
Source Type:
Source Temp.:
Quad Temp.:
Solvent Delay
Time:
Tune Type:
Ionization Mode:
Instrument
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Rxi®-5Sil MS, 30 m, 0.25 mm ID, 1.00 μm (cat.# 13653)
using Rxi® guard column 10 m, 0.53 mm ID (cat.# 10073)
with SGE μ-union
Dichloromethane
50 μL splitless (hold 1.5 min)
Custom Sky® single taper liner with 15 mg quartz wool
275 °C
100 mL/min
35 °C (hold 1.5 min) to 50 °C at 50 °C/min (hold 7.1 min) to 320 °C
at 11.12 °C/min (hold 1.5 min)
He, ﬂow program
5.08 mL/min (hold 8.9 min) to 2.0 mL/min at 1.0 mL/min/min
MS
SIM
42, 43, 46, 48, 74, 80 m/z
320 °C
Quadrupole
Inert
230 °C
150 °C
9.9 min
BFB
EI
Agilent 7890A GC & 5975C MSD
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Conclusion
The preceding work was conducted to evaluate the effectiveness of combining concurrent solvent recondensation–large volume
injection with an unmodified splitless inlet to lower the detection limits of standard GC-MS equipment operating in EI mode, while
combining volatile and semivolatile analytes that use similar extraction procedures in order to minimize sample prep and analysis
times.
Our anticipated reporting limits (PQLs), based on the lowest calibration point for each individual compound were well below the
minimum reporting limits published in EPA Methods 522 and 521. However, the contamination of the blank water used for the
laboratory fortified samples caused us to raise the minimum reporting limits used for this application. Unfortunately, some of these
limits were raised above the levels published in the EPA methods.
When performing this work in the future, it would be prudent to further purify the reagent water used for laboratory control samples. Inert gas is commonly used to purge volatiles from blank reagent water, but the “volatile” impurities found in our blank water
do not purge efficiently enough to expect the reagent water to test clean at the low ng/L levels we targeted in this work. One of the
recommended uses for the carbon Empore® disk is cleaning up water for purge-and-trap applications. This type of activated carbon
disk or cartridge cleanup should be applied to any reagent water before laboratory fortification.
With this combined approach, we estimate a 20-sample batch could be extracted and analyzed in less than 18 hours, which is 14
hours faster than when running the methods separately. In addition to providing a means of reducing sample prep costs and increasing sample throughput, this work offers a good starting point for modifying wastewater or hazardous waste methods to speed
up sample prep and sample analysis. This 50 μL CSR-LVSI technique, when combined with SPE sample preparation, may reduce
the necessary wastewater or hazardous waste sample from 500 mL to just tens of milliliters, significantly reducing sample handling
costs.
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Rapidly Analyze a Wide Range of Glycol Ethers by
GC-MS Using the New Rxi®-1301Sil MS Column
By Rebecca Stevens and Chris English

Abstract
Chromatographic conditions were developed for a fast GC-MS glycol ether analysis on the Rxi®-1301Sil MS column. This cyanobased thin film column provides better resolution and faster run times than the thick film cyanopropylphenyl-type columns
commonly used for speciation of the glycol ethers. The glycol ethers are high production volume industrial chemicals that often
occur as complex mixtures of isomers. The Rxi®-1301Sil MS column is uniquely matched for the separation of these isomers while
still producing narrow and symmetric peaks for the low molecular weight ethylene glycol ethers.

The Glycol Ethers
Glycol ethers are a broad class of commodity chemicals that find use in numerous applications. They are commonly used as
ingredients in paints and coatings, cleaning products, and personal care products. This class of compounds is characterized by
repeating ethylene (E-series) or propylene (P-series) glycol units terminated on one or both ends by alkyl ethers, phenyl ethers,
or acetates (Figure 1). Glycol ethers are produced and used in enormous quantities, primarily in Western Europe, China, and the
United States.
Their unique amphiphilic structure gives the glycol ethers favorable properties such as low volatility, strong solvent strength, high
water solubility, and the ability to serve as coupling agents that promote the miscibility of aqueous and organic phases. These
properties make glycol ethers a popular alternative to traditional oxygenated solvents such as ketones, ethers, and alcohols.
Toxicological studies indicate that the lower molecular weight E-series glycol ethers, such as ethylene glycol methyl ether (EGME),
ethylene glycol ethyl ether (EGEE), and their acetates, may pose a more serious health hazard to humans and animals than their
higher molecular weight counterparts.
The European Union and Canada have both adopted regulations limiting the use of glycol ethers in consumer products. In the EU,
several of the glycol ethers are banned entirely while others are regulated to a specific concentration level. In 2010, Environment
Canada (EC) published a reference method [1] for analysis of glycol ethers in consumer products including cleaners, degreasers,
and coatings. This method addresses the most commonly used glycol ethers and describes an analytical approach for achieving the
reporting limits set by Canadian regulation.

Pure Chromatography
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Figure 1: Structures of E-Series and P-Series Glycol Ethers

E-Series Glycol Ethers

Ethylene glycol methyl ether

Diethylene glycol methyl ether

Ethylene glycol ethyl ether

Diethylene glycol butyl ether

Ethylene glycol phenyl ether

Triethylene glycol methyl ether

P-Ser ies Glycol Ethers

Propylene glycol methyl ether (α)

Dipropylene glycol methyl ether (α,α)

Propylene glycol methyl ether (β)

Dipropylene glycol methyl ether (β,β)

Propylene glycol butyl ether (α)

Dipropylene glycol methyl ether (α,β)

Glycol Ethers of Regulatory Importance are Well Resolved in Minimal Time
The Environment Canada reference method recommends a standard 624-type column in a 60 m x 0.32 mm x 1.80 μm format and
a temperature program that spans 30 minutes for glycol ether analysis. The Rxi®-1301Sil MS column has very similar selectivity to
that of 624-type columns as both are based on cyanopropylphenyl stationary phases; however, the thinner film and higher thermal
stability of the Rxi®-1301Sil MS column provide good separations in a fraction of the time.
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The Rxi®-1301Sil MS column in a 30 m x 0.25 mm x 0.25 μm format with optimized run conditions results in an analysis time of just
8 minutes. Using a fast temperature program, baseline resolution of the DPGME isomer group is possible and is comparable to, if
not better than, the original method (Figure 2). The 0.25 μm film results in higher efficiency, narrow peaks, and, in turn, improved
resolution with less retention. The Rxi®-1301Sil MS column also has a temperature limit of 320 °C, allowing for a high-temperature
isothermal hold to remove any low-volatility sample components from the column. If these low-volatility contaminants are not
removed during the analytical run they may elute in subsequent analyses as broad “ghost” peaks, possibly interfering with analytes
of interest.
Faster run times can also be achieved using narrow-bore 30 meter 624-type columns with the same phase ratio, such as a 30 m x
0.25 mm x 1.4 μm format, which will maintain the same elution order. However, as shown in Figures 3 and 4, chromatographic
resolution is reduced in exchange for speed in this situation, and coelution of the DPGME III isomer with DEGEE occurs. Poor
resolution of the TPGME isomer group is also apparent. In contrast to 624-type columns, the Rxi®-1301Sil MS column provides
better resolution of critical compounds for glycol ether analysis in a much faster analysis time.
Chromatograms were collected using a 200 amu scan range beginning at 20 amu in order to capture the low mass fragments
generated by electron ionization of the glycol ethers. The glycol units fragment readily and even the higher molecular weight
P-series compounds do not produce abundant ions greater than 150 amu. A high scan speed was employed to achieve enough
points across the narrow peaks.

Figure 2: An Rxi®-1301Sil MS column provides excellent separation of glycol ethers of regulatory importance three
times faster than under the EC method conditions while maintaining baseline resolution of the DPGME isomers.
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2.
3.
4.
5.
6.
7.
8.
9.

EGME
EGEE
Perﬂuoro TEGME (IS)
PnPGE
PGMA
EGBE
PGBE
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Analyzer Type:
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(scans/sec)
20-220
29

300°C
Quadrupole
Inert
230 °C
150 °C
70 eV
2 min
PFTBA
EI
Agilent 7890A GC & 5975C MSD
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Figure 3 : Analysis of glycol ethers on a conventional 624-type (30 m x 0.25 mm x 1.4 μm) column from another
vendor showing the longer analysis time required and coelution of DEGEE with a DPGME isomer.
Peaks
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2.
3.
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7.
8.
9.
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16.
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tR (min)

EGME
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PnPGE
PGMA
EGBE
PGBE
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100
100
100
100
100
100
100
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100
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Ethylene glycol hexyl ether
Diethylene glycol butyl ether
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Figure 4: Analysis of glycol ethers on an Rtx®-624 column (30 m x 0.25 mm x 1.4 μm) showing the same analysis
time and coelution issues associated with thick film cyanopropylphenyl columns
Peaks
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3. Perﬂuoro TEGME (IS)
4. PnPGE
5. PGMA
6. EGBE
7. PGBE
8. DEGME
9. DPGME I + DPGME II
10. DEGEE + DPGME III
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See Figure 3 for conditions.

Rapid Analysis is Achieved Using a Thin Film Column Alternative
The Rxi®-1301Sil MS column is based on the same stationary phase chemistry as the Rxi®-624Sil MS column, but it is made in a
thin film format (0.25 μm). This combination of selectivity and film thickness provides an ideal solution for fast GC-MS analysis
of a wide range of glycol ethers, making the Rxi®-1301Sil MS column ideal for the analysis of comprehensive lists of glycol ether
compounds.
Figure 5 shows the optimized separation of 24 glycol ethers and two internal standards on the Rxi®-1301Sil MS column.
Perfluorinated glycol ethers, such as fluorinated triethylene glycol methyl ether (perfluoro-TEGME), are commercially available
and represent candidates for functionally similar surrogates or internal standards for applications where isotope-labeled standards
are not practical or are unnecessary.
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While column bleed can be a concern with some stationary phases, the Rxi®-1301Sil MS column can be used with confidence.
At the maximum method temperature of 300 °C, column bleed is minimal and does not interfere with mass spectral compound
identification. Low column bleed is critical to the operation of sensitive mass selective detectors and allows full scan spectra to be
collected without interference from bleed ions.

Figure 5: The optimized selectivity and efficiency of thin film Rxi®-1301Sil MS columns provides good separation
of many key compounds for glycol ether analysis.
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tR (min)

EGiPE
Perﬂuoro TEGME (IS)
EGPE
PnPGE
PGMA
EGEA
PGBE
DEGDME
DEGME
DEGEE
1,2-DCB-D4 (IS)
EGBEA
EGHE
DEGBE
TEGDME
TEGME
EGPhE
PGPhE
DEGBEA
DEGHE
DEGDBE
TEGBE
TetraEGME
TEGDA
PentaEGME
EGDPhE

Conc.
(μg/mL)
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100

3.723
3.894
4.137
4.411
4.621
4.933
5.218
5.263
5.322
5.763
5.876
6.197
6.384
6.909
7.069
7.138
7.242
7.328
7.768
7.955
8.057
8.382
8.590
8.826
9.822
9.877

Common Name
Ethylene glycol isopropyl ether
Perﬂuoro triethylene glycol methyl ether
Ethylene glycol propyl ether
Propylene glycol propyl ether
Propylene glycol methyl ether acetate
Ethylene glycol ethyl ether acetate
Propylene glycol butyl ether
Diethylene glycol dimethyl ether
Diethylene glycol methyl ether
Diethylene glycol ethyl ether
1,2-dichlorobenzene-D4
Ethylene glycol butyl ether acetate
Ethylene glycol hexyl ether
Diethylene glycol butyl ether
Triethylene glycol dimethyl ether
Triethylene glycol methyl ether
Ethylene glycol phenyl ether
Propylene glycol phenyl ether
Diethylene glycol butyl ether acetate
Diethylene glycol hexyl ether
Diethylene glycol dibutyl ether
Triethylene glycol butyl ether
Tetraethylene glycol methyl ether
Triethylene glycol diacetate
Pentaethlylene glycol methyl ether
Ethylene glycol diphenyl ether

*Indicates a minor isomer. Standard was prepared from commercially available neat compounds, 95-99% purity.

8

21
26
19
12

13

3
1

4

5

14

11
6

17

10

9

2

20

15

7

24

16

23
25
18
22

*
3.5

4

4.5

5

5.5

6

6.5

Time (min)

7

*
7.5

8

8.5

9

9.5

10

GC_PC1279
See Figure 2 for conditions.
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Conclusion
The new Rxi®-1301Sil MS column from Restek provides a significant opportunity to improve glycol ether analysis. While 624-type
columns are often used for this work, the Rxi®-1301Sil MS column allow separations to be achieved in much faster analysis times.
Glycol ethers of regulatory concern can be analyzed in just 8 minutes while still achieving good separations of key isomers. Labs
interested in reducing analysis times for current methods based on 624-type columns should consider adoption of the Rxi®-1301Sil
MS column into their testing programs. The Rxi®-1301Sil MS column offers high thermal stability and very low bleed, ensuring
optimal performance for glycol ether analysis.
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Environmental Applications

Half the Column, Same Chromatogram:

Maintain Resolution of BDE 49 and BDE 71
With Proper Method Translation After Trimming
an Rtx®-1614 Column for Maintenance
By Michelle Misselwitz, Jack Cochran, and Jason Thomas

Abstract
Polybrominated diphenyl ethers (PBDEs) are additive flame retardants that are used in many household and office products, including furniture, electronics, and textiles. These lipophilic compounds have been found to be persistent and bioaccumulative in nature.
Due to their toxicity and ubiquitous presence, PBDEs are included in many monitoring efforts across a wide array of biological and
environmental sample matrices. The analysis of PBDEs is challenging due to structural isomers that need to be chromatographically
separated and thermally-labile compounds of interest that may breakdown during gas chromatography. Furthermore, nonvolatile
material may still persist even in cleaned final extracts, requiring GC column and inlet maintenance to be performed. PBDEs included in EPA Method 1614 are well resolved on a 15 m x 0.25 mm x 0.10 µm Rtx®-1614 GC column that was specifically designed
to meet method resolution requirements of less than 40% valley height between BDE 49 and BDE 71. The selectivity of this column,
in combination with properly translating the original GC method, allowed the column to be trimmed significantly for maintenance
(7.9 m) while maintaining the method resolution criterion. This allows chromatographers to extend GC column lifetime.

Introduction
Flame retardants have been added to numerous products including polyurethane foams, electronics, plastics, and carpet padding
to reduce the risk of burning. Technical mixtures of polybrominated diphenyl ethers (PBDEs) have been extensively used as additive flame retardants since the 1970s [1]. However, the technical mixtures containing penta and octa congeners were voluntarily
withdrawn in the United States in 2005 and the last remaining PBDE mixture, decaBDE, is being phased out. Unfortunately, the
concentrations of PBDEs in the environment have not been declining and, due to their persistent and bioaccumulative nature, these
compounds are still widely monitored. The health concerns of PBDEs are similar to that of polychlorinated biphenyls (PCBs) and
at the most recent Stockholm Convention on Persistent Organic Pollutants, two technical mixtures (pentaBDE and octaBDE) were
added to the priority pollutant list [2].
Monitoring PBDEs in biota and environmental matrices can be difficult due to the complexity of the sample, structural isomers that
must be separated chromatographically, and thermally-labile compounds that can break down during gas chromatography (GC). A
15 m x 0.25 mm x 0.10 µm Rtx®-1614 GC column, a 5% diphenyl, 95% dimethyl polysiloxane type stationary phase, was specifically
designed by Restek to meet EPA Method 1614 resolution requirements for critical isobaric BDE congeners 49 and 71 [3]. Using a
short, thin-film column also allows the elution of decabromodiphenyl ether (BDE 209) without on-column thermal degradation
that can compromise its qualitative and quantitative determination [4].
GC column and inlet maintenance is especially important for BDE analysis, because nonvolatile material persists in sample extracts
and deposits onto the front of the column and liner. This can cause poor transfer of BDEs to the GC column, which compromises
quantification and sensitivity. That same material at the head of the GC column also leads to poor peak shapes and reduced resolution between critical congeners, such as BDEs 49 and 71. Trimming a coil (0.5 m to 0.7 m) off the front of the column and changing
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the inlet liner restores performance and significantly increases the column lifetime. While fewer column changes saves time and
money, care must be taken to properly translate the method for the shorter column length to ensure that the original separation
is maintained. If the GC method is not translated after the column has been trimmed, the column flow would be very fast, which
would decrease resolution and detectability. The flow may also exceed the pumping capacity of many mass spectrometers. Method
translation software can help users adjust the GC oven program for the shorter column length and maintain the elution profile of the
original chromatogram. Using a 15 m x 0.25 mm x 0.10 µm column, we investigated how much of the GC column could be clipped
off for maintenance before the Method 1614 resolution requirement for BDE 49 and BDE 71 could no longer be met.

Experimental
Original Instrument Conditions
A 15 m x 0.25 mm x 0.10 µm Rtx®-1614 column (cat.# 10296) was used for the column trimming experiments. For all analyses, a 1
µL splitless injection (1 min purge time) of a native PBDE/BFR mix from Wellington Laboratories (Wellington cat.# BFR-PAR) was
made into a split/splitless inlet set to 340 °C and fitted with a Sky® cyclo double taper inlet liner (cat.# 23310.5 ). The instrument was
a 208 V Agilent® 7890/5975 GC-MS equipped with an enhanced turbo molecular pump. Electron ionization (-70 eV) and selected
ion monitoring (SIM) mode were used for MS.
The initial GC oven and flow conditions were optimized using Pro EZGC® methods development software from Restek Corporation
(cat.# 21487). This thermodynamic modeling software provided a separation which maximized resolution of target PBDEs with an
analysis time of 25 min. The GC oven temperature program started at 75 °C (hold 1 min), then ramped at 18 °C/min to 210 °C, then
ramped at 8 °C/min to 310 °C (hold 4 min). Helium was used as the carrier gas with a constant flow of 1.6 mL/min.

GC Method Translation
The original column length was accurately determined by
measuring the retention time of an unretained air peak to
determine the holdup time. Using the Agilent® GC pressure/
flow calculator, the column length parameter was increased
until the calculated holdup time matched the experimental
holdup time (Table I). The Rtx®-1614 GC column that was
used for this analysis had an initial length that was calculated to be 16 m. The determined column length was then used
for method translation and instrument software inputs.

Table I: Column length was increased (or decreased) in the
GC pressure/flow calculator until the calculated holdup time
matched the measured holdup time.
Measured Holdup Time = 0.420 min
Column Length (m)

Calculated Holdup Time (min)

15.0

0.381

15.5

0.401

16.0

0.420

After the analysis of the BFR-PAR standard, column maintenance was simulated by immediately trimming approximately two coils
(1.6 m) from the front of the column by removing the column from the inlet and pulling two full coils from the column cage and cutting the column where it lined up with the inlet piece again. The new column length was determined again by measuring the holdup
time and using the GC pressure/flow calculator to find the column length. The new column length (14.4 m), along with the original
GC conditions were input into the Agilent® GC method translator software, operated in translate-only mode. The method translator calculated a new oven temperature program so that the PBDEs eluted at approximately the same temperatures as the original
program and maintained resolution. The column flow of 1.6 mL/min was held constant. The BFR-PAR standard was reanalyzed to
monitor method performance of critical resolution and peak shape. Approximately two coils were trimmed again from the front
of the column and the GC method conditions were translated for the shorter column. This process of column trimming, method
translation, and analysis of the BFR-PAR standard was repeated until the resolution between BDEs 49 and 71 was compromised or
the instrument could no longer maintain the necessary oven programming rate or inlet pressure.

Results and Discussion
Optimized Analysis
The Pro EZGC® modeling software provided a GC oven temperature program and column flow conditions that maximized the
resolution between the tetrabromodiphenyl ethers BDE 49 and BDE 71. These two analytes are isomers that must be chromatographically resolved in order to meet EPA Method 1614 resolution requirements of less than 40% valley height between BDE 49 and
BDE 71. The optimized analysis conditions provided by the software yielded baseline resolution of BDE 49 and BDE 71 and a 25
min analysis time to reduce thermal breakdown of decabromodiphenyl ether (BDE 209). Resolution between isomers needs to be
optimized, but speed of analysis is also an important consideration for the analysis of PBDEs. Easily debrominating during a fire to
suppress the flames is a key characteristic that makes PBDEs ideal flame retardants, but it also makes them difficult to analyze in a
hot GC oven. In previous work, we found that a slower analysis or a longer column (30 m) yielded thermal breakdown of BDE 209
[4]. Using the 15 m, 0.25 mm, 0.10 µm Rtx®-1614 column and a fast analysis reduces the thermal breakdown of the PBDEs while still
providing baseline resolution of the structural isomers. Using an optimized injection port temperature of 340 °C and a cyclo double
taper inlet liner was previously found to increase BDE 209 response in comparison to using an inlet temperature of 250 °C or 300
°C. The higher inlet temperature allowed better volatilization and transfer of the higher molecular weight flame retardants onto the
column, without substantially increasing the degradation of BDE 209.
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PBDEs are lipophilic compounds that will accumulate in the fatty tissue of animals. To determine the amount of PBDEs present in
a sample, an extensive extraction and cleanup is required for soil, sediment, and tissue samples [2]. After the extract cleanup there is
often still a measureable amount of nonvolatile material that remains in the final sample. The nonvolatile residue collects in the inlet
and at the beginning of the GC column and can cause reduced recoveries and peak tailing. Changing the inlet liner and trimming
approximately one coil (0.5 m to 0.7 m) off of the front of the column as routine maintenance is often required to restore the desired
system performance and continue analyzing samples; however, when this is done the method should be adjusted to accommodate
the new shorter column length. Figure 1 shows the chromatographic separation achieved after two coils were trimmed off of the
column. Due to the selectivity of the Rtx®-1614 column for the target compounds and the use of properly translated method conditions, the critical separation of BDE 49 and BDE 71 was maintained on the shorter column.
Figure 1: Analysis conditions provided by Pro EZGC® software result in baseline resolution of BDE 49 and BDE 71.
Resolution is maintained even after trimming 1.6 m from the column.
		 Peaks
tR (min)
				
1. BDE 1
4.63
2. BDE 2
4.70
3. BDE 3
4.78
4. BDE 10
5.67
5. BDE 7
5.94
6. BDE 15
6.24
7. BDE 30
6.74
8. BDE 17
7.15
9. BDE 28
7.29
10. Pentabromoethylbenzene (PBEB) 7.50
11. Hexabromobenzene (HBB)
8.11
12. BDE 49
8.23
13. BDE 71
8.28
14. BDE 47
8.44
15. BDE 66
8.62

Column
Sample
Diluent:
Injection
Inj. Vol.:
Liner:
Inj. Temp.:
Oven
Oven Temp.:
Carrier Gas
Flow Rate:

Conc.
(ng/mL)
200
200
200
200
200
200
200
200
200
200
200
400
400
400
400

		 Peaks
tR (min) Conc.
				
(ng/mL)
16. BDE 77
8.92
400
17. BDE 100
9.50
400
18. BDE 119
9.62
400
19. BDE 99
9.84
400
20. BDE 85
10.47
400
21. BDE 126
10.58
400
22. BB-153
10.82
400
23. BDE 154
10.85
400
24. BDE 153
11.37
400
25. BDE 139
11.57
400
26. BDE 140
11.72
400
27. BDE 138
12.08
400
28. BDE 156
12.35
400
29. BDE 169
12.35
400
30. BDE 184
12.68
800
31. BDE 183
12.96
800

Rtx®-1614, 14.4 m, 0.25 mm ID, 0.10 µm (cat.# 10296)
Native PBDEs/BFRs (Wellington Laboratories) (cat.# BFR-PAR)
Nonane/toluene
1.0 µL splitless (hold 1.0 min)
4 mm Sky® cyclo double taper (cat.# 23310.5)
340 °C
75 °C (hold 0.9 min) to 210 °C at 21 °C/min to 310 °C at 9 °C/min (hold 3.6 min)
He, constant flow
1.6 mL/min

Detector
Mode:
Transfer Line
Temp.:
Analyzer Type:
Source Temp.:
Quad Temp.:
Instrument
Notes

3

MS
SIM

		 Peaks
tR (min)
				
32. BDE 191
13.38
33. BTBPE
13.46
34. BDE 180
13.61
35. BDE 171
13.95
36. BDE 201
14.68
37. BDE 204
14.81
38. BDE 197
14.85
39. BDE 203
15.09
40. BDE 196
15.22
41. BDE 205
15.54
42. BDE 208
16.79
43. BDE 207
16.95
44. BDE 206
17.31
45. BDE 209
19.03
46. DBDPE
20.32

Conc.
(ng/mL)
800
400
800
800
800
800
800
800
800
800
2,000
2,000
2,000
2,000
4,000

GC_EV1306

330 °C
Quadrupole
350 °C
200 °C
Agilent 7890A GC & 5975C MSD
Cat.# 10296 is a 15 m column. Two loops were trimmed off the column for a final
column length of 14.4 m.
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GC Method Translation
The GC method translation software allows the user to input the original GC oven program conditions and scale the new program
appropriately to the new GC column length so that the elution temperatures, and thus the retention order, of peaks remain the same.
There are two possible ways to translate the method after column trimming. The first maintains the original retention times and
oven program by reducing the column outlet flow. The benefit to this approach is that it is easier to maintain selected ion monitoring
windows because the analytes elute at approximately the same retention times as when the column was longer. However, the utility
of this approach is limited by the operating limits of the system. For example, starting with a 16 m column and an outlet pressure
of 0 psi, due to the mass spectrometer, the minimum column length is 12.5 m (approx. 6 coils). As the column flow is reduced, the
inlet pressure decreases. If another coil (0.7 m) is trimmed off, the column length would be approximately 11.8 m and the calculated
inlet pressure would be an inoperable -0.4 psi.
The second way to translate the GC method after column trimming is to maintain the original column outlet flow while increasing the oven temperature program rate (Table II). Using this approach is beneficial because the column outlet flow into the mass
spectrometer is constant. Decreasing or increasing the outlet flow into the MS will affect the vacuum pressure and change analyte
response. In addition, as the column gets shorter the analysis becomes faster, which increases sample throughput. Maintaining the
outlet flow and reducing the inlet pressure allows for a minimum column length of 7.9 m (~ 12 coils), which allows 6 more coils to
be removed for maintenance compared to the method where retention times are held constant. At 7.9 m the inlet pressure was 0.85
psi. If another coil is trimmed off of the column, the length becomes approximately 7.2 m and when a vacuum-outlet detector (e.g.,
MS) is used the inlet pressure would be negative. In this case then, the inlet pressure was the limiting factor in determining whether
to install a new column, not the failure to meet key congener separations, which were more than adequate (Figure 2).
When adapting the method to the shorter column length, the ion monitoring windows must also be adjusted to accommodate the
faster analysis time. The new windows can be determined using the speed gain factor calculated in the method translation software.
For example, at 10.4 m the speed gain factor is 1.6 compared to the 14.4 m method. The retention times are all approximately shifted
by a factor of 1.6; therefore, taking the previous method ion monitoring windows and dividing by the speed gain factor will give
the expected new elution time (Table III). When column maintenance is later repeated, the new ion monitoring windows can again
be accurately calculated from the actual measured retention times in the previous method (instead of from the measured retention
times in the original method) using the speed gain factor that was calculated by the method translation software.

Table II: As column length decreases with maintenance trimming (reduced by 0.5 m to 0.7 m for each coil removed),
properly translated method conditions maintain the column flow rate and increase the oven temperature ramp rate so
that analytes still elute at approximately the same temperature as with the original method.
Original Column

~2 Coils Removed

~8 Coils Removed

~12 Coils Removed

16

14.4

10.4

7.9

Internal Diameter (mm)

0.25

0.25

0.25

0.25

Film Thickness (µm)

0.10

0.10

0.10

0.10

Carrier Gas

He

He

He

He

Inlet Pressure (psi)

7.4

6.3

3.1

0.85

Flow Rate (mL/min)

1.6

1.6

1.6

1.6

Average Velocity (cm/sec)

63

67

79

90

Column Length (m)

Oven Temperature
Program

Ramp
Rate
(°C/min)

Temp
(°C)

Hold
Time
(min)

Ramp
Rate
(°C/min)

Temp
(°C)

Hold
Time
(min)

Ramp
Rate
(°C/min)

Temp
(°C)

Hold
Time
(min)

Ramp
Rate
(°C/min)

Temp
(°C)

Hold Time
(min)

—

75

1.0

—

75

0.9

—

75

0.5

—

75

0.3

18

210

0.0

21

210

0.0

34

210

0.0

52

210

0.0

8.0

310

3.6

9.0

310

3.6

15.0

310

1.9

23.0

310

1.4
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Figure 2: The minimum column length of 7.9 m achieved before the inlet pressure was no longer positive maintained
adequate resolution between BDE 49 and BDE 71. Approximately twelve coils were trimmed from the column, and the
analysis time was reduced by 16 min from the original 25 min method.

		 Peaks
			
1. BDE 1
2. BDE 2
3. BDE 3
4. BDE 10
5. BDE 7
6. BDE 15
7. BDE 30
8. BDE 17
9. BDE 28
10. Pentabromoethylbenzene (PBEB)
11. Hexabromobenzene (HBB)
			

Conc.
(ng/mL)
200
200
200
200
200
200
200
200
200
200
200

		 Peaks
			
12. BDE 49
13. BDE 71
14. BDE 47
15. BDE 66
16. BDE 77
17. BDE 100
18. BDE 119
19. BDE 99
20. BDE 85
21. BDE 126
22. BB-153
23. BDE 154

Conc.
(ng/mL)
400
400
400
400
400
400
400
400
400
400
400
400

71

		 Peaks
			
24. BDE 153
25. BDE 139
26. BDE 140
27. BDE 138
28. BDE 156
29. BDE 169
30. BDE 184
31. BDE 183
32. BDE 191
33. BTBPE
34. BDE 180
35. BDE 171

Conc.
(ng/mL)
400
400
400
400
400
400
800
800
800
400
800
800

		 Peaks
			
36. BDE 201
37. BDE 204
38. BDE 197
39. BDE 203
40. BDE 196
41. BDE 205
42. BDE 208
43. BDE 207
44. BDE 206
45. BDE 209
46. DBDPE

Conc.
(ng/mL)
800
800
800
800
800
800
2,000
2,000
2,000
2,000
4,000

BDE 71

BDE 49
47
49

66

DBDPE

3
77

15
2

119
100
99
30
1

7
10

17
28
PBEB

156,169
154,BB-153
85
191 180
153 140
183
139
184
171
126
138
BTBPE 197
196
201
203
204
205

HBB

2.00

3.00

207
208 206

4.00

5.00
Time (min)

209

6.00

7.00

8.00

GC_EV1307

Column
Sample
Diluent:
Injection
Inj. Vol.:
Liner:
Inj. Temp.:
Oven
Oven Temp.:
Carrier Gas
Flow Rate:

Rtx®-1614, 7.9 m, 0.25 mm ID, 0.10 µm (cat.# 10296)
Native PBDEs/BFRs (Wellington Laboratories) (cat.# BFR-PAR)
Nonane/toluene

Detector
Mode:
Transfer Line
Temp.:
Analyzer Type:
Source Temp.:
Quad Temp.:
Instrument
Notes

1.0 µL splitless (hold 1.0 min)
4 mm Sky® cyclo double taper (cat.# 23310.5)
340 °C
75 °C (hold 0.3 min) to 210 °C at 52 °C/min to 310 °C at 23 °C/min (hold 1.4 min)
He, constant flow
1.6 mL/min

5

MS
SIM
330 °C
Quadrupole
350 °C
200 °C
Agilent 7890A GC & 5975C MSD
Cat.# 10296 is a 15 m column. Twelve loops were trimmed
off the column for a final column length of 7.9 m.
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Table III: Retention times of new translated method can be predicted using the speed gain factor calculated by the
method translation software.
14.4 m Column

10.4 m Column

BDE 1

4.63

Calculated tR (min)
= 14.4 m tR/ 1.6
2.89

2.91

Difference (min) =
Calculated tR - Actual tR
-0.01

BDE 2

4.70

2.94

2.95

-0.01

Actual tR (min)

Actual tR (min)

BDE 3

4.78

2.99

3.00

-0.01

BDE 10

5.67

3.55

3.56

-0.01

BDE 7

5.94

3.71

3.72

-0.01

BDE 15

6.24

3.90

3.92

-0.01

BDE 30

6.74

4.21

4.23

-0.01

BDE 17

7.15

4.47

4.48

-0.01

BDE 28

7.29

4.56

4.57

-0.01

PBEB

7.50

4.69

4.71

-0.02

HBBZ

8.11

5.07

5.11

-0.04

BDE 49

8.23

5.14

5.18

-0.04

BDE 71

8.28

5.17

5.21

-0.04

BDE 47

8.44

5.27

5.31

-0.04

BDE 66

8.62

5.39

5.43

-0.04

BDE 77

8.92

5.57

5.62

-0.04

BDE 100

9.50

5.94

5.98

-0.05

BDE 119

9.62

6.01

6.06

-0.05

BDE 99

9.84

6.15

6.20

-0.05

BDE 85

10.47

6.54

6.59

-0.05

BDE 126

10.58

6.61

6.66

-0.05

BB-153

10.82

6.76

6.80

-0.04

BDE 154

10.85

6.78

6.83

-0.04

BDE 153

11.37

7.11

7.15

-0.04

BDE 139

11.57

7.23

7.27

-0.04

BDE 140

11.72

7.32

7.36

-0.03

BDE 138

12.08

7.55

7.58

-0.03

BDE 156/169

12.35

7.72

7.75

-0.03

BDE 184

12.68

7.93

7.95

-0.02

BDE 183

12.96

8.10

8.12

-0.02

BDE 191

13.38

8.36

8.37

-0.01

BTBPE

13.46

8.41

8.42

0.00

BDE 180

13.61

8.51

8.51

0.00

BDE 171

13.95

8.72

8.72

0.00

BDE 201

14.68

9.18

9.16

0.01
0.02

BDE 204

14.81

9.25

9.24

BDE 197

14.85

9.28

9.27

0.01

BDE 203

15.09

9.43

9.41

0.02

BDE 196

15.22

9.51

9.49

0.03

BDE 205

15.54

9.71

9.68

0.03

BDE 208

16.79

10.49

10.44

0.05

BDE 207

16.95

10.60

10.54

0.06

BDE 206

17.31

10.82

10.75

0.07

BDE 209

19.03

11.90

11.86

0.04

DBDPE

20.32

12.70

12.76

-0.06
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Fast Analysis
When properly translating the GC method, the column
length of 7.9 m did not prevent the EPA Method 1614 resolution requirement for BDE 49 and BDE 71 from being
met. The new method keeps the column flow the same but
the oven programming rates are faster to accommodate the
higher linear velocity through the column. Analysis times are
decreased by a factor of 2.8 from the 16 m method to the
7.9 m method and peak widths are reduced when trimming
the column and translating the method (Table IV). Narrower
peak widths can increase the signal-to-noise ratio and detectability of the analytes if the data acquisition rate is adjusted to
properly define the peak for quantitation.

Table IV: Full width half heights (FWHH) of the BDEs are
reduced when the column length is reduced.
Column Length
14.4 m

10.4 m

FWHH (s)

7.9 m

FWHH (s)

FWHH (s)

BDE 49

1.1

0.84

0.66

BDE 71

1.1

0.84

0.60

BDE 209

2.2

1.6

1.3

DBDPE

2.9

2.2

1.8

The Agilent® 7890/5975 GC-MSD that we used for this work was a 208 V instrument with a fast ramping oven that allowed for an
oven ramp rate of 52 °C/min to 210 °C and 23 °C/min to 310 °C for the shortest column length (7.9 m). Having the multi-ramp
program with a slower ramp at higher temperatures also allowed for the faster programming of shorter columns. A single, fast
oven programming rate may require additional systems so that the instrument can accurately provide a faster ramp rate at higher
temperatures.

Conclusions
Trimming a coil (~0.5 m to 0.7 m) off of a GC column as part of routine maintenance extends column lifetime; however, in order
to maintain resolution of the target analytes following maintenance, the method must be properly translated for the shorter column
length. By translating the GC oven program method for the new column length, an Rtx®-1614 column (0.25 mm x 0.10 µm) can
be trimmed down to 7.9 m for maintenance and still exceed the EPA Method 1614 resolution requirement for BDEs 49 and 71 and
produce a chromatogram very similar to the original 16 m column. Based on a “1 coil trim”, approximately 12 maintenance trims
could be performed for the analysis of BDEs before the GC oven ramping speed and inlet pressure limitations did not allow further
use of the column.
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Environmental Applications

Rapid Determination of TO-15
Volatile Organic Compounds (VOCs) in Air
By Jason S. Herrington

Abstract
The following study evaluated the efficacy of using Nutech’s 8900DS preconcentrator in combination with an analytical system
based on a 30 m x 0.32 mm x 1.00 µm Rxi®-5Sil MS column for analysis of VOCs in whole air. Results were assessed based on five
criteria outlined for time-integrated, whole air canister sampling in the United States (U.S.) Environmental Protection Agency’s
(EPA) Compendium Method TO-15 (Determination of Volatile Organic Compounds [VOCs] in Air Collected in Specially-Prepared Canisters and Analyzed by Gas Chromatography-Mass Spectrometry [GC-MS]). Canister blank concentrations were <0.2
ppbv; the average relative standard deviation (RSD) of calibration relative response factors (RRFs) was 9.31%; average scan and
selected ion monitoring (SIM) method detection limits (MDLs) were 0.06 ppbv and 35.9 pptv, respectively; average replicate precision was 4.29% difference; and average audit accuracy for all 65 targeted TO-15 VOCs was -2.82%. These performance levels for
VOC analysis of air met all Method TO-15 guidelines and were achieved using a 30 m x 0.32 mm x 1.00 µm Rxi®-5Sil MS column
with 16.5 minute GC analysis times (~22 min total sample throughput times).

Introduction
Volatile organic compounds (VOCs) are a class of organic chemicals typically characterized as possessing relatively high vapor
pressures at room temperature conditions. Their high vapor pressures result from relatively low boiling points, which cause a large
number of molecules to evaporate or sublimate from liquid or solid form, respectively, into the gas phase.
VOCs are produced from both primary and secondary sources. Primary sources, either natural or anthropogenic, are directly emitted from the source to the air, while secondary sources result from atmospheric reactions. VOCs are of great interest due to their
ubiquitous presence in indoor, outdoor, and personal air, and also because VOCs and their atmospheric reaction products have well
known adverse environmental impacts and detrimental human health effects.
As a requirement of the Clean Air Act Amendments of 1990, the United States (U.S.) Environmental Protection Agency (EPA) is
required to control 189 hazardous air pollutants (HAPs). In accordance, the EPA has generated a Compendium of Methods for the
Determination of Toxic Organic (TO) Compounds in Ambient Air. More specifically, Compendium Method TO-15 (Determination of Volatile Organic Compounds [VOCs] in Air Collected in Specially-Prepared Canisters and Analyzed by Gas Chromatography/Mass Spectrometry [GC-MS]) has been developed for the sampling and analytical procedures for the measurement of a subset
of 97 VOCs included in the 189 HAPs [1].
Method TO-15 is a “performance-based” guidance document for whole air canister sampling and VOC analysis; therefore, the
method has very little information on specific procedures or protocols that must be followed to be method “compliant”. However,
section 11.1.1 of Method TO-15 does identify three performance criteria, which should be met for a system to qualify. These criteria
are: a method detection limit of ≤0.5 ppbv, replicate precision within 25 percent, and audit accuracy within 30 percent for concentrations normally expected in contaminated ambient air (0.5 to 25 ppbv).

Pure Chromatography
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However, there are two additional criteria laboratories should be cognizant of that are not clearly outlined in Section 11.1.1 of
Method TO-15. Section 8.4.1 (Canister Cleaning and Certification) of Method TO-15 stipulates that any canister that has not tested
clean (compared to direct analysis of humidified zero air of less than 0.2 ppbv of targeted VOCs) should not be used. In addition,
section 10.5.5 (Technical Acceptance Criteria for the Initial Calibration) of Method TO-15 states that for the initial calibration the
calculated percent relative standard deviation (%RSD) for the relative response factor (RRF) for each compound in the calibration
table must be less than 30% with at most two exceptions up to a limit of 40%.
The following investigation was conducted to evaluate the efficacy of pairing Restek® products with a Nutech 8900DS preconcentrator to meet the five aforementioned criteria of U.S. EPA Compendium Method TO-15. Although 60 m GC columns are typically
used for TO-15 VOC analysis, a 30 m column was used here to determine if method criteria could be met with faster analysis times.

Experimental
Analytical System
For all of the experiments, the following analytical system was utilized: a Nutech 8900DS preconcentrator paired with an Agilent
6890 gas chromatograph (GC) coupled with an Agilent 5973 mass selective (MS) detector. The preconcentrator and GC-MS parameters may be found in Tables I and II, respectively.
The Nutech 8900DS preconcentrator utilizes three cryogenically cooled traps to concentrate/focus target analytes (often referred to
as “micro-scale purge-and-trap”) for delivery to the GC-MS system. In order of sample flow: Trap 1 consists of glass beads used to
remove water vapor, nitrogen, oxygen, and carbon dioxide (CO₂) from the sample stream; Trap 2 consists of Tenax® material used to
focus the VOCs and remove any residual water vapor and CO₂; and Trap 3 is a proprietary trap used for final analyte focusing and
transfer of analytes to the GC column.
All samples were analyzed by preconcentrating 400 mL of sample with the addition of 100 mL of the TO-14A internal standard/
tuning mix (cat.# 34408) (bromochloromethane, 1,4-difluorobenzene, chlorobenzene-d5, and 4-bromofluorobenzene) prepared at
20 ppbv concentrations.
Canister Cleaning/Blanks
Six SilcoCan® air sampling canisters (cat.# 24142-650) with Parker diaphragm valves and gauges were cleaned with a TO-Clean canister cleaning system (cat.# 22916). The canisters were cleaned per the recommended procedures outlined in section 8.4.1 of Method
TO-15. Briefly, at 100 °C all canisters were evacuated down to 500 mTorr and held under vacuum for 60 minutes; the canisters were
then filled with humidified (50% relative humidity [RH]) nitrogen to 30 psig. All RH values throughout this application note were
verified by an EXTECH hygro-thermometer/datalogger (Model SDL500). This cycle was completed two additional times for a total
of three cycles (Table III). All vacuums/pressures were controlled by the TO-Clean canister cleaning system’s internal gauge; however, vacuums/pressures were periodically verified using an Ashcroft® digital test gauge (cat.# 24268).
Blank canisters were generated by pressurizing clean canisters with humidified (50% RH) nitrogen to 30 psig, storing them for 3
days at room temperature (this was done to simulate any sample handling/shipping times), and then analyzing them with a selected
ion monitoring (SIM) method (this was done as to achieve better sensitivity compared to the scan method) for cleanliness. Nitrogen
was humidified by sparging the nitrogen through a humidification chamber (cat.# 24282) filled with deionized (DI) water.
Calibration Curve
A five-point calibration curve was generated by analyzing a series of volumes of a 10.0 ppbv primary standard (Table IV). The default
preconcentration volume was 400 mL. The 10.0 ppbv primary standard was generated by injecting 180 mL of TO-15 65 component
mix (cat.# 34436) into an evacuated 6-liter SilcoCan® air sampling canister (cat.# 24142-650) and pressurizing the canister to 30
psig with 50% RH nitrogen. The standard was allowed to age for at least 24 hours, but was no older than 30 days at the time of use.
Method Detection Limits
Method detection limits (MDLs) were determined as prescribed in the Code of Federal Regulations (40 CFR 136 Appendix B). Specifically, MDLs were determined from seven replicate measurements of a low-level standard containing each compound of interest
at concentrations near (within a factor of five) the expected detection limits. MDLs were calculated as the standard deviation of the
seven replicate measurements multiplied by 3.14 (i.e., the Student's t value for 99 percent confidence for seven values). MDLs were
determined for the analytical system both in full scan and by selected ion monitoring (SIM) by the use of 0.20 ppbv and 75.0 pptv
standards, respectively.
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Table I: Nutech 8900DS preconcentrator settings. Default preconcentration volume = 400 mL.
Trap 1 Settings
Cooling Temp.
Preheat Temp.
Preheat Time
Timeout
Desorb Temp.
Desorb Flow
Desorb Time
Bakeout Temp.
Flush Flow
Flush Time
Sweep Flow
Sweep Time
Temp. Target Range
Stable Time
Cooling W/He
Trap 2 Settings
Cooling Temp.
Desorb Temp.
Desorb Time
Timeout
Bakeout Temp.
Bakeout Time
Temp. Target Range
Stable Time
Cooling W/He
Cryofocus Settings
Cooling Temp.
Inject1 Time
Timeout
Temp. Target Range
Stable Time

-155 °C
5 °C
0 sec
10 min
20 °C
5 mL/min
360 sec
200 °C
120 mL/min
60 sec
120 mL/min
60 sec
2 °C
60 sec
No

-35 °C
190 °C
30 sec
10 min
200 °C
10 sec
2 °C
10 sec
No

Internal Standard
Purge Flow
Purge Time
Volume
ISTD Flow

100 mL/min
6 sec
100 mL
100 mL/min

Sample
Purge Flow
Purge Time
Sample Flow

100 mL/min
6 sec
100 mL/min

GC Control
Remote Start
GC Run Time
Flush Sample Line
GC Ready Required

Yes
3 min
No
Yes

GC Ready Timeout

1 min

Idle State Configuration
Cryotrap1
Transfer Line
Valve Oven
Cryotrap2
Sampler Line
Sampler Oven
Auxiliary

150 °C
125 °C
125 °C
150 °C
125 °C
125 °C
125 °C

-160 °C
140 sec
10 min
3 °C
10 sec

Table II: Agilent 6890/5973 GC-MS parameters.
GC Parameters
Column
Oven
Carrier Gas
Flow Rate
MS Parameters
Transfer Line Temp.
Source Temp.
Quad Temp.
Electron Energy
Solvent Delay Time
Tune Type
Ionization Mode
Scan Range
Scan Rate

Rxi®-5Sil MS, 30 m, 0.32 mm ID, 1.00 µm (cat.# 13654)
32 °C (hold 1 min) to 150 °C at 9 °C/min to 230 °C at 33 °C/min
He, constant flow
1.5 mL/min
230 °C
230 °C
150 °C
69.9 eV
1.00 min
BFB
EI
35 – 250 amu
3.32 scans/sec
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Table III: Canister cleaning procedures conducted at 100 °C with humidified
nitrogen (50% RH).
Cycle
1
2
3
Final

Evacuation Vacuum (mTorr)
500 (Hold for 60 min)
500 (Hold for 60 min)
500 (Hold for 60 min)
50

Pressurization Pressure (psig)
30
30
30
30 (Only for blanks)

Table IV: Calibration curve.
Standard (ppbv)
10.0
10.0

Injection Volume (mL)
400
300

Calibration Concentration (ppbv)
10.0
7.50

10.0
10.0
10.0

200
100
40

5.00
2.50
1.00

Precision
Replicate precision was determined from two canisters filled with a standard (5.00 ppbv and 50% RH) containing each compound of
interest at concentrations near expected field sample concentrations. Precision for each analyte was calculated as the absolute value
of the difference between the analyses of canisters divided by their average value and expressed as a percentage as follows:
Percent Difference (%) = |x₁-x₂|/μ x 100
x₁ = First measurement value
x₂ = Second measurement value
μ = Average of the two values
In addition, analytical precision determinations were made from seven replicate measurements of a standard (5.00 ppbv and 50%
RH) containing each compound of interest at concentrations near expected field sample concentrations. Precision for each analyte
was calculated as the standard deviation of the seven replicate measurements divided by the average value of the seven replicate
measurements and expressed as a percentage as follows:
Relative Standard Deviation (RSD [%]) = σ/μ x 100
σ = The standard deviation of an array
μ = The average of an array
Audit Accuracy
Audit accuracy for each compound was determined from the analysis of an audit standard prepared at 10.0 ppbv and 50% RH. Audit
accuracy was calculated as the difference between the nominal concentration of the audit standard and the measured value divided
by the nominal concentration of the audit standard, expressed as a percentage as follows:
Analytical Accuracy (%) = (Audit Value -Measured Value)/Audit Value x 100

Results and Discussion
The majority of laboratories performing Method TO-15 for VOC analysis of air samples use 60 m gas chromatography columns to
separate the standard suite of 65 target analytes. More specifically, most laboratories are using a 60 m x 0.32 mm x 1.00 µm column
and GC analysis times are on the order of 25 to 30 minutes. Total GC cycle times (i.e., including GC cool down) using a 60 m column
are generally 30 to 35 minutes. While 60 m columns have been used historically, the long total cycle times are a significant disadvantage. The shorter analysis times and good peak resolution obtained using a 30 meter column are beneficial to labs interested in
increasing sample throughput and overall productivity.
As shown in Figure 1, the 30 m x 0.32 mm x 1.00 µm Rxi®-5Sil MS column (cat.# 13654) was more than adequate to separate the
standard suite of 65 TO-15 VOCs. GC analysis times were just 16.5 minutes, approximately half the time of a typical analysis on
a 60 m column. Some coelutions were observed, but these compounds coeluted identically on a 60 m column; further, since the
compounds that coeluted are non-isobaric they can easily be distinguished with MS detection. In addition, much narrower peak
widths and increased peaks heights were obtained, resulting in increased analytical sensitivity. With the use of Nutech’s 8900DS
preconcentrator, total sample throughput time (i.e., including total GC cycle time [16.5 minute GC analysis + ~5 minute GC cool
down] and sample preconcentration time [~15 minute for 400 mL]) was only ~22 minutes. Total sample throughput time was
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Figure 1: Analysis of 65 TO-15 compounds in 16.5 minutes on a 30 m Rxi®-5Sil MS column.
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23.
24.

3.00

68 69

4.00

Peaks
Propylene
Dichlorodifluoromethane (Freon® 12)
Chloromethane
1,2-Dichlorotetrafluoroethane (Freon® 114)
Vinyl chloride
1,3-Butadiene
Bromomethane
Chloroethane
Ethanol
Trichlorofluoromethane (Freon® 11)
Acrolein
Acetone
Acetonitrile (contaminant)
1,1-Dichloroethene
Isopropyl alcohol
1,1,2-Trichlorotrifluoroethane (Freon® 113)
Methylene chloride
Carbon disulfide
trans-1,2-Dichloroethene
Methyl tert-butyl ether (MTBE)
1,1-Dichloroethane
Vinyl acetate
2-Butanone (MEK)*
Hexane*

5.00

tR (min)
1.57
1.60
1.67
1.68
1.74
1.79
1.91
1.98
2.16
2.20
2.25
2.29
2.29
2.47
2.49
2.55
2.63
2.68
2.97
3.02
3.13
3.17
3.36
3.36

		
25.
26.
27.
28.
29.
30.
31.
32.
33.
34.
35.
36.
37.
38.
39.
40.
41.
42.
43.
44.
45.
46.
47.
48.

6.00

7.00

8.00

Peaks
cis-1,2-Dichloroethene
Ethyl acetate
Bromochloromethane (IS)
Chloroform
Tetrahydrofuran
1,1,1-Trichloroethane
1,2-Dichloroethane
Benzene
Carbon tetrachloride
Cyclohexane
1,4-Difluorobenzene (IS)
Heptane
Trichloroethylene
1,2-Dichloropropane
Methyl methacrylate
Bromodichloromethane
1,4-Dioxane
4-Methyl-2-pentanone (MIBK)
cis-1,3-Dichloropropene
trans-1,3-Dichloropropene
Toluene
1,1,2-Trichloroethane
2-Hexanone (MBK)
Dibromochloromethane

9.00

tR (min)
3.50
3.62
3.67
3.75
3.83
4.09
4.21
4.36
4.37
4.39
4.70
5.00
5.04
5.09
5.23
5.28
5.32
5.81
5.81
6.33
6.37
6.55
6.77
7.09

10.00

		
49.
50.
51.
52.
53.
54.
55.
56.
57.
58.
59.
60.
61.
62.
63.
64.
65.
66.
67.
68.
69.
70.

11.00

12.00

13.00

14.00 Time (min)
GC_AR1152

Peaks
Tetrachloroethene
1,2-Dibromoethane
Chlorobenzene-d5 (IS)
Chlorobenzene
Ethylbenzene
m-Xylene
p-Xylene
Styrene
o-Xylene
Bromoform
1,1,2,2-Tetrachloroethane
4-Bromofluorobenzene**
4-Ethyltoluene
1,3,5-Trimethylbenzene
1,2,4-Trimethylbenzene
1,3-Dichlorobenzene
Benzyl chloride
1,4-Dichlorobenzene
1,2-Dichlorobenzene
1,2,4-Trichlorobenzene
Naphthalene
Hexachlorobutadiene

tR (min)
7.19
7.29
7.99
8.04
8.32
8.52
8.52
8.95
8.98
9.00
9.46
9.67
10.40
10.49
11.00
11.28
11.39
11.45
11.83
14.46
14.63
14.89

*Peaks 23 and 24 share ion m/z 43; **Tuning standard

Column: Rxi®-5Sil MS, 30 m, 0.32 mm ID, 1.00 µm (cat.# 13654), Sample: TO-15 65 component mix (cat.# 34436), TO-14A internal standard/tuning mix (cat.# 34408), Diluent: Nitrogen,
Conc.: 10.0 ppbv 400 mL injection, Injection: Direct, Oven: Oven Temp.: 32 °C (hold 1 min) to 150 °C at 9 °C/min to 230 °C at 33 °C/min, Carrier Gas: He, constant flow, Flow Rate: 1.5 mL/min,
Linear Velocity: 44 cm/sec @ 32 °C, Detector: MS, Mode: Scan, Scan Program: Group 1, Start Time(min) 0, Scan Range (amu) 35-250, Scan Rate (scans/sec) 3.32, Transfer Line Temp.: 230 °C,
Analyzer Type: Quadrupole, Source Temp.: 230 °C, Quad Temp.: 150 °C, Electron Energy: 69.9 eV, Solvent Delay Time: 1.0 min, Tune Type: BFB, Ionization Mode: EI, Preconcentrator: Nutech 8900DS,
Trap 1 Settings: Type/Sorbent: Glass beads, Cooling temp: -155 °C, Preheat temp: 5 °C, Preheat time: 0 sec, Desorb temp: 20 °C, Desorb flow: 5 mL/min, Desorb time: 360 sec, Bakeout temp: 200 °C,
Flush flow: 120 mL/min, Flush time: 60 sec, Sweep flow: 120 mL/min, Sweep time: 60 sec, Trap 2 Settings: Type/Sorbent: Tenax®, Cooling temp: -35 °C, Desorb temp: 190 °C, Desorb time: 30 sec,
Bakeout temp: 200 °C, Bakeout time: 10 sec, Cryofocuser: Cooling temp: -160 °C, Inject time: 140 sec, Internal Standard: Purge flow: 100 mL/min, Purge time: 6 sec, Vol.: 100 mL, ISTD flow: 100 mL/min,
Standard: Size: 200 mL, Purge flow: 100 mL/min, Purge time: 6 sec, Sample flow: 100 mL/min, Instrument: HP6890 GC & 5973 MSD, Acknowledgement: Nutech
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Table V: Results from blank, calibration, MDL, precision, and accuracy experiments demonstrate Method TO-15
criteria were met by the analytical system.
Analyte

Average Blank
Concentration
(pptv)¹

Calibration
(%RSD)²

Scan MDL
(ppbv)³

SIM MDL
(pptv)⁴

Replicate
Precision
(%Difference)⁵

Precision
(%RSD)⁶

Audit Accuracy
(%)⁷

BDL
BDL
BDL
BDL
BDL
ND
ND
ND
160
BDL
BDL
BDL
BDL
ND
BDL
BDL
BDL
ND
ND
ND
ND
ND
BDL
ND
ND
ND
ND
BDL
ND
BDL
BDL
ND
ND
BDL
ND
ND
ND
ND
ND
BDL
ND
BDL
BDL
ND
BDL
BDL
BDL
ND
BDL
BDL
BDL
ND
ND
BDL
BDL

8.51
6.22
7.63
18.9
5.60
6.44
6.86
10.5
21.4
17.2
9.96
10.8
13.2
14.5
25.0
12.7
7.12
8.14
5.17
18.4
2.94
7.47
11.8
4.88
3.28
11.6
7.97
22.6
5.67
8.92
27.5
29.8
3.71
3.85
3.72
18.6
11.5
4.53
2.46
4.05
2.44
4.98
4.30
10.2
3.27
2.70
2.28
8.27
20.3
6.00
5.91
1.60
6.38
3.09
5.87

0.10
0.05
0.02
0.08
0.05
0.15
0.05
0.06
0.19
0.08
0.09
0.14
0.05
0.03
0.09
0.05
0.03
0.05
0.03
0.03
0.05
0.06
0.02
0.02
0.08
0.02
0.08
0.04
0.04
0.02
0.04
0.05
0.04
0.03
0.03
0.14
0.08
0.04
0.08
0.04
0.05
0.03
0.05
0.11
0.03
0.00
0.04
0.05
0.03
0.04
0.04
0.05
0.02
0.05
0.06

66.9
33.4
38.8
65.3
37.6
34.0
26.4
78.0
94.6
21.9
31.0
45.1
50.9
23.4
23.5
56.3
38.0
39.9
42.8
25.2
33.0
39.9
37.8
21.7
99.4
11.9
41.6
15.4
15.7
61.2
38.8
40.7
28.0
18.4
24.6
20.7
19.6
22.6
24.3
8.30
20.4
17.0
14.3
94.5
33.3
18.7
17.6
17.4
34.3
12.1
13.1
29.2
24.7
12.1
20.4

1.69
1.79
0.89
3.33
0.15
3.25
3.63
3.30
6.34
5.25
1.04
6.60
8.50
3.53
4.45
4.75
5.14
4.89
3.41
4.23
1.22
6.07
0.27
3.22
2.93
4.47
0.12
3.28
3.67
9.55
4.85
4.00
13.55
0.96
1.36
3.53
0.13
2.04
6.87
0.80
8.30
6.70
0.58
4.82
3.68
0.88
7.85
2.93
4.01
5.51
5.51
3.34
3.76
5.88
8.30

9.08
7.82
6.59
7.71
7.12
5.12
5.84
6.07
9.01
10.8
6.70
5.55
10.2
6.07
5.84
5.68
7.61
6.46
6.53
6.36
7.06
7.34
6.91
5.67
13.6
6.64
9.72
6.22
5.34
6.60
6.04
5.61
5.41
5.95
6.48
7.75
7.10
7.08
6.24
7.59
5.86
5.67
5.73
8.15
6.02
5.98
6.63
4.91
6.10
6.70
6.70
6.89
7.50
6.34
7.99

12.8
1.74
1.29
-1.99
-7.24
-5.06
-4.86
-5.34
-4.06
-0.63
-10.7
1.20
5.79
-1.54
7.99
2.11
-1.89
0.37
-2.74
-5.87
1.94
0.89
-6.81
-0.80
-4.63
-1.51
6.01
-4.70
2.94
-1.17
2.33
-0.16
-2.46
-0.09
0.47
-1.63
0.90
2.71
1.90
-0.86
0.79
-3.04
-1.64
2.91
1.46
4.21
1.77
-3.37
-12.3
-14.3
-14.3
-17.7
-13.9
-13.0
-9.79

Propylene
Dichlorodifluoromethane (Freon 12)
Chloromethane
1,2-Dichlorotetrafluoroethane (Freon 114)
Vinyl chloride
1,3-Butadiene
Bromomethane
Chloroethane
Ethanol
Trichlorofluoromethane (Freon 11)
Acrolein
Acetone
Isopropyl alcohol
1,1-Dichloroethene
1,1,2-Trichlorotrifluoroethane (Freon 113)
Methylene chloride
Carbon disulfide
trans-1,2-Dichloroethene
Methyl tert-butyl ether (MTBE)
1,1-Dichloroethane
Vinyl acetate
2-Butanone (MEK)
Hexane
cis-1,2-Dichloroethene
Ethyl acetate
Chloroform
Tetrahydrofuran
1,1,1-Trichloroethane
1,2-Dichloroethane
Benzene
Carbon tetrachloride
Cyclohexane
Heptane
Trichloroethylene
1,2-Dichloropropane
Methyl methacrylate
1,4-Dioxane
Bromodichloromethane
4-Methyl-2-pentanone (MIBK)
cis-1,3-Dichloropropene
trans-1,3-Dichloropropene
Toluene
1,1,2-Trichloroethane
2-Hexanone (MBK)
Dibromochloromethane
Tetrachloroethene
1,2-Dibromoethane
Chlorobenzene
Ethylbenzene
m-Xylene
p-Xylene
Styrene
o-Xylene
Bromoform
1,1,2,2-Tetrachloroethane
(Continued on page 7.)
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(Continued from page 6.)

Table V: Results from blank, calibration, MDL, precision, and accuracy experiments demonstrate Method TO-15
criteria were met by the analytical system.

Analyte
4-Ethyltoluene
1,3,5-Trimethylbenzene
1,2,4-Trimethylbenzene
1,3-Dichlorobenzene
Benzyl chloride
1,4-Dichlorobenzene
1,2-Dichlorobenzene
1,2,4-Trichlorobenzene
Naphthalene
Hexachlorobutadiene

Average Blank
Concentration
(pptv)¹
ND
BDL
ND
ND
ND
BDL
BDL
ND
ND
ND

Calibration
(%RSD)²
3.01
4.13
1.86
5.18
23.2
3.04
6.26
15.9
17.7
6.58

Scan MDL
(ppbv)³
0.05
0.05
0.07
0.07
0.05
0.06
0.07
0.24
0.15
0.17

SIM MDL
(pptv)⁴
59.1
49.5
68.2
33.7
44.2
36.8
36.4
39.0
70.3
20.7

Replicate
Precision
(%Difference)⁵
7.03
5.98
5.09
5.75
4.58
7.78
6.92
7.39
3.37
6.32

Precision
(%RSD)⁶
7.63
6.43
4.92
7.07
7.42
6.66
7.72
6.42
6.82
3.18

Audit Accuracy
(%)⁷
-16.8
-17.1
-14.1
-11.8
-13.5
-11.8
-11.9
11.0
15.1
3.03

1 Determined by SIM analysis of six SilcoCan® air sampling canisters (cat.# 24142-650) filled with (50% RH) nitrogen to 30 psig and stored for 3 days.
2 RRF from five-point calibration curve in scan mode.
3 Calculated as the standard deviation of seven replicate analyses of a 0.20 ppbv standard and the Student's t test value for 99% confidence.
4 Calculated as the standard deviation of seven replicate analyses of a 75.0 pptv standard and the Student's t test value for 99% confidence.
5 Calculated as the absolute value of the difference between analyses of two canisters divided by their average value and expressed as a percentage.
6 The average %RSD obtained from seven replicate analyses in scan and seven replicate analyses in SIM.
7 Determined from a 10.0 ppbv audit standard.
BDL – Below detection limit
ND – Not detected

equivalent to total GC cycle time, due to the fact that while the GC analysis was being carried out on one sample, the next sample
was preconcentrating. The use of a 30 m x 0.32 mm x 1.00 µm Rxi®-5Sil MS column for Method TO-15 analysis increases sensitivity
and decreases sample analysis times, thereby increasing sample throughput and reducing operating costs.
Results from blank, calibration, MDL, precision, and accuracy experiments are shown in Table V and discussed relative to specific
method requirements below. Overall, excellent performance was obtained on the 30 m column in much shorter analysis times than
are typically observed when using a 60 m column.
Canister cleaning/blank analyses demonstrate the TO-Clean canister cleaning system (cat.# 22916) generated blank canister concentrations that met the Method TO-15 requirement (i.e., blank concentrations of less than 0.2 ppbv) for all 65 target analytes. The
combination of heat and water vapor automated cleaning process and the hydrophobic/inert Siltek® coating on the inside of the
SilcoCan® canisters helped to ensure the clean blanks. With the exception of ethanol, which averaged 160 pptv, all 65 components
were either not detected or were below detection limits. Good result were obtained even for active compounds (e.g., acrolein), polar
compounds (e.g., isopropyl alcohol, methyl ethyl ketone), and heavier semivolatile compounds (e.g., m- and p-xylene).
Calibration data demonstrate that the Nutech 8900DS preconcentrator, 30 m Rxi®-5Sil MS column, and analytical system meet the
Method TO-15 requirement (i.e., the %RSD for the RRF for each compound of interest was less than 30% with at most two exceptions up to a limit of 40%) for all 65 target analytes.
The %RSD for the average RRF was 9.31. These results also demonstrate that this system setup can provide linear concentrations of
volumes spanning at least an order of magnitude (i.e., 40 to 400 mL).
Results from the method detection limits experiment show that the Method TO-15 MDL requirement (i.e., a method detection limit
of ≤0.5 ppbv) was met for all 65 target analytes. The average scan and SIM MDLs were 0.06 ppbv and 35.9 pptv, respectively. It is
important to note that the MDLs are strictly a statistical number (i.e., they do not always translate to real world concentrations with
corresponding chromatographic peaks that are easily discernible from analytical noise); however, the system configuration used was
able to adequately determine analytical peaks at 0.2 ppbv and 75.0 pptv for all 65 components in scan and SIM modes, respectively.
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The replicate precision data demonstrate that the current method easily meets the Method TO-15 requirement (i.e., replicate precision within 25%) for all 65 target analytes. The average replicate precision was 4.29%. Although Method TO-15 (Section 11)
stipulates that precision should be evaluated as the replicate precision of two canisters filled from the same air mass, this precision
determination is not strictly evaluating the preconcentrator and analytical system. Rather, this precision includes any variability
associated with sampling and/or storage. In addition, with only a two-point evaluation the precision could easily bias high or low.
Therefore, in an attempt to provide a robust evaluation of the analytical precision (i.e., the preconcentrator and analytical system), a
single standard was evaluated with seven replicate measurements and provided an average analytical precision of 6.86 %RSD. Similarly, results from the audit accuracy experiment demonstrate the system met the Method TO-15 requirement (i.e., audit accuracy
within 30%) for all 65 target analytes. The average audit accuracy was -2.82%.
It is important to note that all results were obtained on a “close to real world” analytical system (i.e., although the instrument was
tuned, the source had not just been freshly cleaned). In addition, the instrument used was a >10 year old 5973 with a standard turbo
pump. Furthermore, except for instances in gross error (very infrequent), all chromatographic peaks were auto-integrated (i.e., the
peaks were not manually adjusted).

Conclusion
The following investigation was conducted to evaluate the efficacy of pairing Restek® products with the Nutech 8900DS preconcentrator to meet the five most pertinent criteria of Method TO-15. Results demonstrate that the combination of the TO-Clean
canister cleaning system (cat.# 22916), SilcoCan® air sampling canisters (cat.# 24142-650), Nutech 8900DS preconcentrator, Agilent
6890/5973 GC-MS, and Rxi®-5Sil MS column (30 m x 0.32 mm x 1.00 µm,cat.# 13654) easily meet all of the criteria for TO-15 VOC
analysis. In addition, use of the 30 m x 0.32 mm x 1.00 µm column resulted in 16.5 min GC analysis times (~22 min total cycle
times), which provide a significant time savings compared to a standard 60 m column. Obtaining method compliant results in less
time presents an opportunity for increasing sample throughput for labs conducting TO-15 VOC analysis.
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Environmental Applications

Lowering Detection Limits for 1,4-Dioxane in
Drinking Water Using Large Volume Injection
in an Unmodified Splitless GC Inlet
By Chris Rattray, Jack Cochran, and Chris English

Abstract
Concurrent solvent recondensation–large volume splitless injection (CSR-LVSI) for gas chromatography typically requires a special
injection port such as a programmable temperature vaporizer (PTV). The technique described here for the analysis of 1,4-dioxane
in drinking water uses an unmodified split/splitless inlet with CSR-LVSI to lower reporting limits without concentrating the extract.
This CSR-LVSI technique improves detectability with no specialized equipment or changes to standard laboratory instrumentation.

Introduction
Global concern over the carcinogenic potential of 1,4-dioxane, along with its identification as a Group 2B compound by the World
Health Organization’s International Agency for Research on Cancer (IARC), has led to increased regulatory interest in this compound. For example, as a part of Unregulated Contaminant Monitoring Rule 3 (UCMR3), the U.S. EPA is requiring that all municipalities serving drinking water to more than 10,000 people monitor 1,4-dioxane levels for 12 consecutive months between 2013
and 2015. The mandated method for 1,4-dioxane analysis is EPA 522, which was developed for part-per-trillion (ppt) analysis of
drinking waters using solid phase extraction (SPE) cartridges and gas chromatography-mass spectrometry (GC-MS) in selected
ion monitoring (SIM) mode. 1,4-Dioxane is a synthetic organic solvent used to stabilize chlorinated solvents; 1,1,1-trichloroethane
(TCA), for example, may contain up to 8% 1,4-dioxane. 1,4-Dioxane is very soluble in water, and improper disposal of chlorinated
solvents can lead to the accumulation of 1,4-dioxane in ground and surface waters used as drinking water sources [1].
The 1x10-6 cancer risk assessment level for 1,4-dioxane was recently revised down to 0.35 µg/L from 3.0 µg/L by the U.S. EPA. This
risk level corresponds to the lifetime probability of one individual in an exposed population of one million developing cancer. As a
result, the proposed minimum reporting level (MRL) for 1,4-dioxane as part of UCMR3 is 0.07 µg/L (70 ppt) [2]. Using large volume splitless injection in GC-MS is advantageous when trying to analyze trace-level contaminants in clean matrices like drinking
water because greater levels of target compounds are introduced onto the analytical column resulting in better detectability. Generally, a special injection port such as a programmed temperature vaporization (PTV) injector is required for this type of injection
[1]. With the PTV inlet temperature set near the boiling point of the solvent, the sample is introduced at a high split ratio and as the
solvent evaporates the analytes of interest are concentrated in the inlet. After a predetermined time, the split valve is closed and the
inlet temperature is increased to transfer the concentrated sample and remaining solvent onto the column. This solvent-venting,
analyte-concentrating step requires a relatively large difference in boiling points between solvent and solute, more than 100 °C, in
order to prevent loss of analytes of interest to the split vent [3]. This rules out using a PTV type injection port for Method 522 due
to inadequate differences in boiling point. The SPE elution solvent described in the method is dichloromethane (DCM), which has
a boiling point of 40 °C. The analysis uses deuterated tetrahydrofuran (THF-d8), which has a boiling point between 65 and 66 °C,
as the internal standard, while 1,4-dioxane and its deuterated isotopologue 1,4-dioxane-d8 both boil around 100 °C (101 and 99 °C
respectively).

Pure Chromatography
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This lab has successfully demonstrated that concurrent solvent recondensation–large volume splitless injection (CSR-LVSI), a technique described by Magni and Porzano [4,5], can be used without any modification to an Agilent-style splitless injection port for a
variety of analyses, including polycyclic aromatic hydrocarbons (PAHs), total petroleum hydrocarbons (TPH), EPA Method 8270
semivolatiles [6], brominated flame retardants [7], as well as many organochlorine, organonitrogen, and organophosphorus pesticides. The CSR-LVSI technique we used is based on the work of application chemists at Thermo Scientific, who have successfully
applied their CSR-LVSI technique to drugs-of-abuse, pesticides, and polychlorinated biphenyls by injecting 20–35 µL, significantly
improving limits of detection [8, 9, 10]. This technique uses a retention gap (e.g., 5 m x 0.25 mm) press-fitted to the analytical
column and a starting GC oven temperature below the boiling point of the solvent. A fast autosampler injection with liquid band
formation of the injected sample into a liner containing glass wool eliminates backflash in the hot injection port [11].
Given how close the boiling points of the compounds in question are to the cartridge elution solvent, we theorized that CSR-LVSI
would be especially applicable for analyzing 1,4-dioxane in drinking water according to U.S. EPA Method 522. The typical procedure
for preparing samples using SPE cartridges involves extracting a given volume of sample, drying the extract, and concentrating it
down to a final volume of 1 mL. However, due to the high volatility of 1,4-dioxane and THF-d8, this concentration step is expressly
forbidden in EPA Method 522 [12] in order to prevent evaporative loss of the target analytes. The authors of EPA Method 522 saw
losses of 1,4-dioxane of over 30% when concentrating extracts using gentle nitrogen stream evaporation (N-Evap) and an ambient temperature water bath [1]. Our work assessed the potential for CSR-LVSI to lower detection limits, while not compromising
1,4-dioxane recoveries.

Experimental
To determine if CSR-LVSI was both compatible with the volatile compounds in question and an appropriate technique to lower
detection limits, a 9-point calibration curve covering 3 orders of magnitude was prepared using 1,4-dioxane (cat.# 30287) (Table
I). The surrogate standard, 1,4-dioxane-d8 (cat.# 30614), and the internal standard, THF-d8 (cat.# 30112), were both added at a
concentration of 50 pg/µL.

Table I: Calibration curve (1-1,000 pg/µL).
Level

Prepared Standard
(pg/µL)

10 µL Injection
On-Column Amount (pg)

Equivalent Concentration
in 500 mL Samples (µg/L)

1

1.0

10

0.020

2

2.0

20

0.040

3

10

100

0.20

4

50

500

1.0

5

100

1,000

2.0

6

250

2,500

5.0

7

500

5,000

10

8

750

7,500

15

9

1,000

10,000

20

The low point in the calibration is one-half the low point published for the MS SIM instrument in the 522 method, effectively halving the theoretical minimum detection limit. A second 5-point calibration curve covering 2 orders of magnitude was prepared with
lower concentrations of internal standard and surrogate standard (0.010 µg/L vs. 0.050 µg/L) to probe the limits of the GC-MS
system being used for the experiment and to attempt to halve the minimum detection limit again. Calibration levels and equivalent
concentrations for each curve are shown in Tables I and II.
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Table II: Calibration curve (0.5-50 pg/µL).
Level

Prepared Standard
(pg/µL)

10 µL Injection
On-Column Amount (pg)

Equivalent Concentration
in 500 mL Samples (µg/L)

1

0.50

5.0

0.010

2

1.0

10

0.020

3

5.0

50

0.10

4

10

100

0.20

5

50

500

1.0

Solid Phase Extraction (SPE)
A thorough evaluation of the method-specific Resprep® SPE cartridge for EPA 522 (cat.# 26032), which is a 6 mL cartridge with 2 g
activated charcoal, is described in Grimmett and Munch’s paper on the development of EPA Method 522 [1]. The cartridge is meant
for samples ranging between 0.5 L and 1 L, though high levels of suspended solids may severely restrict flow or completely clog the
cartridge before the full sample amount has passed. Average recoveries of 1,4-dioxane were in the mid 90 to low 100 percentile with
%RSDs less than 5 (n=7 for each matrix) when the activated carbon SPE cartridges were used to extract 3 different drinking water
sources (surface water, high total organic carbon surface water, and high mineral content ground water).
Our concern regarding the SPE cartridge is not extraction efficiency, but the consequences of injecting 10 times the normal amount
of sample matrix into the GC. While operating in selected ion mode, especially when dealing with low molecular weight ions, it
is critical that the peaks of interest be separated from interferences. The method explicitly states that the analyst must verify the
absence of interferences for 1,4-dioxane at both the quantitation ion (m/z 88) and the confirmation ion (m/z 58). To evaluate the
effects of the extract matrix on the analysis, several fortified samples and extraction blanks were prepared using deionized reagent
water and bottled drinking water purchased from a local grocery store. The surrogate standard was added at 0.010 µg/L and 0.020
µg/L, depending on the amount of sample extracted, so that the extract would have a final surrogate concentration of 0.010 µg/mL.
The bottled waters were fortified while still in their plastic bottles, recapped, mixed by inversion and allowed to sit for several hours
to ensure homogeneous samples.
Each sample was extracted using a Resprep® activated coconut charcoal SPE cartridge following EPA Method 522 protocol. Immediately after solvent elution, the extracts weret spiked with 20 µL of internal standard and brought up to 10 mL final volume as
specified in the method, resulting in a concentration of 10 pg/µL in the extract. The extracts were then transferred to a large storage
vial and dried with anhydrous magnesium sulfate to take advantage of its more complete drying capacity (this was a deviation from
the method, which calls for sodium sulfate).
GC-MS Conditions
A fast autosampler injection with an Agilent 7683 injector was used to make large volume (10 µL) injections from a 25 µL SGE large
volume autosampler syringe (cat.# 24798). A Sky™ 4 mm single taper liner with wool (cat.# 23303) placed at the bottom of the liner
was installed into an unmodified Siltek® treated EZ Twist Top® split/splitless injection port at 120 °C. The purge valve time was set
at 1 minute. A deactivated 5 m x 0.25 mm ID Rxi® retention gap (cat.# 10029) was installed in the injector and press-fitted (deactivated Universal Press-Tight® connector, cat.# 20429) to a 30 m x 0.25 mm x 1.4 µm Rxi®-624Sil MS column (cat.# 13868). The oven
was programmed from 35 °C (hold 1 min) to 120 °C (hold 1 min) at 12 °C/min, with a constant flow of 1.4 mL/min helium carrier
gas. All analyses were performed on an Agilent 7890A GC with a 5975C quadrupole mass spectrometer operated in selected ion
monitoring mode.
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Results and Discussion
The goal of this work was to assess the potential for using CSR-LVSI with a completely unmodified standard split/splitless GC inlet
as a means of lowering detection limits for 1,4-dioxane in drinking water. To first determine if the technique was appropriate for this
application, peak response, linearity, and interferences were assessed.
With large volume injections, there can be concern about analyte loss; however, this would be apparent in a comparison of CSR-LVSI
and standard volume injections that delivered equivalent on-column amounts. If no sample loss occurs, the peak area obtained using the CSR-LVSI technique should correspond with the peak area of standard volume splitless injection. Figure 1 is an overlay of
extracted ion chromatograms for the 1,4-dioxane quantitation ion (m/z 88). The peak on the left is a 1 µL splitless injection of a 500
pg/µL standard. The peak on the right is a 10 µL splitless injection of a 50 pg/µL standard. Though retention time and peak shape
vary greatly, the peak areas are comparable, indicating that no sample was lost when using the CSR-LVSI technique. Also, the use of
CSR-LVSI improves peak shape, which is a phenomenon we have seen before [6]. The recondensation of the solvent and analytes in
the cool oven and subsequent re-evaporation of the solvent (DCM) as the oven program passes 40 °C focuses the solutes into a very
narrow band before they are separated by the analytical column, resulting in a narrow, symmetrical 1,4-dioxane peak.

Figure 1: Overlay of CSR-LVSI and standard volume injections. Comparable areas for equivalent on-column
amounts from both injection techniques indicate no loss of sample occurred when using CSR-LVSI.
2
		 Peaks
1. 1 µL injection of 500 pg/µL 1,4-dioxane standard (500 pg on-column)
2. 10 µL injection of 50 pg/µL 1,4-dioxane standard (500 pg on-column)

6500
6000
5500

Column

5000
4500
4000
3500
3000
2500

1

2000
1500
1000
500
0

5.20

5.40 5.60

5.80 6.00 6.20

6.40

Rxi®-624Sil MS, 30 m, 0.25 mm ID, 1.40 µm (cat.# 13868)
using Rxi® guard column 5 m, 0.25 mm ID (cat.# 10029)
with Universal Press-Tight® connectors (cat.# 20429)
1,4-Dioxane (cat.# 30287)
Dichloromethane
splitless (hold 1 min)
Sky™ 4 mm single taper/gooseneck w/wool (cat.# 23303.5)
120 °C
80 mL/min

Sample
Diluent:
Injection
Liner:
Inj. Temp.:
Purge Flow:
Oven
Oven Temp:
35 °C (hold 1 min) to 120 °C at 12 °C/min (hold 1 min)
Carrier Gas
He, constant flow
Flow Rate:
1.4 mL/min
Linear Velocity:
30.556 cm/sec @ 35 °C
Detector
MS
Mode:
SIM
SIM Program:			
Start Time
Group (min)
Ion(s)
Dwell (ms)
		 1
5.0
46,78,80 m/z
50
		 2
5.85 96,88,64,62,58 m/z
40
Transfer Line Temp.: 280 °C
Analyzer Type:
Quadrupole
Source Temp.:
230 °C
Quad Temp.:
150 °C
Solvent Delay Time: 5.0 min
Tune Type:
BFB
Ionization Mode:
EI
Instrument
Agilent 7890A GC & 5975C MSD
6.60 6.80 7.00 Time
7.20(min)7.40 7.60 7.80 8.00 8.20 8.40 8.60 8.80 9.00 9.20 9.40 9.60 Time (min)

GC_EV1260

Another concern when using large injection volumes in splitless injection is analyte loss due to backflash. Backflash is thought to
occur when the solvent vapor expands to the point that its volume exceeds the capacity of the inlet liner, causing carryover, poor
reproducibility, nonlinear increases in peak area with increasing injection volume, and loss of analytes via the septum purge valve.
1,4-Dioxane and THF have boiling points close enough to that of dichloromethane that if backflash were to occur a significant
amount of these analytes could be lost to the explosive expansion of the solvent. Magni and Porzano suggest that backflash is prevented in CSR-LVSI by a pressure surge triggered by the rapid expansion of solvent after a fast CSR-LVSI into a hot GC inlet [4].
This sudden surge in pressure causes a much faster transfer of solvent and sample onto the column, while at the same time preventing the backflow of sample out the septum purge. For performing CSR-LVSI in our unmodified inlet, we chose an injection port
temperature of 120 °C and none of the deleterious effects commonly associated with backflash were observed. Sample loss due to
backflash would have manifested as nonlinear area responses, but excellent linearity was achieved across a wide calibration range
that extended well below the EPA Method 522 minimum detection limit (Figures 2 and 3). A typical chromatogram for a 50 pg/µL
standard is shown for reference in Figure 4.
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Figure 2: 1 to 1000 pg/µL 1,4-dioxane calibration
curve using 10 µL CSR-LVSI GC-MS.

Figure 3: 0.5 to 50 pg/µL 1,4-dioxane calibration
curve using 10 µL CSR-LVSI GC-MS.
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Figure 4: Analysis of a 10 µL 50 pg/µL 1,4-dioxane standard on an Rxi®-624Sil MS column using CSR-LVSI in an
unmodified split/splitless GC inlet.

Column

1

1

Sample
Diluent:
Conc.:
Injection
Inj. Vol.:
Liner:
Inj. Temp.:
Purge Flow:
Oven Temp:

Rxi®-624Sil MS, 30 m, 0.25 mm ID, 1.40 µm (cat.# 13868)
using Rxi® guard column 5 m, 0.25 mm ID (cat.# 10029) with
Universal Angled Press-Tight® connectors (cat.# 20446-261)
Tetrahydrofuran-d8 (cat.# 30112)
1,4-Dioxane-d8 (cat.# 30614)
1,4-Dioxane (cat.# 30287)
Dichloromethane
50 ng/mL

10 µL splitless (hold 1 min)
Sky™ 4 mm single taper/gooseneck w/wool (cat.# 23303.5)
120 °C
80 mL/min
35 °C (hold 1 min) to 120 °C at 12 °C/min
(hold 1 min)
Carrier Gas
He, constant flow
Flow Rate:
1.4 mL/min
Linear Velocity:
30.556 cm/sec @ 35 °C
Detector
MS
Mode:
SIM
SIM Program:				
Start Time
Group
(min)
Ion(s)
Dwell (ms)
		 1
5.0
46,78,80 m/z
50
		 2
5.85
96,88,64,62,58 m/z
40
Transfer Line Temp.: 280 °C
Analyzer Type:
Quadrupole
Source Temp.:
230 °C
Quad Temp.:
150 °C
Solvent Delay Time: 5.0 min
Tune Type:
BFB
Ionization Mode:
EI
Instrument
Agilent 7890A GC & 5975C MSD
Notes
Large volume splitless injection for EPA Method 522
without a PTV.
Acknowledgement M. Misselwitz,
J. Cochran
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Peak response and linearity evaluations indicate that CSR-LVSI with an unmodified inlet results in complete transfer of 1,4-dioxane to the analytical column, with the additional benefit of improved peak shape. While results for injected standards were quite
promising, large volume injections of sample extracts can introduce a significant amount of co-extracted material and the impact
of potential interferences must be considered when assessing the technique. This analysis is especially sensitive to interference
from co-extracted material because the SIM ions are at a relatively low mass to charge ratio. The extracted ion chromatogram for
an unfortified reagent water extract is shown in Figure 5; note that the 1,4-dioxane-d8 surrogate (5.95 min, m/z 96 and 64) and the
THF-d8 internal standard (5.1 min, m/z 46 and 78) are at 10 pg/µL. While some peaks from co-extracted materials are present and
an elevated baseline for m/z 88 is seen, the chromatogram is free of critical interferences for 1,4-dioxane, and this was consistent
throughout the analysis of cartridge extracts. As shown in the analysis of a fortified drinking water extract in Figure 6, 1,4-dioxane
is chromatographically separated from any interferences using the CSR-LVSI technique with analysis on an Rxi®-624Sil MS column.

Figure 5: Extracted ion chromatograms for 10 µL CSR-LVSI GC-MS of an unfortified reagent water extract. Although
the baseline is slightly elevated and peaks for some co-extracted material are present, no critical interferences for
1,4-dioxane (m/z 88) occur.

Peaks
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5.1
Co-extracted material		
1,4-Dioxane-d8 (SS)
5.95
Co-extracted material		

1.
2.
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4.

m/z
46,78
78
96,64
64

GC_EV1261
Time (min)
See Figure 4 for instrument conditions.

Figure 6: Extracted ion chromatogram of a 0.5 pg/µL fortified drinking water extract (10 µL CSR-LVSI, 5 pg
on-column). Note that the 1,4-dioxane quantification ion (m/z 88) and confirmation ion (m/z 58) are fully separated
from matrix interferences, as required by EPA Method 522.
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While we were able to separate 1,4-dioxane from any interferences in the deionized and drinking water extracts, there was a partial
co-elution with m/z 46 (THF-d8 recommended quantitation ion) in the extracted samples that was not present in the analyzed
standards (Figure 7). However, the suggested confirmation ions, m/z 78 and m/z 80, were both free of interferences in all extracted
sample runs with good responses, making either ion an acceptable replacement for m/z 46.

Figure 7: Extracted ion chromatogram of an extracted drinking water sample. A partial coelution is seen for the
THF-d8 internal standard quantitation ion (m/z 46), but both confirmation ions are free of interferences and could
be used for quantification.

Peaks
1. Co-extracted material
2. Tetrahydrofuran-d8

RT (min)
5.37

GC_EV1262

See Figure 4 for instrument conditions.

The CSR-LVSI with an unmodified inlet approach used here allowed a 10-fold increase in sample to be injected without significant
interference from matrix components. However, the potential for interferences with large volume injection is always a concern and
EPA Method 522 raises an important point about the contribution of carryover to peak interferences. Even though 1,4-dioxane
elutes at 6.3 minutes, the oven program and run should continue until all matrix compounds have eluted off of the column. In
the method, the author elutes 1,4-dioxane around 9 minutes on a 624-type column with a starting oven temperature of 30 °C, but
then continues the run for another 9 minutes to completely elute the co-extracted materials. While most 624-type columns have
maximum operating temperatures of 240 to 260 °C, the Rxi®-624Sil MS column used here has an extended maximum operating
temperature of 320 °C. This allows a higher temperature hold at the end of the analysis to remove residual compounds from the
GC column, which reduces the potential for carryover of analytes that could interfere with the compounds of interest. The higher
temperature limit of the Rxi®-624Sil MS column can help analysts increase sample throughput, given that less volatile compounds
will elute faster at 320 °C than at 260 °C. Additionally, increased throughput is possible since the starting oven temperature of 35 °C
is more quickly obtained than the 30 °C oven start used in Method 522.
Having established that using CSR-LVSI with an unmodified GC inlet is an appropriate technique for analyzing 1,4-dioxane in
drinking water, we wanted to further assess its potential for lowering detection limits in matrix. As previously shown in Figure
6, the extracted ion chromatogram of a CSR-LVSI of a bottled water sample extract (water fortified to 0.0050 µg/L) highlights the
separation of the m/z 58 confirmation ion from a closely eluting matrix compound. At approximately 10 pg on-column, the measured signal-to-noise ratio for m/z 88 (quantitation ion) is 16, which is above the accepted threshold of 10. When 1 µL of the same
extract is injected, the resulting 1,4-dioxane peak is barely distinguishable from the noise and the confirmation ion cannot be seen
(Figure 8). For a sample fortified at 0.20 µg/L (10 pg/µL in extract), the difference between a 1 µL injection (Figure 9) and a 10 µL
injection (Figure 10) is still striking. Ultimately, the improved signal-to-noise ratios obtained using CSR-LVSI resulted in recoveries
of 1,4-dioxane and 1,4-dioxane-d8 that were within the expected range (Table III) and matched the published method development
data very well [1].
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Figure 8: 1,4-Dioxane extracted ion chromatogram of a 0.5 pg/µL extract (standard splitless 1 µL injection,
0.5 pg on-column).
EIC
EIC
m/z
m/z88.00
88.00

33

m/z
m/z58.00
58.00
		 Peaks
5.10
5.10
1. Tetrahydrofuran-d8 (IS)
2. 1,4-Dioxane-d8 (SS)
3. 1,4-Dioxane
Tetrahydrofuran-d8 (IS) and 1,4-dioxane-d8 (SS) were not detected.

5.20
5.20 5.40
5.40

5.60
5.60

5.80
5.80 6.00
6.00

6.20
6.20

3.60
3.603.80
3.804.00
4.004.20
4.204.40
4.404.60
4.604.80
4.805.00
5.005.20
5.205.40
5.405.60
5.605.80
5.806.00
6.006.20
6.206.40
6.406.60
6.606.80
6.807.00
7.007.20
7.20 7.40
7.407.60
7.607.80
7.808.00
8.008.20
8.208.40
8.40
Time
Time(min)
(min)
GC_EV1264
See Figure 4 for instrument conditions.

Figure 9: 1,4-Dioxane extracted ion chromatogram of a 10 pg/µL extract (standard splitless 1 µL injection,
10 pg on-column).
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See Figure 4 for instrument conditions.
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Figure 10: 1,4-Dioxane extracted ion chromatogram of a 10 pg/µL extract (10 µL CSR-LVSI, 100 pg on-column).
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Table III: CSR-LVSI resulted in good recovery of both 1,4-dioxane and surrogate 1,4-dioxane-d8 from extracted
fortified samples.
Matrix

Fortified Sample
Conc. (µg/L)

Volume of Sample
Extracted (L)

Theoretical Extract
Conc. (pg/µL)

Recovery
(pg/µL)

1,4-Dioxane
% Recovery

Surrogate
% Recovery

Bottled drinking water

0.0050

1.0

0.50

0.40

80

125

Bottled drinking water

0.20

0.50

10

9.2

92

102

Bottled drinking water

0.20

1.0

20

18

87

96

Reagent water

0.020

0.50

1.0

1.0

100

88

Reagent water

0.20

0.50

10

8.4

84

92

Reagent water

0.0

0.50

0.0

-

-

86

Conclusions
Concurrent solvent recondensation–large volume splitless injection with an unmodified Agilent split/splitless GC inlet has been
shown to be a technically viable approach with potential advantages for EPA Method 522 dioxane analysis. The solvent recondensation focuses the solutes into a tight band on the column, which improves chromatography. At the same time, this technique increases the amount of analyte transferred to the column. Using CSR-LVSI with a standard inlet, as shown here, provides a cost-effective
way to meet ever decreasing detection and quantitation limits.
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Petrochemical Applications

Analysis of Trace Oxygenates in PetroleumContaminated Wastewater, Using Purge-andTrap GC-MS (U.S. EPA Methods 5030B & 8260)
By Chris English

Gasoline and other petroleum-derived fossil fuels consist mainly of compounds that contain only carbon and hydrogen atoms.
Oxygenates—ethers and alcohols—contain oxygen atoms in addition to carbon and hydrogen. Oxygenates are added to gasoline
to enhance various aspects of its performance as a fuel. Methyl tertiary-butyl ether (MTBE) is the most common fuel oxygenate.
MTBE was first introduced into gasoline in 1979, to reduce overall emissions, replace lead, and increase octane rating. In 1992,
gasoline with up to 15% MTBE content by volume was used nationally to meet the first federally mandated wintertime reduction
of carbon monoxide emission.
With over one million underground fuel tanks in the United States, contamination of ground and surface water with gasoline components, including oxygenates, is a major environmental concern. Storage tanks worldwide potentially will require monitoring and
cleanup in the future. The U.S. EPA has not sanctioned any wastewater method specifically for analysis of oxygenates from gasoline.
Consequently, environmental laboratories in the U.S. have used a variety of methods to report these analytes, including EPA Methods 8015B, 8021B, and 8260. Regulatory agencies recommend adding tert-butyl alcohol (TBA) to the target list for contaminated
sites known to contain MTBE because it is both a breakdown product of MTBE and a gasoline additive in its own right. Identification and quantification of these fuel-derived pollutants in a gasoline-water matrix is a challenging task, because compounds such
as MTBE and TBA coelute on many of the GC column stationary phases in capillary gas chromatography columns, and share ions
used for identification in gas chromatography-mass spectrometry (GC-MS).
Method 8015B calls for using a flame ionization detector (FID) to match a known chromatographic pattern for gasoline to an
unknown sample containing peaks that fall within the gasoline pattern range. This method can be used to identify oxygenates by
retention time, but a high probability of misidentifications dictates the need for confirmation on a second column. A second analysis entails additional costs and additional time. Method 8021B was written specifically for analysis of aromatic and halogenated
volatiles, and employs a photoionization detector (PID). This is the least reliable of the 3 methods: a PID is very sensitive to double
bonds, but is much less sensitive to ether and hydroxy groups. In a test analysis of a gasoline composite standard conducted in our
laboratories, use of Method 8021B resulted in false positive identification of a sample component as diisopropyl ether. Confirmation analysis by GC-MS correctly identified the compound as 2-methyl-1-pentene [1].
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Purge-and-trap GC-MS methods, such as Method 8260, are favored for monitoring oxygenates in gasoline because they ensure
a higher level of confidence in the data obtained, compared to GC methods, as illustrated by the 2-methyl-1-pentene example
cited above. Under appropriate conditions, GC-MS circumvents the problem of false identification of unresolved constituents and
provides positive identifications. Studies conducted by analysts at Lawrence Livermore National Laboratory indicate that GC-MS
is the most reliable method of detecting oxygenates in complex gasoline-containing samples, regardless of the concentration of
the gasoline (from neat to greatly diluted with groundwater) [2]. Although confidence in the GC-MS approach is well founded,
the GC column stationary phase must be carefully chosen and tested to assure that there are no critical coelutions between target
oxygenated analytes and other gasoline components, which could result in false positives for the former. Further, careful attention
to operating conditions is necessary, to maximize analyte response and optimize resolution between oxygenates and other compounds of interest. TBA and MTBE, for example, must be separated, because they share ions used for identification. Figure 1 is an
example of inadequate resolution of these analytes; “624”-type stationary phases are not recommended for oxygenates analysis due
to this limitation. Similarly, incomplete resolution of tert-amyl-methyl ether (TAME) and benzene makes an Rtx®-Volatiles column
inappropriate for this application.

Figure 1 “624”-type stationary phases do not resolve TBA and MTBE adequately for positive identification and
reliable quantification.
Column
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2
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1. tert-Butyl alcohol (Q1 59)
2. Methyl tert-butyl ether (Q1 73)
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Rtx®-624, 30 m, 0.25 mm ID, 1.40 µm (cat.# 10968)
8260B MegaMix® calibration mix kit (cat.# 30475)
California oxygenates mix (cat.# 30465)
VOA calibration mix #1 (ketones) (cat.# 30006)
8260A Surrogate mix (cat.# 30240)
8260 Internal standard mix (cat.# 30074)
purge and trap split (split ratio 25:1)
250 °C

Injection
Inj. Temp.:
Purge and Trap
Instrument:
O.I. Analytical 4560 with 4551A Autosampler
Trap Type:
#10 (Tenax®/silica gel/carbon molecular sieve)
Purge:
11 min @ 20 °C, flow 38 mL/min
Desorb Preheat Temp.: 150 °C
Desorb:
1.0 min @ 190 °C, flow 32 mL/min
Bake:
10 min @ 210 °C
Transfer Line Temp.: 110 °C
Oven
Oven Temp:
35 °C (hold 7 min)
Carrier Gas
He, constant flow
Flow Rate:
1.3 mL/min
Dead Time:
1.47 min @ 35 °C
Detector
Agilent 5971A GC/MS
Transfer Line Temp.: 280 °C
Tune Type:
PFTBA/BFB
Scan Range:
35-260 amu
Notes
Sample size: 10 mL
Sample temp: 40 °C
Water Management: 110 °C purge, 0 °C desorb, 240 °C bake
6-Port Valve: 110 °C
Sparge Mount: 45 °C
Valve Manifold: 50 °C
Other Conditions: prepurge, preheat, dry purge OFF
Acknowledgement Purge & trap courtesy of O.I. Analytical

We evaluated the Rtx®-VMS stationary phase for analysis of oxygenates, verifying passing criteria by following EPA Method 5030B
(with modification) and Method 8260. Samples of non-oxygenated gasoline, spiked with low levels of oxygenates, enabled us to determine if operating conditions were appropriate for separating and detecting these target compounds in the presence of high concentrations of other gasoline components. Purge-and-trap conditions in Method 5030B were modified to address the oxygenates
in the samples: to increase responses for the oxygenates, we used a 40 °C purge temperature, rather than the ambient temperature
suggested. GC oven conditions were optimized to eliminate coelutions of ion-sharing analytes.
The GC-MS system was tuned using a 25 ng standard of 4-bromofluorobenzene (BFB). Commonly analyzed compounds on the
Method 8260 target list were added to the calibration mix, along with internal standards, ethers, and TBA. Methanol and ethanol
were not added to these samples; these low molecular weight compounds require higher purge temperatures or are performed using static headspace techniques.
Method 8260B does not specifically assign internal standards to target compounds. Therefore, we used the internal standards and
corresponding analytes listed in Table 6 of Method 8260 [3]. This allowed us to measure response factors (RF) against established
internal standards. We also incorporated the Method 8260 surrogates, and the characteristic primary ions for quantification, into
our experimental design. The curve was calibrated using mean response factors, as outlined in Method 8260, section 7.6.2.1. Minimum mean response factors for the volatile system performance check compounds (SPCC), as described in the method, are listed
in Table I. These values confirm acceptable performance by the purge-and-trap concentrator. Note that the 40 °C purge temperature
used to increase responses for the oxygenates also will increase responses for the SPCC compounds.
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Table I System performance check compound (SPCC) response factor criteria for all columns under specific
conditions.
Pentafluorobenzene (IS)
Chloromethane (SPCC)
1,1-Dichloroethane (SPCC)
Chlorobenzene-d5 (IS)
Chlorobenzene (SPCC)
Bromoform (SPCC)
1,4-Dichlorobenzene-d4 (IS)
1,1,2,2-Tetrachloroethane (SPCC)

EPA Criterion
(Minimum Mean RF)

Rtx®-VMS Column (RF)

>0.10
>0.10

0.59
0.64

>0.30
>0.10

1.06
0.32

>0.30

0.71

After the system passed the SPCC evaluation, the calibration check compounds (CCC) were used to verify the validity of the
calibration. Relative standard deviations (%RSD) for these compounds must be less than 15% (Table II). The internal standards in
Table III were used for calculating RFs, %RSDs, and % recoveries (%Recov.) of target analytes, as shown. Oxygenates were calculated relative to internal standard methyl-d3-tert-butyl ether, to account for differences in purging efficiency specific to the ethers.

Table II Calibration check compound (CCC) relative standard deviation criteria for all columns under specific
conditions.
Pentafluorobenzene (IS)
1,1-Dichlorothene (CCC)
Chloroform (CCC)
1,4-Difluorobenzene (IS)
1,2-Dichloropropane (CCC)
Toluene (CCC)
Chlorobenzene-d5 (IS)
Ethylbenzene (CCC)
1,4-Dichlorobenzene-d4 (IS)
1,1,2,2-Tetrachloroethane (SPCC)

EPA Criterion (%RSD)

Rtx®-VMS Column (%RSD)

<15
<15

11.4
5.5

<15
<15

4.9
3.0

<15

5.5

<15

8.6

Table III Internal standards with corresponding analytes assigned for quantification.
Methyl-d3-tert-butyl ether (IS)
methyl-tert-butyl ether
tert-butyl alcohol (x5)*
diisopropyl ether
ethyl-tert-butyl ether
tert-amyl-methyl ether

Pentafluorobenzene (IS)
1,4-Difluorobenzene (IS)
chloromethane (SPCC)
1,2-dichloroethane-d4 (SS)
1,1-dichlorothene (CCC)
1,2-dichloropropane (CCC)
acetone (x2.5)*
toluene-d8 (SS)
1,1-dichloroethane (SPCC)
toluene (CCC)
chloroform (CCC)
bromofluorobenzene (SS)
dibromofluoro-methane (SS)
*Compound added at 5 times or 2.5 times the concentration of other target analytes.

3

Chlorobenzene-d5 (IS)
chlorobenzene (SPCC)
ethylbenzene (CCC)
bromoform (SPCC)

1,4-Dichlorobenzene-d4 (IS)
1,1,2,2-tetrachloroethane (SPCC)
naphthalene
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Purge-and-Trap Procedures
Table IV summarizes the purge-and-trap conditions used for recovering oxygenates from gasoline. Samples were heated using the
Infra-Sparge sample heater on an O.I. 4560 concentrator. The minimum purge temperature effective for detecting TBA at a concentration of 25 ppb in 10 mL of water was 40 °C. Purge flow rate was carefully adjusted to 38 mL/min; lower flows dramatically affect
recovery of the brominated compounds, higher flows contribute to analyte breakthrough and excessive water retention on the trap.

Table IV Purge-and-trap conditions for recovering oxygenates from gasoline (O.I. 4560 concentrator).
Trap:
Purge time:
Purge flow rate:
Desorb flow rate:
Desorb time:
Bake time:
Sample size:
Water management:
Split ratio:
Temperatures:
Sample:
Trap:
6-Port valve:
Transfer line:
Sparge mount:
Desorb preheat:
Valve manifold:
Other conditions:
Conditions suggested by O.I. Analytical.

#10 (Tenax®/silica gel/carbon molecular sieve)
11 min
38 mL/min
32 mL/min
1.0 min
10 min
10 mL
110 °C purge, 0 °C desorb, 240 °C bake
1:25
40 °C
20 °C purge, 190 °C desorb, 210 °C bake
110 °C
110 °C
45 °C
150 °C
50 °C
Pre-purge, pre-heat, dry purge OFF

Analytical Procedures
An Agilent 5890 Series II GC coupled with an Agilent 5971A GC-MS detector fitted with a K&M electron multiplier was used for
the analysis. Helium carrier gas was adjusted to 1.3 mL/min constant flow. The oven temperature program was optimized as follows: 35 °C (hold 7 min) to 90 °C @ 4 °C/min (hold 0 min), to 220 °C @ 45 °C/min (hold 1 min). Analysis time was 25 minutes;
cycle time was 30 minutes. The MS was set for full scan from 35 amu to 260 amu and was initially tuned with or PFTBA calibration
gas, followed by a BFB tune check. A 30 m x 0.25 mm x 1.4 μm Rtx®-VMS column (cat.# 19915) was used for the separations.

Standards
The five points of the calibration were 5, 10, 20, 40, and 80 ppb, with internal standards (IS) and surrogate standards (SS) added
to each calibration standard at 20 ppb. Intermediate standards were made separately for each calibration point, to maintain equal
amounts of methanol added to the 10 mL volume of water. Samples were spiked and were transferred to the concentrator by hand.
Calibration was performed using the analyte list in Table III, but all compounds shown in Figure 2 were added in order to check for
critical coelutions between oxygenates and Method 8260B target compounds. Calibration verification standards (CVS) were added
at 10 ppb; recoveries were within 20% of expected values. Two blanks were analyzed, followed by a 5 ppb QC standard to verify
recoveries at the low point of the curve [4]. Reference materials used are listed in Table V.
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Figure 2 Detecting oxygenates in gasoline-water samples: 80 ppb each analyte.
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26.
27.
28.
29.
30.
31.
32.
33.
34.
35.
36.
37.
38.
39.
40.
41.
42.
43.
44.
45.
46.
47.
48.
49.
50.
51.

cis-1,2-Dichloroethene
2,2-Dichloropropane
Bromochloromethane
Chloroform
Carbon tetrachloride
Tetrahydrofuran
Methyl acrylate
1,1,1-Trichloroethane
Dibromofluoromethane
1,1-Dichloropropene
2-Butanone
Benzene
Propionitrile
Methacrylonitrile
1,2-Dichloroethane-d4
Pentafluorobenzene
tert-Amyl methyl ether
1,2-Dichloroethane
Isobutyl alcohol
Trichloroethene
1,4-Difluorobenzene
Dibromomethane
1,2-Dichloropropane
Bromodichloromethane
Methyl methacrylate
cis-1,3-Dichloropropene

Rtx®-VMS, 30 m, 0.25 mm ID, 1.4 µm (cat.# 19915)
8260B MegaMix Calibration Mix Kit (cat.# 30475)
California Oxygenates Mix (cat.# 30465)
VOA Calibration Mix #1 (ketones) (cat.# 30006)
8260A Surrogate Mix (cat.# 30240)
8260 Internal Standard Mix (cat.# 30074)
purge and trap split (split ratio 25:1)
250 °C
O.I. Analytical 4560 with 4551A Autosampler
#10 (Tenax®/silica gel/carbon molecular sieve)
11 min. @ 20 °C, flow 38 ml/min.
150 °C
1.0 min. @ 190 °C, flow 32 ml/min.
10 min. @ 210 °C
110 °C

52.
53.
54.
55.
56.
57.
58.
59.
60.
61.
62.
63.
64.
65.
66.
67.
68.
69.
70.
71.
72.
73.
74.
75.
76.
77.
Oven
Oven Temp:
Carrier Gas
Flow Rate:
Dead Time:
Detector
Transfer Line
Temp.:
Tune Type:
Scan Range:
Notes

2-Chloroethyl vinyl ether
Toluene-d8
Toluene
2-Nitropropane
Tetrachloroethene
2-Bromo-1-chloropropane
4-Methyl-2-pentanone
trans-1,3-Dichloropropene
1,1,2-Trichloroethane
Ethyl methacrylate
Dibromochloromethane
1,3-Dichloropropane
1,2-Dibromoethane
2-Hexanone
Chlorobenzene-d5
Chlorobenzene
Ethylbenzene
1,1,1,2-Tetrachloroethane
m-Xylene
p-Xylene
o-Xylene
Bromoform
Styrene
Isopropylbenzene
4-bromo-1-fluorobenzene (SS)
Bromobenzene

78. cis-1,4-Dichloro-2-butene
79. 1,4-Dichlorobutane
80. n-Propylbenzene
81. 1,1,2,2-Tetrachloroethane
82. 2-Chlorotoluene
83. 1,2,3-Trichloropropane
84. 1,3,5-Trimethylbenzene
85. trans-1,4-Dichloro-2-butene
86. 4-Chlorotoluene
87. tert-Butylbenzene
88. Pentachloroethane
89. 1,2,4-Trimethylbenzene
90. sec-Butylbenzene
91. p-Isopropyltoluene
92. 1,3-Dichlorobenzene
93. 1,4-Dichlorobenzene-D4
94. 1,4-Dichlorobenzene
95. n-Butylbenzene
96. 1,2-Dichlorobenzene
97. 1,2-Dibromo-3-chloropropane
98. Nitrobenzene
99. Hexachlorobutadiene
100. 1,2,4-Trichlorobenzene
101. Naphthalene
102. 1,2,3-Trichlorobenzene
*carbon dioxide

35 °C (hold 7 min.) to 90 °C at 4 °C/min. to 220 °C at 45 °C/min. (hold 1 min.)
He, constant flow
1.3 mL/min.
1.47 min. @ 35 °C
Agilent 5971A GC/MS

280 °C
PFTBA/BFB
35-260 amu
Sample size: 10 mL
Sample temp: 40 °C
Water Management: 110 °C purge, 0 °C desorb, 240 °C bake
6-Port Valve: 110 °C
Sparge Mount: 45 °C
Valve Manifold: 50 °C
Other Conditions: prepurge, preheat, dry purge OFF
Acknowledgement
Purge & trap courtesy of O.I. Analytical
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Table V Calibration mixes and other reference materials for oxygenates analysis.
Reference Material

Restek cat.#
cat.# 30240
custom
cat.# 30074
cat.# 30475
cat.# 30465
cat.# 30006
cat.# 30042
custom
cat.# 30096
custom

Internal standard and surrogate standard mix

Calibration mix
QC second source calibration mix
Unleaded gasoline (unweathered)
Non-oxygenated unleaded gasoline (unweathered)

Lot#
lot# A025538
lot# 03010401s
lot# A022472
lot# A020908
lot# A024826
lot# A024175
lot# A024616
lot# A025888
lot# A022384
lot# OFR-TK253

Gasoline-Spiked Samples
Analysis of the 5 ppb QC standard was followed by analysis of a 1 ppm non-oxygenated gasoline standard, then by analysis of the
non-oxygenated standard with 5 ppb of each target compound added. Recoveries for the 5 ppb oxygenate standards were calculated
from this high concentration gasoline matrix. The final standard analyzed was 1 ppm (unweathered) gasoline. All samples were
spiked with the appropriate IS and SS. The calibration curve passed EPA 8260 criteria for response factors and relative standard
deviations. Only two compounds in the test set showed poor response: acetone and TBA.

Results
Table VI summarizes results. All oxygenates were resolved from other target compounds and potentially interfering gasoline components. TBA and MTBE were well resolved using the 35 °C GC oven starting temperature. Figure 3 represents a TIC of 1 ppm
non-oxygenated unleaded gasoline spiked with 5 ppb of oxygenates. The inset is an extracted ion chromatogram showing oxygenates are recovered without interference from the gasoline matrix.

Table VI Efficient recovery of ppb oxygenates, using an Rtx®-VMS column.
5-Point
5-Point
Method Blank
Compound
Curve (RF)
Curve (RSD)
(%Recovery)
methyl-d3-tert-butyl ether (IS)
tert-butyl alcohol (x5)*
0.13
17
methyl-tert-butyl ether
0.91
7
diisopropyl ether
1.08
7
ethyl-tert-butyl ether
1.21
8
tert-amyl-methyl ether
1.15
5
pentafluorobenzene (IS)
acetone (x2.5)*
0.05
12
dibromofluoromethane (SS)
0.43
3
102
1,4-difluorobenzene (IS)
1,2-dichloroethane-d4 (SS)
0.22
6
103
toluene-d8 (SS)
1.02
4
101
toluene (CCC)
0.78
3
bromofluorobenzene (SS)
0.45
2
91
chlorobenzene-d5 (IS)
chlorobenzene (SPCC)
1.06
6
ethylbenzene (CCC)
1.71
5
1,4-dichlorobenzene-d4 (IS)
naphthalene
2.08
3
*Compound added at 5 times or 2.5 times the concentration of other target analytes.
< LOD = below limit of detection limit; ND = not detected.
Column: Rtx®-VMS, 30 m x 0.25 mm x 1.4 μm (cat.# 19915)
Conditions: given in text

www.restek.com

5 ppb Standard
(%Recovery)
93
99
100
98
105
62
89
111
108
106
103
108
110
93

1 ppm Non-oxygenated Standard
(%Recovery)
< LOD
106
102
98
94.4 ppb
90
21.4 ppb
4.7 ppb

1 ppm Non-oxygenated Standard 5 ppb
Spike (%Recovery)
90
92
94
90
98
> ND
97
100
97
89.6 ppb
90
24.9 ppb
8.8 ppb

1 ppm Gasoline
Composite Standard
(% Recovery)
6.2 ppb
< LOD
98
102
98
81.9 ppb
95
23.9 ppb
5.0 ppb
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Figure 3 GC/MS with an Rtx-VMS® column allows reliable identification of 5 ppb oxygenates added to 1 ppm
gasoline.
TAME 73

ETBE 59
DIIPE 45
MTBE 73

5ppb of Oxygenates in 1ppm
Non-oxygenated Gasoline.

TBA

MTBE DIIPE ETBE

TAME

area of enlargement

2.00

3.00

4.00

5.00

6.00

7.00

8.00

9.00

10.00

11.00 12.00
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15.00

16.00

17.00

18.00

19.00 20.00

21.00 22.00 Time (min)

GC_EV00679

Column
Sample

Injection
Inj. Temp.:
Purge and Trap
Instrument:
Trap Type:
Purge:
Desorb:

Rtx®-VMS, 30 m, 0.25 mm ID, 1.40 µm (cat.# 19915)
8260B MegaMix® calibration mix kit (cat.# 30475)
California oxygenates mix (cat.# 30465)
VOA calibration mix #1 (ketones) (cat.# 30006)
502.2 Calibration mix #1 (gases) (cat.# 30042)
Unleaded gasoline: unweathered (cat.# 30096)
8260A Surrogate mix (cat.# 30240)
8260 Internal standard mix (cat.# 30074)
Non-oxygenated unleaded gasoline (cat.# custom)
purge and trap split (split ratio 25:1)
250 °C
O.I. 4560 Purge and Trap Concentrator
#10 Tenax®/silica gel/carbon molecular sieve
11 min @ 20 °C, flow 38 mL/min
1.0 min @ 190 °C, flow 32 mL/min

Bake:
10 min @ 210 °C
Oven
Oven Temp:
35 °C (hold 7 min) to 90 °C at 4 °C/min to 220 °C at 45 °C/min (hold 1 min)
Carrier Gas
He, constant flow
Flow Rate:
1.3 mL/min
Dead Time:
1.47 min @ 35 °C
Detector
MS
Mode:
Scan
Tune Type:
PFTBA/BFB
Scan Range:
35-260 amu
Instrument
Aglient 5971A GC/MS
Notes
10 mL sample @ 40°C
Acknowledgement Purge and Trap courtesy of O.I. Analytical.

The internal standard methyl-d3 tert-butyl ether was added to compensate for variations in purging efficiency specific to the ethers.
After the data were acquired we observed a small ion 73 component as part of the IS mass spectrum (Figure 4). MTBE and the IS
share retention time and MTBE produces ion 73. Our initial thought was to discard the data, but we determined the distribution
of the relative abundance of ion 73 to ion 76 for the IS was between 0.3% and 0.5%. This would affect calculated concentrations of
MTBE by no more than 2%. Analysts in environmental laboratories can decide if this is an acceptable degree of error. Some laboratories use TBA-d9 instead, which accounts for variations common to alcohols, but not to ethers.

7

www.restek.com

ENVIRONMENTAL APPS CT-republished 2015

Figure 4 MTBE and internal standard methyl-d3-tert-butyl ether share identification ion 73.
73

MTBE-d3

MTBE

76

41

57

57
41
73
m/z 30 35 40 45 50 55 60 65 70 75 80 85 90 95 100

m/z 5 10 15 20 25 30 35 40 45 50 55 60 65 70 75 80 85 90 95

GC_EV00688

GC_EV00689

Column
Rtx®-VMS, 30 m, 0.25 mm ID, 1.4 µm (cat.# 19915)
Sample
Custom
Injection
purge and trap split (split ratio 25:1)
Inj. Temp.:
250 °C
Purge and Trap
Instrument:
O.I. Analytical 4560 with 4551A Autosampler
Trap Type:
#10 (Tenax®/silica gel/carbon molecular sieve)
Purge:
11 min @ 20 °C, flow 38 mL/min
Desorb Preheat Temp.: 150 °C
Desorb:
1.0 min @ 190 °C, flow 32 mL/min
Bake:
10 min @ 210 °C
Transfer Line Temp.: 110 °C
Oven
Oven Temp:
35 °C (hold 7 min) to 90 °C at 4 °C/min to 220 °C at 45 °C/min (hold 1 min)
Carrier Gas
He, constant flow
Flow Rate:
1.3 mL/min
Dead Time:
1.47 min @ 35 °C
Detector
Agilent 5971A GC/MS
Transfer Line Temp.: 280 °C
Tune Type:
PFTBA/BFB
Scan Range:
35-260 amu
Notes
Sample size: 10 mL
Sample temp: 40 °C
Water management: 110 °C purge, 0 °C desorb, 240 °C bake
6-Port valve: 110 °C
Sparge mount: 45 °C
Valve manifold: 50 °C
Other Conditions: prepurge, preheat, dry purge OFF
Acknowledgement Purge & trap courtesy of O.I. Analytical
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Conclusion
With an expanding target list and difficult sample matrixes, such as petroleum distillates, extreme care must be taken, even with
GC-MS, to assure correct identification of oxygenates in the presence of interfering analytes. Under the conditions used here, an
Rtx®-VMS column is suitable for analyzing low levels of oxygenates in the presence of other gasoline components. For additional
information, view our presentation [5].

References
[1] C. English, C. Cox, F. Dorman, D. Patwardhan, The Analysis of Gasoline Oxygenates Using a New Capillary Column Stationary Phase, Pittsburgh Conference 2001, Session 199 (poster).
[2] A.M. Happel, E.H. Beckenbach, R.U. Halden, An Evaluation of MTBE Impacts to California Groundwater Resources, UCRL-AR-130897, Lawrence Livermore National Laboratory, 1988.
[3] U.S. Environmental Protection Agency, Method 8260, Volatile Organic Compounds by Gas Chromatography/Mass Spectroscopy (GC/MS), Revision 0, July 1992.
[4] U.S. Environmental Protection Agency, Method 8260B. Volatile Organic Compounds by Gas Chromatography/Mass Spectroscopy (GC/MS), Revision 2, December 1996.
[5] C.M. English, F.L. Dorman, G.B. Stidsen, The Analysis of Gasoline Oxygenates by EPA Method 8260B, Pittsburgh Conference 2003, Session 590-6P (poster).

Acknowledgement
We are grateful to O.I. Analytical for supplying the purge-and-trap unit used in this study, and for their help with establishing
analytical conditions.

PATENTS & TRADEMARKS
Restek patents and trademarks are the property of Restek Corporation. Other trademarks appearing in Restek literature or on its website are the property of their respective owners. The Restek
registered trademarks used here are registered in the United States and may also be registered in other countries.

Lit. Cat.# EVAN1449-UNV
© 2012 Restek Corporation. All rights reserved.
Printed in the U.S.A.

www.restek.com

ENVIRONMENTAL APPS CT-republished 2015

Environmental Applications

Large Volume Splitless Injection
Using an Unmodified Split/Splitless Inlet
and GC-TOFMS for Pesticides and
Brominated Flame Retardants
By Michelle Misselwitz and Jack Cochran

Abstract
Large volume splitless injection for gas chromatography typically requires a special injection port, for example, a programmable
temperature vaporizer (PTV), but an alternative setup using concurrent solvent recondensation–large volume splitless injection
(CSR-LVSI) and a split/splitless injection port has been reported. This technique was used here, both with and without sample
extract concentration, to analyze pesticides and brominated flame retardants in drinking water. When extract concentration was
eliminated, good linearity and recovery results were obtained while sample preparation time was reduced by over 1 hour. CSR-LVSI
was also combined with extract concentration to achieve lower detection limits.

Introduction
Using large volume splitless injection in gas chromatography (GC) is advantageous when trying to analyze trace-level contaminants
in clean matrices like drinking water because greater levels of target compounds are introduced onto the analytical column. A special injection port is generally required for large volume injection, which has limited its practical application. However, concurrent
solvent recondensation–large volume splitless injection (CSR-LVSI), a technique described by Magni and Porzano, has been done in
a split/splitless injection port that was slightly modified [1,2]. This technique utilizes a pre-column (e.g., 5 m x 0.53 mm) press-fitted
to the analytical column and a starting GC oven temperature below the boiling point of the solvent. A fast autosampler injection
with liquid band formation into a liner containing glass wool is used to prevent backflash in the injection port [3].
This injection method produces a pressure surge from the vaporizing solvent, forcing the analytes onto the pre-column. Recondensation of solvent takes place in the pre-column, which effectively focuses the analytes at the beginning of the analytical column.
CSR-LVSI results in narrow peaks, allowing both column efficiency and critical pair resolution to be maintained. Application chemists at Thermo Scientific have successfully applied the CSR-LVSI technique to drugs of abuse screening, pesticides, and polychlorinated biphenyls by injecting 20–35 µL, significantly improving limits of detection [5,6,7]. CSR-LVSI has been used successfully
in our lab, but without any modification of the split/splitless inlet, for the analysis of polycyclic aromatic hydrocarbons (PAHs),
total petroleum hydrocarbons (TPH), EPA Method 8270 semivolatiles, organochlorine pesticides, and pesticides in dandelion root
extract. Here we investigated its applicability for analyzing pesticides and brominated flame retardants in drinking water according
to US EPA Method 527 [4].

Pure Chromatography
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The typical procedure for preparing samples for analysis according to EPA Method 527 involves extracting a 1 L water sample,
drying the extract, and concentrating the extract down to a final volume of 1 mL. Our work assessed the potential for CSR-LVSI to
eliminate the time-consuming extract concentration step and also demonstrated the use of LVSI in combination with extract concentration as a way to lower detection limits.

Experimental
CSR-LVSI Without Extract Concentration
To determine if CSR-LVSI could preclude the need for extract concentration, recovery experiments were performed using triplicate
preparations of deionized water fortified at 0.1 µg/L and 1 µg/L levels. For each fortified sample, 1 L of deionized water was collected
in a clean, amber bottle and preserved with 0.10 g ascorbic acid, 0.35 g ethylenediaminetetraacetic acid (EDTA) trisodium salt, and
9.4 g potassium dihydrogen citrate. A surrogate standard (Surrogate Standard, Method 527 [cat.# 33009]) was then added at 0.1
µg/L and 1 µg/L. Fortified samples were prepared at 0.1 µg/L and 1 µg/L with a mixture containing pesticide and polybrominated
diphenyl ether (PBDE) standards (Pesticides Mix #1, Method 527 [cat.# 33007]; Pesticides Mix #2, Method 527 [cat.# 33008]; and
PBDE Mix [cat.# 33098]).
Each sample was extracted using a polystyrenedivinylbenzene Resprep® Resin SPE Disk (cat.# 26023) following EPA Method 527
protocol. Extracts were dried with anhydrous sodium sulfate and diluted to a final volume of 25 mL with methylene chloride:ethyl
acetate (1:1). This differs from the method, which
calls for the samples to be concentrated to 1 mL
Table I Calibration standards and concentration equivalents.
after drying. Prior to analysis, 1 mL aliquots were
spiked with 10 µL of an internal standard (Internal
Prepared
On-Column Amount
Equivalent Concentration
Level
Standard, Method 527 [cat.# 33010]), resulting in
Standard (pg/µL)
Injected (pg/12.5 µL)
in 1 L Samples (µg/L)
a concentration of 40 pg/µL in the final extract. In
1
2
25
0.05
order to achieve the detection limits described in
2
4
50
0.1
the method, a 12.5 µL injection volume with GC/
3
10
125
0.25
MS was used.
A 6-point calibration curve from 25 to 1,000 pg
on-column was used to establish linearity and
quantify samples (Table I).

4

20

250

0.5

5

40

500

1

6

80

1,000

2

CSR-LVSI With Extract Concentration
The purpose of the second experiment was to determine if detection limits could be lowered by using CSR-LVSI in combination
with extract concentration. To perform this test we used water samples collected from Spring Creek in State College, PA. This creek
is well-known for fly fishing for trout, but became contaminated with Kepone and Mirex several decades ago [8]. Remediation has
significantly reduced pesticide levels, making lower detection limits a key part of monitoring efforts. For this experiment we collected 4 x 1 L water samples and followed the preservation, extraction, and drying steps described in the first experiment. After all
extracts were passed through the drying column, they were combined and concentrated to just below 1 mL using a heated water bath
and a stream of dry nitrogen gas. The extracts were then diluted to 1 mL final volume with methylene chloride:ethyl acetate (1:1).
A 12.5µL injection was again employed.
GC/MS Conditions
A fast autosampler injection with an Agilent 7683 injector was used to make large volume (12.5 µL) injections from a 25 µL SGE
large volume autosampler syringe (cat.# 24798). A 4 mm single gooseneck liner with semivolatiles wool (cat.# 20799-231.5) placed
at the bottom of the liner was installed into an unmodified Agilent 6890 split/splitless injection port at 250 °C. The purge valve time
was 35 seconds. A deactivated 5 m x 0.53 mm ID pre-column retention gap/guard column (cat.# 10045) was installed in the injector and press-fitted (deactivated Universal Press-Tight® connector cat# 20429) to a 15 m x 0.25 mm x 0.25 µm Rxi®-5Sil MS column
(cat.# 13620). The oven was programmed from 40 °C (0.6 min. hold) to 320 °C (1.07 min. hold) at 30 °C/min., with a corrected
constant flow of 2 mL/min. helium carrier gas. All analyses were performed on a LECO Pegasus® GC with a time-of-flight mass
spectrometer (TOFMS). A reagent blank was included in each analytical set.
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Results and Discussion
Establishing Linearity and Recovery Using CSR-LVSI Without Sample Concentration
Calibration curves for all compounds, including Kepone (Figure 1), which can be problematic due to the formation of a hemiacetal
that chromatographs poorly, exhibited good linearity down to 2 pg/µL (equivalent to 25 pg on-column and 0.05 µg/L in sample).
Good chromatographic separations were obtained and the 15 m GC column and fast oven program resulted in an analysis time of
less than 10 minutes (Figure 2).

Figure 1 Kepone calibration curve from 2 to 80 pg/µL (25 to 1,000 pg on-column).
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3
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Figure 2 Extracted ion chromatogram of 80 pg/µL standard.
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1. Atrazine
2. Vinclozoline
3. Malathion
4. Chlorpyrifos
5. Terbufos sulfone
6. Nitrofen
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8. Norflurazon
9. Triphenyl phosphate
10. Bifenthrin
11. BDE-47
12. Mirex
13. BDE-100
14. BDE-99
15. Fenvalerate
16. Esfenvalerate
17. BDE-153
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GC_EV1215
Column
Sample

Diluent:
Conc.:
Injection
Inj. Vol.:
Liner:
Inj. Temp.:
Purge Flow:
Oven
Oven Temp:
Carrier Gas
Flow Rate:
Detector
Transfer Line
Temp.:
Analyzer Type:
Source Temp.:
Electron Energy:
Mass Defect:
Solvent Delay
Time:
Acquisition
Range:
Spectral
Acquisition
Rate:
Instrument
Notes
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Rxi®-5Sil MS, 15 m, 0.25 mm ID, 0.25 µm (cat.# 13620)
using IP Deactivated Guard Column 5 m, 0.53 mm ID (cat.# 10045)
with Universal Press-Tight® Connectors (cat.# 20429)
PBDE Mix (cat.# 33098)
Pesticides Mix #1, Method 527 (cat.# 33007)
Pesticides Mix #2, Method 527 (cat.# 33008)
Internal Standard, Method 527 (cat.# 33010)
Surrogate Standard, Method 527 (cat.# 33009)
ethyl acetate:methylene chloride (1:1)
80 pg/µL (1 ng on-column)
12.5 µL splitless (hold 0.583 min.)
Gooseneck Splitless (4mm) w/Semivolatiles Wool (cat.# 20799-231.5)
250 °C
40 mL/min.
40 °C (hold 0.60 min.) to 320 °C at 30 °C/min. (hold 1.07 min.)
He, constant flow
2 mL/min.
MS
290 °C
TOF
225 °C
-70 eV
-20 mu/100 u
3.33 min.
45 - 750 amu
10 spectra/sec
LECO Pegasus 4D GCxGC-TOFMS
Carrier Gas Flow: 2 t corrected constant flow via pressure ramps
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Following the CSR-LVSI without extract concentration procedure, a 1 µg/L fortified sample that was extracted, with the extract
dried and diluted to 25 mL, results in a 40 pg/µL final concentration assuming 100% recovery for the sample preparation (1 µg/25
mL = 0.04 µg/mL = 40 pg/µL). A 12.5 µL injection of the 40 pg/µL sample results in 500 pg on-column. In contrast, by following
Method 527, a 1 µg/L sample taken through the extraction, drying and concentration steps to 1 mL yields a final extract concentration of 1 ng/µL. Injecting 1 µL results in 1 ng (1,000 pg) on-column.
The 1 µg/L (40 pg/µL) fortification represented a
sample near the high end of the calibration curve
and recovery results must be between 70% and
130% of the true value based on Method 527. Since
the detection limit estimates noted in Method 527
for analytes in reagent water range from 0.022 to
0.140 µg/L [4], we also analyzed 0.1 µg/L samples.
The 0.1 µg/L samples (4 pg/µL in the extract if
100% recovery) approached our detection limit
for some compounds, especially the late-eluting
PBDEs. For the 0.1 µg/L samples, recoveries
must be 50-150% of the true value. The average
recoveries for all compounds for the 1 µg/L (500
pg on-column) and 0.1 µg/L (50 pg on-column)
spikes were quite good at 94% and 80%, respectively (Table II). Individual recoveries met EPA
Method 527 criteria, except for the 0.1 µg/L value
for hexabromobiphenyl 153 (BB-153) and the 1.0
µg/L value for prometryne. Recovery results demonstrated that employing CSR-LVSI and eliminating the concentration step can be an effective
way to meet detection limits while reducing sample preparation time by more than an hour for
Method 527.
When large injection volumes are used in either
splitless or direct injection, backflash can be a
concern. Backflash, the phenomenon of solvent
vapor volume exceeding the volume of the injection port liner, can cause carryover, poor reproducibility, and a non-linear increase in peak area
with increasing injection volume. While backflash
depends on multiple factors, including GC column
head pressure, solvent type, injection volume, and
injection temperature, none of the deleterious effects associated with it were observed when using
CSR-LVSI with the unmodified splitless GC inlet.

Table II Average percent recoveries and relative standard
deviations for 1 µg/L and 0.1 µg/L laboratory fortified blank
samples analyzed using disk extraction with no extract
concentration and CSR-LVSI GC-TOFMS (n = 3).
Compounds
Dimethoate

1 µg/L % Recovery
AVG (n = 3)
%RSD
73
2.4

0.1 µg/L % Recovery
AVG (n = 3)
%RSD
75
9.3

Atrazine

96

1.8

84

13

Propazine

93

3.3

92

8.5

Vinclozoline

97

4.0

97

8.0

Prometryne

179

3.0

113

7.9

Bromacil

78

2.2

66

3.1

Malathion

98

2.7

85

6.5

Thiobencarb

93

3.9

70

1.9

Chlorpyrifos

92

3.1

84

1.7

Parathion

94

0.7

92

4.6

Terbufos sulfone

88

2.8

105

11

Oxychlordane

75

8.5

74

10

Esbiol

88

2.7

79

6.5

Nitrofen

91

3.0

77

5.3

Kepone

102

18

56

32

91

7.2

105

10

Hexazinone

87

0.8

68

2.1

Bifenthrin

100

3.0

81

3.2

Norflurazon

BDE-47

96

4.4

87

15

Mirex

93

4.5

76

2.3

BDE-100

93

3.8

89

11

BDE-99

93

2.9

79

33

103

1.6

98

3.3

Fenvalerate

Perylene-D12

92

0.4

59

16

BB-153

88

3.4

45

14

Esfenvalerate

89

3.7

69

20

BDE-153

88

13

54

49

Combining CSR-LVSI With Extract Concentration for Lower Detection Limits
One advantage of using CSR-LVSI for Method 527 is that the time-consuming extract concentration step can be avoided, as
demonstrated above. Eliminating concentration can significantly speed up sample preparation, but sometimes lowering detection
limits is of greater concern. Employing CSR-LVSI
can be advantageous here as well, since it can
Table III Target compounds identified at ppt levels in the Spring
be combined with extract concentration. This
technique was used in addition to a larger sample
Compound
ng/L
Compound
ng/L
volume for the Spring Creek water sample. The
Atrazine
36
Mirex
0.46
combination of a 4 L sample volume, concentration
Kepone
ND
BDE-100
1.1
step, and 12.5 µL injection volume on a GC with
BDE-47
0.67
BDE-99
0.7
a sensitive TOFMS, allowed the detection of sub
ND = non-detect
part-per-trillion (ppt) to high part-per-quadrillion
(ppq) levels of analytes (Table III).
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To ease the detection of low level target analytes, the ChromaTOF® software (LECO Corporation, Saint Joseph, Michigan) coupled
with the rapid data collection of the TOFMS allowed for spectral deconvolution of target analytes. The deconvolution provides a
“peak true” spectrum that closely matches the reference spectrum of the key m/z ions even for an 8 pg Mirex peak that is heavily
masked under a large m/z 149 peak due to a phthalate interference (Figure 3).

Figure 3 Comparison of caliper spectrum and peak true after spectral deconvolution in relation to reference
spectrum of Mirex peak that is masked by phthalate contamination.
Caliper

Phthalate
contamination

1000

57
149

800
600
91

400

71

167
83

200

129
178

50

100

150

207

228

200

253

279

250

300

350

400

Peak True
272

1000
800
235

143

600
400
200

190

286
258

50

100

150

200

250

306

332

300

355
350

404
400

Reference Spectrum
272

1000
800

237

600

Mirex 8 pg

400

95

200
Time (s)

480

490

500

60

119

143

130

167

84

190

510

Caliper

50

100

150

200

308

225
250

300

332

355
350

404
400

GC_EV1221

Column
Sample
Conc.:
Injection
Inj. Vol.:
Liner:
Inj. Temp.:
Purge Flow:
Oven
Oven Temp:
Carrier Gas
Flow Rate:
Detector

Rxi®-5Sil MS, 15 m, 0.25 mm ID, 0.25 µm (cat.# 13620)
using IP Deactivated Guard Column 5 m, 0.53 mm ID (cat.# 10045)
with Universal Press-Tight® Connectors (cat.# 20429)
Spring Creek water sample
8 pg on-column

Transfer Line
Temp.:
Analyzer Type:
Source Temp.:
Electron Energy:
Mass Defect:
Solvent Delay
Time:
Acquisition
Range:
Spectral
Acquisition
Rate:
Instrument
Notes

12.5 µL splitless (hold 0.583 min.)
Gooseneck Splitless (4mm) w/Semivolatiles Wool (cat.# 20799-231.5)
250 °C
40 mL/min.
40 °C (hold 0.60 min.) to 320 °C at 30 °C/min. (hold 1.07 min.)
He, constant flow
2 mL/min.
MS

www.restek.com

290 °C
TOF
225 °C
-70 eV
-20 mu/100 u
3.33 min.
45 - 750 amu
10 spectra/sec
LECO Pegasus 4D GCxGC-TOFMS
Carrier Gas Flow: 2 mL/min. corrected constant flow via pressure ramps
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Conclusions
shown to be a technically viable approach with several potential advantages. We were able to eliminate the concentration step, saving
over an hour of sample preparation time without compromising sensitivity. In addition, CSR-LVSI can be paired with extract concentration when extreme trace-level analysis is desired. As drinking water methods drive detection and quantitation limits lower,
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Environmental Applications

Fingerprinting Crude Oils and Tarballs
Using Biomarkers and Comprehensive
Two-Dimensional Gas Chromatography
By Michelle Misselwitz, Jack Cochran, Chris English, and Barry Burger

Abstract
Petroleum biomarkers are “molecular fossils” that can be analyzed with gas chromatography to fingerprint crude oil. Fingerprints
can then be used to determine the source oil for an oil spill or highly weathered tarballs. This unique fingerprint is developed by
evaluating several ratios of key biomarkers, such as steranes and hopanes. Comprehensive two-dimensional gas chromatography
time-of-flight mass spectrometry (GCxGC-TOFMS) was used to evaluate biomarker ratios in several crude oils from various regions and also in tarballs that washed ashore on the gulf coast of Florida up to a year after the Deepwater Horizon oil spill of 2010.
While one-dimensional GC-MS is often used for this analysis, the power of GCxGC provides enhanced specificity and peak capacity with increased resolving power that can separate diagnostic biomarkers from potential isobaric interferences. Also, GCxGC
provides a structured chromatogram, which allows compound identification that would be impossible with GC-MS due to the complexity of crude oil. In this study, using 43 different biomarker ratios from GCxGC-TOFMS analysis, we identified one tarball from
a Florida beach that was a possible match to oil from a broken riser pipe collected via an underwater robot during the Deepwater
Horizon oil spill. Others were considered non-matches.

Introduction
The formation of crude oil occurred many millions of years ago from decaying plants and animals. Sediment and rock covered the
organic material creating an anaerobic environment that eventually, under temperature and pressure conditions, formed crude oil
[1]. This fossil fuel is refined for numerous applications from heating fuel to cosmetics. Crude oils from various regions differ in
the plant and animal source materials, as well as the time, temperature, and pressure conditions that occurred during formation.
Therefore, each crude oil has a unique fingerprint that can potentially be determined using biomarkers. Petroleum biomarkers are
“molecular fossils”; they are complex hydrocarbon molecules that retain a remarkable structural similarity to the original natural
product formed from dead organisms in the source rock. These biomarkers, which are resistant to weathering and degradation, are
utilized by geologists to determine the relative age and environment in which the oil was created. Environmental forensic chemists
use biomarkers to fingerprint crude oils, providing valuable information when evaluating source oils, weathered oils, and tarballs.
The NORDTEST oil spill identification system recommends methodology to determine oil spill source and uses a multi-tiered
analytical approach [2]. Level one provides basic hydrocarbon information and degree of weathering by GC-FID. Level two utilizes
GC-MS in selected ion monitoring (SIM) mode to determine diagnostic ratios for polycyclic aromatic hydrocarbons (PAHs) and
several hopane (m/z 191) and sterane (m/z 217) biomarkers. Level three looks at a statistical approach to results from levels one and
two. Any diagnostic ratios that are found to have a high degree of analytical variance are eliminated from consideration. The most
robust diagnostic ratios are used for a correlation plot that can help identify potential source oil matches. While GC-MS (SIM) can
provide semiquantitative results for target analytes, the complexity of crude oil makes it difficult to rule out isobaric interferences
that alter important source oil identification information.

Innovative Chromatography Solutions
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Comprehensive two-dimensional gas chromatography time-of-flight mass spectrometry (GCxGC-TOFMS) uses two columns of
different selectivities with thermal modulation to create two dimensions of separation. Compounds that typically must be analyzed
separately in one-dimensional GC, sometimes with tedious off-line cleanups (e.g., PAHs and hydrocarbons), can be resolved in one
analysis using GCxGC. Here, we used a highly efficient GCxGC-TOFMS setup to fingerprint light crude oil samples from various
regions by evaluating ratios of diagnostic biomarkers. An oil sample from the Deepwater Horizon oil spill of 2010 collected at a
broken riser pipe via an underwater robot was then evaluated as potential source oil for tarballs that were collected on the beaches
of Florida. The NORDTEST methodology provides a good background for the type of information needed to identify source oil;
however, the use of GCxGC-TOFMS instead of GC-MS (SIM) was beneficial in the characterization of crude oils and tarballs. These
benefits include easier identification of diagnostic biomarkers because of the structured GCxGC chromatogram, full mass spectral
information with the sensitivity of selected ion monitoring, and increased resolution of biomarkers, which reduces the potential for
isobaric interferences.

Experimental
Sample Preparation

Calibration standards were prepared in isooctane by mixing a 12-component hopane/sterane calibration mix (Chiron cat. #
S-4436-10-IO); a fuel oil degradation mix (Restek cat.# 31240); and single solutions of adamantane (Sigma Aldrich cat.# 100277);
2,2,4,4,6,8,8-heptamethylnonane (Sigma Aldrich cat.# 128511); 2,6,10-trimethyldodecane (Sigma Aldrich cat.# 5603228);
1-phenyltetradecane (Sigma Aldrich cat.# 87204); 5α-cholest-3-ene (Sigma Aldrich cat.# R205990); and tricyclo(14.2.2.2(7,10)
docosane (Sigma Aldrich cat.# S310727).
Crude oil samples from various regions around the world were purchased from ONTA. The riser pipe oil collected via an
underwater robot during the Deepwater Horizon oil spill was provided by Ed Overton, Professor Emeritus at Louisiana State
University. The light crude samples were weighed and diluted to 10 mg/mL in methylene chloride. A simulated weathered
sample of the riser oil was produced by placing the sample on a hot plate at 70 °C under a gentle stream of nitrogen until the
final weight was approximately 50% of the initial weight of the oil. Tarball samples were provided by Susan Forsyth, a citizen
in Walton County, Florida, who helps with nearby beach cleanups. Approximately 100 mg of a tarball was diluted with 1 mL
methylene chloride and allowed to soak overnight in the refrigerator. The samples were shaken, filtered using 0.45 µm PTFE
Millex® Samplicity® filters (Millipore cat. # SAMPLCR01) on the Samplicity® filtration system (Millipore cat. # SAMPSYSGR),
and diluted to a final volume of 1 mL in methylene chloride. An internal standard of deuterated PAHs (SV internal standard
mix, Restek cat.# 31206) was added to every sample extract and calibration standard prior to analysis at 5 ng/µL.

GCxGC-TOFMS Analysis

A LECO Pegasus® 4D GCxGC-TOFMS equipped with an Agilent 6890 GC and 7683 injector was used for all analyses. A 60
m, 0.25 mm ID, 0.10 µm Rxi®-17Sil MS column installed in the primary GC oven was press-fitted (BGB Analytik AG cat.#
2525LD) to a 1 m, 0.25 mm ID, 0.10 µm Rxi®-1HT column (piece cut from Restek cat.# 13950) in the secondary oven. Helium
was used as the carrier gas with a corrected constant flow of 1 mL/min. Fast injections of 1 µL (10:1 split) were performed using
an autoampler with a 0.5 sec viscosity delay at a temperature of 275 °C into a Sky® 4.0 mm ID Precision® inlet liner with wool
(Restek cat.# 23305.5). The primary oven conditions were: 40 °C (hold 1 min) ramped at 2.5 °C/min to 320 °C (hold 7 min) for
a total analysis time of 120 minutes. The secondary oven temperature programming tracked the primary program with a + 5 °C
offset. The modulation period was 2.8 sec with a + 20 °C modulation temperature offset. Data were acquired from 45 to 550 u
with an acquisition rate of 100 spectra/sec. The transfer line temperature was 300 °C and the MS source temperature was set to
250 °C.

Data Processing

Data were acquired and processed using LECO ChromaTOF® software. Raw data file size was reduced by using a resampling feature in the software. Three subgroups were set up. The first group was steranes and hopanes, which were resampled from retention times 4,599.2 to 7,194.78 sec with a mass range of 45 to 450 u. Within this group data processing methods were also set up
for chrysenes (Chry), triaromatic steranes (TAS), benzonaphthylthiophenes (BNT), and methyl-substituted fluoranthenes (C1Fl) and phenathrenes (C1-Ph). The second resampling group was dibenzothiophenes (DBT) and phenanthrenes, which were
resampled from 45 to 350 u for retention times between 3,498.8 and 4,797.98 seconds. The final group was alkyl benzenes (AB),
resampled from 1,900 to 6,298.79 sec across the m/z range of 70 to 340 u.
Diagnostic biomarker ratios were calculated using this equation: ratio = 100*A/(A+B), where A and B were concentrations generated from a multi-point calibration curve for biomarker compound with standards. For biomarkers with no corresponding
standard, the values for A and B were (area of analyte)/(area of internal standard).
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Results and Discussion
Highly Efficient Analysis with GCxGC

Efficiency as peak capacity in gas chromatography can be described by how many resolved peaks can fit into a certain time
period. In order to achieve an efficient analysis several chromatographic parameters must be optimized. First, a column that
has a high number of theoretical plates must be used. We chose an Rxi®-17 Sil MS that is relatively long (60 m) and narrow
bore (0.25 mm) with a thin film (0.10 µm) in order to maximize column efficiency. Second, selecting a flow rate that is near the
minimum height equivalent to a theoretical plate (HETP) in the van Deemter curve for the carrier gas is critical. In this case,
since helium carrier gas and a 60 m x 0.25 mm ID column were used, we chose a flow rate of 1 mL/min, which produces an
average linear velocity of 25.5 cm/sec. The optimal linear velocity based on the van Deemter curve for helium is between 20 and
40 cm/sec. Finally, the optimal heating rate (OHR) in °C/min for the GC oven is calculated as 10/holdup time [3]. Using the
Agilent column pressure/flow calculator we find that the holdup time is 3.92 minutes, which yields an OHR of approximately
2.5 °C/min. While this may produce long analysis times, it is advantageous when analyzing extremely complex petroleum samples because it provides the most efficient first dimension separation.
We can optimize the column and conditions in the first dimension to get a highly efficient analysis; however, we also need to
further optimize the setup to include the secondary column. Often the first dimension separation is compromised in GCxGC
because of the desire to slice the first dimension peak at least three times at the modulator. In order to get a modulation time
that is not so fast that a second dimension separation cannot be performed (i.e., when the second dimension holdup time
is longer than the modulation time or when an impractically short second dimension column is called for) one must have a
relatively wide first dimension peak. One way to accomplish this is by operating the first dimension column under less than
optimal conditions to achieve a wider peak, sacrificing the first dimension separation. However, in order to achieve a true peak
capacity increase, we use a long first dimension column that naturally has broader peaks even when operated efficiently. We set
the modulation period to 2.8 sec so 3 slices could be made across the peak without compromising the first dimension separation (Figure 1). Increasing the peak capacity by operating the first and second dimensions efficiently benefits petroleum sample
analysis by providing a detailed fingerprint that can be used to elucidate source oil for an oil spill sample.

Reducing GCxGC-TOFMS Data File Size for Easier Processing and Review

One of the major hesitations when deciding to adopt GCxGC-TOFMS is the amount of data that can be acquired in a single
analysis. In the riser pipe oil over 18,000 peaks were found at or above a signal-to-noise ratio (S/N) of 20 and the original unprocessed data file exceeded 660 megabytes (MB). There are strategies one can employ to help manage the seemingly overwhelming amount of data that has been collected, including splitting the data into smaller, more manageable file sizes for processing
and review. We split the data processing into multiple groups, three represented in the body of this work: steranes and hopanes,
dibenzothiophenes and phenanthrenes, and alkyl benzenes. The raw data were resampled in the ChromaTOF® software for each
group, focusing only on the retention time window and m/z range of the target compounds. By resampling and focusing only
on the steranes and hopanes, for example, the data file was decreased to just over 200 MB and the number of found peaks was
approximately 400. While 400 peaks may not be considered a small number, for source oil fingerprinting a large selection of
potential diagnostic biomarkers can be desirable.

Resolving a Complex Mixture with GCxGC

Column choice plays an important role when analyzing crude oil samples using GCxGC. Using two orthogonal columns will separate the sample matrix across both the first and second dimension creating better overall resolution of the analytes. The typical
setup for a GCxGC analysis of crude oil is a nonpolar column in the first dimension and a relatively polar column in the second
dimension. This puts the aliphatic hydrocarbons, which are not well retained in the second dimension on a more polar column,
in the bottom region of the chromatogram and the aromatic hydrocarbons towards the top. By switching the typical setup so the
more polar Rxi®-17Sil MS column is in the first dimension and the nonpolar Rxi®-1HT column is in the second, the elution profile of the chromatogram is switched. Now the aliphatic hydrocarbons are retained on the nonpolar column and elute toward the
top of the chromatogram, and we see a better separation of PAHs near the bottom of the chromatogram due to the selectivity of
the Rxi®-17Sil MS in the first dimension (Figure 2).
In one-dimensional GC analysis, finding multiple compound classes in complex mixtures like crude oil can be difficult due to
overlapping peaks and interferences from matrix components. In comprehensive two-dimensional GC the compound classes elute
together in bands across the chromatogram. This makes peak identification much easier. For example, we can plot the extracted
ion chromatogram for steranes (m/z 217) and hopanes (m/z 191) and see the structured area where these compound classes elute
(Figure 3). Homologous series of compounds will elute in these bands, which greatly speeds up analyte identification. Using the
structure of the chromatogram, mass spectra, and available standards as a starting point, we were able to tentatively utilize numerous
biomarkers that we did not have standards for and that are not found in the NIST library.
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Figure 1: C3-phenanthrenes (m/z 220) analyzed by efficient 1D and 2D GC. The first dimension separation is
maintained in the 2D GC plot for structural isomers by highly efficient GCxGC conditions.
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Rxi®-1HT (1 m x 0.25 mm x 0.10 µm)
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Rxi®-17Sil MS (60 m x 0.25 mm x 0.10 µm)

Column
Sample
Diluent:
Conc.:
Injection
Inj. Vol.:
Liner:
Inj. Temp.:
Oven
Oven Temp.:

Rxi®-17Sil MS 60 m, 0.25 mm ID, 0.10 µm (cat.# custom)
Rxi®-1HT 1 m, 0.25 mm ID, 0.10 µm (cat.# 13950)
Riser pipe oil from Deepwater Horizon oil spill
Methylene chloride
10 mg/mL

GC_PC1251

Detector
MS
Mode:
Transfer Line
Temp.:
300 °C
Analyzer Type:
TOF
Source Temp.:
250 °C
Electron Energy: -70 eV
Mass Defect:
100 mu/100 u
Ionization Mode: EI
Acquisition Range: 45 to 550 amu
Spectral Acquisition
Rate:
100 spectra/sec
Instrument
LECO Pegasus 4D GCxGC-TOFMS
Notes
1D chromatogram collected using same instrument conditions except:
Second Dimension Separation Time: 0 sec
Spectral Acquisition Rate: 3 spectra/sec

1.0 µL split (split ratio 10:1)
Sky® 4 mm Precision® liner w/wool (cat.# 23305.5)
275 °C
Rxi®-17Sil MS: 40 °C (hold 1 min) to 320 °C at 2.5 °C/min (hold 7 min)
Rxi®-1HT: 45 °C (hold 1 min) to 325 °C at 2.5 °C/min (hold 7 min)
He, corrected constant flow (1 mL/min)

Carrier Gas
Modulation
Modulator Temp.
Offset:
20 °C
Second Dimension
Separation Time: 2.8 sec
Hot Pulse Time: 1.0 sec
Cool Time
between Stages: 0.4 sec

had an isobaric interference in a 1D separation (Figure 4). Diamondoids include adamantane, diamantine, and their alkyl homo
The enhanced resolving power of GCxGC can provide critical information on potential diagnostic biomarkers for source oil
identification or geological characterization of the crude oil. In a side-by-side comparison of one-dimensional GC and comprehensive two-dimensional GC, Eiserbeck et al. found that GCxGC revealed a coelution with hopane that was previously not
detected in 1D GC [4]. We also found that by using GCxGC-TOFMS it was possible to resolve a diamondoid that would have
-

-

oil identification is minimal for heavy crude or highly weathered samples because little to no diamondoids exist in these oils.
logs. Interest in these low boiling biomarker compounds have been increasing for petroleum exploration because the distribu
tion pattern of methyl substitution can help elucidate the thermal maturity of oil [5]. The usefulness of diamondoids for source
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Time (sec)

Figure 2: Aromatic compounds elute near the bottom of the contour plot and aliphatic hydrocarbons elute toward
the top when a more polar Rxi®-17Sil MS column is used in the first dimension and a nonpolar Rxi®-1HT column is
used in the second dimension. The highly efficient Rxi®-17Sil MS column can separate important aromatic petroleum biomarkers in the first dimension.
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Phytane
2
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Rxi®-1 HT (1 m x 0.25 mm x 0.10 µm)
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Rxi®-17Sil MS (60 m x 0.25 mm x 0.10 µm)

See Figure 1 for instrument conditions

Time (sec)

Figure 3: The GCxGC contour plot shows that similar compound classes elute in structured bands across the chromatogram, which aids in compound identification and allows their unbiased use for fingerprinting.
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Naphthalene
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Fluorene
alkyl homologs
Hopanes

0.99
4,691.6

5,191.6

5,691.6

6,191.6
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6,691.6
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GC_PC1253

See Figure 1 for instrument conditions
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Figure 4: Using 2D GC, adamantane is separated from an isobaric interference (both have 136 m/z ions) that would
have coeluted with it on an Rxi®-17Sil MS column in 1D GC.
1.28

Rxi®-1HT (1 m x 0.2 5 mm x 0.10 µm)

1.18

Isobaric interference
1.08

0.98

Adamantane (m/z 136)

0.88
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1,087.6
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Time (sec)
Rxi®-17Sil MS (60 m x 0.25 mm x 0.10 µm)

1,187.6

1,237.6

GC_PC1254

See Figure 1 for instrument conditions

Figure 5: Total ion chromatograms of light crude oil samples from around the world show similarities among the
crude oils.

See Figure 1 for instrument conditions
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Fingerprinting Crude Oil With GCxGC

When assessing which biomarkers are diagnostic of particular source oils, the NORDTEST method recommends acquiring
data for a large set of potentially useful compounds [2]. Using GC-MS (SIM) this would require multiple injections of the same
sample to collect all of the specific ion chromatograms and perhaps off-line cleanup to eliminate interferences that would skew
results and lead to inaccurate data. Even then, due to the lower peak capacity of a one-dimensional GC analysis, the number of
potentially useful biomarkers would be limited. Using GCxGC-TOFMS, all of this information was collected in a single analysis
and potential diagnostic biomarkers can be evaluated without reanalysis.
Light crude oil samples from the U.S., Canada, Saudi Arabia, Iraq, and Nigeria were evaluated to determine characteristic biomarker ratios that could be used to fingerprint the individual oils. Visual inspection of GCxGC contour plots provided a striking
picture that helped show similarities and differences in the samples. While total ion chromatogram (TIC) contour plots of the
light crude oils showed little to no major differences between the oils (Figure 5), the extracted ion chromatograms (EIC) proved
to be helpful when evaluating samples. Comparing EICs of biomarkers, such as the steranes (m/z 217, 218) and hopanes (m/z
191), showed clear differences in the presence or absence and intensity of compound in oils from around the world (Figure 6).

Figure 6: Extracted ion chromatograms of steranes (m/z 217, 218) and hopanes (m/z 191) show a clear difference
among oils from around the world and can help fingerprint individual oils.

See Figure 1 for instrument conditions

GC_PC1256

Crude oil samples that were closer in geographical location proved to be more difficult to uniquely fingerprint. Focusing only on a
few sterane and hopane ratios provided some small differences, although without any statistical data from multiple injections analytical variance could not be ruled out as a possibility for these differences. We found that adding alkylated dibenzothiophenes and
phenanthrenes to the diagnostic ratios provided a better distinction between crude oils even when their sources were in relatively
close proximity to each other geographically (Figure 7). The ratio of C3 alkylated dibenziothiophenes and C3 alkylated phenanthrenes proved to vary the most for oil samples from North America.
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Figure 7: Diagnostic biomarker ratios can be used to uniquely fingerprint light crude oil samples of
various origins.
100
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Ratio = 100 x A/(A+B)
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Alaskan Crude
McMaster #3, Ontario
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Berri, Saudi Arabia
Qua Iboe, Niagra

31abS/30ab
63
52
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41
52
46

29ab/30ab
65
61
61
59
41
42
61

C2-DBT/C2-Ph
38
44
60
41
88
87
14

C3-DBT/C3-Ph
40
53
66
25
93
88
18

Ts/Tm
53
43
37
47
15
63
48

aaa20S_C/aaa20R_C
74
65
70
75
53
69
60

Table I: Biomarkers used for fingerprinting oil samples.
Biomarkers
aaa 20S-Cholestane
abb 20R-Cholestane
aaa 20R-Cholestane
abb 20R 24S-Methylcholestane
abb 20R 24R-Ethylcholestane
aaa 20R 24R-Ethylcholestane
17a(H), 21b(H)-Hopane
17a(H), 21b(H)-22S-Homohopane
17a(H) 21b(H),-22R-Homohopane
17a(H), 21b(H)-30-Norhopane
17a(H)-22,29,30-Trisnorhopane
18α-22,29,30-Trisnorneohopane
24-ethyl-5a(H), 14a(H), 17a, 20S-cholestane
24-ethyl-5a(H), 14a(H), 17a, 20R-cholestane
Dibenzothiophene
Phenanthrene
Chrysene
Triaromatic sterane
Fluoranthene
Pyrene
Methyl substituion
Dimethyl or ethyl substitution
C3 substitution
Benzonaphthylthiophene

Abbreviation
aaa20S_C
abb20R_C
aaa20R_C
abbMEC
abbEC
aaaEC
30ab
31abS
31abR
29ab
27Tm
27Ts
29aaS
29aaR
DBT
Ph
Chry
TAS
Fl
Py
C1
C2
C3
BNT

Source Oil Identification

In order to check if the selected biomarker ratios used to fingerprint the light crude oil samples were still applicable after weathering, we simulated weathering of the riser oil sample. The oil sample was heated on a hotplate and evaporated to approximately
50% of the initial weight. We then analyzed the weathered oil using GCxGC-TOFMS and compared the diagnostic biomarker
ratios to the ratios obtained for the unweathered riser oil. Early eluting analytes were evaporated during the weathering process,
eliminating lighter biomarker compounds like adamantane from being considered as diagnostic for oil spill source identification
(Figure 8).
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In the petroleum industry, ratios of the isoprenoids pristane and phytane are used to determine the biodegradation of oil and
these compounds can also potentially be used to help identify the source of relatively fresh oils from spills. However, we found
that the pristane and phytane ratios changed after the weathering study and therefore we did not use them in subsequent comparisons (Figure 9).
One way that the NORDTEST method recommends evaluating a potential match of source oil is to use correlation plots. In
order to test the validity of our chosen biomarkers, we used a correlation plot that compared ratios for 43 different diagnostic
biomarkers, including steranes, hopanes, triaromatic steranes, PAHs and dibenzothiophenes, and their alkylated homologues
(Table II). Coeluting analytes were not included in the correlation plots. When two samples are a positive match, like the weathered and unweathered riser oil, the correlation plot shows a linear relationship between the biomarkers of the source oil and the
oil in question (Figure 10).
After the Deepwater Horizon oil spill in the Gulf of Mexico in 2010, oil residue and tarballs washed up on beaches. While
cleanup efforts have mostly subsided, we received several tarball samples from a beach in northern Florida that were collected
over many months and up to a year after the spill. The samples ranged from an oily residue, to a tarball with a hard outer shell
and a soft, sticky interior, to tarball that was very sandy and stiff. When possible, the interior of the tarball, which should have
less weathering and biodegradation, was used for GCxGC-TOFMS analysis. Correlation plots were used to compare the tarball
samples to the riser pipe oil that was collected during the spill.

Figure 8: Contour plot (TIC) of weathered and unweathered Deepwater Horizon riser oil illustrates the loss of volatiles in the weathered riser oil.

See Figure 1 for instrument conditions
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Table II: Diagnostic biomarker ratios used for correlation plots of petroleum samples analyzed
by GCxGC-TOFMS.
Diagnostic Ratios
%A v B = 100 x A/(A+B)
% aaa20S_C v aaa20R_C
% aaa20S_C v abb20R_C
% abb20R_C v aaa20R_C
% abbMEC v abbEC
%aaaEC v abbEC
%31abS v 30ab
% 30ab v Tm
%29ab v 30ab
%31abS v 31abR
%Ts/Tm
%29ab v 30ab
29aaS/29aaR
%DBT v Ph
%C1-DBT 1 v C1-Ph 1
%C1-DBT 2 v C1-Ph 2
%C1-DBT 3 v C1-Ph 5
%C1-DBT 4 v C1-Ph 6
%C2-DBT 1 v C2-Ph 1
%C2-DBT 3 v C2-Ph 3
%C2-DBT 4 v C2-Ph 4
%C3-DBT 3 v %C3-Ph 3

% Sum C-DBTs v Sum C-Phs
%DBT v Chry
%C1-DBT 1 v C1-Chry 3
%C1-DBT 2 v C1-Chry 6
%C1-DBT 3 v C1-Chry 9
%C2-DBT 1 v C2-Chry 3
%C2-DBT 3 v C2-Chry 9
%C2-DBT 4 v C2-Chry 13
% Sum DBTs v Sum Chrys
% Sum C-DBTs v Sum C-Chrys
% C1-Ph 1 v TAS 231 1
% C1-Ph 5 v TAS 231 3
% C1-Ph 6 v TAS 231 7
% C1-FlPy 1 v C1-BNT 1
% C1-FlPy 2 v C1-BNT 1
% C1-FlPy 3 v C1-BNT 1
% C1-FlPy 4 v C1-BNT 1
% C1-FlPy 5 v C1-BNT 1
% C1-FlPy 6 v C1-BNT 1
% C1-FlPy 3 v C1-BNT 3
% C1-FlPy 5 v C1-BNT 4

Figure 9: Isoprenoid ratios of pristane and phytane change when the oil sample is weathered,
making it less useful for source oil identification of a spill or weathered crude oil.
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Figure 10: Good correlation of diagnostic biomarkers prove that a weathered oil sample can still be matched to
unweathered source oil.
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Figure 11: GCxGC-TOFMS total ion chromatograms for riser pipe oil and tarball #1 collected on April 5, 2011 at Ed
Walline Park, Florida.

See Figure 1 for instrument conditions
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Tarball #1 was an oily mix that was sampled on April 5, 2011 at Ed Walline Park, Florida. The TIC shows that the sample was
more weathered compared to the potential source oil (Figure 11). Visual inspection of the EIC of hopanes (m/z 191) showed a
very similar pattern. However, when looking at the C2 and C3 dibenzothiophenes (m/z 212, 226) clear visual differences were
noted (Figure 12). In order to clearly rule out the riser oil as a potential source, a correlation plot was evaluated and clearly
showed a non-match (Figure 13).
Of the six tarball samples that we evaluated, only one was found to be a possible match to the Deepwater Horizon riser pipe
source oil. Tarball #11, collected at Ed Walline Park, Florida on July 16, 2011, one year after the oil spill had been stopped, was
a five-pound tarball that had a hard outer shell and a soft interior. We analyzed the soft core of the tarball and found that it still
retained diagnostic PAHs and had a very similar TIC to the riser pipe oil. The visual inspection of the steranes, hopanes, and
alkylated dibenzothiophenes showed little to no major differences (Figure 14), further suggestion of a possible match. Without
the statistical representation that is needed in the NORDTEST method for legally defensible data, we cannot assign a positive
match. However, the correlation plot does suggest a possible match between Deepwater Horizon source oil and tarball #11
(Figure 15).

Figure 12: Extracted ion chromatograms of diagnostic biomarkers show visual differences between tarball #1 and
the riser oil from the Deepwater Horizon spill.

See Figure 1 for instrument conditions
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Figure 13: Biomarker correlation plot indicates a non-match for Deepwater Horizon riser oil and tarball #1.
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Figure 14: GCxGC-TOFMS extracted ion chromatograms of diagnostic biomarkers show very close visual resemblance of the Deepwater Horizon riser source oil and tarball #11.
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See Figure 1 for instrument conditions
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Figure 15: Biomarker correlation plot of Deepwater Horizon riser oil and tarball #11 shows a possible match.
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Conclusion
Fingerprinting petroleum samples can be done with greater certainty by using highly efficient, comprehensive two-dimensional gas
chromatography time-of-flight mass spectrometry instead of one-dimensional gas chromatography. Advantages include increased
chromatographic resolution of potential diagnostic biomarkers, a structured chromatogram that simplifies and strengthens compound identification, and full mass spectra. GCxGC-TOFMS with highly efficient GC columns that differ in selectivity is an important tool for environmental forensic chemists who perform source oil identification.
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he analysis of chlorinated pesticides (as stated in US Environmental
Protection Agency (EPA) Methods 8081, 508, and 608) and polychlorinated biphenyls (PCBs) (as stated in US EPA Methods 8081 and 8082), are
some of the most common tests performed by environmental laboratories.
However, many laboratories struggle with them because the samples often
are highly contaminated with non-target compounds such as lipids and
hydrocarbons, and the methods require rigorous quality control. Several
techniques, used in combination with Restek’s Rtx®-CLPesticides column
and Rtx®-CLPesticides 2 column, can help you more simply perform these
analyses.
The compounds addressed in these methods are listed in Table I. The table
includes additional compounds typically analyzed using the same methods. Herbicide compounds (US EPA Method 8151) also are listed because
many laboratories use the same instrument to analyze both pesticides and
herbicides. Although the separation of herbicides is included in this guide,
the extraction of them, which is significantly different than for pesticides,
is not included. If you are involved in the preparation and analysis of the
herbicides and would like more information, please contact Restek’s technical service.

• Polar Contaminants and
Co-Extractants: Adsorbent
SPE Tubes

Table I
US EPA 508
aldrin
Aroclor®1016*
Aroclor ® 1221*
Aroclor ® 1232*
Aroclor ® 1242*
Aroclor ® 1248*
Aroclor ® 1254*
Aroclor ® 1260*
α-BHC (α-HCH)
β-BHC (β-HCH)
δ-BHC (δ-HCH)
γ-BHC (γ-HCH, lindane)
α-chlordane
γ-chlordane

• Double-Bond, Triple-Bond, or
Aromatic Compound Contamination: Sulfuric Acid
Cleanup
• General Contaminants:
Carbon Cleanup
• Sulfur Contamination:
Mercury, Activated Copper
Powder Cleanup
Analysis of Chlorinated
Pesticides ............................ 9
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etridiazole
heptachlor
heptachlor epoxide
hexachlorobenzene
methoxychlor
cis-permethrin
trans-permethrin
propachlor
technical chlordane*
trifluralin
toxaphene*

chlorneb
chlorobenzilate
chlorothalonil
DCPA
4,4'-DDD
4,4'-DDE
4,4'-DDT
dieldrin
endosulfan I
endosulfan II
endosulfan sulfate
endrin
endrin aldehyde
endrin ketone
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endrin aldehyde
endrin ketone
heptachlor
heptachlor epoxide
technical chlordane*
toxaphene*
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US EPA 8081

Product Listings ................ 18

For tech support, call

δ-BHC (δ-HCH)
γ-BHC (γ-HCH, lindane)
4,4'-DDD
4,4'-DDE
4,4'-DDT
dieldrin
endosulfan I
endosulfan II
endosulfan sulfate
endrin

aldrin
Aroclor®1016*
Aroclor ® 1221*
Aroclor ® 1232*
Aroclor ® 1242*
Aroclor ® 1248*
Aroclor ® 1254*
Aroclor ® 1260*
α-BHC (α-HCH)
β-BHC (β-HCH)

• Injection Port Maintenance

aldrin
Aroclor®1016*
Aroclor ® 1221*
Aroclor ® 1232*
Aroclor ® 1242*
Aroclor ® 1248*
Aroclor ® 1254*
Aroclor ® 1260*
4,4'-DDD
4,4'-DDE
4,4'-DDT

α-BHC (α-HCH)
β-BHC (β-HCH)
δ-BHC (δ-HCH)
γ-BHC (γ-HCH, lindane)
α-chlordane
γ-chlordane
dieldrin
endosulfan I
endosulfan II
endosulfan sulfate
endrin

endrin aldehyde
endrin ketone
heptachlor
heptachlor epoxide
methoxychlor
technical chlordane*
toxaphene*

*Multi-component standards.
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Table I, cont.
US EPA 8081 Additional Compounds
metalachlor
metribuzin

alachlor
atrazine
cyanozine
○
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US EPA 8151 (herbicides)
acidfluorfen
bentazon
chloramben
2,4-D
dalapon
2,4-DB
DCAA
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dicamba
3,5-dichlorobenzoic acid
dichloroprop
dinoseb
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4-nitrophenol
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2,4,5-TP (Silvex)
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Common Surrogates
decachlorobiphenyl

2,4-DA (herbicide)

2,4,5,6-tetrachloro-m-xylene

Extraction Methods for Liquid, Solid, and Biota Samples
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All of the pesticide compounds listed in Table I, except the US EPA 8151 herbicides, are extracted under neutral conditions using a variety of organic solvents.
There are several sample extraction methods that can be applied, but the most
common will be addressed here.

Liquid Samples
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For liquid samples, you can use either separatory funnel extraction (US EPA
Method 3510) or automated liquid-liquid extraction (US EPA Method 3520).
In comparison, separatory funnel extraction is faster and less expensive to set
up, but requires continuous attention. Automated liquid-liquid extractors can
operate unattended, but are more expensive. For some methods, if analyte
recovery is lower than allowed, you must re-extract the sample by separatory
funnel. Alternatively, if the sample forms an emulsion to the degree that acceptable solvent recovery is not possible using a separatory funnel, then some
methods require liquid-liquid extraction.
According to US EPA Method 3535, solid phase extraction (SPE) can be used
to extract pesticide compounds from aqueous samples.
Separatory Funnel Extraction
For separatory funnel extraction, measure up to 1L of sample into a 2L
separatory funnel, and check the pH. Adjust the pH to neutral using hydrochloric acid or sodium hydroxide, depending on the starting pH. Avoid using
sulfuric acid (see Sulfuric Acid Cleanup on page 8). If adjustment is necessary,
record on your sample tracking paperwork.
Extract the sample by adding 60mL of dichloromethane and shaking for two
minutes. It is critical to shake all samples in the same manner or you may see
variations in extraction efficiency—the best way to ensure consistency is to
use a mechanical separatory funnel shaker. The dichloromethane settles to
the bottom of the separatory funnel and then is decanted through a sodium
sulfate tube into a collection vessel such as a Kuderna-Danish (KD) concentrator or into a TurboVap® or RapidVap® container if using automated concentrators. This step is repeated two more times to achieve quantitative recovery
of all analytes (collect all three extractions into the same collection vessel).

Use SPE (US EPA Method
3535), separatory funnel
extraction (US EPA Method
3510), or automated
liquid-liquid extraction
(US EPA Method 3520)
for liquid samples.
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Removing water from the dichloromethane with sodium sulfate is critical before the extract is concentrated to final volume. Dichloromethane can hold
approximately 11mL of water per liter. If water remains in the extract, it will
partition out of the extract when the volume is reduced. If this occurs, either
the dichloromethane will evaporate first, leaving only water in the collection
vessel, or a two-layer extract will form. In either event, the recoveries of the
analytes will be lower than desired, and the presence of water will interfere
with gas chromatographic (GC) analysis.
The best way to remove the water is to decant the dichloromethane extract
through granular sodium sulfate held in a funnel with a high-quality grade
(Whatman 541) filter paper or glass wool. Approximately 30g of sodium sulfate is sufficient for most samples. This step must not be skipped! Some methods may call for powdered sodium sulfate, but some analytes are adsorbed to
the smaller particles, so only a 10-60 mesh granular sodium sulfate or equivalent should be used. It also is important that this material be free from organic contaminants, so it should be purchased as ACS pesticide residue grade
in glass containers. If purchased in bulk packages where exposure to plastic
is an issue, bake in a muffle furnace. To bake the sodium sulfate, spread it no
more than 1-inch thick into an appropriate container and place into a muffle
furnace, baking at 400°C for a minimum of two hours. After this time, place
the sodium sulfate into a glass container while still hot, and cap the container
to keep the material from resorbing contaminants from the atmosphere. If a
muffle furnace is not available, wash the sodium sulfate or extract it with
dichloromethane prior to use. This technique is extremely wasteful of solvent,
making the muffle furnace preferable.
Liquid-Liquid Extraction

SPE allows very fast extraction times and low solvent
volumes; it also is easily used
in the field.

Liquid-liquid extraction offers unattended extraction once the samples are
ready and the solvent is added. Extraction is performed under neutral conditions and the recoveries are excellent for chlorinated pesticides. Set up of the
extractors should be done following manufacturer specifications. Due to the
extended contact time of the organic compounds with the glass surfaces, reactive compounds could breakdown if these surfaces became contaminated.
Although, with the use of proper washing procedures, this is uncommon. As
with the separatory funnel technique, the use of granular sodium sulfate is
important to yield a dry dichloromethane extract.
Liquid-liquid extractors are available in two versions, conventional and accelerated. The accelerated type uses a hydrophobic membrane to separate the
aqueous and the organic phases, and the extraction time can be cut to 1/3 or
1/4 of the conventional extractor time. These membranes are expensive and it
is important to analyze the cost versus the number of samples extracted to
determine if there is a benefit to using this technique.
Solid Phase Extraction (SPE)

For ordering information,
see product listings
beginning on page 18.

Finally, SPE also is used for the extraction of pesticide and herbicide compounds from aqueous samples (US EPA Methods 3535, 508, and 515). When
using SPE, it is extremely important to follow the manufacturer’s recommendations on the use of the material. There are several manufacturers of C18
tubes and disks, which are the typical media used for these compounds, and
the extraction steps will vary somewhat depending on the manufacturer. In
general, the biggest drawbacks with SPE are the plugging of the disk or tube
with suspended solids and the breakthrough of targeted organics; therefore
this extraction method works most reliably if contamination levels and solids
are low. SPE allows very fast extraction times and low solvent volumes; it also
is easily used in the field.
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Soil Samples
For soil samples, soxhlet or ultrasonic extraction have been the most common
extraction methods; although pressurized fluid, microwave, and supercritical
fluid extraction (SFE) are used as well.
Pressurized fluid extraction (US EPA Method 3545) runs unattended, but has
some sample size limitations. Generally, no more than 10g of sample can be
extracted without using multiple vessels, so detection limits may be compromised for certain analytical methods. It is important to take this into consideration when evaluating the use of either pressurized fluid or microwave extraction.
Although not currently cited by the US EPA, microwave extraction can be
useful for automated extraction as well. Microwave extraction extracts 12
samples simultaneously, but does require slightly more operator handling
than the pressurized fluid extraction instruments. The instrumentation is
less expensive than the pressurized fluid instrumentation, but lack of an EPA
method has limited the use of this technique in the US.
Supercritical fluid extraction has been promoted for a number of years as a
“solventless” extraction technique for environmental samples. SFE was added
to SW-846 as Method 3560, but its application is limited. SFE suffers from
severe matrix-related variation, resulting in the need to modify the SFE conditions depending on soil type, water content, sample size, and the type of
analytes. This ultimately requires additional sample preparation prior to the
actual extraction. These requirements, added to the high cost of these instruments, has virtually precluded the use of SFE for environmental sample preparation.
Sonication or Soxhlet Extraction
Sonication or soxhlet extraction works well for chlorinated pesticides and PCBs.
Sonication is a faster technique, but requires constant operator attention. In
both techniques, problems such as contamination are attributed to either
contaminated reagents, especially sodium sulfate, or poor laboratory practices being used when transferring sample extracts. Using sodium sulfate to
remove water (described on page 4) is important. Mix the sample with sodium
sulfate to achieve a sandy consistency prior to solvent addition. Using granular sodium sulfate is recommended because some of the pesticides will adsorb
to the powdered material.

Soxhlet and ultrasonic
extraction are the most common extraction methods for
soil samples; although pressurized fluid, microwave, and
supercritical fluid extraction
can be used as well.

Solvent Selection
Since soil and biota samples are essentially wet particles, acetone and
dichloromethane usually are used in a 1:1 combination as the extraction solvent. The acetone is needed to adequately penetrate into the soil particle so
that compounds contained in the particle can be extracted. Several other
solvent systems can be used for unique extractions, but generally this combination works for most applications. Use pesticide residue grade solvents for
this application and run solvent assays to verify the material prior to its use.
To perform a solvent assay, reduce 300 to 400mL of solvent to a final volume
of 1mL, and exchange to hexane for analysis by GC/ECD (electron capture
detection). The extract analysis should have no chromatographic peaks above
50% of the detection limit for any target compound.
Finally, with regards to solvent selection, it is important to note that
dichloromethane will form hydrochloric acid spontaneously without a stabilizer present. There are two classes of stabilizers: stabilizers that keep hydrochloric acid from forming, and stabilizers that eliminate hydrochloric acid
upon formation. Methanol and cyclohexane are used to stop hydrochloric acid
from forming. If water samples are extracted with dichloromethane contain-
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ing methanol as the stabilizer, the methanol will partition into the water, leaving an unstabilized extract. Hydrochloric acid forms quickly in unstabilized
dichloromethane, and injection of an acidic solvent will result in reactivity of
liners and columns. The second type of stabilizers are alkene compounds,
which are used to reduce hydrochloric acid upon formation. It is desirable to
use an alkene stabilizer that is low-boiling to prevent interference with early
eluting target compounds.

Sample Cleanup Methods

Sample extract cleanup is
probably the most important
step in maintaining
long-term instrument
performance.

Sample extract cleanup is probably the most important step in maintaining
long-term instrument performance. Generally, when instrument problems arise,
they are caused by exposure of the injection port and the column to contaminants in the sample extracts. While all of these contaminants cannot be eliminated, most can be reduced to levels where they become much less of an issue.
Contained in many pesticide and PCB extracts are hydrocarbons, sulfur, phthalate esters, and lipids in the case of biota samples. Many of these compounds can be removed from the extract by one or more of the following techniques, with little additional cost or time, which usually can be recovered by an
increase in instrumental stability, a decrease in instrument maintanence, and
possible improvements in detection limits.

Sulfur and Lipid Contaminants: Gel Permeation Chromatography
Gel permeation chromatography (GPC) is a preparative-scale chromatographic
method of separation based on molecular size. Since the target compounds
are similar in molecular size, they elute as a band of material and are easily
separated from lighter and heavier contaminants. For the pesticide and PCB
extracts, GPC is a very efficient method for removing sulfur and lipids. GPC is
the only cleanup technique cited here that requires considerable expense,
and the processing time per sample is between 30 to 70 minutes. For these
reasons, many laboratories choose not to use GPC. However, for soil and biota
samples, GPC is the most prudent cleanup method.
Sulfur also can be eliminated using mercury or activated copper powder, but
lipids are not as easily removed. Lipid content of biota extracts can be several
orders of magnitude higher than that handled using SPE methods, so GPC is
still a good alternative. If sample extracts with high lipid content are injected
into the GC, the injection port and head of the column will quickly become
contaminated, resulting in failure of continuing check standards.

For ordering information,
see product listings
beginning on page 18.

www.restek.com

US EPA Method 3640 details the requirements for GPC cleanup of extracts for
pesticide and PCB analysis. If the sample is to be analyzed for PCBs only, the
sulfuric acid cleanup (US EPA Method 3665) described on page 8 is more cost
effective than Method 3640, but is not amenable to all the pesticides. When
performing a GPC cleanup, verify the instrument retention time calibration
on a daily basis or before processing the next batch of samples, whichever is
less frequent. If a number of samples have been processed that contain large
amounts of contamination, the front of the GPC column can become reactive.
This is typically observed in the loss of 2,4,6-tribromophenol for semivolatile
extracts, but it may not be as easily observed in the pesticide GPC standard.
The use of a 2-3" guard column can prevent repacking of the 70g analytical
column.
GPC columns also are very sensitive to slight changes in mobile phase composition (solvent variations). Because soil and biota samples typically are extracted using a solvent mixture, and dichloromethane is the lowest boiling
solvent, it will evaporate first when the extract is concentrated. This leaves
nearly 100% acetone in the concentration vessel. If dichloromethane is then
added to adjust the extract to volume, significant amounts of acetone will be
introduced into the GPC column. This will lead to “solvent shock” and the
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formation of a void at the front of the column. This, in turn, will effect the
retention times of the compounds eluting from the GPC column and ultimately result in the possibility of some target compounds being uncollected.
Therefore, to avoid large amounts of acetone being applied to the column, it is
critical that all extracts be reduced to as small a volume as possible prior to
reconstitution in dichloromethane.

Polar Contaminants and Co-Extractants: Adsorbent SPE Tubes
Both Florisil® and silica adsorbents have been used since the 1960s for chromatographic cleanup and fractionation of environmental samples, especially
those containing chlorinated pesticides. Florisil® is a magnesium silicate, while
silica is manufactured from a sodium silicate sol. Originally tested and used
in manually-packed, large open-column cleanup procedures, these adsorbents
were found to be useful in retaining polar contaminants from soil and waste
samples that had been extracted with organic solvents such as hexane. They
are ideal for retaining co-extractants, such as phenols, that may interfere
with GC analysis of pesticides, PCBs, and chlorinated hydrocarbons. Large
Florisil® tubes also were used to fractionate pesticide groups based on small
differences in polarity, by eluting with increasing percentages of polar solvents such as ethyl ether.1 Testing based on this method is a standard QA
procedure for pesticide-grade Florisil® adsorbent. All grades of these bulk
adsorbents should be heat-activated at 130°C for 16 hours, stored in a sealed
glass container, and cooled to room temperature before being manually packed
into glass tubes.2

To increase laboratory
efficiency and reduce the
amount of solvents used for
extract cleanup, the US EPA
has allowed the use of prepacked SPE tubes containing
Florisil® or silica packing.

To increase laboratory efficiency and reduce the amount of solvents used for
these processes, the US EPA has allowed the use of pre-packed SPE tubes
containing Florisil® or silica packing. These small tubes are convenient to use,
require less solvent, and still are effective. They will cleanup small volumes of
pesticide-containing or chlorinated hydrocarbon-containing samples. They
often are used after GPC cleanup, as recommended in SW 846. Details on the
appropriate use and preparation of these cartridges is contained in SW 846
Method 3620B, 3630C, and in the CLP Pesticides Statement of Work (SOW).3
It is very important to evaluate each lot of tubes to ensure minimal background from the device itself, and to verify that the packing is at maximum
activity level to maintain the expected retention capacity. These tubes are
available with stainless steel or PTFE frits to reduce interferences from phthalates, which may be extracted from typical polyethylene frit materials. Using
adsorbent beds of 1g or more and slower gravity elution of the samples will
minimize premature breakthrough or channeling and ensure maximum recoveries in each recovered fraction.

Refer to page 19 for SPE
ordering information. For
additional questions on the
use of Florisil® SPE, refer to
the appropriate EPA Method,
request Applications Note
#59562 from Restek, or call
Technical Service at 800-3561688 or 814-353-1300, ext. 4.

References
1. J. of AOAC, Ch. 24, 208, Vol. 49, Nov.1 (1966), p. 223
2. “Test Methods for Evaluating Solid Waste Physical/Chemical Methods (US EPA SW 846) Final
Update III,” December 1996. Available from the US government, Mail Stop: SSOP, Washington, DC,
20402-9328.
3. US EPA Contract Laboratory Program, Statement of Work for Organic Analysis 0LM04.0, Exhibit D
Pesticides/Aroclors.
References not available from Restek.
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Contamination from Double-Bond, Triple-Bond, or Aromatic
Compounds: Sulfuric Acid Cleanup
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Sulfuric acid will add to nearly any double-bond, triple-bond, or aromatic
compound, producing a compound that has the general structure shown in
Figure 1. The only compounds that do not undergo this reaction are those
with single bonds, or compounds that are stabilized by groups, which make
the multiple bond inaccessible to sulfuric acid addition. This reaction can
be used to convert nearly every comFigure 1: Sulfuric acid will add to nearly any double-bond,
pound found in pesticide and PCB extriple-bond, or aromatic compound, producing a compound
tracts, from organic-soluble comthat has this general structure:
pounds to aqueous-soluble compounds. The resulting organic phase
then can be removed and concentrated, resulting in a much less contaminated extract. It is important to
note that many of the pesticides will
undergo this reaction, so this cleanup
can only be used for PCB analysis.
To perform sulfuric acid cleanup, place
the hexane extract in a vial about 3to 4-times the volume of the extract.
Add an equal amount of 1:1 sulfuric
acid, cap the vial, and shake for a few
minutes. Most of the color will be transferred to the aqueous (bottom) layer as
the reaction progresses. Allow the layers to separate either by standing or
centrifugation. Using a glass pipette, quantitatively remove the hexane (top)
layer and transfer to a KD or a concentrator vial. If the hexane extract still has
significant color, repeat the steps until no more color is exchanged into the
aqueous layer. Once the extract has been transferred to the KD or concentrator vial, reduce it to final volume.
Following sulfuric acid cleanup, primarily only hydrocarbons, sulfur, some
chlorinated pesticides, and PCBs will be remaining.

General Contaminants: Carbon Cleanup
○

Over the last decade, development of a new, chromatographic-grade graphitized
carbon has provided a more
consistent product with predictable elution behavior.
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For many years, activated charcoal has been used to separate target compounds from sample matrix interferences. Past problems have included lotto-lot variability of the material itself, as well as manual column packing inconsistencies, which often resulted in variable elution patterns. Labs were
required to test each new lot of charcoal, and then correct the required elution
solvent volumes. Over the last decade, development of a new, chromatographicgrade graphitized carbon has provided a more consistent product with predictable elution behavior. This carbon material has far fewer contaminants
than charcoal and also is available in commercially prepacked cartridges,
which further increases performance reproducibility.
Graphitized carbon tubes have a unique elution pattern characteristic compared to Florisil®, alumina, and silica gel tubes; and have higher sample capacity in comparison to C18 tubes. In general, carbon elutes polar compounds
first, then nonpolar compounds. For this reason, carbon makes a very good
absorbent to remove nonpolar matrix interferences from sample extracts.
Graphitized carbon is a versatile, nonporous adsorbent, which retains or extracts a variety of compounds. The extraction system may be adjusted to
retain and elute aliphatic, aromatic, polar, and nonpolar analytes. For optimal recoveries, compounds of interest should be applied in weak solvents, or
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solutions with low solubility for the analytes, and eluted in strong solvents.
Mixed solvent systems, including dichloromethane, often are the most effective for elution. Carbon cartridges will retain pesticides and PCBs when introduced as low volume (1mL) hexane extracts. They will retain the non-polar
sample interferences and release the chlorinated pesticides using up to 20mL
of a 20% dichloromethane/hexane solution*. However, caution should be taken
when using graphitized carbon to clean extracts for PCB analysis because the
coplanar PCB congeners BZ#77, 81, 126, and 169 are retained and do not
elute using the above solvent. These congeners can be eluted using a 1:1
mixture of ethyl acetate and benzene.
*Due to the uniqueness and high capacity of graphitized carbon, all fractionation and elution volumes should be verified from lot to lot.

Sulfur Contamination: Mercury, Activated Copper Powder Cleanup
Sulfur also is a common contaminant in pesticide and PCB extracts, and it
produces a large signal on an ECD. Sulfur can be removed using GPC or one
of the many cleanup procedures listed in US EPA Method 3660.
Mercury added directly to the extract vial is probably the best method for
removing sulfur. (Note: Due to the hazardous nature of mercury, use caution
while working with this substance.) Add a few drops of mercury to the hexane
extract. The sulfur is then converted from an organic soluble species to mercury sulfide on the surface of the mercury drop, which appears as a black
powder. The hexane is then pipetted off and re-vialed. Repeat this procedure
until this reaction no longer occurs.

Refer to page 19 for SPE
tube ordering information.

Activated copper powder also removes sulfur, but can react with some of the
chlorinated pesticides if the exposure time is too long. The first compound to
show signs of this reaction is usually heptachlor. The best way to use this
cleanup method is to apply the activated copper powder to the top of a Florisil®
SPE tube, so that the cleanup is performed as the sample passes through the
cartridge, resulting in minimum exposure time. Sulfur cleanup is not amenable to the organophosphorous pesticides as several of them break down in
the presence of activated copper or mercury.

Analysis of Chlorinated Pesticides
Calibration
The instrument used for the analysis of pesticides and PCBs must be calibrated prior to performing quantitative analysis. The calibration should be
linear over a 16- to 100-fold concentration range. The calibration of 3 to 5
points includes analyzing a low-point standard to meet the required reporting
limit, as well as a high-point standard to minimize the need for dilutions. The
linearity check should contain all the pesticides being reported. The necessity
to verify linearity for all target compounds is important because the different
classes of pesticides (i.e., α-BHC vs. methoxychlor) will cause differences in
injection port discrimination, chromatographic peak shape, or detector linearity.
Aroclor® standards are mixtures of chlorinated biphenyls, called congeners.
The linearity of the PCB congeners is consistent from the monochlorinated
biphenyls to decachlorobiphenyl. For some methods, running calibration curves
for three Aroclor® standards covering the entire analytical range (i.e., 1242,
1254, and 1260), followed by the analysis of a single concentration for each
remaining Aroclor® standard is sufficient. See pages 19-22 for common calibration standards.
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Injection Port Maintenance
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The injection port is where a majority of analytical problems occur in the
analysis of pesticides. The main problem is the cleanliness and inertness of
the injection port with which the sample extract comes in contact. The two
compounds used to check the injection port inertness are endrin and 4,4'DDT. The breakdown components monitored for each compound are endrin
aldehyde and endrin ketone, and 4,4'-DDE and 4,4'-DDD, respectively.
The breakdown of 4,4'-DDT is generally indicative of a dirty injection port
caused by the analysis of oily or “dirty” sample extracts. Replacing the liner
and cutting 6-12 inches off of the guard column usually is needed to bring the
system back to the original state. Sample extracts causing 4,4'-DDT breakdown usually need GPC or carbon column cleanup to separate the pesticide
from the sample matrix interferences.
Endrin breakdown is usually indicative of a chemical reaction taking place in
the injection port. The breakdown could be caused by impurities in the carrier
gas, active metal surface, a non-deactivated liner or septa particles.
The carrier gas is usually the last troubleshooting area investigated and the
hardest to eliminate. Endrin may react with a contaminate being carried into
the injection port by the carrier gas. Having gas scrubbers in-line for the
carrier gas will help keep this problem from occurring. In some instances, a
contaminate, such as argon, in the helium carrier gas has been found when
high endrin breakdown has occurred. To check for contaminated helium, use
a GC/mass spectrometer (MS). For example, scan for mass 40 to check for
argon contamination.
When the extract is injected into the hot injection port, the extract backflash
that escapes from the top and bottom of the liner comes into contact with
metal surfaces. Therefore, the metal surfaces of the injection port must be
kept clean, including the inlet carrier gas line. Periodic rinsing of the carrier
gas lines and swabbing out the injection port may be necessary if endrin or
4,4'-DDT breakdown increases over short periods of time or when only analyzing standards. Rinsing of the metal surfaces using solvents, or in some
cases silanizing the injection port, has helped. To solvent rinse, trace the
carrier gas line from the injection port back to the first connection, rinse from
that point to the injection port with solvents using a syringe or HPLC pump.
Do not flush solvent through any actuator valves or rubber parts, and rinse
with injection port at room temperature.

All Restek liners are
deactivated for maximum
inertness and minimum pesticide breakdown. Order our
Inlet Supplies Catalog (lit.
cat.# 55980) for a
complete product listing.

Improperly deactivated injection port liners will also cause endrin breakdown.
The best way to avoid this problem is to replace the liner with a newly deactivated liner when performing routine maintenance. There are two approaches
to liner deactivation: perform the operation in-house or send liners out to be
deactivated. Sending injection port liners to a company like Restek for cleaning and deactivating is inexpensive and keeps analysts from spending time
chemically deactivating liners. There is a standard procedure for deactivating
liners that includes a process of cleaning the liners in acid and deactivating
with dichlorodimethylsilane. Call Restek’s technical service for more information on this procedure.
Septa particles are a major cause of endrin breakdown. The septa particles
will sit on top of a glass wool plug or at the bottom of the liner. Generally, filing
down the burrs on the end of the syringe needle will help eliminate the coring.
Another approach is to try different septa that feature reduced coring. As
technologies change, new septa are investigated for their bleed characteristics and softness at different temperatures. The latest technologies on septa
are available by requesting A Guide to Minimizing Septa Problems (lit. cat.#
59886).
The effects of chromatographic peak shape on linearity vary widely. In some
cases, as with endrin aldehyde on the cyanopropyl phases (i.e., 1701 phase),
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the tailing of this compound is inherent with the liquid phase and does not
appear to affect linearity for the limited ranges used in pesticide calibrations.
However, when the tailing peaks are caused by nonvolatile contaminants deposited from sample extracts, the poor chromatography does affect linearity.
The nonvolatile compounds are usually located at the front end of the column
or guard column. The contaminated section of column can be removed by
cutting off a piece of the inlet end of the capillary column or rinsing the column with solvent. If dirty samples are being analyzed and tailing of compounds is a problem, remove one loop of the guard column. This is usually
enough to eliminate the tailing. If the analytical column is affected, the column can be rinsed with solvent to remove nonvolatile compounds. Using
methylene chloride, rinse the column from back to front.
The linearity of ECDs for a 16- to 100-fold concentration range is sufficient to
pass linearity requirements. Linearity for ECDs is affected by the flow rate of
the make-up gas, nitrogen or argon/methane. To set the flow rate of the makeup gas, run a calibration curve including α-BHC and methoxychlor. Using
response factors, calculate the percent relative standard deviation (RSD) of
each compound. Set the make-up gas flow rate so the percent RSD of these
two compounds is the same. An increase in make-up gas flow will improve the
linearity of α-BHC but make linearity worse for methoxychlor. The remaining
pesticides will exhibit linear curves once the make-up gas has been set to give
good linearity for α-BHC and methoxychlor.
Because several of the pesticide compounds, most notably endrin, react with
hot metal surfaces, cold on-column or direct injections are suggested. With
certain GCs this becomes even more important if the sample is exposed to
metal seals.

The injection port is where a
majority of analytical problems occur in the analysis of
pesticides. The main problem
is the cleanliness and inertness of the injection port with
which the sample extract
comes into contact.

For tech support, call

800-356-1688, ext. 4
(814-353-1300, ext. 4)

Cold On-Column Injections
In cold on-column injections, the needle is inserted directly into the column
and the sample extract is deposited. On-column injections work extremely
well for relatively clean samples. If contamination levels are low, and not too
much nonvolatile residue is present (lipids, hydrocarbons, sulfurs, etc.) in the
sample extracts, then on-column injections provide the best detectability and
linearity, and narrowest peak width.
On-column injections are best suited for the analysis of water sample extracts, where analyte concentration levels are usually low and the amount of
non-volatile material is relatively small. Both small and large volumes can be
injected on-column, with the large-volume injections being even more sensitive to non-volatile residue. Conventional on-column injections are typically
less than 1µL, and require the use of 0.53mm ID columns. Large-volume, oncolumn injections are typically 10µL to 100µL and require the use of a precolumn to eliminate the solvent. Several suppliers now offer autosamplers
that permit both types of on-column injections. These systems are worth considering if you analyze relatively clean sample extracts. However, they generally only provide acceptable results for the drinking water methods (US EPA
Method 500 series). If used for solid and biota extracts, the systems would
require frequent maintenance.

On-column or direct injections
are suggested because several
of the pesticide compounds,
most notably endrin, react
with hot metal surfaces.
With certain GCs, this becomes even more important
if the sample is exposed
to metal seals.

Direct Injections
Direct injections are made by injecting the sample extract into a hot injection
port liner. The extract vaporizes and the carrier gas transfers the analytes to
the GC column, where they are refocused. In conventional direct injection
ports using a Uniliner® glass liner, the column is connected to it by means of
a press-tight seal at the bottom of the liner. This type of injection port set-up
eliminates contact of analytes with the active metal surfaces below the bot-
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Figure 2: A press-tight seal
connects the liner to
the column.
Metal sleeve
adaptor

Uniliner®

Press-tight
connection

○

tom of the liner (Figure 2). The benefits of using this type of injection are that
upwards of 3µL to 4µL of sample can be injected, and injection port discrimination is reduced.
A split/splitless injection port also may be adapted for direct injections using
Uniliner® liners. In this mode of operation, the split/splitless injection port
split valve (purge valve) must be turned off. Additionally, it is beneficial to
make a leak-free connection (press-tight seal) between the liner and the column. Refer to the steps presented in the supplied product information sheet,
or found in our catalog, to install a Press-Tight® connector. It is also helpful to
use graphite ferrules for this connection because the Vespel® ferrules may
cause the column connection to fracture if overtightened. Finally, before inserting the column into the connector, dip the end of the column into a vial of
methanol for 30 seconds. This causes the polyimide coating on the column to
swell, resulting in a better seal.
A third direct injection technique used for pesticide analysis involves largevolume injections into a cold injection port. The injected solvents and compounds are cold-trapped on the injection port liner walls. The injection port is
heated to about the boiling point of the solvent, and the solvent is vented out
of the system. The vent is turned off and the injection port is heated rapidly,
allowing the trapped analytes to transfer from the liner to the inlet end of the
analytical column.
Pesticide methods generally require a second column analysis for confirmation, to give a higher degree of confidence in reported analytes. For dualcolumn analyses, we recommend that these injections be made into a single
injection port and split onto two columns using a glass “Y” fitting (Figure 3).
Although there are alternative ways to set-up a dual-column system, this
method provides the best reproducibility, while achieving the required detection limits and minimizing instrument maintenance.

Splitless Injections
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Splitless injection involves operating a split injection port with the split valve
(purge valve) closed during the injection, allowing all the carrier gas to be
directed into the column. The split valve remains closed for a short time (30
sec. to 2 min.) after the injection in an attempt to transfer as much of the
sample extract as possible from the injection port onto the column. After this
splitless hold, the purge vent is opened, and the remaining solvent and nontransferred sample are vented out of
the injection port. The purge vent
should have a carbon trap attached to
remove any pesticides and other orFigure 3: “Y” fitting provides best dual-column system connection
ganic compounds before being vented
into the laboratory.

split/splitless
or direct
injection inlet

Press-Tight® “Y” or
Vu-Union™ “Y” connector
analytical
columns

guard
column

Splitless injection requires optimization of the purge time to ensure that
the maximum amount of analyte is
transferred to the column, and minimizes the amount of solvent. Generally, the purge time is determined by
maximizing the area count of the last
eluting analyte. For additional information, please contact Restek’s technical service and ask for the technical
guide Operating Hints for Split/Splitless
Injectors (lit. cat.#59880).
Splitless injection is prone to inertness
problems because of the residence time
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and exposure of the analytes, such as endrin, to the metal surfaces outside
the glass liner. During injection, the vapor cloud expands outside the glass
liner, exposing reactive analytes to metal surfaces. Endrin and 4,4'-DDT are
used as indicator compounds for active sites. The most common active area in
the injection port is the bottom of the injection port, below the liner. The vapor
cloud expands past the column and comes in contact with the metal disk
(inlet seal) below the liner. These inlet seals should be cleaned or replaced
during routine maintenance. The use of a gold or Silcosteel ®-treated inlet seal
will provide greater inertness.

Resolution Discussion
For many years, environmental laboratories have struggled with various chlorinated pesticide analytical methods. Not only do the labs keep track of resolution requirements and breakdown performance criteria, but they also analyze extracts that usually contain high-boiling contaminants. While these contaminants don’t always appear in the GC/ECD chromatogram, they can cause
shifts in retention time, elevated baselines, and target compound breakdown.
Many laboratories have used cyanopropyl capillary column stationary phases
(1701 columns), which may provide the best resolution between target compounds, but have several limitations:

1. 1701-type columns are prone to on-column breakdown of DDT and methoxychlor as a result of degradation of the stationary phase. While each
column can be tested for this before leaving the manufacturer, it is no
guarantee that this problem will not arise after the column has been
subjected to sample analyses. The problem seems to be related to the
basic nature of the cyano group, and does not appear to be easily solved.
2. 1701-type columns have relatively low maximum operating temperatures, which prohibit final oven temperature ramps high enough to remove the higher-boiling oils commonly found in pesticide and PCB extracts. This procedure, commonly referred to as baking out, is used by
many laboratories to eliminate or reduce the levels of heavier hydrocarbons at the end of each analysis, providing that the columns can be
heated to higher levels than those used in the analysis itself.
Several phenyl/methyl phases have also been used for this analysis, including a 5% phenyl/35% phenyl/50% phenyl phase. While each of these phases
has a higher maximum temperature and is less reactive, as compared to the
cyanopropyl phases, they all have target compounds that coelute to some
extent. The specific compounds that coelute vary based on the percent of
phenyl composition, but each column has at least one coelution. This results
in additional work for the laboratory, and in some cases, requires that both
compounds be reported, even though only one may be present.
While using two phenyl-phase columns in a dual-column system allows baking-out of the system between analyses, the phenyl-phase columns are more
prone to coelution of the chlorinated pesticides than the cyanopropyl-phase
columns. This has kept the cyanopropyl-phase columns in demand for pesticide analysis, despite their limitations—until now.
The development of the Rtx®-CLPesticides and the Rtx®-CLPesticides2 columns has simplified the choice. These columns are capable of baseline resolution of the 22 common chlorinated pesticides as listed in US EPA Methods
8081, CLP, and 608. Each column is available in 0.25mm, 0.32mm, and
0.53mm IDs, and has been optimized for ECD analysis. Both feature almost
zero bleed after conditioning. In addition to their separating ability, the Rtx ®CLPesticides columns can be heated to temperatures previously only tolerated by phenyl-phase columns. The maximum temperature of the Rtx ®-
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CLPesticides column and the Rtx®-CLPesticides2 column is 330°C, making it
similar to the 5% phenyl Rtx®-5 column.

Rtx®-CLPesticides and
Rtx®-CLPesticides2 columns
baseline resolve all 22
chlorinated pesticides (US EPA
Methods 8081, CLP, and 608)
in under 25 minutes. See page
18 for ordering information.

When using cyanopropyl-phase or phenyl-phase columns, laboratories typically must calibrate using 5-point curves, injecting mix A and mix B compounds separately because the target compounds coelute. Because no coelution
problems occur with the Rtx®-CLPesticides columns, the mixes can be combined. This eliminates the need for at least 5 injections during calibration of
the instrument, and may free a minimum of 2.5 hours a day to analyze more
samples. (The CLP method, however, mandates the separate calibration sequence—it is the only method to do so.) Restek provides the calibration standards as a single mix for laboratories wishing to use only one calibration mix
in their calibration curves (see the product listings beginning on page 18 for
details).
Although Rtx®-CLPesticides columns are available in all three common ID
dimensions, we typically recommend using the 0.32mm ID size. This size
provides the best combination of capacity and peak width (Figure 4). If your
sample extracts are particularly contaminated, you may find that the 0.53mm
ID columns allow for longer duration of calibration, because of the large capacity (Figure 5). Columns of 0.25mm ID provide better resolution, but cannot handle contaminated or large samples (Figure 6). In most cases, the 0.32mm
ID is the size of choice for this analysis.
When configuring the column pair, use a 5m section of guard tubing to connect the glass “Y” to the injection port. This allows enough of a retention gap
so that the sample is evenly split into the two columns. The best flow rates
and oven programs are listed on the chromatograms, but it is possible to get
a total run time as low as 16 minutes using hydrogen as a carrier gas (Figure
7). Some laboratories may not be comfortable using hydrogen, though it affords a shorter run time. In any event, both helium and hydrogen work well as
a carrier gas when using Rtx®-CLPesticides columns for this analysis.

Figures 6–9 are shown on
pages 16 and 17. Product
listings begin on page 18.

The separations of US EPA Method 508 pesticides (Figure 8) and US EPA
Method 8151 herbicides (Figure 9) also are shown because these analyses
typically are run on the same instrument as the chlorinated pesticides already shown. It is important to note that Rtx®-CLPesticides columns also exhibit baseline separation for these compounds, except for a few that are not
commonly observed. The Rtx®-CLPesticides column and the Rtx®-CLPesticides2
column combination results in the resolution of all compounds, allowing the
use of one column pair and the same instrument flow rate for many different
analyses.

Summary
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Although the analysis of chlorinated pesticides historically has been one of
the more difficult tests performed by environmental testing laboratories, using Restek’s Rtx®-CLPesticides columns, coupled with the methods presented
in this guide will make your analyses easier. Optimized sample preparation
and extract cleanup, the proper injection technique, suitable analytical columns and standards, and accurate quantitation will improve your results
and increase your lab’s throughput.
When problems occur, using proper troubleshooting and maintenance techniques can quickly reestablish system integrity. When faced with difficulties
in your pesticide or PCB analysis, remember that the majority of problems
occur during the sample preparation and cleanup step, or at the injection
port of the GC. If you are still having difficulties with your analysis after following the steps in this guide, please contact Restek’s technical service at
800-356-1688, ext. 4, and we will be happy to help you.
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Figure 4
0.32mm ID columns provide best capacity and resolution of all 22 pesticides used in US EPA Method 8081.
Rtx®-CLPesticides

Rtx®-CLPesticides2

30m, 0.32mm ID, 0.50µm (cat.# 11139)

30m, 0.32mm ID, 0.25µm (cat.# 11324)
19

19

22
22

11
11
1

13
13 16
15

2

3

5

6

8

2

16

15
14

17
20
18

14
7

1

21

3

9

5

7

17

21

18
20

8 9

6
12

10

4

10
12

4

10

22

min.

10

1. 2,4,5,6-tetrachlorom-xylene
2. α-BHC (α-HCH)
3. γ-BHC (lindane)
4. β-BHC (β-HCH)
5. δ-BHC (δ-HCH)
6. heptachlor
7. aldrin
8. heptachlor epoxide
9. γ-chlordane
10. α-chlordane
11. 4,4'-DDE
12. endosulfan I
13. dieldrin
14. endrin
15. 4,4'-DDD
16. endosulfan II
17. 4,4'-DDT
18. endrin aldehyde
19. methoxychlor
20. ensdosulfan sulfate
21. endrin ketone
22. decachlorobiphenyl

24

On-column concentration: 16-160pg organochloride pesticide mix AB#2 (cat.# 32292); Oven temp.: 120°C (hold 1 min.) to 300°C
(hold 10 min.) @ 9°C/min.; Inj. port: Direct, Uniliner® sleeve (cat.# 20335), at 200°C; Detector: ECD, 300°C with Anode Purge;
Dead time: 1.9 min.; Head pressure: 8.7psi (constant); Flow rate: 1.3mL/min. @ 120°C, Helium.

Figure 5
0.53mm ID columns for the best analysis of contaminated pesticide samples (US EPA Method 8081).
Rtx®-CLPesticides

Rtx®-CLPesticides2

30m, 0.53mm ID, 0.50µm (cat.# 11140)

30m, 0.53mm ID, 0.42µm (cat.# 11340)
19

19

22

22

1
11

11
13

1
2

5
3
6

7

10
9
8

13

2

21

17
20
15
18
14 16

16

21

20
17
15 18
14

5
6 7

3

9
8 10

12

4

4
12

10

22 min. 10

24

1. 2,4,5,6-tetrachloro-mxylene
2. α-BHC (α-HCH)
3. γ-BHC (lindane)
4. β-BHC (β-HCH)
5. δ-BHC (δ-HCH)
6. heptachlor
7. aldrin
8. heptachlor epoxide
9. γ-chlordane
10. α-chlordane
11. 4,4'-DDE
12. endosulfan I
13. dieldrin
14. endrin
15. 4,4'-DDD
16. endosulfan II
17. 4,4'-DDT
18. endrin aldehyde
19. methoxychlor
20. ensdosulfan sulfate
21. endrin ketone
22. decachlorobiphenyl

On-column concentration: 16-160pg organochloride pesticide mix AB#2 (cat.# 32292); Oven temp.: 120°C (hold 1 min.) to 300°C
(hold 10 min.) @ 9°C/min.; Inj. port: Direct, Uniliner® sleeve (cat.# 20335), at 200°C; Detector: ECD, 300°C with Anode Purge;
Dead time: 1.9 min.; Head pressure: 3psi (constant); Flow rate: 2.83mL/min. @ 120°C, Helium.
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Figure 6
Smaller ID provides better detection limits. 0.25mm ID columns provide better signal-to-noise ratio.
(US EPA Method 8080).
Rtx®-CLPesticides

Rtx®-CLPesticides2

30m, 0.25mm ID, 0.25µm (cat.# 11123)

30m, 0.25mm ID, 0.20µm (cat.# 11323)

19

1
19

22
11

22
2

13

3

15
17
16

16
1

11 13

5

21
17

2
56

18

10
7

6

20

8
4

21

18

10

7

15
3

12

9

14
20

14
8 9 12

4

10

24 min. 12

1. 2,4,5,6-tetrachlorom-xylene
2. α-BHC (α-HCH)
3. γ-BHC (lindane)
4. β-BHC (β-HCH)
5. δ-BHC (δ-HCH)
6. heptachlor
7. aldrin
8. heptachlor epoxide
9. γ-chlordane
10. α-chlordane
11. 4,4'-DDE
12. endosulfan I
13. dieldrin
14. endrin
15. 4,4'-DDD
16. endosulfan II
17. 4,4'-DDT
18. endrin aldehyde
19. methoxychlor
20. ensdosulfan sulfate
21. endrin ketone
22. decachlorobiphenyl

28

On-column concentration: 16-160pg organochloride pesticide mix AB#2 (cat.# 32292); Oven temp.: 120°C (hold 1 min.) to 300°C (hold 3 min.)
@ 8.5°C/min.; Inj. port: Direct, Uniliner ® sleeve (cat.# 20335), at 200°C; Detector: ECD, 300°C with Anode Purge; Dead time: 2.4 min.;
Head pressure: 11.2psi (constant); Flow rate: 0.64mL/min. @ 120°C, Helium.

Figure 7
Fast screening of pesticides using hydrogen gas flow with 15m columns.
Rtx®-CLPesticides

Rtx®-CLPesticides2

15m, 0.32mm ID, 0.50µm (cat.# 11136)

15m, 0.32mm ID, 0.25µm (cat.# 11321)
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22
1

1
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22

13
16
21
14 17
20
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2
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4

11

89

16
15 17
21
14
20

2

18

3

12

13

7
56

8

9
18

10
4
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12

3

7

min.

3

1. 2,4,5,6-tetrachloro-mxylene
2. α-BHC (α-HCH)
3. γ-BHC (lindane)
4. β-BHC (β-HCH)
5. δ-BHC (δ-HCH)
6. heptachlor
7. aldrin
8. heptachlor epoxide
9. γ-chlordane
10. α-chlordane
11. 4,4'-DDE
12. endosulfan I
13. dieldrin
14. endrin
15. 4,4'-DDD
16. endosulfan II
17. 4,4'-DDT
18. endrin aldehyde
19. methoxychlor
20. ensdosulfan sulfate
21. endrin ketone
22. decachlorobiphenyl

7

On-column concentration: 16-160pg organochloride pesticide mix AB#2 (cat.# 32292); Oven temp.: 115°C to 280°C (hold 2 min.)
@ 29°C/min.; Inj. port: Direct, Uniliner ® sleeve (cat.# 20335), at 200°C; Detector: ECD, 300°C with Anode Purge; Dead time: 0.73 min.;
Head pressure: 4.5psi (constant); Flow rate: 1.33mL/min. @ 120°C, Hydrogen.
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Figure 8
0.32mm ID Rtx®-CLPesticides and Rtx®-CLPesticides2 columns provide good separation of
Method 508.1 pesticides.
Rtx®-CLPesticides

Rtx®-CLPesticides2

30m, 0.32mm ID, 0.50µm (cat.# 11139)

30m, 0.32mm ID, 0.25µm (cat.# 11324)
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On-column concentration: see peak ID list; Oven temp.: 120°C (hold 1 min.) to 300°C (hold 10 min.)
@ 9°C/min.; Inj. port: Direct, Uniliner® sleeve (cat.# 20335), at 200°C; Detector: ECD, 300°C with
Anode Purge; Dead time: 1.7 min.; Head pressure: 12psi (constant);
Flow rate: 1.4mL/min. @ 120°C, Helium.
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trifluralin
pentachloronitrobenzene
β-BHC (β-HCH)
δ-BHC (δ-HCH)
metribuzin
heptachlor
aldrin
chlorothalonil
4'4-dibromobiphenyl
alachlor
metalachlor
DCPA (decthal)
heptachlor epoxide
γ-chlordane
cyanozine
α-chlordane
4,4'-DDE
endosulfan I
dieldrin
endrin
chlorobenzilate
4,4'-DDD
endosulfan II
4,4'-DDT
endrin aldehyde
methoxychlor
endosulfan sulfate
cis-permethrin
trans-permethrin

1000 pg/µL
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Figure 9
Primary herbicides are well-resolved (US EPA Method 8151).
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Rtx®-CLPesticides
30m, 0.32mm ID, 0.50µm (cat.# 11139)
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30m, 0.32mm ID, 0.25µm (cat.# 11324)
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dalapon methyl ester
1000 pg/
1,4-dichlorobenzene
500 µL
3,5-dichlorobenzoic acid methyl ester 500
4-nitroanisole
500
DCAA methyl ester
500
dicamba methyl ester
50
MCPP methyl ester
50000
MCPA methyl ester
50000
dichloroprop methyl ester
200
2,4-D methyl ester
200
pentachloroanisole
200
4,4'-dibromooctafluorobiphenyl
50
2,4,5-TP (silvex) methyl ester
50
chloramben methyl ester
500
2,4,5-T methyl ester
50
2,4-DB methyl ester
200
picloram methyl ester
500
bentazon methyl ester
500
dinoseb methyl ester
150
DCPA dimethyl ester
500
acifluorfen methyl ester
500

On-column concentration: see peak ID list;
Oven temp.: 90°C (hold 1 min.) to 300°C (hold 10
min.) @ 9°C/min.; Inj. port: Direct, Uniliner ®
sleeve (cat.# 20335), at 200°C; Detector: ECD,
300°C with Anode Purge; Dead time: 1.86 min.;
Head pressure: 12psi (constant); Flow rate:
1.2mL/min. @ 120°C, Helium.
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Product Listings:
Rtx®-CLPesticides Column

For customer service, call

800-356-1688, ext. 3

ID

df (µm)

temp. limits

stable to

15-Meter

30-Meter

0.25mm

0.25

-60 to 310/330°C

340°C

11120

11123

0.32mm

0.50

-60 to 310/330°C

340°C

11136

11139

0.53mm

0.50

-60 to 310/330°C

340°C

11137

11140

(814-353-1300, ext. 3)

Rtx®-CLPesticides2 Column
ID

df (µm)

temp. limits

stable to

15-Meter

30-Meter

0.25mm

0.20

-60 to 310/330°C

340°C

11320

11323

0.32mm

0.25

-60 to 310/330°C

340°C

11321

11324

0.53mm

0.42

-60 to 310/330°C

340°C

11337

11340

Rtx®-CLPesticides Kits
(Note: Columns are not preconnected in the following kits.)
0.53mm ID Rtx®-CLPesticides Kit
Includes:
30m, 0.53mm ID, 0.50µm Rtx®-CLPesticides column
30m, 0.53mm ID, 0.42µm Rtx®-CLPesticides2 column
Universal Angled “Y” Press-Tight® Connector
5m, 0.53mm ID IP Deactivated Guard Column
cat.# 11197/kit

0.32mm ID Rtx®-CLPesticides Kit
Includes:
30m, 0.32mm ID, 0.50µm Rtx®-CLPesticides
30m, 0.32mm ID, 0.25µm Rtx®-CLPesticides2
Universal Angled “Y” Press-Tight® Connector
5m, 0.32mm ID IP Deactivated Guard Column
cat.# 11198/kit

0.25mm ID Rtx®-CLPesticides Kit
Includes:
30m, 0.25mm ID, 0.25µm Rtx®-CLPesticides
30m, 0.25mm ID, 0.20µm Rtx®-CLPesticides2
Universal Angled “Y” Press-Tight® Connector
5m, 0.32mm ID IP Deactivated Guard Column
cat.# 11199/kit
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Analytical Reference Materials
Save $ by ordering these reference materials with your Rtx®-CLPesticides Kits! Just add
the appropriate suffix # to the Rtx®-CLPesticides Kit catalog number.
Pesticide Mix AB#1: cat.# 32291 Suffix #-530
Pesticide Mix AB#2: cat.# 32292 Suffix #-535

Method 8080 Organochlorine Pesticides
Organochlorine Pesticide Mix AB #1
aldrin
α-BHC
β-BHC
δ-BHC
γ-BHC (lindane)
α-chlordane
γ-chlordane
4,4'-DDD
4,4'-DDE
4,4'-DDT

dieldrin
endosulfan I
endosulfan II
endosulfan sulfate
endrin
endrin aldehyde
endrin ketone
heptachlor
heptachlor epoxide (B)
methoxychlor

200µg/mL ea. in hexane/toluene (1:1),
1mL/ampul
Each
5-pk.
10-pk.

32291
32291-510

w/data pack
32291-500
32291-520
32391

For tech support, call

Organochlorine Pesticide Mix AB #2
µg/mL
aldrin
8
α-BHC
8
β-BHC
8
δ-BHC
8
γ-BHC (lindane) 8
α-chlordane
8
γ-chlordane
8
4,4'-DDD
16
4,4'-DDE
16
4,4'-DDT
16

µg/mL
dieldrin
16
endosulfan I
8
endosulfan II
16
endosulfan sulfate 16
endrin
16
endrin aldehyde
16
endrin ketone
16
heptachlor
8
heptachlor epoxide (B)8
methoxychlor
80

800-356-1688, ext. 4
(814-353-1300, ext. 4)

In hexane/toluene (1:1), 1mL/ampul
Each
5-pk.
10-pk.

32292
32292-510

w/data pack
32292-500
32292-520
32392

Sample Preparation
Resprep™-C18 and -C8 SPE Disks
Meets requirements for EPA Methods 525.1, 506, 550.1, and 549.1.
Resprep™-C18-47: cat.# 24004, 20-pack
Resprep™-C8-47: cat.# 24048, 24-pack

Resprep™ Resin SPE Disk
Meets requirements for EPA Methods 515.2 and 553.
Resprep™ Resin SPE Disk: cat.# 26023, 20-pack

Resprep™ SPE Cartridges
(All cartridges are polypropylene and have polyethylene frits unless otherwise noted):
C18

6mL
6mL

500mg
1000mg

30-pk.
30-pk.

cat.# 24052
cat.# 24051

Florisil®

3mL
3mL
6mL
6mL
6mL

500mg
500mg
1000mg
500mg
1000mg

50-pk.
50-pk.
30-pk.
30-pk.
30-pk.

cat.#
cat.#
cat.#
cat.#
cat.#

Silica

3mL
3mL
6mL

500mg
500mg
1000mg

50-pk.
50-pk.
30-pk.

cat.# 24035
cat.# 24036*
cat.# 24038

Carbon

3mL
6mL

250mg
500mg

50-pk.
30-pk.

cat.# 26088
cat.# 26087

24031
24032*
24034
26086**
26085**

*Stainless steel frits
**Glass cartridges with PTFE frits.
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Method 508.1
508.1 Internal Standard Mix

508.1 Calibration Mix #1

pentachloronitrobenzene at 100µg/mL in
ethyl acetate, 1mL/ampul

For customer service, call

Each
5-pk.
10-pk.

800-356-1688, ext. 3
(814-353-1300, ext. 3)

32091
32091-510

aldrin
α-BHC
β-BHC
δ-BHC
γ-BHC (lindane)
4,4'-DDD
4,4'-DDE
4,4'-DDT
dieldrin

w/data pack
32091-500
32091-520
32191

508.1 Surrogate Mix
4,4'-dibromobiphenyl at 500µg/mL in
ethyl acetate, 1mL/ampul
Each
5-pk.
10-pk.

32092
32092-510

500µg/mL ea. in ethyl acetate,
1mL/ampul

w/data pack
32092-500
32092-520
32192

Each
5-pk.
10-pk.

508.1 GC Degradation Check Mix
4,4'-DDT

32093
32093-510

chlorobenzilate
α-chlordane
γ-chlordane
chlorneb
DCPA
etridiazole

w/data pack
32093-500
32093-520
32193

32045
32045-510

Each
5-pk.
10-pk.

32095
32095-510

w/data pack
32095-500
32095-520
32195

508.1 Calibration Mix #3

w/data pack
32045-500
32045-520
32145

alachlor
atrazine
chlorthalonil
cyanazine

508.1 Pesticide Kit
32045:
32091:
32092:
32093:
32094:
32095:
32096:

hexachlorobenzene
cis-permethrin*
trans-permethrin*
propachlor
trifluralin

500µg/mL ea. in ethyl acetate,
1mL/ampul

0.4µg/mL
0.5
0.02
0.5

At concentrations listed in methyl-tertbutyl-ether, 1mL/ampul
Each
5-pk.
10-pk.

w/data pack
32094-500
32094-520
32194

* 1000µg/mL total permethrin. Exact
composition of each isomer is listed on
certificate of analysis.

508 Performance Check Mix
δ-BHC (δ-HCH)
chlorothalonil
chlorpyrifos
DCPA (dacthal)

32094
32094-510

508.1 Calibration Mix #2

endrin

100µg/mL ea. in ethyl acetate,
1mL/ampul
Each
5-pk.
10-pk.

endosulfan I
endosulfan II
endosulfan sulfate
endrin
endrin aldehyde
heptachlor
heptachlor epoxide (B)
methoxychlor

508 Performance Check Mix
508.1 Internal Standard Mix
508.1 Surrogate Mix
508.1 GC Degradation Check Mix
508.1 Calibration Mix #1
508.1 Calibration Mix #2
508.1 Calibration Mix #3

hexachlorocyclopentadiene
metolachlor
metribuzin
simazine

500µg/mL ea. in ethyl acetate,
1mL/ampul
Each
5-pk.
10-pk.

32096
32096-510

w/data pack
32096-500
32096-520
32196

Contains 1mL each of these products.
Kit
32097

Kit
w/data pack
32097-500
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Method 608 Organochlorine Pesticides & PCBs
Method 608 Calibration Mix
aldrin
α-BHC
β-BHC
δ-BHC
γ-BHC (lindane)
4,4'-DDD
4,4'-DDE
4,4'-DDT

dieldrin
endosulfan I
endosulfan II
endosulfan sulfate
endrin
endrin aldehyde
heptachlor
heptachlor epoxide (B)

200µg/mL ea. in hexane: toluene (1:1)
1mL/ampul
Each
5-pk.
10-pk.

32022
32022-510

w/data pack
32022-500
32022-520
32122

Method 608 Complete Kit
32022: Method 608 Calibration Mix
32006: Aroclor® 1016
32007: Aroclor® 1221
32008: Aroclor® 1232
32009: Aroclor® 1242
32010: Aroclor® 1248
32011: Aroclor® 1254
32012: Aroclor® 1260
32005: Toxaphene
32021: Chlordane (technical)

Contains 1mL ea. of these products.
Kit
32060

Kit
w/data pack
32160

CLP GPC Calibration Mix

Pesticide Surrogate
Solutions
Dibutylchlorendate Mix
200µg/mL in acetone
1mL/ampul:
Each
5-pk.
10-pk.

32025
32025-510

w/data pack
32025-500
32025-520
32125

5mL/ampul:
Each
5-pk.
10-pk.

32026
32026-510

w/data pack
32026-500
32026-520
32126

For tech support, call

800-356-1688, ext. 4
(814-353-1300, ext. 4)

2,4,5,6-Tetrachloro-m-xylene Mix
200µg/mL in acetone
1mL/ampul:
Each
5-pk.
10-pk.

32027
32027-510

w/data pack
32027-500
32027-520
32127

32028
32028-510

w/data pack
32028-500
32028-520
32128

5mL/ampul:
Each
5-pk.
10-pk.

Decachlorobiphenyl Mix
200µg/mL in acetone
1mL/ampul:
Each
5-pk.
10-pk.

32029
32029-510

w/data pack
32029-500
32029-520
32129

32030
32030-510

w/data pack
32030-500
32030-520
32130

5mL/ampul:
CLP GPC Calibration Mix
bis(2-ethylhexyl)phthalate 10mg/mL
corn oil
250mg/mL
methoxychlor
2.0mg/mL
perylene
0.2mg/mL
sulfur
0.8mg/mL

1mL/ampul:
Each
32019

5mL/ampul:
Each
32023

10-Pack
w/data pack
32119
10-Pack
w/data pack
32123

Each
5-pk.
10-pk.

Pesticide Surrogate Mix
decachlorobiphenyl
2,4,5,6-tetrachloro-m-xylene

200µg/mL ea. in acetone, 1mL/ampul
Each
5-pk.
10-pk.

32000
32000-510

w/data pack
32000-500
32000-520
32100

Revised GPC Calibration Mix
bis(2-ethylhexyl)phthalate
corn oil
methoxychlor
perylene
sulfur

1mL/ampul:

5mg/mL
250mg/mL
1.0mg/mL
0.2mg/mL
0.8mg/mL

Each
32041

10-Pack
w/data pack
32141

Each
32042

10-Pack
w/data pack
32142

5mL/ampul:

www.restek.com
ENVIRONMENTAL APPS CT-republished 2015

22

Aroclor®, Toxaphene, and Chlordane Solutions
1000µg/mL
in hexane
1mL/ampul

Each

Each w/
data pack

5pk.

Aroclor® 1016

32006

32006-500

32006-510

32006-520

32106

Aroclor® 1221

32007

32007-500

32007-510

32007-520

32107

Aroclor® 1232

32008

32008-500

32008-510

32008-520

32108

Aroclor® 1242

32009

32009-500

32009-510

32009-520

32109

Aroclor® 1248

32010

32010-500

32010-510

32010-520

32110

Aroclor® 1254

32011

32011-500

32011-510

32011-520

32111

Aroclor® 1260

32012

32012-500

32012-510

32012-520

32112

32039

32039-500

32039-510

32039-520

32139

200µg/mL
in isooctane
1mL/ampul

Each

Each w/
data pack

5pk.

Aroclor® 1016

32064

32064-500

32064-510

32064-520

32164

Aroclor® 1221

32065

32065-500

32065-510

32065-520

32165

Aroclor® 1232

32066

32066-500

32066-510

32066-520

32166

Aroclor® 1242

32067

32067-500

32067-510

32067-520

32167

Aroclor® 1248

32068

32068-500

32068-510

32068-520

32168

Aroclor® 1254

32069

32069-500

32069-510

32069-520

32169

Aroclor® 1260

32070

32070-500

32070-510

32070-520

32170

Each

Each w/
data pack

5pk.

Aroclor® 1016/1260

1000µg/mL
in hexane
1mL/ampul

5pk. w/
10pk. w/
data pack data pack

5pk. w/
10pk. w/
data pack data pack

5pk. w/
10pk. w/
data pack data pack

chlordane (technical)

32021

32021-500

32021-510

32021-520

32121

toxaphene

32005

32005-500

32005-510

32005-520

32105

5000µg/mL
in isooctane
1mL/ampul

Each

Each w/
data pack

5pk.

5pk. w/
10pk. w/
data pack data pack

chlordane (technical)

32072

32072-500

32072-510

32072-520

32172

toxaphene

32071

32071-500

32071-510

32071-520

32171

PCB Kit #1
1000µg/mL in hexane, 1mL/ampul
1 ea. of 32006, 32007, 32008, 32009, 32010, 32011, and 32012.
Kit
Kit
w/data pack
32089

32089-500

PCB Kit #2
200µg/mL in isooctane, 1mL/ampul
1 ea. of 32064, 32065, 32066, 32067, 32068, 32069, and 32070.
Kit
Kit
w/data pack
32090

32090-500

www.restek.com
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Universal “Y” Press-Tight® Connectors
• Split sample flow onto two columns.
• Split a single column flow into two different detectors.
• Perform confirmational analysis with a single injection.

For Uniliner® direct injection
sleeve product information,
visit our web site
(www.restek.com).

Universal “Y” Press-Tight® Connectors
cat.# 20405 (ea.)

cat.# 20406 (3-pk.)

Universal Angled “Y” Press-Tight® Connectors
• Alleviates column-end connection strain.
• Inlet and outlet ends conform to the column radius.
• Perform confirmational analysis with a single injection.

Universal Angled “Y” Press-Tight® Connectors
cat.# 20403 (ea.)

cat.# 20404 (3-pk.)

Thermolite® Septa
•
•
•
•
•
•

Lowest bleed on FIDs, ECDs, & MSDs.
Excellent puncturability.
Preconditioned and ready to use.
Do not adhere to hot metal surfaces.
Usable to 340°C inlet temperatures.
Packaged in non-contaminating tins.
Septum Diameter

25-pk.

50-pk.

100-pk.

5mm (3/16")

20351

20352

20353

6mm ( /4")

20355

20356

20357

7mm

20381

20382

20383

8mm

20370

20371

—

9.5mm ( / ")

20359

20360

20361

10mm

20378

20379

20380

11mm (7/16")

20363

20364

20365

12.5mm (1/2")

20367

20368

20369

17mm

20384

20385

20386

Shimadzu Plug

20372

20373

20374

1

3 8
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Contact your Restek representative and order yours today!
Visit www.restek.com/Contact-Us to find a distributor or representative.
PATENTS & TRADEMARKS
Restek® patents and trademarks are the property of Restek Corporation. (See www.restek.com/Patents-Trademarks for full list.) Other trademarks appearing in Restek®
literature or on its website are the property of their respective owners. The Restek® registered trademarks used here are registered in the United States and may also be
registered in other countries.
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3-IN-1 TECHNOLOGY
Highest Inertness • Lowest Bleed • Exceptional Reproducibility

Lower Detection Limits
with Ground-Breaking
Column Technology
Rxi® technology unifies outstanding inertness,
low bleed, and high reproducibility into a single
high performance column line. Take variation
out of the equation and get the most consistent
results for trace-level analysis with Rxi® columns.

Visit us at www.restek.com/rxi

phases available
• Rxi®-1ms
• Rxi®-1HT
• Rxi®-5ms
• Rxi®-5Sil MS
• Rxi®-5HT
• Rxi®-XLB
• Rxi®-624Sil MS
• Rxi®-35Sil MS
• Rxi®-17
• Rxi®-17Sil MS
• Rxi® guard/retention
gap columns

Pure Chromatography
www.restek.com

1
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3-IN-1 TECHNOLOGY
Highest Inertness • Lowest Bleed • Exceptional Reproducibility
Lower Detection Limits with Ground-Breaking Column Technology
Figure 1 As column activity increases,
signal decreases and retention time
shifts.
High inertness
• Symmetric peaks
• Strong response
• Accurate, low-level detection
Poor inertness
• Reduced sensitivity
• Misidentification
• Incorrect results

Rxi® columns deliver more accurate, reliable trace-level results than any other fused silica
column on the market. To ensure the highest level of performance, all Rxi® capillary
columns are manufactured and individually tested to meet stringent requirements for
exceptional inertness, low bleed, and unsurpassed column-to-column reproducibility.

Highest Inertness
Inertness is one of the most difficult attributes to achieve in an analytical column, but it is
one of the most critical as it improves peak shape, response, and retention time stability.
Rxi® technology produces the most inert columns available, providing:
• Increased signal-to-noise ratios to improve low-level detection.
• Reproducible retention times for positive identifications.
• Improved response for polar, acidic, and basic compounds.

Increased Signal and Reproducible Retention Times
GC_EX01116

Time

How did we Create the
Rxi Column Family?
We’ve optimized phase chemistry, column
deactivation, and our manufacturing process to ensure exceptional performance.

Fused Silica

When capillaries are not sufficiently deactivated, peaks become asymmetric, resulting in
reduced signal and unpredictable retention times. As column activity increases, peak tailing becomes more pronounced, reducing peak height and causing retention time to drift
(Figure 1). In practice, this means that sensitivity is lost and trace-level analytes cannot
be reliably determined. In addition, even compounds at higher concentrations may be
misidentified, due to retention time shifting.
A more significant problem for sample analysis is that retention time can vary with
analyte concentration if the column is not highly inert. Since the amount of target analyte in samples is unknown, retention times on a poorly deactivated column can easily
vary enough to move compounds outside the retention time window (Figure 2). This
can result in inaccurate identifications, the need for manual integration, and additional
review or analysis before results can be reported. Using inert Rxi® columns ensures that
compounds elute with good signal-to-noise ratios at expected retention times, regardless
of analyte concentration.

Polyimide
Rxi® Deactivation

• Effectively shields reactive silanols.
• Ensures comprehensive inertness (acids, bases, and diols.)
• Provides symmetric peaks for higher sensitivity.

Rxi® Phase Chemistry
•
•
•
•

Enhances selectivity for challenging separations.
Increases thermal stability, widening the application range.
Lowers bleed for MS compatibility.
Surface bonding increases durability and ensures
reproducible retention times.

Rxi® Manufacturing

Tighter quality controls for better performance and
reliable column-to-column reproducibility.

2

visit www.restek.com/rxi
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2 ng pyridine
1.000

0.800

0.000

DB-5

0.200

DB-5ms

0.400

HP-5ms

0.600

VF-5ms

Predictable retention times,
regardless of concentration;
easy, accurate integration.

ZB-5 MS

Retention times vary with
concentration; poor peak shape
requires manual integration and
additional review.

ZB-5

B: Pyridine on Rxi® column

Rxi-5ms

A: Pyridine on non-Rxi® column

Figure 3 An Rxi® column
gives the best overall
performance for both basic
and acidic compounds.

Response Factor (RF)

Figure 2 Compared to conventional GC columns, Rxi® columns show excellent inertness and
produce good peak shape and reproducible retention for challenging compounds.

Column

GC_EX01119

extracted ion chromatogram, m/z 79

Another reason column inertness is important for trace-level analysis is that many acidic, basic, and polar
compounds will tail significantly and become difficult to analyze if the column contains active sites. The
remarkable neutrality of Rxi® columns solves this problem and allows a wide range of compounds to be
analyzed with high sensitivity, often on a single column. All Rxi® columns are exceptionally inert as demonstrated in Figure 3 by high response factors for both pyridine (basic) and 2,4-dinitrophenol (acidic). Rxi®
columns reliably produce highly symmetric peaks and improved responses for difficult compounds, indicating greater inertness than columns produced by other manufacturers (Figure 4).

HP-5ms

Bench marking shows that Rxi® columns
provide superior peak symmetry and
response for difficult-to-analyze compounds.

0.150

0.100

0.000

Column
Comparison of 30m x 0.25mm ID,
0.25µm columns.

Innovation & Service
"When my research group
needed a GC column for a chiral
separation, Restek was the only
company that offered to provide
us with test columns to evaluate. The willingness of Restek to
work with us to find a solution
to our separation problem is
exceptional."
Joe Dinnocenzo,
Professor of Chemistry
Director, Center for
Photoinduced Charge Transfer
University of Rochester

ZB-5ms

VF-5ms

DB-5ms

Rxi®-5ms

Figure 4 Peak shape comparison of a basic compound on various brands of GC columns.

ZB-5

0.200

0.050

Improved Response for Difficult Compounds

DB-5

0.250

DB-5

2.25 2.30 2.35 2.40 2.45 2.50 2.55 2.60 Time.

2.80 Time.

0.300

DB-5ms

2.70

GC_EX01118

2 ng 2,4-dinitrophenol

HP-5ms

2.60

0.5 ng, 2.41 min.

VF-5ms

2.50

1.0 ng, 2.32 min.

ZB-5 MS

2.40

1 ng, 2.40 min.

ZB-5

2.30

2.5 ng, 2.28 min.

Rxi-5ms

2.20

10 ng, 2.39 min.

Response Factor (RF)

2.10

10 ng, 2.26 min.

How can we help you today?
Contact support@restek.com or
your local Restek representative
for helpful, knowledgeable
technical support.
Comparison of 30m x 0.25mm ID, 0.25µm 5% diphenyl columns, 2ng pyridine on-column, helium carrier gas,
Oven temp.: 50°C (3 min.) to 180°C @ 35°C/min. (5 min.), Det.: FID @ 250°C

visit www.restek.com/rxi
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Lowest Bleed
Rxi® columns are more stable at high temperatures than any other manufacturer’s column, resulting in higher system sensitivity
(Figure 5). This low-bleed characteristic is the result of superior stabilization achieved by optimizing polymer cross-linking and
surface deactivation technologies. Benefits of using ultra-low bleed Rxi® columns include:
• Increased sensitivity, for lower detection limits and better matches to mass spectral libraries.
• Faster system stabilization.
• Reduced detector contamination results in less downtime for maintenance.

Figure 5 Rxi® columns have the lowest bleed among all major brands of columns.
20.0
17.5

Improve sensitivity and accuracy at trace
levels with low bleed Rxi® columns.

15.0

350°C
DB-5ms

12.5

Reference Peak
1ng tridecane

pA

10.0

7.5

DB-5
330°C

5.0

HP-5ms
ZB-5ms
VF-5ms
ZB-5

2.5

Rxi®-5ms
0

2

4

6

8

10

12
Time (min)

14

16

18

20

0.0

22

24

Comparison of 30m x 0.25mm ID,
0.25µm 5%-diphenyl columns at
330°C through 350°C; hydrogen
carrier gas; flame ionization
detection.

GC_EV00822

Exceptional Reproducibility
Chromatographers today need to know that every column they receive is going to perform the same way as the column it replaces.
Unmatched manufacturing precision and stringent quality control mean Rxi® columns exceed industry standards, resulting in the best
column-to-column reproducibility available as measured by efficiency, retention, bleed, and inertness (Figure 6).

Figure 6 Rxi® columns are engineered to assure column-to-column and lot-to-lot reproducibility.

Column Batch #1

Column Batch #2

Column Batch #3

GC_EV00819

1.
2.
3.
4.
5.
6.
7.
8.

4

1,6-hexanediol
4-chlorophenol
methyl nonanoate
1-decylamine
tridecane
1-undecanol
acenaphthylene
pentadecane

Column:
Sample:
Inj.:

Rxi®-5ms, 30m, 0.25mm ID, 0.25µm (cat.# 13423)
500µg/mL Isothermal Column Test Mix in toluene
1.0µL, split injection (split ratio 1:100), 4mm single gooseneck inlet liner 	
with wool (cat.# 22405)
Inj. temp.:
250°C
Carrier gas:
hydrogen, constant flow
Linear velocity: 38cm/sec. @ 135°C
Oven temp.:
135°C
Det.:
FID @ 330°C

visit www.restek.com/rxi
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Rxi® Column Family
Rxi®-1ms Columns (fused silica)

(nonpolar phase, Crossbond® 100% dimethyl polysiloxane)

• General purpose columns for drugs of abuse, essential oils, hydrocarbons, pesticides, PCB congeners
(e.g. Aroclor mixes), sulfur compounds, amines, solvent impurities, simulated distillation, oxygenates,
gasoline range organics (GRO), refinery gases.
• Equivalent to USP G2 phase.
• Use XERT-500 Column Test Mix, cat.# 35247.
ID
df
0.25mm 0.25µm
0.50µm
1.00µm
0.32mm 0.25µm
0.50µm
1.00µm
4.00µm
0.53mm 0.50µm
1.00µm
1.50µm

temp. limits
-60 to 330/350°C
-60 to 330/350°C
-60 to 330/350°C
-60 to 330/350°C
-60 to 330/350°C
-60 to 330/350°C
-60 to 330/350°C
-60 to 330/350°C
-60 to 330/350°C
-60 to 330/350°C

15-Meter
13320
13335
13350
13321
13336
13351

ID
df
temp. limits
10-Meter
0.10mm 0.10µm -60 to 330/350°C 13301
0.15mm 0.15µm -60 to 330/350°C 43800
0.18mm 0.18µm -60 to 330/350°C
0.36µm -60 to 330/350°C
0.20mm 0.33µm -60 to 330/350°C

60-Meter
13326
13341
13356
13327
13342
13357

13337
13352
13367

30-Meter
13323
13338
13353
13324
13339
13354
13396
13340
13355
13370

12-Meter

20-Meter

25-Meter

50-Meter

13398

13399

CH3
Si

O

CH3
100%

similar phases
DB-1, DB-1ms, HP-1, HP-1ms,
Ultra-1, SPB-1, Equity-1,
VF-1ms, CP-Sil 5 CB Low
Bleed/MS

13373

43801
13302
13311
13397

Rxi®-1HT Columns (fused silica)
(100% dimethyl polysiloxane)

Outstanding thermal stability; minimal bleed even at 430°C.
• Use NPI-1000 Column Test Mix, cat.# 35224.
• Use NPI-350 Column Test Mix, cat.# 35225.
ID
0.25mm
0.32mm
0.53mm

df
0.10µm
0.25µm
0.10µm
0.25µm
0.15µm

temp. limits
-60 to 400°C
-60 to 400°C
-60 to 400°C
-60 to 400°C
-60 to 400°C

15-Meter
13950

30-Meter
13951
13952
13954
13955
13956

13953

similar phases
DB-1HT, VF-1HT, ZB-1HT

*Column is capable of going to 430°C, but column lifetime will be reduced.

Rxi®-5ms Columns (fused silica)

(low polarity phase, Crossbond® 5% diphenyl/95% dimethyl polysiloxane)

• General purpose columns for semivolatiles, phenols, amines, residual solvents, drugs of abuse, pesticides, PCB congeners (e.g. Aroclor mixes), solvent impurities.
• Equivalent to USP G27 phase.
• Use XERT-500 Column Test Mix, cat.# 35247.
ID
df
0.25mm 0.25µm
0.40µm
0.50µm
1.00µm
0.32mm 0.25µm
0.50µm
1.00µm
0.53mm 0.25µm
0.50µm
1.00µm
1.50µm

temp. limits
-60 to 330/350°C
-60 to 330/350°C
-60 to 330/350°C
-60 to 330/350°C
-60 to 330/350°C
-60 to 330/350°C
-60 to 330/350°C
-60 to 330/350°C
-60 to 330/350°C
-60 to 330/350°C
-60 to 330/350°C

ID
df
temp. limits
10-Meter
0.10mm 0.10µm -60 to 330/350°C 13401
0.18mm 0.18µm -60 to 330/350°C
0.30µm -60 to 330/350°C
0.36µm -60 to 330/350°C
0.20mm 0.33µm -60 to 330/350°C

15-Meter
13420

60-Meter
13426

13435
13450
13421
13436
13451
13422
13437
13452
13467

30-Meter
13423
13481
13438
13453
13424
13439
13454
13425
13440
13455
13470

12-Meter

20-Meter

25-Meter

50-Meter

13498

13499

CH3
O

Si

13441
13456
13427
13442
13457

Si

O

CH3
5%

95%

similar phases
DB-5, HP-5, HP-5ms, Ultra-2,
Rtx-5, SPB-5, Equity-5, CP-Sil 8

13402
13409
13411
13497

visit www.restek.com/rxi
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Rxi®-5Sil MS Columns (fused silica)

(low polarity Crossbond® silarylene phase; similar to 5% phenyl/95% dimethyl polysiloxane)

• Phenyl groups improve thermal stability, reduce bleed, and make the phase less prone to oxidation.
• Ideal for GC/MS applications requiring high sensitivity, including use in ion trap systems.
• Use XIL-350 Column Test Mix, cat.# 35226.
CH3
Si

O

CH3

CH3

CH3

Si

Si

CH3

CH3

ID
0.25mm

O

X

y

similar phases

0.32mm

DB-5ms, VF-5ms, CP-Sil 8 
Low-Bleed/MS, DB-5ms UI, 
Rtx-5Sil MS

0.53mm

*60m, 0.18mm ID, 0.10µm 
column (cat.# 43607) intended
for dioxin and furan analysis
only.

Save Time!
Eliminate column
coupling with
Integra-Guard®
built-in guard columns

ID
0.10mm
0.15mm
0.18mm

df
0.10µm
0.25µm
0.50µm
1.00µm
0.25µm
0.50µm
1.00µm
1.50µm

temp. limits
-60 to 330/350°C
-60 to 330/350°C
-60 to 330/350°C
-60 to 325/350°C
-60 to 330/350°C
-60 to 330/350°C
-60 to 325/350°C
-60 to 310/330°C

15-Meter
13605
13620
13635
13650
13621

30-Meter
13608
13623
13638
13653
13624
13639
13654
13670

60-Meter

df
0.10µm
0.15µm
2.0µm
0.10µm
0.18µm
0.36µm

temp. limits 10-Meter
-60 to 330/350°C 43601
-60 to 330/350°C 43815
-60 to 330/350°C
-60 to 320/350°C
-60 to 330/350°C
-60 to 330/350°C

20-Meter

40-Meter

13626
13697

60-Meter

43816
43817
43607*
43602
43604

43605

Rxi®-5Sil MS with Integra-Guard®
Extend column lifetime and eliminate leaks with a built-in retention gap.
Description
15m, 0.25mm ID, 0.25µm Rxi-5Sil MS w/10m Integra-Guard Column
30m, 0.25mm ID, 0.25µm Rxi-5Sil MS w/5m Integra-Guard Column
30m, 0.25mm ID, 0.25µm Rxi-5Sil MS w/10m Integra-Guard Column
15m, 0.25mm ID, 0.50µm Rxi-5Sil MS w/5m Integra-Guard Column
30m, 0.25mm ID, 0.50µm Rxi-5Sil MS w/5m Integra-Guard Column
30m, 0.25mm ID, 0.50µm Rxi-5Sil MS w/10m Integra-Guard Column
30m, 0.32mm ID, 0.50µm Rxi-5Sil MS w/5m Integra-Guard Column
30m, 0.32mm ID, 1.00µm Rxi-5Sil MS w/5m Integra-Guard Column

qty.
ea.
ea.
ea.
ea.
ea.
ea.
ea.
ea.

cat.#
13620-127
13623-124
13623-127
13635-124
13638-124
13638-127
13639-125
13654-125

price

Rxi®-5HT Columns (fused silica)

(low polarity phase; 5% diphenyl/95% dimethyl polysiloxane)

• Columns processed for high temperature applications.
• Up to 40% longer lifetime from specially designed fused silica tubing.
• Use NPI-1000 Column Test Mix, cat.# 35224 and NPI-350 Column Test Mix, cat.# 35225.

similar phases
DB-5HT, VF-5HT, ZB-5HT

ID
0.25mm
0.32mm
0.53mm

df
0.10µm
0.25µm
0.10µm
0.25µm
0.15µm

temp. limits
-60 to 400°C
-60 to 400°C
-60 to 400°C
-60 to 400°C
-60 to 400°C

15-Meter
13905
13906

30-Meter
13908
13923
13909
13924
13910

*Column is capable of going to 430°C, but column lifetime will be reduced.

Rxi®-XLB Columns (fused silica)
(low polarity proprietary phase)

similar phases
DB-XLB, VF-Xms

• General purpose columns with unique selectivity and extremely low bleed.
• Ideal for many GC/MS applications—pesticides, PCB congeners, Aroclor mixes, and PAHs.
• Use XIL-350 Column Test Mix, cat.# 35226.
ID
0.25mm

temp. limits* 15-Meter
30 to 340/360°C
13705
30 to 340/360°C
13720
30 to 340/360°C
30 to 340/360°C
13750
30 to 340/360°C
30 to 340/360°C
13721
30 to 340/360°C
30 to 340/360°C
30 to 340/360°C
30 to 320/340°C
13767

30-Meter
13708
13723
13738
13753
13709
13724
13739
13754
13740
13770

0.18mm 0.18µm 30 to 340/360°C
ID
df
temp. limits 10-Meter
0.10mm 0.10µm 30 to 340/360°C
43701

43702
20-Meter

0.32mm

0.53mm

6

df
0.10µm
0.25µm
0.50µm
1.00µm
0.10µm
0.25µm
0.50µm
1.00µm
0.50µm
1.50µm

60-Meter
13726

13727

visit www.restek.com/rxi
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NEW!

Rxi®-624Sil MS Columns (fused silica)

(midpolarity Crossbond® silarylene phase; similar to 6% cyanopropylphenyl/94% dimethyl polysiloxane)

• Inert—excellent peak shape for a wide range of compounds, including acidic and basic compounds.
• Use Inter-Polar Column Test Mix, cat.# 35076.
ID
0.18mm
0.25mm
0.32mm
0.53mm

df
1.00µm
1.40µm
1.80µm
3.00µm

temp. limits
20-Meter
-20 to 300/320°C
13865
-20 to 300/320°C
-20 to 300/320°C
-20 to 280/300°C

30-Meter

60-Meter

13868
13870
13871

13872

C N
CH3

CH3
O

O Si
CH3

CH3
O

Si

CH3

CH3
X

Si

CH3

R

Si
CH3

Y

Z

similar phases
DB-624, HP-624, VF-624,
BP-624, ZB-624, AT-624, 0071301, G43R

Rxi®-35Sil MS Columns (fused silica)

(midpolarity phase; similar to 35% phenyl/65% dimethyl polysiloxane)

• Special selectivity and excellent inertness for substituted polar compounds, such as drugs, pesticides,
herbicides, PCBs, phenols, etc.
• Very low bleed phase for GC/MS analysis.
• Use ISO-BB Column Test Mix, cat.# 35290.
ID
0.25mm

0.32mm

0.53mm

df
0.25µm
0.50µm
1µm
0.25µm
0.50µm
1µm
0.50µm
1µm
1.50µm
3µm

temp. limits 15-Meter
50 to 340/360°C
13820
50 to 340/360°C
13835
50 to 320/340°C
13850
50 to 340/360°C
13821
50 to 340/360°C
13836
50 to 320/340°C
13851
50 to 320/340°C
13837
50 to 320/340°C
13852
50 to 310/330°C
13856
50 to 280/300°C
13858

30-Meter
13823
13838
13853
13824
13839
13854
13840
13855
13857
13859

CH3
O

O Si

CH3
O

Si

CH3

CH3
35%

Si

CH3

R

Si
CH3

X

Y

similar phases
DB-35ms, MR2, VF-35ms

Rxi®-17 Columns (fused silica)

(midpolarity phase; Crossbond® 50% diphenyl/50% dimethyl polysiloxane)

• General purpose columns for pesticides, herbicides, rosin acids, phthalate esters, triglycerides, sterols.
• Use ISO-TM Column Test Mix, cat.# 35264.
ID
0.25mm

0.32mm

0.53mm

ID
0.10mm
0.18mm

NEW!

df
0.25µm
0.50µm
1.00µm
0.25µm
0.50µm
1.00µm
0.25µm
0.50µm
0.83µm
1.00µm
1.50µm

temp. limits
40 to 280/320°C
40 to 280/320°C
40 to 280/320°C
40 to 280/320°C
40 to 280/320°C
40 to 280/320°C
40 to 280/320°C
40 to 280/320°C
40 to 280/320°C
40 to 280/320°C
40 to 280/320°C

15-Meter
13520
13535
13550
13521
13536
13551
13522
13537

df
0.10µm
0.18µm

temp. limits
40 to 280/320°C
40 to 280/320°C

10-Meter
13501

CH3

30-Meter
13523
13538
13553
13524
13539
13554
13525
13540
13569
13555
13570

13552
13567

O

Si

O

Si
CH3

50%

50%

similar phases
DB-17, DB-608, CP-Sil 24 CB,
HP-50+

20-Meter
13502

Rxi®-17Sil MS Columns (fused silica)

(midpolarity Crossbond® silarylene phase; similar to 50% phenyl/50% dimethyl polysiloxane)

• Low-bleed for use with sensitive detectors, such as MS.
• Use ISO-TM Column Test Mix, cat.# 35264.
ID
0.25mm
0.32mm

df
temp. limits* 15-Meter
0.25µm 40 to 340/360°C
14120
0.25µm 40 to 340/360°C
14121

ID
0.15mm
0.18mm

df
temp. limits
0.15µm 40 to 340/360°C
0.18µm 40 to 340/360°C
0.36µm 40 to 340/360°C

10-Meter
43820

30-Meter
14123
14124

60-Meter
14126

CH3
O

O Si

CH3
O

Si

CH3

CH3
X

Si

R

CH3
Si
CH3

y

z

similar phases

20-Meter
43821
14102
14111

DB-17ms, VF-17ms, BPX-50,
DB-EUPAH

Rxi® Guard/Retention Gap Columns
Nominal ID
0.25mm
0.32mm
0.53mm

Nominal OD
0.37 ± 0.04mm
0.45 ± 0.04mm
0.69 ± 0.05mm

5-Meter
10029
10039
10054

5-Meter/6-pk.
10029-600
10039-600
10054-600

10-Meter
10059
10064
10073

10-Meter/6-pk.
10059-600
10064-600
10073-600

*Maximum temperatures listed
are for 15- and 30-meter lengths.
Longer lengths may have a slightly
reduced maximum temperature.

www.restek.com/rxi
visit
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Column Cross-Reference Table
Rxi® columns produce the same selectivity as competitor columns, but are much more inert, exhibit lower bleed, and offer
exceptional reproducibility. For more accurate, reliable trace-level results, choose Rxi® columns.

Restek

Phase
Composition

Agilent

Varian/
Chrompack

SGE

Phenomenex

Machery-Nagel

Supelco

BP-1

ZB-1
ZB-1ms

Optima-1
Optima-1ms
Optima-1ms Accent

SPB-1
Equity-1

100% dimethyl
polysiloxane

HP-1ms UI, DB-1ms UI,
HP-1, HP-1ms, DB-1
DB-1ms, Ultra-1

VF-1ms
CP-Sil 5
CP Sil 5 CB Low Bleed/MS

Rxi-1HT

100% dimethyl
polysiloxane

DB-1HT

VF-1HT

Rxi-5ms

5% diphenyl/
95% dimethyl 
polysiloxane

HP-5ms UI, 
HP-5, HP-5ms, 
DB-5, Ultra-2

CP-Sil 8
CP Sil 8 CB

BP-5

ZB-5
ZB-5ms

Optima-5
Optima-5ms

SPB-5
Equity-5

Rxi-5Sil MS

5% phenyl, 95% dimethyl DB-5ms UI, DB-5ms
polysiloxane

VF-5ms
CP-Sil 8 CB Low Bleed/MS

BPX-5

ZB-5ms

Optima-5ms Accent

SLB-5ms

Rxi-5HT

5% diphenyl/95%
dimethyl polysiloxane

DB-5HT

VF-5HT

ZB-5HT

Rxi-XLB

proprietary
phase

DB-XLB

VF-Xms

MR1

Optima-XLB

Rxi-624Sil MS

6% cyanopropylphenyl, DB-624, HP-624
94% dimethyl 
polysiloxane

VF-624ms

BP-624

ZB-624

Optima-624

Rxi-35Sil MS

35% phenyl, 65% dimethyl DB-35ms
polysiloxane

VF-35ms

BP-35

MR2

Optima-35ms

Rxi-17

HP-17, DB-17,
DB-608, HP-50+

CP-Sil 24 CB

ZB-50

Optima-17

+

50% diphenyl/50%
dimethyl polysiloxane

Rxi-17Sil MS

50% phenyl, 50% dimethyl
polysiloxane

DB-17ms, HP-17,
DB-17

VF-17ms
CP-Sil 24 CB

ZB-50

Optima-17ms

POLARITY

Rxi-1ms

polar

non-polar

–

ZB-1HT

BPX-50

Visit www.restek.com/rxi for detailed
comparisons and to learn how exceptional
Rxi® inertness, bleed, and reproducibility can
improve your data.
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TECHNICAL GUIDE

A Guide to Whole Air Canister Sampling
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for Collecting Air Samples
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Figure 1 Canister grab sampling kit.

Sample
inlet

I. Introduction
Ambient air sampling involves collecting a representative sample of ambient air
for analysis. There are two general approaches: 1) “whole air” sampling with
canisters or Tedlar® bags and 2) “in-field concentration” sampling using sorbent tubes or cold traps. In this guide, we focus on collecting whole air samples in canisters, a flexible technique with many applications (Table I).

Table I Canister applications.

Fitting
with
orifice

Methods
Sampling Environment
VOC Range
Sampling Type
Sensitivity

10μm
Frit

Unassembled
kit components

US EPA TO-14A, TO-15; ASTM D5466
OSHA PV2120; NIOSH Protocol Draft
Ambient air, indoor air, vapor intrusion, emergency response
<C3 to ~C10
Grab & integrated sampling
ppt to ppm

Passive vs. Active Sampling

In canister sampling, two sampling techniques are commonly used: passive
sampling and active sampling. Active sampling requires the use of a pumping
device whereas passive sampling does not.
Assembled
kit on canister

Figure 2 Integrated sampling kit.

In passive sampling, an air sample is pulled through a flow controller into an
evacuated canister over a chosen period of time, ranging from 5 minutes to 24
hours. The sampling period and the flow rate determine the canister volume
required. In active sampling, a pump is used to push the sample through a mass
flow controller and into the canister. Additional sample can be collected, relative
to the amount that can be collected by passive sampling, by pressurizing the canister with sample. Commonly the sample is pressurized to 15 psig, effectively
doubling the sample volume.
Although active sampling is very flexible, a drawback to using a pump is the
need for additional quality assurance requirements for sample integrity (i.e., no
artifacts or loss of analytes). Additionally, a pump requires a battery or line
power source, which may be difficult in remote field-site sampling.

sampling inlet

rain cap
(1/8" or 1/4" nut)

filter
critical
orifice
vacuum
gauge
flow
controller

Grab vs. Integrated Sampling

If the environment is not changing, or if only a qualitative sample is needed, a
simple “grab” sample can be obtained. For example, an evacuated sample canister can be opened and sample rapidly collected at an uncontrolled rate, usually
over several seconds, until the container reaches equilibrium with atmospheric
pressure. Generally this qualitative approach is used when unknown analytes
must be identified, when the air contains high concentrations of analytes at certain (short) times, or when an odor is noticed and a sample must be obtained
quickly. Paired grab samples (before/after or smell/no smell) often are employed
to qualitatively diagnose a perceived problem.
To obtain a more representative sample requires time-integrated sampling. A
flow restrictor is used to spread the sample collection flow over a specific time
period to ensure an “average” composited or time-weighted average (TWA)
sample. A TWA sample will accurately reflect the mean conditions of the
ambient air in the environment and is preferred when, for regulatory or health
reasons, a typical exposure concentration is required for a situation that may
have high variability, as in an occupational setting.

II. Equipment Used for Passive Air Sampling

sample
canister

www.restek.com

To ensure a valid sample when using a passive sampling technique, it is important that the flow rate not change greatly during the time interval specified for
the integrated sample. The proper sampling equipment helps accomplish this
objective. A typical passive sampling train should include the following components, all constructed of stainless steel: a sampling inlet, a sintered metal particle filter, a critical orifice, a flow controlling device, a vacuum gauge, and a canister (Figures 1 and 2).
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Sampling Inlet

The sampling inlet—the entrance to the sampling train—typically is cleaned
stainless steel tubing, either 1/4" OD or 1/8" OD. US EPA Compendium Method
TO-14A/15 recommends sampling at a height of 2 meters above the ground. In
a highly trafficked area, this would minimize the problem of dust particles entering the sampling train. This height is not mandatory, however, and it is common
practice to use an inlet that is 12" (approximately 1/3 meter) high. The EPA also
recommends having the entrance of the sampling inlet face downward to prevent raindrops from entering the inlet. In some sampling trains, a 1/8" or 1/4" nut
at the entrance of the inlet keeps water droplets away from the edge of the inlet,
where they could be drawn into the sampling train with the sample.

Figure 3 Filters used in sampling trains.
Frit filter inside
passive sampling kit

stand
alone in-line filter

frit filter

Particle Filter

The particle filter is installed in the sampling train prior to the flow-controlling
device to prevent airborne particles from entering the sample flow path.
Particles could partially obstruct the flow path and alter the flow rate during
sampling. In extreme cases, particles could plug the flow path and stop the sample flow. The smallest orifice commonly used in a passive sampling train is
0.0012" (approximately 30 micrometers). Without a particle filter, dust particles
could occlude this opening as they accumulate in the orifice fitting. Particles also
can affect the leak integrity of the valve, and possibly cause damage to the valve.

in-line
filter
spring
washer

Two types of filters are used for this application, frit filters and in-line filters
(Figure 3). A variety of models of each type are available; most are of sintered
stainless steel and have 2-, 5-, or 7-micron pores. Use of smaller pore filters
reduces the likelihood of problems from airborne particles. EPA Compendium
Method TO-14A/15 recommends using a particle filter with 2-micron pores.

critical
orifice

Critical Orifice

The critical orifice (Figure 4) restricts the flow to a specified range (Table II). In
conjunction with the flow controller, this allows the canister to fill at a certain rate
over a specified time period. The most common critical orifice design is a series of
interchangeable stainless steel 1/4" NPT to 1/4" compression unions, each fitted with
a precisely bored ruby orifice. Each orifice provides a specific flow range (Table II).
Stability over a wide range of temperatures makes ruby the construction material
of choice. Typically during field sampling, the sampling train is subjected to temperature fluctuations that would cause metals to contract or expand, affecting the
diameter of the aperture and thereby affecting flow. Ruby will not expand or contract across ambient temperature extremes incurred during sampling.

Flow Rate Range
(mL/min.)
0.5–2
2–4
4–8
8–15
15–30
30–80
80–340

1L
24 hr.
4 hr.
2 hr.
1 hr.
—
—
—

Canister Volume / Sampling Time
3L
6L
48 hr.
125 hr.
12 hr.
24 hr.
6 hr.
12 hr.
4 hr.
8 hr.
2 hr.
3 hr.
—
1.5 hr.
—
0.5 hr.

inlet
critical
orifice
adjustable
piston

Table II Critical orifice diameter vs. flow rate.
Orifice Diameter
(in.)
0.0008
0.0012
0.0016
0.0020
0.0030
0.0060
0.0090

Figure 4 Flow controller & critical orifice.

15L
—
60 hr.
30 hr.
20 hr.
8 hr.
4 hr.
1 hr.

A critical orifice can be used as the sole flow-restricting device, but it cannot
ensure uniform flow. Since the source pressure of the flow changes during
sampling, the flow rate through the orifice can also change, resulting in an
invalid time-integrated sample. It is important that a highly consistent flow
rate be maintained during passive sampling, and this is accomplished by the
flow controller.

atmospheric
reference

diaphragm

Flow Controller

The flow controller (Figure 4) maintains a constant sample flow over the integrated time period, despite changes in the vacuum in the canister, or in the environmental temperature (Figure 5). In the Veriflo® Model SC423 XL Flow
Controller shown in Figure 4, the critical orifice acts as a flow restrictor,

3
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Figure 5 A flow controller will maintain a
constant sample flow despite changes in
canister pressure or environmental
temperature.
Temperature Effects

Courtesy of Veriflo Corp., a division of Parker Hannifin Corp.

upstream of a constant back pressure. This constant back pressure is established
by the balance between the mechanical spring rate of the diaphragm and the
pressure differential across the diaphragm. The latter is established by the pressure difference between the atmospheric pressure, the vacuum in the canister,
and the flow through the critical orifice. The net result is a constant flow.
The critical orifice determines the flow range. The adjustable piston is used to
set a specific, fixed flow rate within the flow range. An adjustment to the position of the piston changes the back pressure, which changes the pressure differential across the critical orifice. If the piston is lowered away from the
diaphragm, the flow rate will increase. If the piston is raised toward the
diaphragm, the flow rate will decrease. This flow controller will accurately
maintain a constant flow despite changes in vacuum over a range of -30" Hg
to -7" Hg. Flow is constant until the vacuum range of the device is exceeded,
making the flow controller unable to maintain the constant pressure differential. In Figure 6, for example, the flow rate is constant from -29.9" Hg to
approximately -7" Hg, at which point the flow rate decreases because the flow
controller is unable to maintain the proper pressure differential. This control
will allow the user to collect approximately 5 liters of sample in a 6-liter canister. This is an extremely important factor in obtaining valid time-integrated
samples through passive sampling. We will discuss this point further in the
Field Sampling (Section V) of this guide.

Figure 6 A flow controller will maintain a constant sample flow
until it is unable to maintain a stable pressure differential across
the critical orifice.
Differential Pressure Response

Figure 7A Field Sampling Gauge

Courtesy of Veriflo Corp., a division of Parker Hannifin Corp.

Figure 7B High Accuracy Laboratory Gauge

Field Sampling and Laboratory Vacuum Gauges

A vacuum gauge as shown in Figure 7A enables sampling personnel to visually
monitor changes in the vacuum in the canister during sampling. If the flow rate
changes unexpectedly (e.g., due to a leak or an incorrect setting), the vacuum
gauge will indicate a disproportionately high or low vacuum in the canister, and
corrective action can be taken (i.e., flow adjusted) in time to ensure a valid sample. This type of vacuum gauge is attached to the sampling train for use in the
field. The vacuum gauge should be of high quality to ensure that it does not
introduce contaminants into the sample. All wetted parts in the vacuum gauge
are constructed of stainless steel; Restek gauges are accurate to within 1% of full
scale. Once used for sampling, a gauge must be cleaned, and should be certified
clean. Procedures are described later in this guide.
To monitor pressure in the canister before and after sampling, use a more accurate measuring device. For example, test gauges built by Ashcroft®, as shown in
Figure 7B, are accurate to 0.25% of full scale. These sensitive gauges should not
be used in the field—they typically are wall mounted in the lab.

www.restek.com
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Canister

The canister is a stainless steel vessel designed to hold vacuum to less than 10 mTorr or pressure to 40 psig.
Canisters are available in a range of volumes: 400 mL, 1.0 liter, 3.0 liter, 6.0 liter, and 15 liter. The size of canister used usually depends on the concentration of the analytes in the sample, the sampling time, the flow
rate, and the sample volume required for the sampling period (Table II, page 3). Typically, smaller canisters
are used for more concentrated samples, such as soil gas collection, 3-liter and 6-liter canisters are used to
obtain integrated (TWA) ambient air samples at sampling times of up to 24 hours, and large 15-liter canisters are used for reference standards. Sampling time will be limited by the combination of canister size and
the flow rate at which the sample is to be collected.
A well-designed canister is essential to the success of the sampling project. First, the canister should be
made of stainless steel, so the collected sample will not permeate through the vessel wall or degrade due
to exposure to light during shipment to the analytical laboratory. Second, the interior surface of the canister should be inert, to reduce the potential for interactions with the analytes in the sample. Third, all canisters involved in a particular application should be of consistent volume, to simplify calculating sample
volumes. Finally, the canister should have a high quality valve that resists abuse in the field (e.g., overtightening that potentially could cause leaks). An inferior valve can fail, causing sample loss and incurring
replacement costs. It can be more expensive to sample again than to replace a valve.
Two types of canisters are available, the difference being the interior surface. The traditional canister is the
stainless steel SUMMA® or TO-Can® canister. The interior of this type of canister is electropolished, using
a polishing procedure (developed by Molectrics) that enriches the nickel and chromium surface and makes
it more inert than untreated stainless steel. The new generation of sampling canister is typified by the
SilcoCan® canister. Like the SUMMA® or TO-Can® canisters, the SilcoCan® canister is made of stainless
steel, and the interior is electropolished, but in an additional step—Siltek® treatment—an inert layer is
chemically bonded to the interior surface. Siltek® treatment makes the surface inert not only for relatively
inactive organic compounds, but also for compounds that are highly reactive with metal surfaces, such as
sulfur-containing compounds. Thus, surface inertness for SilcoCan® canisters exceeds that for SUMMA®
and TO-Can® canisters.
Canister Valve

The valve on a sampling canister must be of high quality, with the following characteristics: leak integrity, a metal seat, stainless steel wetted surfaces, and a packless design. A metal seat eliminates offgassing of
seat components into the sample and memory effects in the seat material. A packless design provides a
completely enclosed system, to ensure no contamination from lubricants or packing material occurs.
Various valves are used, the most common being the Swagelok® SS4H bellows valve and the Parker
Hannafin diaphragm valve with metal seat. Several valve options are available for Restek canisters.
The connection of the valve to the canister is critical. The connection must be leak tight, to ensure a correct
sampling flow rate, but use extreme caution to prevent overtightening the tube compression fittings. To
ensure a leak tight valve, always use a pre-filter (such as an inline filter) to prevent valve seat damage.

Ensure Accurate Sampling of
Reactive Compounds
with Siltek® Treatment
Siltek® treatment is a proprietary process, developed by Restek Corporation,
through which an inert layer is chemically bonded to a metal surface. The surface produced by this treatment is virtually inert to active compounds. The
stainless steel pathway described in this guide is sufficient for sampling
atmospheres containing only nonreactive compounds, but for reactive compounds the entire sampling pathway should be Siltek® treated to eliminate
contact between the reactive analytes and the metal surfaces. Siltek® treatment can be applied to the interior surfaces of the canister and valve, to
ensure an inert sample pathway.
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Table III Flow rates for integrated sampling,
using a 6-liter canister and sampling on the
flat portion of the flow curve for the flow
controller (Figure 5).
Sampling Period
(hours)
0.5
0.75
1
2
4
8
12
16
24
125

Flow Rate Range
(mL/min.)
133–167
89–111
67–83
33–42
17–21
8–10
5.6–6.9
4.2–5.2
2.8–3.5
0.5–0.7

Collected volume is 4–5 liters
(flow = volume in mL / sampling time in min.).

Figure 8 Setting flow rate on
flow controller.

III. Preparing the Sampling Train for Use
The sampling train must be prepared in the laboratory before it can be used in
the field. The train must be assembled and leak tested, the flow rate must be
set, and the train must be certified clean. All of the following information
should be documented for the chain of custody for the passive sampling train
and the sample collected with it.
Assemble, Leak Test, and Set the Flow Rate of the Passive Sampling Train

Choose the critical orifice (Table II, page 3) according to the sampling period
and flow rate you anticipate using (Table III). This will ensure an accurate and
valid sample. There should be a marking on the outside of the critical orifice fitting indicating the size of the orifice. In a clean environment, assemble the sampling train components as shown in Figure 2 (page 2). It is imperative that you
leak test the assembled train. If the sampling train leaks during sampling, the
final pressure in the canister will not be the desired final pressure, making the
sample invalid. The most common reason for invalid samples is leaks within the
sampling train. There are two ways to leak test the train:
1. Pass helium gas through the flow controller and use a sensitive helium
leak detector to test for leaks (e.g., Restek Leak Detector).
or…
2. Cap the inlet, attach the sampling train to an evacuated canister, open the
valve on the canister and evacuate the sampling train. Then, close the
valve and monitor any pressure change in the static sampling train. Leaks
of less than 1 mL/min. can be detected in 1-2 minutes.
This is a good practical test—the small internal volume of the passive sampling train, combined with even a small leak, will produce a large change in
monitored pressure. According to EPA Method TO-15, the pressure change
should be less than 2 psig (13.8 kPa) over a 24-hour period.
After you are certain the sampling train is leak-free, set the desired sampling
flow rate.
To set the desired flow rate follow these steps:

1. Remove the protective cap from the back of the Veriflo® Flow Controller
SC423XL body.
2. Connect either an evacuated canister or a vacuum source to the outlet of
the sampling train.
3. Connect a high quality calibrated flow meter (i.e., mass flow meter, rotameter, GC-type flow sensor [e.g., Restek ProFLOW 6000 Electronic Flowmeter,
cat.# 22656]) to the inlet of the train.

Important Precautions!
• Only hand tighten knob to close valve.
Overtightening may damage seat causing
leakage.
• Tighten compression fitting on valve inlet
only 1/4 turn past finger tight.
Overtightening will cause leakage.
• Use prefilter during sampling to prevent
particulate damage to valve.
• Do not disassemble valve—disassembly may
void warranty.
• Protect valve inlet by replacing brass cap
when not in use.
• Do not exceed canister maximum pressure
of 40 psig.

4. Apply vacuum by opening the canister or turning on the vacuum source.
5. With a 3 mm hex (Allen®) wrench, adjust the piston gap screw to achieve
the desired flow rate (Table III). Between adjustments allow the flow to
equilibrate for several minutes. See Figure 8.
6. Replace the protective cap onto the back of the Veriflo® Flow Controller body.
Cleanliness: Certifying the Sampling Train for Use

US EPA Compendium Method TO-14A/TO-15 requires that the sampling
train be certified clean prior to use. Certify the train by passing a humidified,
high-purity air stream through the train, concentrating the exit gas on a trap,
and analyzing the gas by gas chromatography/mass spectrometry or other
selective detector. For the sampling train to pass certification the analytical system should not detect greater than 0.2 ppbv of any target VOC.
The certified sampling train should be carefully packaged in aluminum foil or
in a clean container for storage or for shipment into the field. Care in packaging is critical. Careless handling could affect the preset flow rate. When the
sampling train is ready for sampling, prepare the canister.

www.restek.com
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IV. Preparing the Canister for Sampling
Preparing a canister for sampling involves certifying the canister clean, evacuating the canister to final
pressure for use, and identifying the canister. All information acquired during these processes is needed
for the chain of custody.
Certifying the cleanliness of the canister is important toward ensuring that results reported are solely from
the site sampled, and not contaminated with residue from a previous site or volatiles in laboratory air. To
certify a canister clean, fill the canister with humidified air, pass the air from the canister through an adsorbent trap and analyze the adsorbent for target VOCs by GC/MS or other selective detector. Two US EPA
methods discuss canister certification: EPA Compendium TO-12 and EPA Compendium TO-14A/TO-15.
To comply with EPA Compendium Methods TO-14A/TO-15, the analytical system should not detect
greater than 0.2 ppbv of any target VOC. To comply with EPA Compendium Method TO-12 the analytical system, GC/FID, should not detect greater than 0.02 ppmC hydrocarbons. Although batch certification
of canister cleanliness is a relatively common practice, we recommend certifying and documenting each
canister individually. Detailed cleaning instructions are presented in Section VIII. Cleaning the Canister
(page 11).
Some laboratories certify a canister for VOC stability by introducing a low concentration test mixture into
the canister and measuring degradation over a specified time period. If the canister meets the specification, it is certified for use. We recommend using such studies to ensure the effectiveness of a canister or
group of canisters for a proposed application.
Once the canister is certified clean, evacuate the canister to a final vacuum of 10-50 mtorr, using either the
canister cleaning system or a clean final vacuum system. This vacuum is critical to ensure the correct
amount of sample is collected. Use an accurate test gauge (shown in Figure 7b, page 4) or digital pressure
tester to ensure final vacuum has been reached and to document the final vacuum reading for the chain
of custody. Install a brass cap nut onto the canister valve to ensure no contamination can enter the sample pathway during shipment to the field.
Apply an individual identity to the canister, either with a label and serial number or with a bar code.
Some analysts prefer to introduce surrogate standards into the canister prior to sampling. Debate on this
practice revolves around theories that there are potential loss issues due to low humidity and inadequate
surface passivation by water. Neither Restek chemists nor our consulting experts recommend adding surrogates to the canisters. If you choose to introduce surrogates into your canisters prior to sampling, be sure
to recheck and record the vacuum reading for each canister after adding the surrogates.

did you know?
Our light-weight tripod holds
2 canisters securely without
any tools.

V. Field Sampling, Using a Passive Sampling Train and Canister
It is important to mention again that the sampling train and canister must be leak tested and certified
clean prior to use. To properly begin field sampling, we recommend bringing a “practice” evacuated canister and a flow measuring device with you to the field. Use this canister to verify the flow rate through the
passive sampling train prior to using the train to obtain samples of record. To verify the flow rate, connect
the passive sampling train to the “practice” canister. Attach a flow meter to the inlet of the sampling train.
Open the canister and measure the flow rate through the sampling train. If the flow rate is within ± 10%
of the flow rate set in the lab, the train is ready to be used on the formal sampling canister. If the flow rate
is not within these limits, adjust the flow rate by adjusting the piston gap screw.
When the flow rate is confirmed, record the rate as the canister flow rate for the chain of custody form.

Pressure Conversion Table
Pressure
psi
psi =
1
atm =
14.696
kg/cm2 = 14.223
torr =
0.0193
kPa =
0.1450
bar =
14.5038
in Hg =
0.49612

atm
0.068
1
0.967
0.00132
0.00987
0.9869
0.0334

kg/cm2
0.0703
1.0332
1
0.00136
0.0102
1.0197
0.0345

torr
51.713
760
735.5
1
7.52
751.88
25.400

kP a
6.8948
101.32
98.06
0.1330
1
100
3.376

bar
0.06895
1.0133
0.9806
0.00133
0.0100
1
0.03376

inches Hg
2.0359
29.921
28.958
0.0394
0.2962
29.5300
1

Multiply units in the left-most column by the conversion factors listed in the columns to the right.
e.g., 10PSI x 0.068 = 0.68atm, 10 bar x 29.5300 = 295.300 inches Hg
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To begin sampling, using the formal sampling canister, follow these steps:

1. Remove the brass cap nut from the canister valve.
2. If you are using a test gauge, attach the gauge to the canister and record the vacuum reading. If you choose not to use a test
gauge under field conditions, record the reading on the vacuum gauge that is part of the passive sampling train.
3. Attach the verified passive sampling train to the canister.
4. Record the sampling start time and necessary meteorological data.
5. Open the canister valve and begin sampling.
6. Periodically check the canister throughout the sampling period to ensure the pressure reading is accurate and sampling is proceeding as planned.
7. Once the sampling period is complete, close the valve and remove the sampling train. Check the final pressure within the canister, using the test gauge or the vacuum gauge in the sampling train.
There are four possible scenarios:

A. Ideally there will be a vacuum of -7"to -4" Hg in the canister (e.g., Table IV).
B. If more than -7" Hg vacuum remains, less sample was collected than initially anticipated. The sample will be valid, but the detection limit may be
higher than expected. You might have to pressurize the canister prior to
the analysis, which will dilute the sample and require you to use a dilution
factor to determine final concentrations of target compounds.

Table IV Final vacuum and volume of
sample collected in 6-liter canister.
Final Vacuum
("Hg)
29
27
25
23
20
17
15
12
10
7
5
3
0

C. A vacuum of less than -4" Hg indicates the sample might be skewed
toward the initial part of the sampling period. This assumption usually is
valid because the flow rate through the flow controller will fall once the
vacuum falls below -5" Hg (Figure 6, page 4), when the change in pressure
across the flow controller diaphragm becomes too small and the flow controller is unable to maintain a constant flow. Although flow was not constant over the entire sampling period, the sample may be usable because
sample was collected over the entire interval.

Sample Volume
(liters)
0
0.58
0.99
1.39
1.99
2.59
2.99
3.59
3.99
4.60
5.0
5.40
6

D. If the ending vacuum is less than -1" Hg the sample should be considered
invalid because it will be impossible to tell when the sample flow stopped.
8. Record the final pressure in the canister and replace the cap nut.

Information that should be acquired at the sampling site includes the start time and interval time,
the stop time, atmospheric pressure and temperature and, for ambient sampling, wind direction.
Include elevation if it is a factor. These parameters
often prove very useful when interpreting results.
After sampling, the canisters are sent back to the
laboratory where the final vacuum is measured
again with a test gauge. Using the initial vacuum
and final vacuum, the sample volume collected can
be determined from Equation 1.
It is also good practice to recheck the flow rate after
sampling, because this will affect the sample volume
(Equation 2). Laboratories typically allow a maximum deviation of ±10% to ±25% between the initial flow rate and the post-sampling flow rate.

Equation 1:

sample volume =

pressure change*
initial pressure

x canister volume

*initial pressure – final pressure
Example: A sample is collected in a 6-liter canister. The initial gauge pressure
reading when the canister left the lab was -29.92" Hg vacuum; the final gauge
pressure reading when the canister was returned to the lab was -7" Hg vacuum.
sample volume =

-29.92" Hg – (-7" Hg)
-29.92" Hg

x 6 L = 4.59 liters collected

Equation 2:

sample volume = [(initial flow rate + post-sampling flow rate)/2] x sampling time
Example: A flow controller was set at 3.3 mL/min. After obtaining a 24-hour
sample the flow rate was 3.0 mL/min.
sample volume = [(3.3 mL/min. + 3.0 mL/min.)/2] x 1,440 min. = 4,536mL

www.restek.com
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VI. Analysis of Collected Samples
Once received by the lab, each canister is identified from the information in the
chain of custody report. The final pressure is checked to ensure no leaks
appeared during transport. It might be necessary to pressurize a canister prior
to the analysis; do this by adding humidified nitrogen or air to the canister to
a pressure greater than 5 psig or higher, depending on the sample volume
needed for analysis or for suitably diluting the sample (e.g., Table V). The need
to dilute is determined by the preconcentrator instrument. Some air preconcentrators can be operated while the canister is under slight vacuum. Check
with your instrument manuals or with the manufacturer to determine if you
must dilute your samples prior to analysis. Dilution factors can be calculated
according to Equation 3.
Equation 3:

dilution factor = (Pafter dilution + Plab atmosphere) / (Plab atmosphere - Pbefore dilution)
The dilution factor is calculated from the post-sampling pressure (before dilution), the final pressure (after dilution), and the atmospheric pressure in the laboratory. The factor for converting "Hg to psi = 0.491.

Table V Dilution factors to adjust final
sampling pressure to 14.7 psig for a
6-liter canister.
Final Vacuum
("Hg)
29
27
25
23
20
17
15
12
10
7
5
3
0

Sample Volume
(liters)
0
0.58
0.99
1.39
1.99
2.59
2.99
3.59
3.99
4.60
5.0
5.40
6

Dilution
Factor
63.77
20.37
12.12
8.63
6.02
4.63
4.01
3.34
3.00
2.61
2.40
2.22
2.00

Example: At the end of a sampling period the gauge pressure in a canister was
-7 "Hg. The canister was pressurized with nitrogen to 14.7 psig (1 Atm.).
The dilution factor is (14.7 + 14.7) / (14.7 - (7 x 0.491)) = 2.61
To analyze the sample, withdraw an aliquot of the sample from the canister. For low level ambient air analysis, withdraw 250-500 mL
of sample from the canister and concentrate the analytes by using a mass flow controller and a cryogenically cooled trap (e.g., glass
beads and/or a solid sorbent). Desorb the concentrated analytes from the trap and deliver them to a cryofocuser to focus the sample
bandwidth prior to introduction onto the GC column. A 60 m x 0.32 mm ID x 1.0 µm Rtx®-1 column typically is used for EPA
Method TO-14A or Method TO-15 ambient air analysis; an MSD is a common detector. Figure 9 shows a typical TIC spectrum for
a TO-15 ambient air analysis.

Figure 9 US EPA TO-15 ambient air analysis.
1.
2.
3.
4.
5.
6.
7.
8.
9.
10.
11.
12.
13.
14.
15.
16.
17.
18.
19.
20.
21.
22.
23.
24.
25.
26.
27.
28.
29.
30.
31.
32.
33.
34.
35.
36.
37.

propylene
Freon®-12 (dichlorodifluoromethane)
chloromethane
Freon®-114 (dichlorotetrafluoroethane)
vinyl chloride
1,3-butadiene
bromomethane
chloroethane
carbon disulfide
acetone
Freon®-11 (trichlorofluoromethane)
isopropyl alcohol
1,1-dichloroethene
methylene chloride
Freon®-113
(1,1,2-trichloro-1,2,2-trifluoroethane)
trans-1,2-dichloroethene
1,1-dichloroethane
methyl tert-butyl ether
vinyl acetate
methyl ethyl ketone
cis-1,2-dichloroethene
hexane
chloroform
ethyl acetate
tetrahydrofuran
1,2-dichloroethane
1,1,1-trichloroethane
benzene
carbon tetrachloride
cyclohexane
1,2-dichloropropane
trichloroethylene
bromodichloromethane
1,4-dioxane
heptane
cis-1,3-dichloropropene
methyl isobutyl ketone

38.
39.
40.
41.
42.
43.
44.
45.
46.
47.
48.
49.
50.
51.
52.
53.
54.
55.
56.
57.
58.
59.
60.
61.

trans-1,3-dichloropropene
1,1,2-trichloroethane
toluene
methyl butyl ketone
dibromochloromethane
1,2-dibromoethane
tetrachloroethylene
chlorobenzene
ethylbenzene
p-xylene
m-xylene
bromoform
styrene
o-xylene
1,1,2,2-tetrachloroethane
4-ethyltoluene
1,3,5-trimethylbenzene
1,2,4-trimethylbenzene
1,3-dichlorobenzene
benzyl chloride
1,4-dichlorobenzene
1,2-dichlorobenzene
1,2,4-trichlorobenzene
hexachloro-1,3-butadiene

Column:
Sample:
Concentrator:
Carrier gas:
Flow rate:
Oven temp.:
Det.:
Transfer line
temp.:
Scan range:
Ionization:
Mode:

Rtx®-1, 60m, 0.32mm ID, 1.0µm (cat.# 10157)
TO-15 standard (cat.# 34436) humidified to 33% RH in a 6L SilcoCan®
canister (cat.# 24182)
Nutech 3550A Preconcentrator; 300mL sample concentrated at
-160°C, thermally desorbed at 150°C, cryofocused at -185°C,
thermally desorbed to column at 150°C
helium, constant flow
1.2mL/min.
30°C (hold 4 min.) to 175°C @ 8°C/min., to 220°C @
20°C/min. (hold 2 min.)
MS
150°C
35–280amu
EI
scan

GC_AR00748
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Procedures used in these chromatographic analyses generally include a multipoint calibration, using gas standards. Therefore calculations of organic compounds in collected samples are straightforward—only volumes analyzed and
dilution rates are needed to determine sample concentrations. High concentration calibration gas standards are commercially available (e.g., 1 ppmv or
100 ppbv). To prepare analytical standards, introduce an aliquot of stock material into a canister and dilute with humidified air or nitrogen. After analyzing
the calibration standards, determine the response factor for each analyte using
the peak area counts per concentration.
After analyzing the multipoint calibration standards and calculating peak
area/concentration response factors, analyze the “real world” samples. If an
“unknown” sample has not been diluted, apply the corresponding response
factor to each “unknown” analyte peak area to get the reporting limit concentration of the “unknown” in the analysis (typically in ppbv). If you have diluted the canister to get a positive pressure, you must apply the dilution factor to
the concentration values. This is done by multiplying the reporting limit by the
dilution factor.

VII. Cleaning the Passive Sampling Train

frequently asked question
Where can I find EPA
Air Toxic Methods?
pdf files of US EPA Air Toxic
Methods are available at this
web address:

www.epa.gov/ttn/amtic

for more info

The cleanliness of the sampling train is critical to collecting accurate and representative samples. Practices followed for cleaning passive sampling equipment between uses range from purging the sampling pathway with humidified
nitrogen or air for many hours, to heating the pathway during a purge, to disassembling each component, sonicating the pieces in solvent (except for the
critical orifice), and oven baking the pieces prior to reassembly. The most
suitable mode of cleaning depends on the concentrations of analytes of interest, and contaminants, in the previous sample collected.
The particle filter must be thoroughly cleaned between uses. Disassemble the
filter, then remove the larger particles from the frit by blowing particle-free
nitrogen through the frit from the outlet surface toward the inlet surface. After
the larger particles are removed, sonicate or rinse the filter parts in methanol
and then bake the parts in an oven at 130 °C to remove any residual organic
vapors.
The critical orifice and flow controller can be cleaned in either of two ways.
The first method is to disassemble the flow controller and clean all the metal
parts with methanol. This will remove any high boiling point compounds that
have condensed onto the wetted areas of the controller. Heat the cleaned parts
in an oven at 130 °C to remove residual organic vapors. Do not sonicate the
critical orifice. Do not sonicate in solvent or bake any of the nonmetallic
parts, such as O-rings, or they will be damaged. Do not rinse the vacuum
gauge with methanol. The vacuum gauge may be heated, but do not exceed 80
°C; higher temperatures will damage the face and the laminated safety glass
lens. Heating to 80 °C will not affect the mechanical operation of the spiral
bourdon tube in the vacuum gauge.

ASTM Reference D5466 Standard
Test Method for Determination
of Volatile Organic Chemicals in
Atmospheres (Canister Sampling Methodology)

A less involved method of cleaning the flow controller is to use a heating jacket or heat gun to heat the components of the assembled sampling train, while
purging the system with nitrogen. As organic compounds are heated and desorbed from the interior surfaces, the nitrogen gas sweeps them out of the sampling equipment.

available at www.astm.org

Preparing the Clean Passive Sampling Train for Re-use

After the sampling train components have been cleaned, reassemble the system, check for leaks, set the desired flow rate, and certify the sampling system
clean. Follow the procedures described previously in this guide. Package the
clean sampling train to prevent contact with airborne contaminants.

www.restek.com
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VIII. Cleaning the Canister
Every air sampling canister, whether new or used, must be cleaned and certified before it is used for sampling. Some laboratories batch test and certify canisters. This is done by testing and certifying one canister out of 10 following cleaning. We recommend certifying each canister clean prior to use—especially if
there is potential for litigation.
For years there has been much discussion regarding what constitutes a proper procedure for cleaning canisters. US EPA Method TO-15 has provided guidance, and in the last 5–10 years automated commercially
available canister cleaning systems have evolved. Because many of these systems are quite expensive, and
some designs have limitations, analysts often design their own systems and methodologies for cleaning canisters. The cleaning procedure described in this section is a practical approach that will ensure canisters are
suitably cleaned for ambient air sampling, whether you are using a commercially available cleaning system
or a system of your own design. There are minor differences when cleaning SilcoCan® or TO-Can®
(SUMMA®) canisters. We will discuss these differences in this procedure.

TO-Clean Canister
Cleaning System

Air Versus Nitrogen

The two gases recommended for cleaning canisters are humidified ultra-high purity air and ultra-high
purity nitrogen. The water in the humidified gas hydrolyzes impurities in the canister and, according to
theory, will occupy the active sites on the interior surface, displacing the impurities and allowing them to
be removed. Air is recommended when oxidation of the interior surface is desired. The oxygen content of
air, 21%, is sufficient for this surface oxidation; it is not necessary to use pure oxygen gas. Nitrogen is
equally effective for cleaning ambient air canisters, but will not oxidize the surface of the canister.
Heat or No Heat*

Some user-designed canister cleaning systems do not heat the canisters. Typically this does not create a
problem when cleaning canisters that are used in ambient air collection, but as a safeguard we recommend
heating the canisters during the cleaning process. Compounds collected in most ambient air samples are
in the low ppbv range, and can be removed from a canister by multiple cycles of pressurization with
humidified air or nitrogen followed by evacuation. If there are higher concentrations of contaminants in
the canister, heat might be required to clean the canister satisfactorily. In addition, the cleaning cycle may
be reduced when heat is applied.
Caution: Adding heat and humidified gas to a canister may create a steam pressure vessel. Some commercial cleaning systems
incorporate a pressure release valve to ensure the pressure does not exceed the pressure rating of the canisters.

Air Canister
Heating Jacket

Cleaning Systems

• Oven Some canister cleaning systems are incorporated within an oven. Batch size is determined
by the number of canisters that can fit inside the oven. The supply line for the humidified air or
nitrogen stream and the line to the vacuum system are plumbed directly into the oven. A cold trap
is employed to trap impurities. Accurate monitoring of vacuum and pressure is required. In this
arrangement, the entire canister, including the valve, will be heated. This will help remove contaminants if both the valve and the canister are dirty. Typically, when using heat, it is helpful to create
steam from the humidified air or nitrogen stream. An oven temperature of at least 120 °C is
required, but higher temperatures often are used.
• Heat Bands A band heater placed around the equator of the canister typically is capable of heating the canister to approximately 130 °C. There is a heat gradient, and the valve might only receive
radiant heat (approximately 70–100 °C). In most sampling situations, this lower temperature
should be sufficient for effectively removing contaminants from the valve.
• Insulated Heat Jackets Insulated heat jackets surround and heat each canister. These jackets
typically have a silicone or PTFE-coated fiberglass fabric exterior and a fiberglass insulation interior. Some operate at a fixed temperature; others can provide variable temperature. Restek’s heating jacket offers a significant advantage over alternatives because it encompasses the valve area.
• Infrared Heat An infrared heating system includes an infrared heat source and a reflective panel
similar to the cylinder drying rack on a gas cylinder system. The infrared source and the reflective
panel are placed on opposing sides of the canisters. Infrared rays from the source heat the canisters;
rays that pass the canisters strike the reflective panel and heat the canisters from the opposing side.
• User Designed Figure 10 shows an example of a “homemade” system designed to clean 24 sixliter canisters. This design does not employ heat, but a heater can be added (see Heat or No Heat).
It provides a humidified air or nitrogen stream to all canisters and the roughing pump on the bottom shelf is the vacuum source. This system is computer operated to automate the cleaning cycles.
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Figure 10
User-designed system
for cleaning 24
six-liter canisters.

*If you are cleaning any fused
silica lined canisters, and will
be using heat, use humidified
nitrogen, not air.
Cleaning any fused silica lined
canisters with humidified air
and heat above 80 °C may
damage the fused silica surface, resulting in reduced
recoveries of sulfur and other
reactive compounds.
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Cleaning Method
1. Connect all canisters to the cleaning system, then release any pressure within any of the
canisters.
Apply vacuum to the system to evacuate the canisters. US EPA Method TO-14A/15 recommends evacuating the system to 50 mTorr for 1 hour, but a reduced pressure of -23
to -25 " Hg is sufficient for general cleaning.
2. After the canisters have been under vacuum for approximately 1 hour, pressurize the
canisters with humidified air or nitrogen*. Pressurization will dilute the impurities and
the moist air will hydrolyze them.
Pressurize canisters to 5 psig if they will be heated, or to 30 psig if they will not be heated.
Proceed to step 3 when the system has equilibrated at the designated pressure.
3. Heat the pressurized canisters to 120–250 °C, depending on the type of valve on the
canister being cleaned. Different valves have different temperature limits; consult the
manufacturer specifications for your valve type. Many commercial cleaning systems
avoid this concern by ensuring the valve is not within the heated zone. The canister
below the valve is heated but the valve receives only radiant heat.
Heat the canisters filled with humidified air/nitrogen for at least 1 hour.
4. Re-evacuate the canisters to remove the desorbed impurities.
Allow the canisters to equilibrate for 1 hour.
5. Determine if the canisters have been cleaned effectively by following the procedure in
Certifying the Canister (p. 13). US EPA methods recommend testing every canister until a
reliable procedure is developed.
Repeat steps 1–5 as necessary; the number of cycles will be determined by how dirty
the canisters are and how easily they are cleaned.
We recommend developing a cleaning procedure that matches your specific sampling
procedure, by testing the canisters for cleanliness after each cycle and determining the
number of cycles necessary for proper cleaning.
If the canisters are not heated, the number of cycles required to clean the canisters
might be higher.
6. Once a canister is clean, prepare it for collecting a sample by evacuating it to 10–50
mTorr. If your system is leak-tight, you can do this by using a roughing pump.
Many commercial systems include a molecular drag pump to reach final vacuum quickly.

*If you are cleaning any fused silica lined canisters, and will be using heat, use humidified nitrogen, not air.
Cleaning any fused silica lined canisters with humidified air and heat above 80 °C may damage the fused silica surface,
resulting in reduced recoveries of sulfur and other reactive compounds.

www.restek.com
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IX. Certifying the Canister
We recommend certifying canisters for both cleanliness and for analyte stability. To certify a canister clean,
pressurize the canister to 14.7 psig with humidified ultra-high purity air or nitrogen after it has gone
through the cleaning cycles. The humid air or nitrogen stream must be certified clean before it can be used
for canister certification. Analyze an aliquot of the canister content by GC/MS or GC/FID/ECD. US EPA
Method TO-14A/15 specifies a canister must contain less than 0.2 ppbv of any target VOC compound
(Figure 11); EPA Method TO-12 specifies less than 0.02 ppmC, as detected by GC/FID. If a canister does
not meet specification, it must be cleaned again and retested for certification.
To certify a canister for analyte stability, introduce a low working concentration of a characterized test mix
into the canister. Analyze an aliquot of the contents of the canister immediately after introducing the test
mixture and at periodic intervals. We recommend monitoring for changes for a minimum of 2 weeks or
for a timeframe similar to your anticipated holding period. Responses should not decrease more than 20%
over this period.
Commercial standards are available for stability testing, but we recommend you make your own test mixture that is comparable to the target compound list that the canister will hold. For example, if you are analyzing sulfur compound content in ambient air, prepare a sulfur-specific test mix and evaluate the canister’s performance for sulfurs. Maintain a log sheet for each canister, and record the test results and certification. This will be a permanent record for each canister. Some labs certify canisters for certain compounds and use a canister only for this specific application.

Figure 11 Aliquots from a canister before and after cleaning with 2 cycles of humidified air while heated to 200 °C.

Dirty can

Clean can

Rtx®-1 60m x 0.32mm ID x 1.0µm (cat. #10157); 50°C (hold 1 min) to 165°C @ 8°C/min. to 220°C @ 15°C/min. (hold 5 min.); flow rate = 1.4mL/min.; Nutech 3550 Preconcentrator
conditions: sample= 300cc from canister, cryotrap = -160°C, desorb = 150°C, cryofocuser = -190°C, desorb = 150°C; MSD conditions: Instrument: HP5971 GC/MSD, 5 minute solvent delay, scan range = 25-260amu
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X. Conclusion
A well designed and properly prepared passive sampling system helps ensure accurate, useful information is obtained from an air
sampling project. In this guide, we describe the components of the system, procedures for assembling the system and preparing it for
sampling, and the sampling procedure. Cleaning system options and procedures for cleaning a used sampling train and canister for
certification prior to a subsequent sampling are also presented. The following section describes Restek products designed to help collect and analyze air samples.

How to Extend Canister Life
What reduces canister performance and longevity? Leakage is the most common reason for canister failure, but contamination
and damage to the fused silica lining can also send canisters to the scrap yard prematurely. Here are some tips to protect your
investment:

1. Prevent leaks
Use proper handling to avoid these 3 leading causes of leaks.
a. Particles in the valve

You can prevent particles from entering the valve by always using a 2 or 7 µm particulate filter during sampling and on your
canister cleaning equipment. Also, protect the valve inlet by replacing the brass dust cap when not in use. The EPA-recommended metal-to-metal sealing valves provide the greatest inertness, but tend to be more sensitive to particulate damage
than other valve types.
b. Galled thread fittings

Avoid galled thread fittings by using a gap gauge to prevent overtightening of compression fittings. Turning only ¼ turn
past finger-tight is another rule of thumb to prevent overtightening. Use brass compression fittings on stainless steel, during nonsampling activities, such as cleaning or calibration, to minimize thread damage. Galled threads may also cause a
poor connection to vacuum/pressure gauges, resulting in inaccurate measurement and misleading conclusion that canister leakage exists.
c. Overtightened valve

Canister valves are designed to close securely with hand tightening only. Overtightening a valve closure with a wrench may
damage the valve seat where the seal is made.

2. Reduce contamination
a. Segregate high concentration (ppm) cans and trace concentration (ppb) cans. Use dedicated canisters, or gas sampling bags, for ppm level sampling, since it is extremely difficult to remove impurities from ppm sampling to a level
suitable for trace sampling.
b. Clean the entire sampling train as you would the can to minimize introduction of contaminants into a clean can.
Maximum temperature is 80 °C on the gauge and 90 °C on Restek’s Veriflo® flow controller.
c. High temperature (>100 °C) humidified air (steam cleaning) provides the most effective way to remove contamination
from electropolished cans (TO-Can® or SUMMA® canisters), but can damage fused silica lined cans. See #3 below for
proper cleaning of fused silica lined cans.

3. Avoid damage to fused silica lined cans
Be sure to follow method recommendations when cleaning your canisters to avoid damaging the fused silica lining. Cleaning
studies of SilcoCan® canisters using humidified air and heat at 80 °C and 125 °C have shown reduced recoveries of sulfur compounds, when compared to using nitrogen under the same conditions. This irreversible damage is due to oxidation of the
surface, creating active sites that may affect the recovery of reactive or polar compounds. Strong acids and bases may also
result in damage to the internal can surface.

www.restek.com
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XI. Air Sampling Products

Air Canisters for VOC Monitoring
SilcoCan® & TO-Can® Air Monitoring Canisters
• Get high performance canisters from the innovators of fused silica coating
technology.
• Variety of options available, including SUMMA can equivalent.
• Standard fittings compatible with all instrumentation and accessories.
• Exclusive manufacturer of 1L spherical canister.
• Repair service available to extend canister life.
22107

24182

Canister Options
1, 3, 6, 15L
Parker diaphragm, Swagelok bellows
Electropolished, Siltek treated
3 vacuum/pressure ranges

11 ppbv H2S

● Dry SilcoCan® (n=18)
◆ Humidified SilcoCan® (n=5)
▲ Electropolished (n=2)

Percent Recovery

Sizes
Valves
Interior Coating
Gauges

SilcoCan® canisters effectively store very low levels of
sulfur compounds.

Applications
Ambient Air - US EPA TO-14A, TO-15, ASTM D5466
Indoor Air
Vapor Intrusion
Emergency Response

Time (Days)

Quickly confirm vacuum or pressure.
Request a high-quality gauge mounted
on your SilcoCan® or TO-Can® canister.

SilcoCan® Air Monitoring Canisters
Description
SilcoCan Canister, 1/4" Valve
SilcoCan Canister,
Siltek Treated 1/4" Valve
SilcoCan Canister
with Gauge, 1/4" Valve
SilcoCan Canister with Gauge**,
Siltek Treated 1/4" Valve
SilcoCan Canister
without Valve

also available
We also offer sampling kits, sampling bags, and
a range of gas reference standards to meet your
environmental gas sampling requirements.
See www.restek.com/air

Can
Dimensions
Volume
(height x sphere diameter)
Weight
1 liter
8.5 x 5.25"
21.6 x 13.3cm
2.5 lbs 1.13kg
3 liter
11.5 x 7.25" 29.2 x 18.4cm
4 lbs 1.81kg
6 liter
12.5 x 9.25" 31.8 x 23.5cm
7 lbs 3.18kg
15 liter 17 x 12.25" 43.2 x 31.1cm
13 lbs* 5.90kg
*16 lbs shipped UPS Air, 22 lbs shipped Fed Ex (USA).

Restek Exclusive!
1L Volume
qty.
cat.#
ea.
24180

3L Volume
cat.#
24181

6L Volume
cat.#
24182

15L Volume
cat.#
24183

ea.

24180-650

24181-650

24182-650

24183-650

ea.

24140

24141

24142

24143

ea.

24140-650

24141-650

24142-650

24143-650

ea.

22090

22091

22092

22093

TO-Can® Air Monitoring Canisters
Description
TO-Can Canister with 1/4" Valve
TO-Can Canister with Gauge**, 1/4" Valve
TO-Can Canister without Valve
TO-Can Canister with 1/4" Swagelok
SS4H Bellows-Sealed Valve

qty.
ea.
ea.
ea.

1L Volume
cat.#
24172
24176
22094

3L Volume
cat.#
24173
24177
22095

6L Volume
cat.#
24174
24178
22096

15L Volume
cat.#
24175
24179
22097

ea.

22105

22106

22107

22108

**range of standard gauge is -30" Hg to 60 psi.

See our complete line of products for

Air Monitoring
visit www.restek.com/air
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Simplify Air Sampling
Canister Air Sampling Timer
•
•
•
•
•

Program up to 12 timed events!
Capable of both manual and automated operation.
Perfect for either grab or time-integrated sampling.
Long battery life; recharges conveniently using the USB port on any PC.
All stainless steel sample flow path ensures inertness, improving accuracy.

Description
Canister Air Sampling Timer

qty.
ea.

cat.#
24267

Whether automated or manual, Restek’s Canister Timer
has the features you need for easy, reliable sampling!

TO-Clean Canister Cleaning System
High capacity, fully automated, easy to use canister cleaning oven dramatically increases lab efficiency.
•
•
•
•
•
•
•

Twelve 6L canister capacity; custom-built trays for different canister sizes.
Method TO-14A/15 compliant.
Small footprint saves lab space.
No computer needed—uses embedded touch screen controller.
Save up to 10 user defined methods.
Automated system leak test.
Isothermal oven cleans entire can AND valve more completely than band
heaters.
• Includes Edwards® RV-8 vacuum pump—no turbo pumps!
• One year limited warranty.
Dimensions:
44"H x 48"W x 27"L
Weight: 525 lbs

Capacity
Software

Restek
12-6L cans
Included

Entech
6-6L cans
Separate

www.restek.com/air

Description
TO-Clean Oven, 120V, 60Hz
TO-Clean Oven, 220/230V, 50/60Hz
Optional Accessories (not included with TO-Clean Oven)
Dewar, glass, 4300mL stainless steel u-tube trap
Oven Cart, 29"H x 27"W x 49"D, 12 gauge steel, push handle and casters
1L Option: includes tubing, fittings, and inserts for 24 1L canisters
Humidification Chamber

qty.
ea.
ea.
qty.
ea.
ea.
ea.
ea.

cat.#
22916
22917
cat.#
22918
22919
22920
24282

Shipping: FedEx Ground, unless otherwise requested. Costs vary depending on ship-to location.
Note: Ovens are built on demand, therefore, a ten week lead time is required on all orders. A limited cancellation and return policy applies to TO-Clean ovens; contact Restek Customer Service for
details. Not available in countries requiring CE certification (Europe & Japan).

Air Canister Tripod
•
•
•
•

Lightweight (9 pounds) and compact, for easy storage and transport.
Extends from 6' to 9' high.
Large base provides enhanced stability, without additional supports.
Sturdy, rugged metal design, for outdoor sampling and transport.

Restek’s Air Canister Tripod holds two canisters simultaneously for collocated
ambient air sampling. The custom-designed bracket holds most 1 L, 3 L, and
6 L canisters securely, without any tools.*
Air Canister Tripod conveniently
holds 2 air canisters.

www.restek.com

Description
Air Canister Tripod

qty.
ea.

cat.#
24151

*Air sampling canisters sold separately.
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Expand Air Sampling with
Mini-Cans & Accessories
• Grab and integrated sampling without sampling pump.
• 8-hr integrated sample possible with 400 cc mini-can.
• Siltek® coating delivers high level of inertness for H2S & other
reactive compounds.
• Versatile enough for many applications:
- Indoor air
- Soil gas

- Industrial hygiene
- Emergency response

Get Mini!
Mini-Can Options
Sizes
Valves
Interior Coating
Sample Inlets
Flow ranges

400cc, 1000cc
Quick connect, diaphragm
Electropolished, Siltek treated
Area, personal
0.5-15 sccm

Miniature Air Sampling Kits
• Provide accurate integrated sampling without a sampling
pump.
• Convenient smaller size connects easily to miniature canisters.
• Available in stainless steel or Siltek® treated components for
greater inertness.
Restek’s passive air sampling kit incorporates all the hardware
necessary to collect air samples, and is easy to assemble for field
sampling.* Kit includes flow controller, critical orifice, 2 µm frit
filter, vacuum gauge, and sample inlet. The gauge (cat.# 24120)
and sample inlet (cat.#s 26211, 26212) are downsized for partnering with smaller canisters.
Miniature Air Sampling Kits
Canister
400cc
1 Liter
8 hour
24 hour
2 hour
4 hour
1 hour
2 hour
—
1 hour

Flow
(sccm)
0.5–2
2–4
4–8
8–15

Sampling Belt &
Personal Sample Inlet

Mini-Can Stand

Mini-Can Accessories
Orifice
size
0.0008"
0.0012"
0.0016"
0.0020"

Siltek Treated Stainless Steel
Sampling Kits Sampling Kits
26253
26252
26255
26254
26257
26256
26259
26258

These accessories enhance the usage of the mini-can and
provide flexibility in their application, from personal to
area to vapor intrusion sampling.
Description
Sampling Belt
Personal Sample Inlet (includes: 3" x 1/16" OD PTFE tubing,
Clip, PTFE Reducing Ferrule, 1/4" SS nut)
Mini-Can Stand

*Air sampling canisters sold separately.

Miniature Air Sampling Canisters
Description

qty.

400cc
cat.#

1,000cc
cat.#

Miniature Canister with Quick-Connect Stem Fittings
Electro-Polished Stainless Steel
Siltek Treated
Siltek Treated, with Siltek Treated Quick-Connect
Stem Fitting

ea.
ea.

24188
24189

24194
24195

ea.

24190

24196

ea.
ea.
ea.

24191
24192
24193

24197
24198
24199

Miniature Canister with Metal-Seated Diaphragm
Electro-Polished Stainless Steel
Siltek Treated
Siltek Treated, with Siltek Treated Diaphragm Valve

qty.
ea.

cat.#
22122

ea.
ea.

22123
22124

For more information on Restek’s
Mini-Cans, sampling kits,
and accessories, visit
www.restek.com/air
17
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Superior Performance—an Excellent Restek Value
Integrated Air Sampling Kits
• Provide accurate integrated sampling without a sampling pump.
• Inert Siltek® treated components ensure accurate sampling of active
components.
• Excellent for sampling times from 0.5 hour to 125 hours.

3

Restek’s passive air sampling kit incorporates all the hardware necessary to collect air samples, and is easy to assemble for field sampling.* The improved filter design greatly reduces the number of potential leak sites.

4
1

5
2

The passive air sampling kit is available in seven sampling flow ranges, and in
stainless steel or Siltek® treated finish. The stainless steel kit is ideal to partner
with the Restek TO-Can® air sampling canister for TO-14A and TO-15 methods. Use the Siltek® treated version with the Restek SilcoCan® air sampling
canister when collecting low-level volatile sulfur compounds, or other active
compounds.
400cc
8 hour
2 hour
1 hour
—
—
—
—

Canister Volume*/Sampling Time
1 Liter 3 Liter
6 Liter
15 Liter
24 hour 48 hour 125 hour
—
4 hour 12 hour 24 hour 60 hour
2 hour 6 hour
12 hour 30 hour
1 hour 4 hour
8 hour
20 hour
—
2 hour
3 hour
8 hour
—
—
1.5 hour
4 hour
—
—
0.5 hour
1 hour

Flow
(sccm)
0.5–2
2–4
4–8
8–15
15–30
30–80
80–340

Orifice
size
0.0008"
0.0012"
0.0016"
0.0020"
0.0030"
0.0060"
0.0090"

Siltek Treated
Sampling Kits
24217
24160
24161
24162
24163
24164
22101

Stainless Steel
Sampling Kits
24216
24165
24166
24167
24168
24169
22100

*Air sampling canisters sold separately.
Includes:
1 Veriflo® SC423XL flow controller
2 Stainless steel vacuum gauge
3 1/4-inch Siltek® sample inlet
4 2-micron frit filter and spring
washer (not visible in image)
5 Interchangeable critical orifice

Sample
Inlet

Canister Grab Sampling Kit
•
•
•
•
•
•

Use with 1, 3, or 6 L canisters, for qualitative grab air sampling.
1
/4" compression fitting connects directly to canister valve inlet.
Replaceable frit protects orifice and valve from particulates.
Sample inlet design minimizes water entry into sampling train.
Variety of orifice sizes, for fast sampling from 5 to 60 minutes.
Individual replacement components available.
Siltek Treated
Stainless Steel
Canister Volume*/Sampling Time (min.)
Flow
Grab Sampling Kits Grab Sampling Kits
1 L Canister 3 L Canister 6 L Canister (mL/min.) Orifice Size
cat.#
cat.#
60
—
—
15
0.0018"
26280
26263
30
—
—
20
0.0020"
26281
26264
15
60
—
45
0.0030"
26282
26265
—
30
60
80
0.0040"
26283
26266
5
15
30
150
0.0055"
26284
26267
—
—
15
300
0.0080"
26285
26268
—
5
—
390
0.0090"
26286
26269
—
—
5
>1,000
0.0130"
26287
26270

Fitting
with
orifice

*Air sampling canisters sold separately.

Replacement Fittings for Grab Sampling Kits
10μm
Frit

Unassembled
kit components

Assembled
kit on canister
(canister sold separately)

www.restek.com

Orifice Size
0.0018"
0.0020"
0.0030"
0.0040"
0.0055"
0.0080"
0.0090"
0.0130"

Siltek Treated
Replacement Fitting w/Orifice
cat.#
26288
26289
26290
26291
26292
26293
26294
26295

Stainless Steel
Replacement Fitting w/Orifice
cat.#
26271
26272
26273
26274
26275
26276
26277
26278
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Environmental Air Monitoring Gas Standards
TO-14A Internal Standard/Tuning Mix

TO-15 65 Component Mix (65 components)

bromochloromethane
1-bromo-4-fluorobenzene
(4-bromofluorobenzene)

acetone
acrolein
benzene
benzyl chloride*
bromodichloromethane
bromoform
bromomethane
1,3-butadiene
2-butanone (MEK)
carbon disulfide*
carbon tetrachloride
chlorobenzene
chloroethane
chloroform
chloromethane
cyclohexane
dibromochloromethane
1,2-dichlorobenzene
1,3-dichlorobenzene
1,4-dichlorobenzene
1,1-dichloroethane
1,2-dichloroethane
1,1-dichloroethene
cis-1,2-dichloroethene
trans-1,2-dichloroethene

chlorobenzene-d5
1,4-difluorobenzene

1ppm in nitrogen, 104 liters @ 1,800psi
cat. # 34408 (ea.)
100ppb in nitrogen, 104 liters @ 1,800psi
cat. # 34425 (ea.)
1ppm in nitrogen, 110 liters @ 1,800psi (Pi-marked Cylinder)
cat. # 34408-PI (ea.)
100ppb in nitrogen, 110 liters @ 1,800psi (Pi-marked Cylinder)
cat. # 34425-PI (ea.)

TO-15 Subset 25 Component Mix (25 components)
acetone
allyl chloride
benzyl chloride*
bromodichloromethane
bromoform
1,3-butadiene
2-butanone (MEK)
carbon disulfide*
cyclohexane
dibromochloromethane
trans-1,2-dichloroethene
1,4-dioxane
ethyl acetate

4-ethyltoluene
heptane
hexane
2-hexanone (MBK)
4-methyl-2-pentanone
methyl tert-butyl ether (MTBE)
2-propanol
propylene
tetrahydrofuran
2,2,4-trimethylpentane
vinyl acetate
vinyl bromide

1,2-dichloropropane
cis-1,3-dichloropropene
trans-1,3-dichloropropene
1,4-dioxane
ethanol*
ethyl acetate
ethyl benzene
ethylene dibromide
(1,2-dibromoethane)
4-ethyltoluene
trichlorofluoromethane
(Freon 11)
dichlorodifluoromethane
(Freon 12 )
1,1,2-trichloro1,2,2-trifluoroethane
(Freon 113)
1,2-dichlorotetrafluoroethane
(Freon 114)
heptane
hexachloro-1,3-butadiene
hexane
2-hexanone (MBK)

4-methyl-2-pentanone
(MIBK)
methylene chloride
methyl tert-butyl ether
(MTBE)
methyl methacrylate
naphthalene
2-propanol
propylene
styrene
1,1,2,2-tetrachloroethane
tetrachloroethene
tetrahydrofuran
toluene
1,2,4-trichlorobenzene
1,1,1-trichloroethane
1,1,2-trichloroethane
trichloroethene
1,2,4-trimethylbenzene
1,3,5-trimethylbenzene
vinyl acetate
vinyl chloride
m-xylene
o-xylene
p-xylene

1ppm in nitrogen, 104 liters @ 1,800psi
cat. # 34436 (ea.)
100ppb in nitrogen, 104 liters @ 1,800psi
cat. # 34437 (ea.)
1ppm in nitrogen, 110 liters @ 1,800psi (Pi-marked Cylinder)
cat. # 34436-PI (ea.)
100ppb in nitrogen, 110 liters @ 1,800psi (Pi-marked Cylinder)
cat. # 34437-PI (ea.)

1ppm in nitrogen, 104 liters @ 1,800psi
cat. # 34434 (ea.)
100ppb in nitrogen, 104 liters @ 1,800psi
cat. # 34435 (ea.)
1ppm in nitrogen, 110 liters @ 1,800psi (Pi-marked Cylinder)
cat. # 34434-PI (ea.)
100ppb in nitrogen, 110 liters @ 1,800psi (Pi-marked Cylinder)
cat. # 34435-PI (ea.)

*Stability of this compound cannot be guaranteed.

*Stability of this compound cannot be guaranteed.

2nd Source
TO-14A/TO-15 Gas
Calibration Standards

Massachusetts APH Mix (26 components)
benzene
1,3-butadiene
butylcyclohexane
cyclohexane
n-decane
2,3-dimethylheptane
2,3-dimethylpentane
n-dodecane
ethylbenzene
n-heptane
n-hexane
isopentane
isopropylbenzene

p-isopropyltoluene
methyl tert-butyl ether
1-methyl-3-ethylbenzene
naphthalene
n-nonane
n-octane
toluene
1,2,3-trimethylbenzene
1,3,5-trimethylbenzene
n-undecane
o-xylene
m/p-xylene (combined)

Gas Standard Accessories

• Standards from TWO manufacturers provide
second source on one order.
• 12 month stability in transportable cylinders.
• Drop shipped for fast delivery and maximum shelf life.

Canister and passive air sampling kit

must be purchased separately.
A. Spectra
(Linde)
104L Cylinders

1ppm in nitrogen, 104 liters @ 1,800psi
cat. # 34540 (ea.)
1ppm in nitrogen, 21 liters @ 350psig (Pi-marked Cylinder)
cat. # 34540-PI (ea.)

A.

B.

B. Scotty (Air Liquide)
110L Cylinders
(Pi-marked Cylinders
for EU Regulations)

NEW!

Higher Concentration =
MORE STANDARD for
your money!

Naphthalene now
added to Mass APH
Mix and TO-15 Mix
at no extra cost!

For more available gas standards,
visit www. restek.com/air
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Choose the Appropriate Device for Your Sampling Needs

Canister

Gas
Sampling Bag

Solvent
Desorption Tube

Media Type

whole air

whole air

adsorption

Sensitivity

ppb

p pm

p pm

Technique

passive (no pump)

active

active

Sample Type

grab or integrated

grab

integrated

Analyte

wide range of VOCs

wide range of VOCs
& permanent gases

sorbent specific

ambient, IAQ,
emergency response, IH

ambient, IAQ
emission

IAQ, IH

Durability

reusable

one time use

one time use

Inertness

excellent

fair

fair

Stability

30 day

48 hrs

varies by analyte

Sample Volume

0.4–6 L

0.5–100 L

varies by analyte

Sampling Time

minutes to days

minutes to hours

minutes to hours

Applications

PATENTS & TRADEMARKS
Restek® patents and trademarks are the property of Restek Corporation. (See www.restek.com/Patents-Trademarks for full list.) Other trademarks appearing in Restek® literature or on
its website are the property of their respective owners. The Restek® registered trademarks used here are registered in the United States and may also be registered in other countries.

Lit. Cat.# EVTG1073A

© 2010 Restek Corporation. All rights reserved.
Printed in the U.S.A.
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Thermal Desorption:
A Practical Applications Guide

www.markes.com

I. Environmental Air Monitoring and
Occupational Health & Safety
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Introduction to Markes
International Ltd.
Formed in 1997, Markes International Ltd. is one of
the world’s leading suppliers of thermal desorption
(TD) equipment for monitoring trace toxic and
odorous chemicals in air, gas and materials. Serving
fast growing markets from environmental health and
safety to materials testing and from food / flavour /
fragrance to defence / forensic, Markes’ global
customer base includes major industry, government
agencies, academia and the service laboratory sector.

What is TD?
Since the early 1980s, thermal desorption has
provided the ultimate versatile sample
introduction technology for GC / GC-MS. It
combines selective concentration enhancement
with direct extraction into the carrier gas and
efficient transfer / injection all in one fully
automated and labour-saving package.

Markes has introduced several highly successful
brands of TD instruments to the market including:
UNITY™ – a universal TD platform for single tubes,
the 100-tube ULTRA™ TD autosampler, the
Air Server™ interface for canisters and on-line
sampling, the µ-CTE™ Micro-Chamber / Thermal
Extractor for materials testing, the TT24-7™ for
continuous on-line monitoring and the TC-20™ multitube conditioner.
Markes also supplies a wide range of sampling
accessories and consumables for all TD application
areas.

Markes International Ltd. UK headquarters
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Applications

Environmental air monitoring

Thermal desorption is now recognised as the
technique of choice for environmental air monitoring
and occupational health & safety. Relevant standard
methods include: ISO/EN 16017, EN 14662 (parts 1
& 4), ASTM D6196, US EPA TO-17 and NIOSH 2549.
Related applications include monitoring chemical
warfare agents (CWA) in demilitarisation / destruction
facilities & civilian locations (counter-terrorism).
TD is also routinely used for monitoring volatile and
semi-volatile organic compounds (S)VOCs in products
and materials. Examples include residual solvents in
packaging & pharmaceuticals, materials emissions
testing and food / flavour / fragrance profiling.

•

Atmospheric research

•

Ambient / urban air monitoring

•

Industrial (stack) emissions

•

Odour components

•

Indoor air quality

Occupational health & safety
•

Personal exposure monitoring (inhalation)

•

Biological exposure assessment (breath
testing)

This publication presents several real world
applications in environmental air monitoring and
occupational health & safety. Accompanying
publications cover the application areas of:
•

Food, flavour, fragrance & odour profiling

•

Defence & forensic

•

Emissions from products and materials

Markes International Ltd.
T: +44 (0)1443 230935 F: +44 (0)1443 231531
E: enquiries@markes.com W: www.markes.com
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Atmospheric research

Background:
Thermal desorption is used extensively in
atmospheric research for monitoring trace organic
vapours. For example:

Ions:

35
79
127

• Global migration of pollution
• Research into stratospheric chemistry
• Marine research – studying the oceans as a
potential ‘sink’ or reservoir for air pollutants
• Historical pollution data – e.g. levels of freons
in air bubbles trapped in polar ice
Std. methods: EN ISO 16017-1, ASTM D 6196, US
EPA TO-17, (tubes) or US EPA TO-15 (canisters)

Typical TD-GC conditions:
Sampling: Pumped multi-sorbent tube or canister
30 ml of air from bubbles in the ice core collected in
canisters. Analysis by TD-GC-MS in NCI mode. Unit ppt
detection limits

TD: ULTRA-UNITY or UNITY-Air Server (+dryer)
Dry purge if no dryer used during sampling
Splitless desorption

Typical analytes of interest:
• Freons

Trap: Air Toxics / water m’gement: -15 to 320ºC
Analysis by GC-MS using SIM or NCI

• Volatile aromatics such as benzene
• C2 - C10 hydrocarbons
• Nitrates

Reference: TDTS17 UNITY detection limits,
TDTS31 UNITY system performance

Concentrations: ppt levels

ENVIRONMENTAL APPS CT-republished 2015

SafeLok™ – Specialist sample
tubes for trace detection

Threaded DiffLok
inserts protect both
ends of the sorbent
tube

Background:
SafeLok samplers have the same capacity as
standard tubes but incorporate Markes’ patented*
diffusion-locking (DiffLok™) technology at both
ends of the tube to prevent artifact ingress.
With the same external dimensions as standard
TD tubes, SafeLok tubes are ideal for monitoring
ultra-low concentration environments – for
example at the North Pole or in mid-Pacific.
Samples are protected from contamination
during storage / transport and during
subsequent TD-GC-MS analysis in a conventional
laboratory.

SafeLok samplers incorporate Markes’ patented*
DiffLok technology to prevent artifact ingress. This
aids trace level monitoring

Std methods: EN ISO 16017-1, US EPA TO-17,
ASTM D 6196

Typical TD-GC conditions:
Sampling: Pumped multi-sorbent SafeLok tube
TD: ULTRA-UNITY
Dry purge
Splitless desorption

Typical analytes:
• Freons & other halogenated hydrocarbons
• Volatile aromatics
• Oxygenates

Concentrations: ppt levels
* GB 2337513
US 6,564,656 B1

Trap: Air Toxics / water m’gment: -15 to 320ºC
Analysis by GC-MS using SIM or NCI
Reference: TDTS61 on diffusion locking
technology, Markes SafeLok tubes leaflet

Markes International Ltd.
T: +44 (0)1443 230935 F: +44 (0)1443 231531
E: enquiries@markes.com W: www.markes.com
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Criteria pollutants in ambient
air by diffusive sampling

Background:
Accurate mapping of pollution levels across a
major urban centre requires hundreds of sampling
points. Diffusive samplers, combined with
automated TD-GC(-MS) analysis, provide an
affordable and easily deployed monitoring option.
Std. methods: EN 14662-4, EN ISO 16017-2,
ASTM D 6196

Typical TD-GC analytical conditions:
Sampling: Diffusive (passive)
Sorbent: Carbograph 1TD™ (benzene),
Sorbent: Carbopack X™ (1,3-butadiene)
Monitoring time: 7-14 days (axial), 4-6 hours
(radial)
Desorption: 5-10 minutes at 320ºC
Trap: C’graph 1TD / Carb X from +30 to 320ºC
Rouen (Northern France)
Interpolated benzene isoconcentration plot
Measurements performed from 19-23/01/98

Typical analytes:
• Volatile aromatics

Split: ~20:1 during trap desorption only
Analysis by GC-FID or GC-MS
Reference: TDTS10 on diffusive monitoring of
ambient air, TDTS01 on uptake rates, TDTS42
on radial diffusion for TD

• 1,3-butadiene

Concentrations: Sub to low ppb levels

ENVIRONMENTAL APPS CT-republished 2015

Toluene

Benzene

US Clean Air Act regulations have identified
specific ‘Hazardous Air Pollutants’ (HAPs) also
known as ‘Air Toxics’. These analytes cover a wide
range of polarities & volatilities and are most
effectively monitored using pumped sampling onto
multi-sorbent tubes / traps with automated
TD-GC-MS(SCAN) analysis.

C2Cl4

Std. method: US EPA Method TO-17
Dimethyl Sulphide

Trichloroethylene
1,1,1-trichloroethane

Methylene Chloride
Freon 113

CCl4

CH3Br

Background:

Typical TD-GC analytical conditions:
Sampling: Pumped sorbent tube
Sorbent: Dual-sorbent – e.g. ‘Air Toxics’ tube
TD system: ULTRA-UNITY
On- or off-line dry purge before desorption

CS2

HC
CH3Cl
C2H2F4
HC

CHClF2

COS

SO2

CCl3F

CCL2F2

Oxygenated HC
HC

TO-17 ‘Air Toxics’ in urban air
using pumped sorbent tubes

Desorption: 10 mins at 320ºC

Active sampling of volatiles in ambient air using
sorbent tubes / traps

Trap: Air Toxics trap: +30 to 330ºC
Split: Low split during trap desorption only
Analysis: GC-MS(SCAN)

Typical analytes:
Hydrocarbons, halogenated hydrocarbons, CS2,
volatile aromatics, ketones, esters & other odorous /
toxic VOCs ranging in volatility from freons to
hexachlorobutadiene

Reference: Markes Technical Support
Document for TO-17, TDTS27 on sampling
methods for VOCs in air

Concentrations: Sub to low ppb levels
Markes International Ltd.
T: +44 (0)1443 230935 F: +44 (0)1443 231531
E: enquiries@markes.com W: www.markes.com
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TO-15 ‘Air Toxics’ in urban air
using canisters

Background:
While sorbent tubes provide the most costeffective and versatile sampling solution for VOC
Air Toxics, passivated and evacuated canisters can
also be used for ‘grab’ sampling ambient air.
Subsequent analysis is by TD-GC-MS(SCAN). Very
volatile apolar VOCs are quantitatively recovered
from the canisters, however, polar and less volatile
compounds may be lost due to condensation on
inner surfaces.
Std. method: US EPA Method TO-15 (formerly
TO-14)

Typical TD-GC analytical conditions:
Sampling: Evacuated canister
TD system: UNITY-Air Server (no dryer)
Repeat analysis of TO-14 / 15 canister standard using
UNITY-Air Server (up to 8 channels)

Trap: Air Toxics trap: +30 to 330ºC
Dry purge of cold trap before desorption
Split: Low split during trap desorption only

Typical analytes:

Analysis: GC-MS(SCAN)

Hydrocarbons, halogenated hydrocarbons, CS2,
volatile aromatics, esters & other odorous / toxic
VOCs ranging in volatility from freons to
hexachlorobutadiene

Reference: TDTS27 on sampling methods for
VOCs in air

Concentrations: Sub to low ppb levels
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‘Ozone precursors’ (C2 to C10
hydrocarbons) in ambient air

PLOT column

Background:
C2 to C10 hydrocarbons, primarily from car
exhausts, have been identified as precursors to
the formation of street level ozone and urban
smog. US, European and other regulators require
round-the-clock monitoring of these compounds in
major urban centres during the summer months.
UNITY-Air Server allows continuous, unattended
and cryogen-free monitoring at low to sub ppb
levels. Chromatographic data, from multiple
stations, are accessed via telemetry and processed
/ validated at remote network control centres.
Official guidance: US EPA Tech. Assist. Document
for sampling and analysis of ozone precursors

BP1 column

Typical TD-GC analytical conditions:
Sampling: On-line from manifold at 10-15 ml/min
Sampling volume: ~400 ml
Splitless desorption of 56-compound US EPA mix of
ozone precursors using UNITY-Air Server with dual
column / dual FID GC with Deans switch

TD system: UNITY-Air Server (with dryer)
Trap: Ozone Precusor trap: -15 to 320ºC
Splitless desorption
Analysis: GC, dual column, dual FID & Deans switch

Typical analytes:
Hydrocarbons ranging in volatility from ethane,
ethene and ethyne (acetylene) to trimethyl benzene

Reference: TDTS16 On-line monitoring of
ozone precursors in ambient air

Concentrations: Sub to low ppb levels
Markes International Ltd.
T: +44 (0)1443 230935 F: +44 (0)1443 231531
E: enquiries@markes.com W: www.markes.com
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16

12
13

15

Background:
Polyaromatic hydrocarbons (PAH) are toxic semivolatile organic compounds present in ambient air
in both particulate and vapour form. Fast
(~500 ml/min) pumped sampling of the vapour
fraction onto tubes packed with a combination of
quartz wool and carbon sorbents followed by TDGC-MS analysis allows measurement of PAH at low
ppt levels.

6

Typical TD-GC analytical conditions:

5

4

2
3

1

14

11

8
7

9

10

Vapour-phase PAH by TD

Sampling: Pumped sorbent tube
Sorbent: Quartz wool with 1 or 2 carbon blacks
Sample volume: ~100 L at 500 ml/min
TD system: ULTRA-UNITY

Semi-volatile PAHs are quantitatively recovered using
a Markes ULTRA-UNITY TD system

Desorption: 15 mins at 350ºC
Trap: High boilers trap: -10 to 350ºC
Split: Typically 30:3 during trap desorption only
Analysis: GC-MS(SIM)

Analytes shown:
1:
2:
3:
4:
5:
6:
7:
8:

naphthalene
acenaphthylene
acenaphthene
fluorene
phenanthrene
anthracene
fluoranthene
pyrene

9:
10:
11:
12:
13:
14:
15:
16:

benz(a)anthracene
chrysene
benzo(b)fluoranthene
benzo(k)fluoranthene
benzo(a)pyrene
dibenz(a,h)anthracene
benzo(g,h,i)perylene
indeno(1,2,3-cd)pyrene

Reference: M. Caputi, ‘Monitoring of VOCs
and PAHs in the atmosphere’, PhD thesis
2004, TDTS53 on quantitative recovery of
semi-volatiles with Markes (ULTRA-)UNITY TD
systems
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Biogenic emissions - VOCs
from moulds, plants, etc.
Monoterpenes & terpenoids

Sesquiterpenes

Background:
Plants, moulds, animals and other life forms emit
VOCs and contribute to the ‘cocktail’ of organic
vapours in ambient air. Monoterpenes, for example,
are emitted by pine trees on sunny days, possibly
as a defence against potential photochemical
damage. These reactive hydrocarbons are
monitored using pumped sampling onto inert,
Tenax tubes followed by TD-GC-MS analysis.
Mould emissions of methyl benzoate are monitored
in indoor air using a similar method.
Std. methods: EN ISO 16017-1, ASTM D 6196

Typical TD-GC analytical conditions:
Terpenoids

Sampling: Pumped sorbent tube
Sorbent: Tenax TA™ in stainless / Silcosteel™ tube
TD system: ULTRA-UNITY

Terpenes from leaf litter

Desorption: 5 mins at 220ºC
Trap: Tenax trap: -10 to 250ºC
Split: Low split during trap desorption only
Analysis: GC-MS(SCAN)

Typical analytes:
Isoprene, monoterpenes (α-pinene, limonene, etc.),
sulphur compounds, ketones

Reference: J. Kristensson et al., ‘Sampling &
analysis of atmospheric monoterpenes’, Dept
of Meteology, Stockholm University, 1991

Concentrations: 0.1 to 100 ppb
Markes International Ltd.
T: +44 (0)1443 230935 F: +44 (0)1443 231531
E: enquiries@markes.com W: www.markes.com
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Industrial (stack) emissions solvents

Second re-collected
sample

First re-collected
sample

Background:
Stack gases are aggressive matrices requiring a
sampling train to remove particles, acids etc. The
resultant air is either pulled through a TD tube using
a gas syringe (grab sampling) or pumped onto a
tube at low flow rates (time weighted average).
Analysis by TD-GC(-MS) using a high (double) split
ratio, allows fast, solvent-free quantification of high
VOC concentrations. Mi SecureTD-Q (re-collection
for repeat analysis) validates quantitative data.
Official guidance: UK Env Agency docs M2, S4.01, S4.02

Typical TD-GC analytical conditions:
Sample volume: 100-1500 ml
Original sample

Quantitative stack analysis confirmed by SecureTD-Q
Analyte
MEK
Benzene
Toluene
Ethyl benzene
PGMEA
Xylene
DMS
Trimethylbenzene

Mass in µg for 3 repeats
580
0.14
94
30
43
274
28
43

583
0.18
91
30
43
275
28
44

580
0.18
93
29
43
271
28
42

Sampling: Pull through tube (gas syringe / low
flow pump)
Sorbent: Tenax / carbon or carbon / carbon
TD system: ULTRA-UNITY
Desorption: 5 mins at 330ºC or 280ºC (if Tenax)
Trap: Tenax / carbon or 2 carbons 30 to 300ºC
Split: 3,000:1 double split with SecureTD-Q
Analysis: GC-MS(SCAN) or GC-FID
Reference: TDTS77 on stack emissions
monitoring
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Vapour-phase semi-volatiles by
Thermal Desorption

Background:

C18

Thermal desorption is usually associated with
analysis of volatile organic chemicals. However,
the short, inert, heated flow path of Markes TD
systems also ensures quantitative recovery of
semi-volatiles up to n-C40.

Typical TD-GC analytical conditions:
Sorbent: Quartz wool with 1 or 2 carbon blacks

C26

Sample volume: ~100 L at 500 ml/min
TD system: ULTRA-UNITY
C40

C36

C32

C24

C20

Sampling: Pumped sorbent tube

Desorption: 15 mins at 350ºC
Trap: High boilers trap: -10 to 350ºC
Split: Typically 50:2.5 during trap desorption only

Complete recovery of n-C40 through Markes UNITY TD

Analysis: GC-MS(SCAN)
Reference: TDTS53 on quantitative recovery
of semi-volatiles with Markes (ULTRA-)UNITY
TD systems

Typical analytes:
• Polychlorinated biphenyls (PCBs)
• Polyaromatic hydrocarbons (PAHs)
• Plasticisers such as phthalates
• Hydrocarbons from diesel emissions

Markes International Ltd.
T: +44 (0)1443 230935 F: +44 (0)1443 231531
E: enquiries@markes.com W: www.markes.com
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Dimethyl disulphide

Ethyl mercaptan
Dimethyl sulphide

Methyl mercaptan

H2S

CS2

Odorous industrial emissions

Background:
Highly odorous sulphur compounds in industrial or
landfill emissions must be controlled to sub or lowppb levels. These very volatile and highly reactive
compounds are usually sampled on-line or in
canisters / bags and analysed using TD-GC-FPD.
Std. method: Korean Government Guidance
Method - Standard Method for Off-Odour Analysis
(2005)

Typical TD-GC analytical conditions:
Sample volume: 100-500 ml
TD system: UNITY-Air Server (+ dryer)
TD flowpath: 80ºC
Trap: Sulphur trap or H2S trap -15 to 250ºC
Split: 5:1

Reduced sulphur compounds via UNITY-Air Server

Typical analytes:
• CS2

Analysis: GC-FPD
Reference: TDTS32 on
analysis of sulphur
compounds

• H2S (NB: requires special focusing trap)
• Mercaptans (thiols)
• Sulphides

Concentrations: Sub to low ppb
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Stack emissions of freons

Background:
Highly volatile freons are emitted by aluminium
smelting and industrial halogenation processes.
Freons are known to damage the protective ozone
layer in the higher atmosphere and their emissions
are rigorously controlled. With a bpt. of -169ºC,
CF4 is extremely difficult to trap, but sampling into
bags / cans combined with TD-GC-MS or ECD
analysis of small volumes of the gas allows
cryogen free monitoring at low levels.

80 mg/m3
mixed std

300 mg/m3 std of
CF4 & C2F6 only

Typical TD-GC analytical conditions:
Sampling: On-line or whole air / gas containers
TD system: UNITY-Air Server
Trap: Carbon molecular sieve -15 to 320ºC
Low split during both tube and trap desorption
Analysis: GC-MS or GC-ECD
30 ml volumes of freon standard showing quantitative
trapping of CF4 without liquid cryogen

Note that TD-GC-MS (SCAN)
was used in the example
shown

Typical analytes:
Freons such as CF4, C2F6 and C3F8

Concentrations: Low mg/m3
Markes International Ltd.
T: +44 (0)1443 230935 F: +44 (0)1443 231531
E: enquiries@markes.com W: www.markes.com
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Background:
Is your industry a good neighbour? Unobtrusive
diffusive (passive) samplers may be placed around
a factory fence-line for extended time periods –
e.g. 3 to 14 days. When combined with
subsequent automated TD-GC(-MS) analysis, this
provides a low cost and reliable method for
monitoring perimeter concentrations at ppb-ppm
levels.

Xylene

Toluene
Methylcyclohexane

Benzene
Heptane

Pentane
Hexane

Industrial fence-line monitoring

Std. methods: EN 14662-4, EN ISO 16017-2,
ASTM D 6196

Typical TD-GC analytical conditions:
Sampling: Diffusive (passive) tubes
Sorbent: Carbograph 1TD, Carbopack X or other
TD system: ULTRA-UNITY

2-week diffusive sampling around a refinery perimeter.
VOCs detected include benzene, toluene & xylene

Desorption: 5 mins at 320ºC
Trap: Dual carbon black -10 to 320ºC
Split: Low split during trap desorption only
Analysis: GC-MS(SCAN) or GC-FID

Typical analytes:
• Benzene

Reference: TDTS49 on fence-line monitoring

• 1,3-butadiene
• Mixed solvents and hydrocarbons

Concentrations: ppb to ppm
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In-situ monitoring of
underground fuel leaks

Background:
Underground fuel or chemical leaks present a
grave environmental risk. Soil probes containing
standard diffusive tube samplers allow costeffective, in-situ screening of large areas of land
including active production sites. They can also be
placed along the length of fuel pipelines to provide
early warning of a leak. Diffusive tubes inside the
soil probes monitor the soil gases for ~24 hours.
Automated TD-GC analysis allows rapid
identification of the nature, source and spread of
ground contamination.

Typical TD-GC analytical conditions:
Sampling: Diffusive tubes inside soil probes
Sorbent: Tenax TA
TD system: ULTRA-UNITY
Desorption: 5 mins at 280ºC
VOC-Mole™ Soil Probes arranged in a grid pattern
around an industrial site allow low-cost mapping of
contaminated ground

Typical analytes:

Trap: Tenax TA or dual bed -10 to 300ºC
Split: Double split
Analysis: GC-MS(SCAN) or GC-FID
Reference: TDTS29 on monitoring soil
pollution using soil probes

• Hydrocarbons from fossil fuels
• Halogenated solvents

Concentrations: 1 to 100 ppm
Markes International Ltd.
T: +44 (0)1443 230935 F: +44 (0)1443 231531
E: enquiries@markes.com W: www.markes.com
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Limonene

Nonane

Xylene

Decane

Toluene
Butanoic acid ethyl ester
Trichloroethene

Dimethyl disulphide

Butan-1-ol
Benzene

1,1,1-trichloroethane

Butan-2-ol
1,1- & 1,2-dichloroethene

1,1-dichloroethane

Furan
Dimethyl sulphide
Carbon disulphide

Chloroethane

1-pentene

Redesorption blank

Vinyl chloride

α-pinene

Odours and toxics in landfill gas

Background:
New EU regulations require monitoring of trace
toxic and odorous compounds in landfill gas. 100200 ml samples are drawn through a special
sorbent tube using a gas syringe. Subsequent
gentle desorption on an inert ULTRA-UNITY TD set
at low (<100ºC) flow path temperatures allows
measurement of trace target analytes including
thiols.
Official guidance: UK Env. Agency publication
‘Monitoring trace components in landfill gas.’

Typical TD-GC analytical conditions:
Sample volume: 100-500 ml
Silcosteel tube with Tenax TA / UniCarb™
TD system: ULTRA-UNITY

100 ml landfill gas with trace target analytes and
many major components identified

TD flowpath: 120ºC
Trap: Sulphur trap -15 to 220ºC (40º/min)

Target compounds include:

Split: From 10:1 to 50:1

Chloroethane, VCM, benzene, 2-butoxy ethanol,
1,1-dichloroethane, trichloroethene, tetrachloromethane,
1,1-dichloroethene, 1,2-dichloroethene, CS2, methanethiol,
butyric acid, ethyl butyrate, 1-propanethiol, dimethyl
disulphide, ethanethiol, 1-pentene, 1-butanethiol, dimethyl
sulphide, 1,3-butadiene, furan

Analysis: GC-MS(SCAN)
Reference: TDTS47 and
TDTS74 on analysis of
landfill gas

Concentrations: 10 to 100 ppb
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Background:
TD is used extensively for monitoring indoor air
quality and for related applications such as
evaluating emissions from building materials. In
this example, pumped tube samplers were used
with subsequent TD-GC-MS analysis for profiling of
ppt-ppb level VOCs.
Std. methods: US EPA Method TO-17, EN ISO
16017-1, ASTM D 6196
Tetradecane

Nonanal
Dodecane
Tridecane

Limonene
Trimethylbenzene
Undecane
Benzyl alcohol

Toluene
Tetrachloroethane
Ethylcyclohexane
Ethyl benzene
o/p xylene
Styrene
α-pinene
Decane
Hexanal

Methylcyclohexane

Tetrachloromethane
Benzene

Hexane
Ethyl acetate

Freon 113

Trichlorofluoromethane

Dichloromethane

Acetone

Propanol

Isopentane

Ethanol

1,1,1,2-tetrafluoroethane

Dichlorodifluoromethane
1,1-difluoro-1-chloroethane

1,1-difluoroethane

Profiling indoor air quality

Typical TD-GC analytical conditions:
Sampling: Pumped sampling: 2-20 L
Sorbent: Typically multi-sorbent
TD system: ULTRA-UNITY
Desorption: 5 mins at 280ºC (depends on sorbent)

Clean indoor air pumped onto multi-sorbent tube and
analysed by TD-GC-MS

Trap: Tenax TA or dual bed -10 to 300ºC
Split: During trap desorption only ~15:1
Analysis: GC-MS(SCAN)
Reference: TDTS28 on monitoring indoor air

Typical analytes:
Almost any VOC or (S)VOC

Concentrations: Sub to low ppb levels

Thermal Desorption: A Practical Applications
Guide. II. Residual Volatiles & Materials
Emissions Testing

[Note that in this example detection limits are in the
order of 10-50 ppt.]
Markes International Ltd.
T: +44 (0)1443 230935 F: +44 (0)1443 231531
E: enquiries@markes.com W: www.markes.com
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Monitoring car cabin air

Background:
Car cabins are small confined spaces. Vapourphase (S)VOC levels can build up – especially in
parked cars on a hot day. Car manufacturers and
their suppliers are currently focused on improving
the quality of cabin air and reducing emissions
from vehicle trim components. This will reduce
the exposure of drivers and passengers. Pumped
sampling onto sorbent tubes with TD-GC-MS
analysis is the method of choice for profiling car
cabin air.

Cubebene / Copaene

Std. methods: EN ISO 16017-1, ISO 16000-6,
ASTM D6196

TD-GC analytical conditions:
Sampling: Pumped sampling of 2 L volume
Sorbent: Tenax TA or multi-sorbent

Copaene

n-C14

n-C13

TD system: ULTRA-UNITY
Silyl ester

2-(2-butoxy-ethoxy)ethanol
Dodecane

Silyl ester

n-C13

C12
C13
2-(2-butoxy-ethoxy)ethanol

Dimethylbenzylamine
C11
C11/12
C12
C13

m-/p-xylene
Styrene

n-nonane o-xylene

Ethyl benzene

NN DMF

Methylcyclohexane

Toluene

Saloon car cabin air 40°C
TVOC 9.7 ppm

Trimethylbenzene

n-decane

11/12

Ethyl benzene
Styrene m-/p-xylene
o-Xylene
n-Nonane
Ethyl toluene
Trimethyl benzene
n-Decane
Dimethylbenylamine
C11
C

n-Octane

Methylcyclohexane
NN DMF
Toluene
Isooctane

Heptane

MEK
n-Hexane
Benzene
Cyclohexane

Saloon car cabin air 23°C
TVOC 3.7 ppm

Desorption: 6 mins at 280ºC
Trap: Tenax or dual bed -10 to 300ºC
Split: 75:1
Analysis: GC-MS(SCAN)
Reference: TDTS33 on profiling car cabin air

Air from the cabin of a small saloon car showing a
complex range of VOCs and high total-VOC levels
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Personal exposure indoors

Background:
TD is used for several applications relating to ‘Sick
Building Syndrome’. Here, diffusive tube samplers
were used with subsequent TD-GC-MS analysis for
indoor & outdoor air sampling & simultaneous
personal monitoring. Diffusive (passive) samplers are
unobtrusive, low cost (no pumps) & simple to deploy
facilitating personal exposure assessment & large
scale studies of indoor air quality & human exposure.
Std. methods: EN 14662-4, EN ISO 16017-2,
ASTM D6196

Personal
Indoor
Outdoor

Poor indoor air quality and high personal exposure in
this home were linked to a diesel car parked in a
garage under the living space

Typical TD-GC analytical conditions:
Sampling: Diffusive sampling
Sorbent: Carbograph 1TD, Carbopack X or Tenax
depending on target analyte range
TD system: ULTRA-UNITY
Desorption: 5 mins at 320ºC
Trap: Dual carbon -10 to 320ºC
Split: ~10:1 during trap desorb only

Typical analytes:

Analysis: GC-MS(SCAN)

• Benzene
Reference: TDTS10 on diffusive sampling in
indoor air, TDTS01 on uptake rates, TDTS54
on personal exposure to 1,3-butadiene.

• 1,3-butadiene
• General VOCs

Concentrations: Sub to low ppb
Markes International Ltd.
T: +44 (0)1443 230935 F: +44 (0)1443 231531
E: enquiries@markes.com W: www.markes.com
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PMCP

First
Floor

PDCB

Building ventilation tests with
tracer gases

PMCH

PMCH

Ground
Floor

Background:
To test building ventilation, sources of individual
perfluorocarbon tracer gases are placed in
different rooms. They are sampled, diffusively or
with pumps, onto sorbent tubes. Use of diffusion
reduces monitoring costs. After sample collection
tubes are analysed via TD-GC-MS/ECD. The rise
and subsequent decay in tracer gas concentrations
allows the building ventilation (rate of air exchange)
to be monitored.

Typical TD-GC analytical conditions:
Sampling: Diffusive or pumped
Sorbent: Carbograph 1TD (40-60 mesh)
TD system: ULTRA-UNITY

PMCP

Desorption: 5 mins at 320ºC
PDCB

Trap: Carbograph 1TD -10 to 300ºC
Split: ~10:1
Analysis: GC-MS or ECD

Typical tracer gases:
• PDCB – perfluorodimethylcyclobutane
• PMCP – perfluoromethylcyclopentane
• PMCH – perfluoromethylcyclohexane

Reference: H. Bloemen et al.,
‘Ventilation rate and
exchange of air in
dwellings’, RIVM,
Netherlands, 1992

Concentrations: ppt to low ppb
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4A

1PPD

Background:

4N

1-chloro-1,3-butadiene
Chloroform

Health and safety at work legislation requires
personal exposure assessment of workers
potentially exposed to toxic chemicals. Pumped or
diffusive sampling onto sorbent tubes followed by
TD-GC(-MS) analysis provides a solvent-free, safe
analytical option with ~1000 x more sensitivity
than conventional charcoal tube / CS2 extraction
methods. TD tubes are also reusable indefinitely.
Std. methods: UK MDHS series, EN ISO 16017,
ASTM D 6196, NIOSH 2549

Reactive amines in
workplace air
Benzene

Acetone

Carbon disulphide

Sulphur dioxide

PNCB
FAN

Occupational hygiene monitoring inhalation exposure

Typical TD-GC analytical conditions:
Sampling: Diffusive or pumped
Typical sorbent: Tenax or Chromosorb™ 106
TD system: ULTRA-UNITY
Desorption: 5 mins at 300ºC or 200ºC (for C106)

Personal exposure to
solvents at work

Trap: Tenax or Tenax/Carb 1TD from -10 to 300ºC
Split: 50:1 to 500:1

Typical analytes:

Analysis: GC-MS(SCAN) or ECD

• Solvents
• Hydrocarbons and haloforms

Reference: TDTS37 on industrial air
monitoring, TDTS38 on occupational
exposure limit levels, TDTS50 on workplace
monitoring

• Ketones, esters, glycol ethers
• Amines and nitriles

Concentrations: ppb to low ppm
Markes International Ltd.
T: +44 (0)1443 230935 F: +44 (0)1443 231531
E: enquiries@markes.com W: www.markes.com
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Diffusive (passive) sampling in
the workplace

Background:
Unobtrusive, low-cost diffusive samplers facilitate
personal exposure monitoring because they can be
worn close to the breathing zone without
impacting worker behaviour. Analysis by thermal
desorption means tubes are re-usable indefinitely.
The enhanced sensitivity of TD, relative to solvent
extraction, also allows compliance with new lower
threshold limit values.
Std. methods: UK MDHS series, EN ISO 16017,
ASTM D 6196, NIOSH 2549

Typical TD-GC analytical conditions:
Sorbent: Tenax, carbon or porous polymer
Standard sorbent tube fitted with a
diffusion cap at the sampling
(grooved) end

TD system: ULTRA-UNITY
Desorption: 5-10 mins. Temp depends on sorbent
Trap: Dual sorbent -10 to 300ºC
Split: Between 50:1 and 500:1
Analysis: GC(-MS)

Typical analytes:
• Solvents
• Hydrocarbons and haloforms
• Ketones, esters, glycol ethers

Reference: TDTS01 on uptake rates, TDTS08
on principles of diffusive sampling, TDTS38
on limit levels, TDTS50 on workplace
monitoring

• Amines and nitriles

Concentrations: ppb to low ppm
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Background:

Chlorpyrifos

Fenitrothion
Methylpirimifos
Malathion

Diazinon

Etrimfos
Phosphamidon
Methylchlorpyrifos

Methacrifos

Dichlorvos

Monitoring inhalation exposure
to pesticides

Agricultural workers involved in pesticide
application must be monitored to ensure that their
exposure to these highly toxic chemicals does not
exceed safe levels. Pumped monitoring using inert
(glass or Silcosteel) tubes together with TD-GC-MS
analysis provides a reliable and highly sensitive
monitoring method.
Std. methods: UK MDHS series, EN ISO 16017-1,
ASTM D 6196, NIOSH 2549

Typical TD-GC analytical conditions:
Sampling: Pumped
Sorbent: Tenax in glass or Silcosteel tubes
TD system: ULTRA-UNITY
Desorption: 10 mins at 280ºC
Primary and repeat analysis of pesticides for personal
exposure monitoring

Trap: Tenax -10 to 300ºC

Analytes:

Analysis: GC-MS

Dichlorvos
Chlorpyrifos
Etrimfos
Chlorpyrifos-methyl
Fenitrothion

Diazinon
Methacrifos
Phosfamidon
Pyrimifos-methyl
Malathion

Split: ~10:1 during trap desorption only

Reference: TDTS39 on using TD with
SecureTD-Q to monitor vapour phase
pesticides

Concentrations: ppb
Markes International Ltd.
T: +44 (0)1443 230935 F: +44 (0)1443 231531
E: enquiries@markes.com W: www.markes.com
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Background:
Biological exposure monitoring allows assessment
of the whole body burden of chemicals via all
routes of exposure – skin absorption, ingestion
and inhalation. Alveolar breath sampling using the
disposable Bio-VOC allows large-scale, non-invasive
biological monitoring of workers using PPE or
handling skin-absorbed chemicals. After breath
collection, the sample is discharged into a Tenax
tube and analysed by TD-GC-MS.
Official guidance: Suite of breath sampling
guidance notes available from UK HSL.

Xylene

Toluene

1-methyoxy-2-propanol

2-butanone

Acetone

Biological monitoring via
alveolar breath

Typical TD-GC analytical conditions:
Sorbent: Tenax TA (35-60 mesh)
TD system: ULTRA-UNITY
Desorption: 5 mins at 250ºC

Skin-absorbed solvents in the breath of shoe workers
collected using the Bio-VOC™

Trap: Tenax TA -10 to 280ºC
Split: ~10:1
Analysis: GC-MS(SCAN)

Typical analytes include:
• Halogenated solvents
• Styrene

Reference: TDTS13 Evaluation of the
Bio-VOC, TDTS48 Overview of breath
sampling

• Ketones
• Aromatics
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The Markes International advantage
•

Markes leads the market in TD

•

Unparalleled reputation for product quality and
reliability

•

Excellence in technical and applications support

•

For further information on Markes
comprehensive range of instruments, sampling
accessories and consumables please use one of
the contact numbers / email address below or
browse the web site

Trademarks
UNITY™, ULTRA™, Air Server™, µ-CTE™, SafeLok™, DiffLok™, VOC-Mole™,
Bio-VOC™, TT24-7™, TC-20™, UniCarb™ and SecureTD-Q™ are trademarks of
Markes International Ltd., UK

The Markes International team

Tenax TA™ is a trademark of Buchem B.V., Netherlands
Carbograph 1TD™ is a trademark of LARA s.r.l., Italy
Carbopack X™ is a trademark of Supelco Inc., USA
Silcosteel™ is a trademark of Restek Inc., USA
Chromosorb 106™ is a trademark of Manville Corp., USA

Markes International Ltd.
T: +44 (0)1443 230935 F: +44 (0)1443 231531
E: enquiries@markes.com W: www.markes.com
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Gwaun Elai Medi Science Campus
Llantrisant
RCT
CF72 8XL
United Kingdom
T: +44 (0)1443 230935 F: +44 (0)1443 231531
E: enquiries@markes.com W: www.markes.com

www.markes.com

Markes International Ltd.
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Thermal Desorption Tubes
Versatile Air Sampling
for a Wide Range of Applications
• Sensitive—concentrated sample collection to ppb/ppt levels.
• Versatile—variety of sorbents to collect wide range of VOCs.
• Efficient—reusable, time-saving alternative to solvent desorption tubes.

www.restek.com
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Thermal Desorption: A Versatile Technique
for a Wide Range of VOC Applications
What is Thermal Desorption?
Thermal desorption (TD) is a highly sensitive alternative to conventional sample collection
procedures for volatile and semivolatile compounds, such as solvent desorption tubes. It is
more efficient than other extraction methods and allows the selective concentration of target
analytes, making it ideal for trace-level analysis by gas chromatography (GC/MS) across a wide range
of applications. Thermal desorption is the process of collection and desorption of analytes from solid
sorbents using heat and a flow of inert gas, rather than solvent extraction. Analytes are then focused on a
cold trap prior to entering the analytical column, resulting in higher responses and narrow, more
symmetric peaks. This is accomplished by interfacing a thermal desorption unit with a GC/MS (Figure
1). TD is highly sensitive and can significantly lower detection limits, by as much as 103, as it allows water
to be purged, further facilitating the selective concentration of the compounds of interest. Thermal
desorption tubes can be sampled actively with a sampling pump, or passively with a diffusion cap, and
are reusable.
Applications
Thermal desorption has many air monitoring applications in a wide variety of industries including
industrial hygiene, environmental air monitoring, odor profiling in the food and flavor industry, defense
and forensic applications, and material emissions testing. TD is also compatible with many sample
matricies in addition to air including solids (powders, fibers, films and granules), resins, pastes, liquids,
and emulsions (Figure 2). Common applications include:
• Workplace exposure monitoring.
• Indoor/outdoor air testing.
• Soil, water, and biological volatiles.
• Residual volatiles, solvents etc.
• Odor profiling for flavor and fragrance testing.
• Fire debris, chemical warfare agents.
• Material emissions from numerous consumer products.

Figure 1 Thermal
desorption from
Markes
International.

Thermal desorption works well for almost all volatile, and many semivolatile compounds, and
concentrations from ppm to ppt can be analyzed reliably. TD can be used for any volatile organic
compound that is easily analyzed by GC, provided the sample matrix is compatible with the high
temperatures required. Generally, this technique is not suitable for less volatile compounds, or
compounds that are either not compatible with standard gas chromatography, or that require special
care during GC analysis (e.g., on-column injection). Almost all other volatile compounds respond well,
and a variety of sorbents are available to maximize the range of VOCs collected. Specifications and
method applications for Restek thermal desorption tubes can be found on page 3.
Significant sensitivity and efficiency improvements can be realized through thermal desorption. It is a
versatile technique, suitable to many GC applications that require trace-level analysis of volatile
compounds. Compare thermal desorption tubes to canister sampling using the chart on page 4 to
determine which technique is right for you.

Figure 2 Thermal desorption is compatible with a wide range of sampling strategies.
On-line air/
gas sampling

100-200µL injection
of vapor into GC/MS

Direct desorption
of materials
Vapors sampled
onto sorbent tubes
Headspace-trap
or thermal

www.restek.com
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Thermal Desorption Unit (TDU) Tubes
• Variety of sorbents to collect a wide range of VOCs.
• Use glass tubes for maximum inertness in active sampling.
• Choose stainless steel tubes for either active or passive sampling. No sampling pump necessary for
passive sampling with diffusion caps!
• Individually etched with unique serial number for convenient sample identification.
• Available unconditioned or preconditioned and ready to sample. Tubes are reusable after thermal
desorption.
High-quality thermal desorption tubes by Markes International. These sorbent tubes are suitable for ppt
to ppm concentrations of volatile organic compounds (VOCs) in ambient, indoor, and industrial hygiene
environments. Available in both stainless steel and glass (for thermally labile VOCs), they fit Markes
ULTRA-UNITY, PerkinElmer, and Shimadzu thermal desorbers. Packed tubes come with a report detailing the total mass of sorbent in the tube; conditioned tubes also include a blank chromatogram.
Thermal Desorption Tube Sorbent
Tenax TA
Graphitized Carbon
Tenax GR/Carbopack B
Carbopack B/Carbosieve SIII
Tenax TA/Graphitized Carbon/Carboxen 1000
Carbopack C/Carbopack B/Carbosieve SIII

Applications
Vapor phase organics from C6/7 to C26
Vapor phase organics from C5/6 to C14
Vapor phase organics from n-C5/6 to n-C20 (EPA Methods TO-14A/TO-15/TO-17)
Vapor phase organics from n-C2/3 to n-C12/14 (EPA Methods TO-14A/TO-15/TO-17)
Vapor phase organics from C2/3 to C20
Vapor phase organics from n-C2/3 to n-C16/20 (EPA Methods TO-14A/TO-15/TO-17)

Thermal Desorption Unit Tubes, Unconditioned and Conditioned & Capped

Description
TDU Tubes, Tenax TA
TDU Tubes, Graphitized Carbon
TDU Tubes, Tenax GR/Carbopack B
TDU Tubes, Carbopack B/
Carbosieve SIII
TDU Tubes, Tenax TA/
Graphitized Carbon/Carboxen 1000
TDU Tubes, Carbopack C/
Carbopack B/Carbosieve SIII

Unconditioned
Stainless Steel
Glass
qty. cat.#
price
cat.#
price
10-pk. 24056
24062
10-pk. 24057
24063
10-pk. 24058
24064

Conditioned & Capped
Stainless Steel
Glass
cat.#
price
cat.#
price
24080
24086
24081
24087
24082
24088

10-pk. 24059

24065

24083

24089

10-pk. 24060

24066

24084

24090

10-pk. 24061

24067

24085

24091

method
applications
Method
US EPA
ASTM
NIOSH
DIN EN ISO

Application
TO-17
D-6196
2549
16017

Specifications
Dimensions: 1/4" OD x 3-1/2" long
Low sampling rates:
0.01-0.20 L/min.
(<10L total volume)
Long-term storage caps are
supplied with conditioned tubes

24061

24062
24067

Thermal Desorption Unit Tubes, Empty
Description
TDU Tubes, Empty

qty.
10-pk.

Stainless Steel
cat.#
price
24054

cat.#
24055

Glass

Stainless Steel
cat.#
price
24075
qty.
ea.
10-pk.
10-pk.

cat.#
24076
cat.
24077
24078
24079

price

24054

Thermal Desorption Unit Tubes, Calibration
Description
TDU Tubes, Calibration, Tenax TA 1cm Bed
Description
Calibration Solution Loading Rig
Calibration Solution Loading Rig 9.5mm Replacement Septa
Certified Reference Standard, 100ng BTX on Tenax TA

qty.
10-pk.

24055

Glass
price
price

24071

Thermal Desorption Unit Tubes, Accessories
Description
/4" Brass Cap and PTFE Ferrules
1
/4" PTFE Ferrules
CapLok Tool
Pen Clip
TubeMate Tool
1
/4" Stainless Steel Union and PTFE Ferrules
Diffusion Caps
1

Benefits/Uses
Long-term storage of blank/sampled tubes.
Long-term storage caps.
Use for tightening long-term storage caps.
Assists with tube packing.
Use for connecting tubes in series.
Required for diffusive sampling with stainless steel tubes.

qty.
20-pk.
20-pk.
ea.
10-pk.
ea.
10-pk.
10-pk.

cat.
24068
24069
24070
24071
24072
24073
24074

price

24070

24074

Restek patents and trademarks are the property of Restek Corporation. Other trademarks appearing in Restek literature or on its website are the property
of their respective owners.
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Thermal Desorption Tubes vs. Canister Sampling
Use the information below to determine which VOC sampling technique is best suited for
your application.
Similarities Between Thermal Desorption Tubes and Canisters
• Reusable sampling device.
• Long product lifetime.
• Long-term sample stability.
• Blank certification required prior to sampling.
• Sample concentration required before GC/MS analysis.
• Dry purge helpful to remove moisture before GC injection.

• Ppt sensitivity.
• Method acceptance.
• Collection of wide range of VOCs with single device.
• Useful for screening of unknowns.
• Leak tightness critical to maintaining sample integrity and
preventing contamination of a clean device.

tech guides
Thermal desorption application
guides are available for a broad
range of markets. Request your
FREE copy today using these part
numbers.

Differences Between Thermal Desorption Tubes and Canisters
Thermal Desorption Tubes

Canisters

Methods

US EPA TO-17; ASTM D6196; ISO 16017;
ISO 16000-6; NIOSH 2549

US EPA TO-14A, TO-15; ASTM D5466
OSHA PV2120; NIOSH Protocol Draft

World-wide acceptance

Gold standard for US ambient air market

Applications

Ambient air, indoor air, industrial hygiene
Material emissions
Food & flavor
Chemical weapons

Ambient air, indoor air, vapor intrusion,
emergency response

Environmental Air Monitoring
and Occupational Health & Safety
EVTG1034

C3 to C30

<C3 to ~C10

Handling

Light weight for personal monitoring and general ease of use

Larger and heavier; more costly to ship

Sampling

Active sampling with sampling pump or diffusive sampling
without pump is possible with determined diffusion coefficients
for each compound.

Passive sampling, no sampling pump required. Longterm sampling possible without battery to recharge.

Integrated sampling only

Grab & integrated sampling

Concentrated sample

Whole air

Proper sorbent selection recommended in methodology.

N/A

Must sample below sorbent breakthrough volumes to avoid
sample loss and irreversible adsorption on sorbent

N/A

Large sample volumes >100L

Sample volume is function of canister size, 15L max

Tube dimensions are instrument specific

Compatible with all manufacturer sample concentrators

1 injection, more injections possible for some instrumentation

Multiple sample injections

Concentration range ppt to ppm

Ppt to ppm

Analysis

Residual Volatiles & Materials
Emissions Testing
GNTG1035

Some sorbents prone to artifact formation.

Low blanks when properly cleaned.

Storage

Sample storage at 4°C recommended for multi-bed tubes to
prevent potential migration of compounds to more retentive
sorbent which maybe difficult to recover.

Room temperature

Cleaning

Analytical process automatically cleans tube for reuse.
Cleans as it analyzes. Conditioning/cleaning and analysis
incorporated in one thermal desorption unit.

Canister cleaning requires separate equipment as
additional step prior to background certification and
sampling.

Cost

$50-130 each

$200-700 each

Defense & Forensic
CFTG1036

Food, Flavor, Fragrance &
Odor Profiling
FFTG1037

PATENTS & TRADEMARKS
Restek® patents and trademarks are the property of Restek Corporation. (See www.restek.com/Patents-Trademarks for full list.) Other trademarks appearing in Restek® literature or on its website
are the property of their respective owners. The Restek® registered trademarks used here are registered in the United States and may also be registered in other countries.
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Gas Sampling Bags
Cost-Effective Alternatives for Air Monitoring
• Ideal for whole air grab sampling at
ppm levels.
• ALTEF bags—reliable alternative to
Tedlar® for VOCs.
• Multi-layer foil bags—recommended
for permanent gases.

Pure Chromatography

www.restek.com
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Gas Sampling Bags
Cost-Effective Alternatives for Air Monitoring
Gas sampling bags are whole air sampling devices useful for monitoring part-permillion (ppm) levels of volatile organic compounds (VOCs) and permanent gases.
Sampling bags can be a cost-effective alternative to canisters and solvent desorption tubes and
are appropriate for many methods, such as EPA Method 0040 and NIOSH 6603. Applications include
industrial hygiene, landfill/biogas, ambient air, indoor air, and stationary source testing.

The chart below provides an overview comparing gas sampling bags and other common techniques. General guidelines and recommended uses for bags are presented on the following pages. Visit www.restek.com/air for complete product specifications and technical resources for air monitoring programs.

Gas Sampling Bags are a Cost-Effective Alternative to Cans and Tubes for Many Applications

Media Type
Sensitivity
Technique
Sample Type
Analyte
Applications
Durability
Inertness
Stability
Sample Volume
Sampling Time

Canister

Gas Sampling Bag

Solvent Desorption Tube

whole air
ppb
passive (no pump)
grab or integrated
wide range of VOCs
ambient, IAQ, emergency response, IH
reusable
excellent
30 day
0.4–6 L
minutes to days

whole air
ppm
active
grab
wide range of VOCs & permanent gases
ambient, IAQ emission
one time use
fair
48 hrs
0.5–100 L
minutes to hours

adsorption
ppm
active
integrated
sorbent specific
IAQ, IH
one time use
fair
varies by analyte
varies by analyte
minutes to hours

General Guidelines for Bag Sampling
Follow these basic considerations for trouble-free air monitoring using gas sampling bags.
Before Sampling
• Store unused bags in a clean environment, sealed in an outer bag to prevent adsorption of contaminants.
• Preclean bags before use by flushing with high-purity nitrogen.
• For validation, compounds must be stable at >80% for 72 hours.
• Leak rate must not exceed 0.1" Hg/min.
During Sampling
• Be sure the PTFE tubing used for bag connection is clean.
• Use a vacuum box sampler for direct bag filling, in order to avoid contamination from a sampling pump.
• 3 L/min. is a typical flow rate.
• Do not fill bags more than 80%.
After Sampling
• Bags are intended for a single use, due to potential sample adsorption onto the bag film.
• Hold times are typically 48 hours, unless validation study demonstrates longer stability.
• Protect samples from direct sunlight and store above 0 °C to prevent condensation.
• Transport in rigid, opaque container to prevent bag puncture; do not ship by air unless samples will be kept in a pressurized area.

www.restek.com/air
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Selecting the Right Bag for Your Applications
Restek offers ALTEF bags and multi-layer foil bags for air monitoring applications. Both are equipped with a single polypropylene
combo valve and an eyelet for handling convenience. Gas sampling bags can be a low-cost substitute for canisters and tubes for ppm
testing of VOCs and permanent gases. ALTEF bags are a reliable alternative to Tedlar® bags. Product specifications are given below;
see the table on page 4 for application recommendations.

Physical Specifications
Tedlar® bags

ALTEF Bags

Multi-Layer Foil Bags

Composition

polyvinyl fluoride (PVF) polymer resin

Proprietary PVDF film

5-layer

Thickness

0.002”

0.003”

0.005”

Tensile Strength

8,000 psi

6,100 psi

24 lbs/inch (CD)

Max. Operating Temp.

204 °C

150 °C

87 °C

Specific Gravity

1.7 g/mL

1.78 g/mL

1.09 g/mL

Oxygen Permeability

50 cc/m2 x day

58 cc/m2 x day

0.0006 cc/m2/day

Water Vapor Permeability

9-57 g/m x day

12-15 g/m x day

0.0006 g/100 sq inches/day

Carbon Dioxide Permeability

172 cc/m2 x day

172 cc/m2 x day

0.0005 cc/100 square inches/day

2

2

ALTEF Gas Sampling Bags

Get the convenience of having both
a hose connection and a syringe
port in a single valve!

• Excellent low-cost alternative to Tedlar® bags for collection of most VOCs.
• Very low VOC and sulfur background compared to Tedlar® bags.
• Not recommended for ketones, acetates, hydrogen sulfide,
or permanent gases.
• PVDF film is abrasion resistant and
chemically inert to most acids and
organic compounds.
• Contain no additives, fillers, or pigments.
Description
0.5L
1L
3L
5L
10L
25L

Size
6" x 6"
7" x 7"
10" x 10"
12" x 12"
12" x 22"
18" x 24"

qty.
10-pk.
10-pk.
10-pk.
10-pk.
10-pk.
5-pk.

Polypropylene Combo Valve
• Inert polypropylene
• 3/16” diameter valve stem
• Replaceable PTFE-faced septum
Passageway to
septum

cat.#
22958
22959
22960
22961
22962
22963

Quick opening
screw cap (<1/2
turn to open)

Stationary body
(does not rotate)

Note:
opening cap more
1
than /2 turn may
cause leakage

3

/16” OD stem
for tubing

Multi-Layer Foil Gas Sampling Bags
•
•
•
•
•

Good stability for low molecular weight compounds, such as methane, CO, CO2, and permanent gases.
Chemically inert with light and moisture protection.
Not recommended for low ppm VOCs due to background levels.
Excellent choice for hydrogen sulfides.
5-layer protective barrier minimizes gas permeability.
- 60 gauge nylon (outer layer)
Description
Size
qty.
cat.#
- Metalized aluminum
1L
7" x 7"
5-pk.
22950
- Polyethylene
3L
10" x 10"
5-pk.
22951
- 0.0003" aluminum foil
5L
12" x 12"
5-pk.
22952
10L
12" x 22"
5-pk.
22953
- 0.002" polyethylene (inner layer)

Vacuum Bag Sampler
• Fast bag sampling without contamination from sample passing through pump.
• Bag capacity up to 10 L.
Specifications:
Sampling Bag:
Running Time:
Flow Rate (Fill Rate):
Power Requirements:

1 bag up to 10L size
8 hours
1-5L/min.
12V battery, 4.5 amp

Charge Time:
Dimensions:
Weight:

9 hours
9" x 14.6" x 21.7"
17 lbs

Description
Vacuum Bag Sampler Model 1062 (includes: power adapter, battery, manual)
Replacement Battery for Vacuum Bag Sampler Model 1062
Universal Battery Charger for Vacuum Bag Sampler Model 1062 (115/230 VAC)

qty.
ea.
ea.
ea.

3

cat.#
22118
22119
22120

22118

www.restek.com/air

ENVIRONMENTAL APPS CT-republished 2015

Application Recommendations for ALTEF and Multi-Layer Foil Gas Sampling Bags
Sulfur Compounds
Compound

VOCs

Recommended Sampling Bag Material
ALTEF

Multi-Layer Foil

n-Butyl mercaptan

Compound

Recommended Sampling Bag Material
ALTEF

Multi-Layer Foil**

Acetone
Acetonitrile

tert-Butyl mercaptan

Acrylonitrile

Carbon disulfide*

Allyl chloride

Carbonyl sulfide

Benzene

Diethyl disulfide

Bromoethane

Diethyl sulfide*

Butyl acetate

Dimethyl disulfide

Carbon tetrachloride

Dimethyl sulfide*

Chloroform

2,5-Dimethylthiophene

Carbon dioxide

Ethyl mercaptan*

Carbon monoxide

Ethyl methyl sulfide*

1,2-Dichloroethane

2-Ethylthiophene

Dichloropropane

Hydrogen sulfide

Ethyl acetate

Isobutyl mercaptan*

Ethylene

Isopropyl mercaptan*

Heptane

3-Methylthiophene

Hexane

Methyl mercaptan*

Isooctane

n-Propyl mercaptan*

Isopropyl alcohol

Tetrahydrothiophene

Methane

Thiophene*

Methyl ethyl ketone
Methylene chloride

= Recommended
= Suitable when used as recommended
= Not suitable

Methyl tert-butyl ether
Octane

* ALTEF bags can be used to sample these sulfur compounds if the sample is
analyzed within 24 hours.
** Multi-layer foil bags can be used to sample most VOCs, but are not
recommended for collecting low ppm to high ppb VOCs due to background
levels from bag materials.

Perchloroethylene
Propylene
Propylene oxide
Tetrahydrofuran
Toluene

ALTEF bags are recommended for most VOCs, if analyzed within 48 hours, and
for many sulfur compounds, if analyzed within 24 hours.

1,1,1-Trichloroethane

Multi-layer foil bags are recommended for methane, hydrogen sulfide, carbon
monoxide, and carbon dioxide, if analyzed within 48 hours.

Vinylidene chloride

Trichloroethylene
p-Xylene

Questions about this or any other Restek® product?
Contact us or your local Restek® representative (www.restek.com/contact-us).
Restek® patents and trademarks are the property of Restek Corporation. (See www.restek.com/Patents-Trademarks for full list.) Other trademarks in Restek® literature
or on its website are the property of their respective owners. Restek® registered trademarks are registered in the U.S. and may also be registered in other countries.

© 2011 Restek Corporation. All rights reserved. Printed in the U.S.A.
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Underground
Storage Tanks
Compliance Monitoring with Restek
Reference Materials

Fuel Composite Standards . . . . . . . . . . . . . . 3
Single Source Fuel Standards. . . . . . . . . 3–4
Fuel Surrogate Standards . . . . . . . . . . . . . . . 4
Fuel Internal Standards . . . . . . . . . . . . . . . . 4
State UST Methods. . . . . . . . . . . . . . . . . . . 4–8

Innovative Chromatography Solutions
www.restek.com
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Underground Storage Tanks
Compliance Monitoring with Restek
Reference Materials
The Resource Conservation and Recovery Act (RCRA) establishes the
authority to regulate underground storage tanks (UST). A UST system is
defined as a tank and any underground piping connected to the tank that
has at least 10% of its combined volume underground. This definition
includes the tank, connected underground piping, any underground
equipment, such as valves and pumps, and containment systems.

Petroleum Hydrocarbons Standards for
Underground Storage Tank Monitoring
Monitoring underground storage tanks for leaks is an ongoing process.
The deadline to upgrade older tanks to new federal requirements as specified in 40 CFR 280 has long since passed. However, many tanks in the
United States have yet to be upgraded or closed. Many states continue to
modify existing analytical methods, with several states now using riskbased management of the compounds involved. These methods often
pose challenges to the analyst and require unique mixtures for calibration
and matrix spike samples.
Restek continues to track new developments in UST monitoring and
respond with calibration mixes to meet these needs. For a complete listing of all of our fuel standards, please see our catalog or website, or call
and consult with the experts in our Reference Standards
Department.

Get More!

For a complete list of Restek’s
fuel standards, visit:

www.restek.com
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Fuel Composite Standards

Single Source Fuels cont’d

Unleaded Gasoline Composite Standard

Fuel Oil #4 Standard

2,500µg/mL in P&T methanol, 1mL/ampul
cat. # 30081 (ea.) $32
50,000µg/mL in P&T methanol, 1mL/ampul
cat. # 30205 (ea.) $37
50,000µg/mL in P&T methanol, 5mL/ampul
cat. # 30206 (ea.) $76

Fuel oil #4 is typically used in limited applications
in which the fuel cannot be preheated prior to
burning. The fuel is a blend of distillate (fuel oil #2)
and residual (fuel oil #6) to meet ASTM viscosity
specifications. Fuel oil #4 used to prepare this mixture has a kinematic viscosity of 21.9 at 38°C
(100°F), measured using ASTM D-445.

Diesel Fuel #2 Composite Standard
5,000µg/mL in methylene chloride, 1mL/ampul
cat. # 31093 (ea.) $32
50,000µg/mL in methylene chloride, 1mL/ampul
cat. # 31258 (ea.) $37
50,000µg/mL in methylene chloride, 5mL/ampul
cat. # 31259 (ea.) $76

Kerosene Composite Standard
5,000µg/mL in methylene chloride, 1mL/ampul
cat. # 31094 (ea.) $32
50,000µg/mL in methylene chloride, 1mL/ampul
cat. # 31256 (ea.) $37
50,000µg/mL in methylene chloride, 5mL/ampul
cat. # 31257 (ea.) $76

Motor Oil Composite Standards
Motor Oil Composite Standard

Prepared from an equal volume blend of 5W30,
10W30, 10W40, and 20W50 motor oils. After
blending, a precisely weighed amount of the composite is added to a volumetric flask to produce the
standard.
50,000µg/mL in methylene chloride, 1mL/ampul
cat. # 31464 (ea.) $32

Used Motor Oil Composite Standard

Prepared from an equal volume blend from five
gasoline powered vehicles (belonging to Restek
employees). After blending, a precisely weighed
amount of the composite is added to a volumetric
flask to produce the standard.
50,000µg/mL in methylene chloride, 1mL/ampul
cat. # 31465 (ea.) $32

Single Source Fuels
Unleaded Gasoline Standard

Prepared from a single source (one refinery) product.
5,000µg/mL in P&T methanol, 1mL/ampul
cat. # 30096 (ea.) $32

Kerosene Standard

Prepared from a single source (one refinery) product.
5,000µg/mL in methylene chloride, 1mL/ampul
cat. # 31229 (ea.) $32

5,000µg/mL in methylene chloride, 1mL/ampul
cat. # 31216 (ea.) $32
50,000µg/mL in methylene chloride, 1mL/ampul
cat. # 31244 (ea.) $37

Fuel Oil #5 Standard

Fuel oil #5 is typically used in applications in which
there is little or no preheating of the fuel prior to
burning. A blend of distillate (fuel oil #2) and
residual (fuel oil #6), the fuel oil #5 used to prepare
this mixture has a kinematic viscosity of 106.5 at
38°C (100°F), measured using ASTM D-445.
5,000µg/mL in methylene chloride, 1mL/ampul
cat. # 31217 (ea.) $32
50,000µg/mL in methylene chloride, 1mL/ampul
cat. # 31246 (ea.) $37

Fuel Oil #6 Standard

This fuel, sometimes called bunker C or residual, is
a black viscous oil. Applications in which it may be
used require the ability to preheat the fuel prior to
pumping and burning.

Available on Our Website: Lot
Certificates, Data Packs, and
MSDSs
For complete information
detailing manufacturing and
testing for Restek inventoried
reference standards, visit our
website at www.restek.com.
To view lot certificates and/or
an MSDS, enter the catalog
number of the product in the
Search feature. For a free data
pack (Adobe® PDF file), enter
the catalog number and lot
number of the product.

5,000µg/mL in methylene chloride, 1mL/ampul
cat. # 31218 (ea.) $32
50,000µg/mL in methylene chloride, 1mL/ampul
cat. # 31248 (ea.) $37
50,000µg/mL in methylene chloride, 5mL/ampul
cat. # 31249 (ea.) $76

Diesel/Biodiesel 80:20 Blend Standard

The biodiesel component is methyl soyate.
diesel/biodiesel 80:20
5,000µg/mL in methylene chloride, 1mL/ampul
cat. # 31880 (ea.) $32

Aviation Gas Standard

100-octane low-lead fuel currently used in pistontype aircraft.
2,500µg/mL in P&T methanol, 1mL/ampul
cat. # 30094 (ea.) $32
50,000µg/mL in P&T methanol, 1mL/ampul
cat. # 30207 (ea.) $37
50,000µg/mL in P&T methanol, 5mL/ampul
cat. # 30208 (ea.) $76

also available
Other fuels, oils and lubricant
oils available on request as
custom products.

Jet Fuel A Standard

Diesel Fuel #2 Standard

Commercial jet fuel A.

Prepared from a single source (one refinery) product.

5,000µg/mL in methylene chloride, 1mL/ampul
cat. # 31215 (ea.) $32
50,000µg/mL in methylene chloride, 1mL/ampul
cat. # 31242 (ea.) $37
50,000µg/mL in methylene chloride, 5mL/ampul
cat. # 31243 (ea.) $76

5,000µg/mL in methylene chloride, 1mL/ampul
cat. # 31233 (ea.) $32

free data

800-356-1688 • www.restek.com
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Single Source Fuels cont’d

Fuel Surrogates and Internal Standards

Creosote Oil Standard

Gasoline Surrogate and Internal Standards

Creosote oil, a widely used wood preservative produced by distilling coal tar, contains chemicals that
are classified as carcinogens (e.g., benzo(a)pyrene).
We offer this high concentration standard.
50,000µg/mL in methylene chloride, 1mL/ampul
cat. # 31838 (ea.) $37

Hydraulic Oil Standard
50,000µg/mL in methylene chloride, 1mL/ampul
cat. # 31839 (ea.) $37

Military Fuels (Jet Propellant)
JP-4 Military Fuel Standard

did you know?
We have more than 2,000
pure, characterized, neat
compounds in our inventory!
If you do not see the EXACT
mixture you need listed on
any of these pages, call us or
visit www.restek.com for
more information.

5,000µg/mL in methylene chloride, 1mL/ampul
cat. # 31219 (ea.) $32
50,000µg/mL in methylene chloride, 1mL/ampul
cat. # 31250 (ea.) $37
50,000µg/mL in P&T methanol, 1mL/ampul
cat. # 30472 (ea.) $37

JP-5 Military Fuel Standard
5,000µg/mL in methylene chloride, 1mL/ampul
cat. # 31220 (ea.) $32
50,000µg/mL in methylene chloride, 1mL/ampul
cat. # 31252 (ea.) $37
50,000µg/mL in methylene chloride, 5mL/ampul
cat. # 31253 (ea.) $76

1mL/ampul
Compound
Solvent
4-bromofluorobenzene
PTM
4-bromofluorobenzene
PTM
1-chlorooctane
PTM
1-chloro-4-fluorobenzene PTM
α,α,α-trifluorotoluene
PTM
α,α,α-trifluorotoluene
PTM

µg/mL
2,500
10,000
10,000
2,500
2,500
10,000

cat.# (ea.)
30067
30082
30084
30066
30068
30083

price
$23
$26
$25
$25
$23
$26

Recommended Internal Standard (PID)
for EPA GRO Method
1mL/ampul
Compound
Solvent
1-chloro-4-fluorobenzene PTM

µg/mL
2,500

cat.# (ea.) price
30066
$25

PTM = Purge & trap grade methanol

Diesel Surrogate and Internal Standards
1mL/ampul
Compound
1-chlorooctadecane
2-fluorobiphenyl
o-terphenyl
p-terphenyl

Solvent
D
D
D
D

µg/mL
10,000
10,000
10,000
10,000

cat.# (ea.)
31098
31096
31097
31095

price
$29
$29
$29
$29

Recommended Internal Standards
1mL/ampul
Compound
5-α-androstane
o-terphenyl

Solvent
D
A

µg/mL
2,000
2,000

cat.# (ea.) price
31065
$23
31066
$23

D = methylene chloride; A = acetone

Diesel/Biodiesel Standard

JP-8 Military Fuel Standard

Diesel/Biodiesel 80:20 Blend Standard

5,000µg/mL in methylene chloride, 1mL/ampul
cat. # 31262 (ea.) $32
50,000µg/mL in methylene chloride, 1mL/ampul
cat. # 31254 (ea.) $37

The biodiesel component is methyl soyate.
diesel/biodiesel 80:20

5,000µg/mL in methylene chloride, 1mL/ampul
cat. # 31880 (ea.) $32

Underground Storage Tank Monitoring (UST): State Specific Methods
Alaska

Arizona . . . . . . . .Hydrocarbons

Alaska Department of Environmental Conservation (ADEC) Regulations indicate which products and indicator compounds are to be tested for each petroleum range. The analyst must use the following Alaska Series
Methods or appropriate SW-846 method for the indicator compounds. The Alaska UST procedurals manual indicates which products are to be tested for each petroleum range.

California/
Los Angeles . . . .Hydrocarbons

AK101

AK101 cont’d

Method for determination of aromatic and
aliphatic hydrocarbons in gasoline range organics.

4-Bromofluorobenzene Mix

State

Compound Class

Alaska . . . . . . . .Hydrocarbons

Connecticut . . . .Hydrocarbons
Florida . . . . . . . .Hydrocarbons
Massachusetts .Hydrocarbons
Mississippi . . . . .Hydrocarbons
Northwest (Oregon &
Washington) . . .Hydrocarbons

Retention Time Marker - Alaska
n-hexane (C6)
n-decane (C10)

n-pentacosane (C25)
n-hexatriacontane (C36)

Pennsylvania . . .Hydrocarbons

1,000µg/mL in methylene chloride, 1mL/ampul
cat. # 31819 (ea.) $31

Tennessee/
Mississippi . . . . .Hydrocarbons

Unleaded Gasoline Composite Standard

Texas . . . . . . . . .Hydrocarbons
Washington . . . .Hydrocarbons
Wisconsin . . . . .Hydrocarbons

2,500µg/mL in P&T methanol, 1mL/ampul
cat. # 30081 (ea.) $32
50,000µg/mL in P&T methanol, 1mL/ampul
cat. # 30205 (ea.) $37
50,000µg/mL in P&T methanol, 5mL/ampul
cat. # 30206 (ea.) $76

1-Chloro-4-fluorobenzene Mix
2,500µg/mL in P&T methanol, 1mL/ampul
cat. # 30066 (ea.) $25

4

2,000µg/mL in P&T methanol, 1mL/ampul
cat. # 30026 (ea.) $23

α,α,α-Trifluorotoluene
2,000µg/mL in P&T methanol, 1mL/ampul
cat. # 30048 (ea.) $23
10,000µg/mL in P&T methanol, 1mL/ampul
cat. # 30083 (ea.) $26

for more info
State of Alaska
Method and regulatory information is available from:
Alaska Department of Environmental Conservation
410 Willoughby Avenue
Juneau, AK 99801-1795
Phone: (907)465-5203 • Fax: (907)465-5218
www.dec.state.ak.us/regulations/index.htm

www.restek.com • 800-356-1688
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Alaska cont’d

Arizona

AK102

DRO/ORO Calibration Standard

Method for determination of aromatic and
aliphatic hydrocarbons in diesel range organics.

25,000µg/mL each in methylene chloride, 1mL/ampul
cat. # 31831 (ea.) $37

DRO Mix (Tennessee/Mississippi) (16 components)
n-decane (C10)
n-undecane (C11)
n-dodecane (C12)
n-tridecane (C13)
n-tetradecane (C14)
n-pentadecane (C15)
n-hexadecane (C16)
n-heptadecane (C17)

n-octadecane (C18)
n-nonadecane (C19)
n-eicosane (C20)
n-heneicosane (C21)
n-docosane (C22)
n-tricosane (C23)
n-tetracosane (C24)
n-pentacosane (C25)

1,000µg/mL each in methylene chloride, 1mL/ampul
cat. # 31214 (ea.) $35

Kerosene Composite Standard
50,000µg/mL in methylene chloride, 1mL/ampul
cat. # 31256 (ea.) $37

Diesel Fuel #2 Composite Standard
5,000µg/mL in methylene chloride, 1mL/ampul
cat. # 31093 (ea.) $32
50,000µg/mL in methylene chloride, 1mL/ampul
cat. # 31258 (ea.) $37
50,000µg/mL in methylene chloride, 5mL/ampul
cat. # 31259 (ea.) $76

o-Terphenyl
2,000µg/mL in acetone, 1mL/ampul
cat. # 31066 (ea.) $23
10,000µg/mL in methylene chloride, 1mL/ampul
cat. # 31097 (ea.) $29

5-α-androstane
2,000µg/mL in methylene chloride, 1mL/ampul
cat. # 31065 (ea.) $23

10W30 motor oil:diesel fuel #2 (1:1 blend)

free data

o-Terphenyl
2,000µg/mL in acetone, 1mL/ampul
cat. # 31066 (ea.) $23
10,000µg/mL in methylene chloride, 1mL/ampul
cat. # 31097 (ea.) $29

Available on Our Website: Lot
Certificates, Data Packs, and
MSDSs
For complete information
detailing manufacturing and
testing for Restek inventoried
reference standards, visit our
website at www.restek.com.
To view lot certificates and/or
an MSDS, enter the catalog
number of the product in the
Search feature. For a free data
pack (Adobe® PDF file), enter
the catalog number and lot
number of the product.

California
PVOC Mix (California) (7 components)
benzene
ethylbenzene
methyl tert-butyl ether (MTBE)
toluene

m-xylene
o-xylene
p-xylene

1,000µg/mL each in P&T methanol, 1mL/ampul
cat. # 30231 (ea.) $27

California Oxygenates Mix
diisopropyl ether (DIPE)
ethyl-tert-butyl ether (ETBE)
tert-amyl methyl ether (TAME)
tert-butyl alcohol
methyl tert-butyl ether (MTBE)

2,000µg/mL
2,000
2,000
10,000
2,000

In P&T methanol, 1mL/ampul
cat. # 30465 (ea.) $29

California UST Monitoring

Ethanol

Download your free copy from
www.restek.com.

10,000µg/mL in DI Water, 1mL/ampul
cat. # 30466 (ea.) $26

Glycols Standard
ethylene glycol

propylene glycol

50,000µg/mL each in DI water, 1mL/ampul
cat. # 30471 (ea.) $29

Residual Range Calibration Standard (RCS)
SAE30 motor oil:SAE40 motor oil (1:1)
50,000µg/mL in methylene chloride, 1mL/ampul
cat. # 31817 (ea.) $32

Motor Oil Composite Standard
50,000µg/mL in methylene chloride, 1mL/ampul
cat. # 31464 (ea.) $32

Fuel Oil #6 Standard

This fuel, sometimes called bunker C or residual, is
a black viscous oil. Applications in which it may be
used require the ability to preheat the fuel prior to
pumping and burning.
50,000µg/mL in methylene chloride, 1mL/ampul
cat. # 31248 (ea.) $37

Fast Facts
lit. cat.# 59433
Alaska UST Monitoring
Download your free copy from
www.restek.com.

AK103
Method for determination of aromatic and
aliphatic hydrocarbons in residual range organics.

free literature

Los Angeles County, CA
Well Investigation Program (WIP)*

Fast Facts
lit. cat.# 59503

CA WIP VOA Standard (11 components)
benzene
chlorobenzene
1,2-dichlorobenzene
1,3-dichlorobenzene
1,4-dichlorobenzene
ethylbenzene

methyl tert-butyl ether (MTBE)
toluene
m-xylene
o-xylene
p-xylene

2,000µg/mL each in P&T methanol, 1mL/ampul
cat. # 30236 (ea.) $31

*For samples suspected of gasoline contamination, Los Angeles
County requires laboratories to calibrate and report these compounds.

Connecticut
Connecticut ETPH Calibration Mixture
(15 components)

n-nonane (C9)
n-decane (C10)
n-dodecane (C12)
n-tetradecane (C14)
n-hexadecane (C16)
n-octadecane (C18)
n-eicosane (C20)
n-docosane (C22)

n-tetracosane (C24)
n-hexacosane (C26)
n-octacosane (C28)
n-triacontane (C30)
n-dotriacontane (C32)
n-tetratriacontane (C34)
n-hexatriacontane (C36)

1,000µg/mL each in methylene chloride, 1mL/ampul
cat. # 31614 (ea.) $37

800-356-1688 • www.restek.com
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Florida

free literature
Florida UST Monitoring
Download your free copy
from www.restek.com.
Fast Facts
lit. cat.# 59395

Massachusetts cont’d

Florida TRPH Standard (17 components)

Massachusetts APH Mix (26 components)

n-octane (C8)
n-decane (C10)
n-dodecane (C12)
n-tetradecane (C14)
n-hexadecane (C16)
n-octadecane (C18)
n-eicosane (C20)
n-docosane (C22)
n-tetracosane (C24)

Cylinder Construction:
Cylinder Fitting:

n-hexacosane (C26)
n-octacosane (C28)
n-triacontane (C30)
n-dotriacontane (C32)
n-tetratriacontane (C34)
n-hexatriacontane (C36)
n-octatriacontane (C38)
n-tetracontane (C40)

500µg/mL each in hexane, 1mL/ampul
cat. # 31266 (ea.) $37
2,000µg/mL each in carbon disulfide, 1mL/ampul*
cat. # 31878 (ea.) $52

*Ground transportation shipments only.

Florida TRPH Surrogate Mix

Massachusetts

MA EPH Aromatic Hydrocarbon Standard

MA VPH Standard with Surrogate Rev. 1.1
(July 2004) (16 components)

acenaphthene
acenaphthylene
anthracene
benzo(a)anthracene
benzo(a)pyrene
benzo(b)fluoranthene
benzo(k)fluoranthene
benzo(ghi)perylene
chrysene

benzene
n-butylcyclohexane
n-decane (C10)
2,5-dibromotoluene (SUR)
ethylbenzene
2-methylpentane
methyl tert-butyl ether (MTBE)
naphthalene
n-nonane (C9)

(17 components)

n-pentane (C5)
toluene
1,2,4-trimethylbenzene
2,2,4-trimethylpentane
(isooctane)
m-xylene
o-xylene
p-xylene

10,000µg/mL in P&T methanol, 1mL/ampul
cat. # 30604 (ea.) $42

MA EPH Aliphatic Hydrocarbon Standard
(14 components)

MA VPH Matrix Spike Mix with Surrogate
Rev. 1.1 (July 2004) (16 components)
benzene
n-butylcyclohexane
n-decane (C10)
2,5-dibromotoluene (SUR)
ethylbenzene
2-methylpentane
methyl tert-butyl ether (MTBE)
naphthalene
n-nonane (C9)

n-nonane (C9)
n-decane (C10)
n-dodecane (C12)
n-tetradecane (C14)
n-hexadecane (C16)
n-octadecane (C18)
n-nonadecane (C19)

n-pentane (C5)
toluene
1,2,4-trimethylbenzene
2,2,4-trimethylpentane
(isooctane)
m-xylene
o-xylene
p-xylene

Download your free copy from
www.restek.com.
Fast Facts
lit. cat.# 59391

In P&T methanol, 1mL/ampul
cat. # 30434 (ea.) $32

Massachusetts UST
Monitoring

naphthalene
toluene
1,2,4-trimethylbenzene
m-xylene
o-xylene
p-xylene

MA VPH Surrogate Standard
2,5-dibromotoluene
10,000µg/mL in P&T methanol, 1mL/ampul
cat. # 30453 (ea.) $23

6

n-eicosane (C20)
n-docosane (C22)
n-tetracosane (C24)
n-hexacosane (C26)
n-octacosane (C28)
n-triacontane (C30)
n-hexatriacontane (C36)

1,000µg/mL each in hexane, 1mL/ampul
cat. # 31459 (ea.) $37

MA EPH Internal Standard
5-α-androstane
2,000µg/mL in methylene chloride, 1mL/ampul
cat. # 31065 (ea.) $23

MA Volatile Petroleum Hydrocarbon (VPH)
Standard (13 components)
n-pentane (C5) 1,000µg/mL
n-nonane (C9)
1,000
benzene
500
ethylbenzene
500
isooctane
1,500
2-methylpentane
1,500
methyl tert-butyl ether
(MTBE)
1,500

dibenzo(a,h)anthracene
fluoranthene
fluorene
indeno(1,2,3-cd)pyrene
2-methylnaphthalene
naphthalene
phenanthrene
pyrene

1,000µg/mL each in methylene chloride, 1mL/ampul
cat. # 31458 (ea.) $72

50µg/mL in P&T methanol, 1mL/ampul
cat. # 30605 (ea.) $42

free literature

p-isopropyltoluene
methyl tert-butyl ether
1-methyl-3-ethylbenzene
n-nonane
n-octane
toluene
toluene-d8 (IS)
1,2,3-trimethylbenzene
1,3,5-trimethylbenzene
n-undecane
m-xylene
o-xylene
p-xylene

Requires a high-purity VOC single-stage regulator.
Datapack not available.
Quantity discounts not available.

*Ground transportation shipments only.

0–30psig outlet pressure gauge
cat.# 21572 (ea.) $749
0–100psig outlet pressure gauge
cat.# 21572-R100 (ea.) $749

benzene
1,3-butadiene
butylcyclohexane
cyclohexane
n-decane
2,3-dimethylheptane
2,3-dimethylpentane
n-dodecane
ethylbenzene
n-heptane
n-hexane
isopentane
isopropylbenzene

1ppm in nitrogen, 104 liters @ 1,800psi
cat. # 34540 (ea.) $2525
1ppm in nitrogen, 110 liters @ 1,800psi (Pi-marked Cylinder)
cat. # 34540-PI (ea.) $2667

n-nonatriacontane (C39)
3,000µg/mL in carbon disulfide, 1mL/ampul*
cat. # 31456 (ea.) $32
3,000µg/mL in carbon disulfide, 10mL/ampul*
cat. # 31877 (ea.) $77

Spectra Gas 7621
High-Purity VOC
Regulator

aluminum
CGA-180 outlet

MA EPH Surrogate Spike Mix
1,000
1,500
1,000
1,000
1,000
1,000

1-chlorooctadecane

o-terphenyl

4,000µg/mL each in acetone, 1mL/ampul
cat. # 31479 (ea.) $29

1-Chlorooctadecane Mix
1-chlorooctadecane
10,000µg/mL in methylene chloride, 1mL/ampul
cat. # 31098 (ea.) $29

MA Fractionation Surrogate Spike Mix
2-bromonaphthalene

2-fluorobiphenyl

4,000µg/mL each in hexane, 1mL/ampul
cat. # 31480 (ea.) $29

www.restek.com • 800-356-1688
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Massachusetts cont’d

Tennessee/Mississippi

MA Fractionation Check Mix (31 components)
PAHs:
acenaphthene
acenaphthylene
anthracene
benzo(a)anthracene
benzo(a)pyrene
benzo(b)fluoranthene
benzo(k)fluoranthene
benzo(ghi)perylene
chrysene
dibenzo(a,h)anthracene
fluoranthene
fluorene
indeno(1,2,3-cd)pyrene
2-methylnaphthalene
naphthalene
phenanthrene
pyrene

DRO Mix (Tennessee/Mississippi) (16 components)

Hydrocarbons:
n-nonane (C9)
n-decane (C10)
n-dodecane (C12)
n-tetradecane (C14)
n-hexadecane (C16)
n-octadecane (C18)
n-nonadecane (C19)
n-eicosane (C20)
n-docosane (C22)
n-tetracosane (C24)
n-hexacosane (C26)
n-octacosane (C28)
n-triacontane (C30)
n-hexatriacontane (C36)

n-decane (C10)
n-undecane (C11)
n-dodecane (C12)
n-tridecane (C13)
n-tetradecane (C14)
n-pentadecane (C15)
n-hexadecane (C16)
n-heptadecane (C17)

n-octadecane (C18)
n-nonadecane (C19)
n-eicosane (C20)
n-heneicosane (C21)
n-docosane (C22)
n-tricosane (C23)
n-tetracosane (C24)
n-pentacosane (C25)

1,000µg/mL each in methylene chloride, 1mL/ampul
cat. # 31214 (ea.) $35

Gasoline Component Standard (10 components)
benzene
500µg/mL
ethylbenzene
500
heptane
500
2-methylpentane
1500
toluene
1500

1,2,4-trimethylbenzene
2,2,4-trimethylpentane
m-xylene
o-xylene
p-xylene

25µg/mL each in hexane, 1mL/ampul
cat. # 31481 (ea.) $47

10,000µg/mL total in P&T methanol, 1mL/ampul
cat. # 30486 (ea.) $34

Mississippi

Texas

DRO Mix (Tennessee/Mississippi) (16 components)
n-decane (C10)
n-undecane (C11)
n-dodecane (C12)
n-tridecane (C13)
n-tetradecane (C14)
n-pentadecane (C15)
n-hexadecane (C16)
n-heptadecane (C17)

n-octadecane (C18)
n-nonadecane (C19)
n-eicosane (C20)
n-heneicosane (C21)
n-docosane (C22)
n-tricosane (C23)
n-tetracosane (C24)
n-pentacosane (C25)

1000
1500
1000
1000
1000

Texas TNRCC Method 1006
TNRCC 1006 Retention Time Marker Mix
(9 components)

n-hexane (C6)
n-heptane (C7)
n-octane (C8)
n-decane (C10)
n-dodecane (C12)

1,000µg/mL each in methylene chloride, 1mL/ampul
cat. # 31214 (ea.) $35

n-hexadecane (C16)
n-heneicosane (C21)
n-octacosane (C28)
n-pentatriacontane (C35)

1,2,4-trimethylbenzene
2,2,4-trimethylpentane
m-xylene
o-xylene
p-xylene

1000
1500
1000
1000
1000

10,000µg/mL total in P&T methanol, 1mL/ampul
cat. # 30486 (ea.) $34

Northwest USA Regional Method
(Oregon & Washington)

200µg/mL in pentane, 1mL/ampul
cat. # 31814 (ea.) $32

Texas TNRCC Method 1005

Fast Facts
lit. cat.# 59394

propylene glycol

cat.# (ea.)
31096
31097
31095
31487

Download your free copy from
www.restek.com.

TX TPH Calibration Mix

Fast Facts
lit. cat.# 59396

unleaded gasoline composite

unleaded gasoline composite

10,000µg/mL each in P&T methanol, 1mL/ampul
cat. # 31484 (ea.) $34
price
$29
$29
$29
$30

Alternate Boiling Point/Carbon Number
Distribution Marker Stock Standard (9 components)

D = methylene chloride

n-hexane (C6)
n-octane (C8)
n-decane (C10)
n-dodecane (C12)
n-hexadecane (C16)

Pennsylvania

200µg/mL each in pentane, 1mL/ampul
cat. # 31639 (ea.) $32

PA DEP UST Standard (11 components)
benzene
1,2-dibromoethane
1,2-dichloroethane
ethylbenzene
isopropyl benzene
methyl tert-butyl ether (MTBE)

naphthalene
toluene
m-xylene
o-xylene
p-xylene

Northwest Regional
UST Monitoring

200µg/mL each in pentane, 1mL/ampul
cat. # 31698 (ea.) $31

diesel fuel #2 composite

1mL/ampul
µg/mL
10,000
10,000
10,000
10,000

n-octacosane (C28)
n-pentatriacontane (C35)

TX TPH Matrix Spike Mix

NW TPH-Dx Surrogate Mix Standards
Solvent
D
D
D
D

n-hexane (C6)
n-dodecane (C12)

10,000µg/mL each in pentane, 1mL/ampul
cat. # 31483 (ea.) $34

50,000µg/mL each in DI water, 1mL/ampul
cat. # 30471 (ea.) $29

Compound
2-fluorobiphenyl
o-terphenyl
p-terphenyl
pentacosane (C25)

TNRCC 1005 Retention Time Markers Mix

diesel fuel #2 composite

Glycols Standard
ethylene glycol

Texas UST Monitoring
Download your free copy from
www.restek.com.

Gasoline Component Standard (10 components)
benzene
500µg/mL
ethylbenzene
500
heptane
500
2-methylpentane
1500
toluene
1500

free literature

n-heneicosane (C21)
n-octacosane (C28)
n-pentatriacontane (C35)
n-hexatriacontane (C36)

Texas cont’d on page 8

2,000µg/mL each in P&T methanol, 1mL/ampul
cat. # 30433 (ea.) $32

800-356-1688 • www.restek.com
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Texas cont’d

Wisconsin

α,α,α-Trifluorotoluene

PVOC/GRO Mix (Wisconsin) (10 components)

2,000µg/mL in P&T methanol, 1mL/ampul
cat. # 30048 (ea.) $23
2,500µg/mL in P&T methanol, 1mL/ampul
cat. # 30068 (ea.) $23
10,000µg/mL in P&T methanol, 1mL/ampul
cat. # 30083 (ea.) $26

benzene
ethylbenzene
methyl tert-butyl ether (MTBE)
naphthalene
toluene

1-Chlorooctane

DRO Mix (EPA/Wisconsin) (10 components)

10,000µg/mL in P&T methanol, 1mL/ampul
cat. # 30084 (ea.) $25

free literature

1-Chlorooctadecane Mix

Wisconsin UST Monitoring

10,000µg/mL in methylene chloride, 1mL/ampul
cat. # 31098 (ea.) $29

Download your free copy from
www.restek.com.

Washington

Fast Facts
lit. cat.# 59392

1,2,4-trimethylbenzene
1,3,5-trimethylbenzene
m-xylene
o-xylene
p-xylene

1,000µg/mL each in P&T methanol, 1mL/ampul
cat. # 30095 (ea.) $32

n-decane (C10)
n-dodecane (C12)
n-tetradecane (C14)
n-hexadecane (C16)
n-octadecane (C18)

n-eicosane (C20)
n-docosane (C22)
n-tetracosane (C24)
n-hexacosane (C26)
n-octacosane (C28)

2,000µg/mL each in methylene chloride, 1mL/ampul
cat. # 31064 (ea.) $29

WA VPH Standard (15 components)
n-pentane (C5)
n-hexane (C6)
n-octane (C8)
n-decane (C10)
n-dodecane (C12)
benzene
ethylbenzene
1-methylnaphthalene

methyl tert-butyl ether (MTBE)
naphthalene
toluene
1,2,3-trimethylbenzene
m-xylene
o-xylene
p-xylene

1,000µg/mL each in P&T methanol, 1mL/ampul
cat. # 30451 (ea.) $37

WA EPH Aliphatic Hydrocarbon Mix
n-octane (C8)
n-decane (C10)
n-dodecane (C12)

n-hexadecane (C16)
n-heneicosane (C21)
n-tetratriacontane (C34)

1,000µg/mL each in hexane, 1mL/ampul
cat. # 31489 (ea.) $32

custom standards

WA EPH Fractionation Check Mix (22 components)

Don’t see the UST mix you need? We can custom blend a UST mix
to meet the requirements of your method. Restek—your #1
source for custom reference materials!

n-octane (C8)
n-decane (C10)
n-dodecane (C12)
n-hexadecane (C16)
n-heneicosane (C21)
n-tetratriacontane (C34)
acenaphthene
acenaphthylene
anthracene
benzo(a)anthracene
benzo(a)pyrene

benzo(b)fluoranthene
benzo(k)fluoranthene
benzo(ghi)perylene
chrysene
dibenzo(a,h)anthracene
fluoranthene
fluorene
indeno(1,2,3-cd)pyrene
naphthalene
phenanthrene
pyrene

•Made to your exact specifications.
•Quick quotations.
•Most orders shipped within 5–10 working days.
Visit www.restek.com/prod_customstandards.asp for more
information.

25µg/mL each in hexane, 1mL/ampul
cat. # 31491 (ea.) $47

PATENTS & TRADEMARKS
Restek® patents and trademarks are the property of Restek Corporation. (See www.restek.com/Patents-Trademarks for full list.) Other trademarks appearing in Restek® literature or on its website
are the property of their respective owners. The Restek® registered trademarks used here are registered in the United States and may also be registered in other countries.
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Analyze Seven EPA Methods
on One GC Column Pair!
Pesticides, PCBs, Herbicides, and More
on Rtx®-CLPesticides & Rtx®-CLPesticides2 Columns

• Reduce downtime by running
multiple methods on a single
column set.
• Speed up analysis time
without sacrificing resolution.
• Restek’s unique column
selectivity assures optimal
separations.
www.restek.com  
Pure Chromatography
1
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Save Time and Money—Use One Column Pair for Seven EPA Methods

Dual
Column
Analysis

Analyze Pesticides, PCBs, Herbicides, and More on
Rtx®-CLPesticides & Rtx®-CLPesticides2 Columns
Get fast separations without sacrificing resolution by using Restek’s proprietary Rtx®-CLPesticides and
Rtx®-CLPesticides2 columns for multiple environmental methods. Instead of changing columns
between GC-ECD methods, you can save time by analyzing chlorinated pesticides, PCBs, herbicides,
and other halogenated compounds on a single column set using an Agilent® micro-ECD. As shown in
the applications in this brochure, Rtx®-CLPesticides and Rtx®-CLPesticides2 columns have a unique
selectivity and are ideal for multiple GC-ECD methods. Compare them to your current column set
(Table I) and you’ll see the Restek advantage!

Table I: Rtx®-CLPesticides columns offer the best overall performance for organochlorine pesticide analysis, as well as
many other GC-ECD methods (0.32 mm ID columns).
Method
Compound List
8081B

(Organochlorine
pesticides)

8081B (extended)
(Organochlorine
pesticides)

8082A

(Polychlorinated
biphenyls [PCBs],
Aroclors)

8151A

(Chlorinated
herbicides)

504.1

(EDB, DBCP, TCP)

505

(Organohalide
pesticides)

508.1

(Chlorinated pesticides, herbicides,
organohalides)

552.2

(Haloacetic acids,
dalapon)

Column Pair
Rtx-CLPesticides /
Rtx-CLPesticides2
Competitor A set
Competitor B set
Rtx-CLPesticides /
Rtx-CLPesticides2
Competitor A set
Competitor B set
Rtx-CLPesticides /
Rtx-CLPesticides2
Competitor A set
Competitor B set
Rtx-CLPesticides /
Rtx-CLPesticides2
Competitor A set
Competitor B set
Rtx-CLPesticides /
Rtx-CLPesticides2
Competitor A set
Competitor B set
Rtx-CLPesticides /
Rtx-CLPesticides2
Competitor A set
Competitor B set
Rtx-CLPesticides /
Rtx-CLPesticides2
Competitor A set
Competitor B set
Rtx-CLPesticides /
Rtx-CLPesticides2
Competitor A set
Competitor B set

Analysis Time
(min)

Coelutions

7/7

0/0

7/8
10 / 9

0/1
0/0

24 / 23

1/2

27 / 29
NDP / 16

0/3
NDP / 3

7/7

n/a

6/7
24 / 21

n/a
n/a

13 / 13

1/0

13 / 13
16 / 15

0/0
1/1

6/6

0/0

6/6
NDP

0/0
NDP

18 / 18.5

1/1

14 / 14
35 / 36

0/1
1/2

23.5 / 24

2/2

21 / 23
18 / 17

0/3
2/4

12 / 12

0/0

8/9
NDP / 10

1/1
NDP / 1

Restek Advantage
• Increase sample throughput
with 7 min analyses and
baseline resolution.
• Best balance of speed and
selectivity.
• All compounds are resolved on
at least one column.

• Fast PCB analysis times.

• More elution order changes
improve confidence in
confirmational results.

• Reliably separate analytes from
trihalomethane interferences.

• All compounds resolved
on at least one column.

• Good balance of speed
and resolution.

• No coelutions—get accurate
results for compounds that
coelute on other columns.

Comparison based on published competitor data. All columns tested were 0.32 mm ID. NDP = no data published
NOTE: Analyzing dirty or derivatized samples can contaminate your column. Restek does not recommend analyzing trace-level pesticide samples following derivatized samples
(e.g., Methods 8151A and 552.2) without first performing inlet maintenance. Standard steps include trimming the guard column and changing the inlet liner, o-ring, seal, and septum.
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Achieve Optimal Results with Our Parallel Dual-Column Setup
Rtx®-CLPesticides and Rtx®-CLPesticides2 columns are designed for organochlorine pesticide analysis using a parallel
dual-column setup that provides both fast analyses and reduced downtime. The stationary phase film thicknesses and optimized
run conditions allow rapid analysis without sacrificing column capacity, meaning faster sample throughput for your laboratory.
Parallel dual-column analysis saves time because data for primary and confirmation analyses are obtained from a single injection.
In addition, injection port maintenance is reduced because only one injector is used. Once the sample passes through a single guard
column, it is split on to two analytical columns which are attached using a “Y” connector (Figure 1). Parallel dual-column analysis
using Rtx®-CLPesticides and Rtx®-CLPesticides2 columns offers many advantages including:

• Method-compliant results in half the time
Parallel dual-column analysis provides simultaneous
acquisition of primary and confirmation data
using columns with different selectivities.

• Consistent performance
Resolution and relative retention times are unaffected
by maintenance since the guard column
can be trimmed instead of the analytical columns.

• Reduced contamination
Guard column traps nonvolatile residue, protecting
the analytical columns.

• Enhanced reproducibility
Using a single inlet and “Y” connector results in
consistent vaporization and on-column amounts.

Figure 1: Perform parallel dual-column analysis using a single injector and guard column with split flow onto
two analytical columns.
detectors

injector
analytical
columns

guard
column

SeCure® “Y”
connector

In addition to organochlorine pesticide analysis, parallel dual-column analysis using the Rtx®-CLPesticides and Rtx®-CLPesticides2
columns is an effective approach for several other environmental ECD methods. As detailed on the following pages, this column
pair provides excellent results for analysis time and resolution of critical compounds for seven EPA methods: 8081B (organochlorine pesticides); 8082A (PCBs/Aroclors); 8151A (chlorinated herbicides); 504.1 (EDB, DBCP, and TCP); 505 (organohalide pesticides); 508.1 (chlorinated pesticides, herbicides, and organohalides); and 552.2 (haloacetic acids and dalapon).
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EPA Method 8081B: Organochlorine Pesticide Analysis
Organochlorine pesticides emerged in the 1940s, but are no longer used today due to their persistence in the environment. However, they still are monitored in water, soil, and other samples. EPA Method 8081B is widely used for organochlorine pesticide analysis
in a variety of difficult sample matrices. The selectivity of the Rtx®-CLPesticides column set was originally tuned for Method 8081
and Method 8081B, which provide an excellent example of the performance of the column pair (Figure 2). All compounds are fully
resolved in just seven minutes using standard 0.32 mm columns and an Agilent® micro-ECD for analysis. (Analysis times reflect
simultaneous parallel dual-column analysis.) Fast analysis times translate into high sample throughput, which is an important consideration for environmental labs. In addition, several elution order changes are observed, filling the confirmational requirements
of the method.

Figure 2: Cut analysis time in half for organochlorine pesticide analysis (Method 8081B) using Rtx®-CLPesticides
columns and a micro-ECD.
Rtx®-CLPesticides

Fully resolve target compounds
on a 0.32 mm ID column
in less than 7 min.

GC_EV00933

Rtx®-CLPesticides2

Dual
Column
Analysis

		 Peaks
1. 2,4,5,6-Tetrachloro-m-xylene (SS)
2. α-BHC
3. γ-BHC
4. β-BHC
5. δ-BHC
6. Heptachlor
7. Aldrin
8. Heptachlor epoxide (isomer B)
9. trans-Chlordane*
10. cis-Chlordane*
11. Endosulfan I
12. 4,4'-DDE
13. Dieldrin
14. Endrin
15. 4,4'-DDD
16. Endosulfan II
17. 4,4'-DDT
18. Endrin aldehyde
19. Endosulfan sulfate
20. Methoxychlor
21. Endrin ketone
22. Decachlorobiphenyl (SS)
* For information regarding the nomenclature used for cis-chlordane
and trans-chlordane, visit www.restek.com/chlordane-notice

GC_EV00933A
Columns: Rtx®-CLPesticides 30 m, 0.32 mm ID, 0.32 µm (cat.# 11141) and Rtx®-CLPesticides2 30 m, 0.32 mm ID, 0.25 µm (cat.# 11324) using Rxi® guard column 5 m, 0.32 mm ID (cat.# 10039)
with deactivated universal “Y” Press-Tight® connector (cat.# 20405-261); Sample: Organochlorine pesticide mix AB #2 (cat.# 32292) Pesticide surrogate mix, EPA 8080, 8081 (cat.# 32000);
Injection: Inj. Vol.: 1 µL splitless (hold 0.3 min), Liner: Splitless taper (4 mm) (cat.# 20799), Inj. Temp.: 250 °C, Oven: Oven Temp: 120 °C to 200 °C at 45 °C/min to 230 °C at 15 °C/min to 330 °C at
30 °C/min (hold 2 min); Carrier Gas: He; Detector: micro-ECD @ 330 °C;
Notes:
Instrument was operated in constant flow mode. Linear velocity: 60 cm/sec @ 120 °C.
This chromatogram was obtained using an Agilent micro-ECD. To obtain comparable results, you will need to employ a micro-ECD in addition to confirmational dual columns connected to a 5-meter guard
column using a “Y” Press-Tight® connector.
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1-800-356-1688 or 1-814-353-1300
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EPA Method 8151A: Chlorinated Herbicide Analysis
Today, many modern herbicides are designed to selectively kill specific types of vegetation. Even though these herbicides are not environmentally persistent and degrade in less than one year, EPA Method 8151A was developed for chlorinated herbicide analysis in wastewater
and soil matrices. The most commonly used compounds targeted in this method are the chlorophenoxy herbicides. Of these herbicides,
(2,4-dicholorophenoxy)acetic acid, also known as 2,4-D, is the most widely used and widely monitored herbicide worldwide.
According to Method 8151A, samples containing the target herbicides are analyzed using a parallel dual-column confirmation setup
and an ECD, the recommended method of detection. Because of this, many laboratories acquire chlorinated herbicides on the same
instrument setup used for chlorinated pesticide and PCB analyses. The Rtx®-CLPesticides and Rtx®-CLPesticides2 column pair also
perform exceptionally well for chlorinated herbicide analysis; in fact, all 17 target compounds in EPA Method 8151A can be determined in just 13 minutes using these columns. One pair of compounds (bentazon and picloram methyl esters) coelutes on the
Rtx®-CLPesticides column, but these compounds are fully resolved on the Rtx®-CLPesticides2 column. And, due to the difference
in selectivity of the columns, several elution order changes occur filling the confirmational requirement of the method (Figure 3).

Figure 3: Excellent resolution of chlorinated herbicides on the Rtx®-CLPesticides/Rtx®-CLPesticides2 column pair.
Rtx®-CLPesticides
<13 min
chlorophenoxyacid
herbicide analysis!

GC_EV00971
Columns

Sample

Diluent:
Injection
Inj. Vol.:
Liner:
Inj. Temp.:
Oven
Oven Temp:
Carrier Gas
Linear Velocity:
Detector
Instrument
Notes

Rtx®-CLPesticides2 30 m, 0.32 mm ID, 0.25 µm (cat.# 11324)
and Rtx®-CLPesticides 30 m, 0.32 mm ID, 0.32 µm (cat.# 11141)
using Rxi® deactivated guard column 5 m, 0.32 mm ID (cat.# 10039)
with universal “Y” Press-Tight® connector (cat.# 20405-261)
200 ng/mL herbicide mix #1 (cat.# 32055)
1,000 ng/mL dalapon methyl ester (cat.# 32057)
20,000 ng/mL herbicide mix #3 (cat.# 32059)
200 ng/mL herbicide mix #4 (cat.# 32062)
250 ng/mL 4,4'-dibromooctafluorobiphenyl (cat.# 32053)
400 ng/mL 2,4-dichlorophenyl acetic acid methyl ester (cat.# 32050)
Hexane

		 Peaks
1. Dalapon methyl ester
2. 3,5-Dichlorobenzoic acid
methyl ester (SS)
3. 4-Nitroanisole
4. DCAA methyl ester (SS)
5. Dicamba methyl ester
6. MCPP methyl ester
7. MCPA Methyl ester
8. Dichlorprop, methyl ester
9. 4,4'-DBOB (IS)
10. 2,4-D methyl ester
11. Pentachloroanisole
12. 2,4,5-TP, methyl ester
13. 2,4,5-T methyl ester
14. Chloramben, methyl ester
15. 2,4-DB methyl ester
16. Dinoseb methyl ester
17. Bentazon methyl ester
18. DCPA
19. Pichloram methyl ester
20. Acifluorfen methyl ester
C. contaminant

Dual
Column
Analysis

Rtx®-CLPesticides2
Fully resolve bentazon and
picloram methyl esters

1.0 µL splitless (hold 0.75 min)
Cyclo double taper (4 mm) (cat.# 20895)
250 °C
70 °C (hold 0.5 min) to 190 °C at 25 °C/min (hold 1 min) to 300 °C at
11 °C/min (hold 5 min)
He, constant pressure
36 cm/sec @ 70 °C
Micro-ECD @ 325 °C
Agilent/HP6890 GC
This chromatogram was obtained using an Agilent micro-ECD. To
obtain comparable results, you will need to employ a micro-ECD
in addition to confirmational dual columns connected to a 5-meter
guard column using a “Y” Press-Tight® connector.
Analyzing dirty or derivatized samples can contaminate your
column. Restek does not recommend analyzing trace-level
pesticide samples following derivatized samples (e.g., Methods
8151A and 552.2) without first performing inlet maintenance.
Standard steps include trimming the guard column and changing
the inlet liner, O-ring, seal, and septum.

1-800-356-1688 or 1-814-353-1300

GC_EV00971A

www.restek.com

5

ENVIRONMENTAL APPS CT-republished 2015

EPA Method 8082A: PCB Analysis
Polychlorinated biphenyls (PCBs) are a group of industrial organochlorine chemicals that were used extensively as coolant fluids in
transformers and capacitors. Later they were used as plasticizers, de-inking solvents, heat transfer fluids in machinery, and also as waterproofing agents, among other uses. PCBs are chemically inert liquids that are difficult to burn. Because they are very persistent in
the environment, bioaccumulate in living systems, and some are toxic (i.e., coplanar PCBs), they are a major environmental concern.
EPA Method 8082A details how Aroclor mixtures and PCB congeners are to be analyzed in a parallel dual-column confirmation
setup. When choosing columns, it is important to select stationary phases that have low bleed and high thermal stability. This allows
the columns to be held at high temperature at the end of each analysis to prevent carryover from one injection to the next. Because
many instruments used for PCB analysis also may be used for pesticide and herbicide analyses, the column pair of choice is the
Rtx®-CLPesticides and Rtx®-CLPesticides2 columns. This column set provides low bleed, high thermal stability, and is designed for
primary column analysis and secondary column confirmation.

Figure 4: Aroclor analysis on the Rtx®CLPesticides column.
Rtx®-CLPesticides

		 Peaks
1. Decachlorobiphenyl (DCB)

30 m, 0.32 mm ID, 0.32 µm (cat.# 11141)

Column
Sample
Injection
Inj. Vol.:
Liner:
Inj. Temp.:
Pulse Pressure:
Oven
Oven Temp:
Carrier Gas
Linear Velocity:
Detector
Notes
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Rtx®-CLPesticides, 30 m, 0.32 mm ID, 0.32 µm (cat.# 11141)
PCB kit #1 diluted to 1,000 ppb in hexane (cat.# 32089)
Decachlorobiphenyl (BZ #209) diluted to 100 ppb in acetone (cat.# 32029)
1.0 µL pulsed splitless (hold 0.3 min)
Cyclo double taper (4 mm) (cat.# 20895)
250 °C
30 psi (206.8 kPa)
120 °C to 200 °C at 45 °C/min to 230 °C at 15 °C/min to 330 °C at 30 °C/min (hold 2 min)
He, constant flow
60 cm/sec
Micro-ECD @ 330 °C
This chromatogram was obtained using an Agilent® micro-ECD. To obtain
comparable results, you will need to employ a micro-ECD in addition to
confirmational dual columns connected to a 5-meter guard column using a
“Y” Press-Tight® connector.

1-800-356-1688 or 1-814-353-1300
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For Aroclor mixture analysis under EPA 8082A, individual Aroclor mixes are required to be analyzed as standards, then the sample
extract chromatograms are compared to the standards to qualitatively identify the Aroclor mixtures. Once identification has been
made, quantification can be performed by selecting five of the largest peaks, treating them as individual compounds, and then reporting the average concentration. Figures 4 and 5 show the individual Aroclor mixes and the differences among them.
When analyzing for PCB congeners using Method 8082A, each peak is to be treated as an individual component and a standard
curve is made for each of the congeners of interest. Note that while many laboratories are interested in the analysis of PCBs by congener, most do not need, or desire, to analyze all 209.

Figure 5: Aroclor analysis on the Rtx®CLPesticides2 column.
Rtx®-CLPesticides2

		 Peaks
1. Decachlorobiphenyl (DCB)

30 m, 0.32 mm ID, 0.25 µm (cat.# 11324)

Column
Sample
Injection
Inj. Vol.:
Liner:
Inj. Temp.:
Pulse Pressure:
Oven
Oven Temp:
Carrier Gas
Linear Velocity:
Detector
Notes

1-800-356-1688 or 1-814-353-1300

Rtx®-CLPesticides2, 30 m, 0.32 mm ID, 0.25 µm (cat.# 11324)
PCB kit #1 diluted to 1,000 ppb in hexane (cat.# 32089)
Decachlorobiphenyl (BZ #209) diluted to 100 ppb in acetone (cat.# 32029)
1.0 µL pulsed splitless (hold 0.3 min)
Cyclo double taper (4 mm) (cat.# 20895)
250 °C
30 psi (206.8 kPa)
120 °C to 200 °C at 45 °C/min to 230 °C at 15 °C/min to 330 °C at 30 °C/min
(hold 2 min)
He, constant flow
60 cm/sec
Micro-ECD @ 330 °C
This chromatogram was obtained using an Agilent® micro-ECD. To obtain
comparable results, you will need to employ a micro-ECD in addition to
confirmational dual columns connected to a 5-meter guard column using a
“Y” Press-Tight® connector.

www.restek.com
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EPA Method 504.1: EDB, DBCP, TCP Analysis
EPA Method 504.1 is a common test performed by environmental laboratories for the analysis of 1,2-dibromoethane (EDB),
1,2-dibromo-3-chloropropane (DBCP), and 1,2,3-trichloropropane (TCP) in drinking water. This method uses parallel dualcolumn gas chromatography with electron capture detection (GC-ECD), the same instrument setup that is used for the analysis of
chlorinated pesticides and herbicides. Thus, when selecting a set of capillary columns for EDB, DBCP, TCP analysis, it is advantageous that they work well for a number of different methods.
The Rtx®-CLPesticides and the Rtx®-CLPesticides2 columns provide excellent separation for the compounds listed in Method 504.1,
as well as for analytes in several other drinking water methods. Figure 6 shows the analysis of the Method 504.1 target compounds
on these columns connected in parallel using a glass ‘Y’ Press-Tight® connector. This configuration is important to ensure that
both the primary and confirmation column analyses are performed simultaneously under the same conditions and using the same
injection port. Method 504.1 requires that EDB, DBCP, and TCP be fully resolved from the common interference compounds
(e.g., chloroform, bromodichloromethane, chlorodibromomethane, 1,1,1,2-tetrachloroethane, and bromoform). The Rtx®- CLPesticides2 columns fully resolved these compounds. Note that the coelution of 1,1,1,2-tetrachloroethane and bromoform is between
two interference compounds; it does not affect the identification or quantification of EDB, DBCP, or TCP.

Figure 6: EDB, DBCP, and TCP analysis on Rtx®-CLPesticides and Rtx®-CLPesticides2 columns according to
EPA Method 504.1
Rtx®-CLPesticides

1.
2.
3.
4.
5.
6.
7.

Peaks
Bromodichloromethane
Chlorodibromomethane
1,2-Dibromoethane (EDB)
1,1,1,2-Tetrachloroethane
Bromoform
1,2,3-Trichloropropane
1,2-Dibromo-3-chloropropane (DBCP)

CLP tR (min)
2.504
3.239
3.531
3.910
3.935
4.655
5.480

CLP2 tR (min)
2.866
3.740
3.899
4.166
4.505
4.833
5.850

Rtx®-CLPesticides2

GC_EV1227

Dual
Column
Analysis
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Columns: Rtx®-CLPesticides2 30 m, 0.32 mm ID, 0.25 µm (cat.# 11324) and Rtx®-CLPesticides 30 m, 0.32 mm ID, 0.32 µm (cat.# 11141) using Rxi® guard column 5 m, 0.32 mm ID
(cat.# 10039) with Universal “Y” Press-Tight® connector (cat.# 20405); Sample: Dibromochloromethane (chlorodibromochloromethane) (cat.# 30271); Bromodichloromethane
(cat.# 30251); 504.1 calibration mix (cat.# 30239); 1,1,1,2-tetrachloroethane (cat.# 30411); Bromoform (cat.# 30252); Diluent: n-Hexane; Conc.: 10 ng/mL; Injection: Inj. Vol.: 2
µL splitless (hold 0.50 min); Liner: Sky® 4 mm single taper inlet liner w/wool (cat.# 23303.1); Inj. Temp.: 200 °C; Purge Flow: 50 mL/min; Oven: Oven Temp: 30 °C (hold 2.0 min)
to 220 °C at 30 °C/min; Carrier Gas: He, constant flow; Flow Rate: 5.0 mL/min; Linear Velocity: 60 cm/sec; Detector: micro-ECD @ 220 °C; Make-up Gas Flow Rate: 50 mL/min;
Make-up Gas Type: He; Data Rate: 50 Hz; Instrument: Agilent/HP6890 GC; Notes: This chromatogram was obtained using an Agilent® micro-ECD. To obtain comparable results,
you will need to employ a micro-ECD in addition to confirmational dual-columns connected to a 5-meter guard column using a “Y” Press-Tight® connector.

www.restek.com

1-800-356-1688 or 1-814-353-1300
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EPA Method 552.2: Haloacetic Acid Analysis
Haloacetic acids are a byproduct of chlorinated disinfection of drinking water. Historically, there has been some concern that these
analytes may represent a chronic risk to human health, and toxicological evidence suggests that some of them are possible human
carcinogens. Elevated levels of haloacetic acids in drinking water could pose acute human risk because of their corrosive nature.
Using Method 552.2 and an appropriate GC column set, such as the Rtx®- CLPesticides and the Rtx®-CLPesticides2 columns, environmental chemists can achieve accurate analysis of haloacetic acids and dalapon.
Haloacetic acid analysis can be performed on a variety of GC column phases. However, an important criterion for column selection
is the degree of resolution between the methylated haloacetic acid compounds and known interference compounds like bromoform. Bromoform may be present due to the partial decarboxylation of tribromoacetic acid that can occur during a methylation
step that uses acidic methanol. As shown in Figure 7, the Rtx®-CLPesticides and Rtx®-CLPesticides2 columns provide the necessary
resolution for this GC-ECD analysis in less than 12 minutes, using the same instrument setup as several other EPA methods.

Figure 7: Dalapon and haloacetic acid analysis by Method 552.2 on an Rtx®-CLPesticides column set.
Rtx®-CLPesticides
Dual
Column
Analysis

Peaks
			
1. Methyl monochloroacetate
2. Methyl monobromoacetate
3. Methyl dichloroacetate
4. Dalapon methyl ester
5. Methyl trichloroacetate
6. 1,2,3-Trichloropropane (IS)
7. Methyl bromo(chloro)acetate
8. Methyl bromodichloroacetate
9. Methyl dibromoacetate
10. Methyl chlorodibromoacetate
11. Methyl 2,3-dibromopropionate (SS)
12. Methyl tribromoacetate

Conc.
(µg/mL)
1.2
0.8
1.2
2
0.4
4
0.8
0.8
0.4
2
2
4

GC_EV01006

Rtx®-CLPesticides2
Columns

Sample

Diluent:
Injection
Inj. Vol.:
Liner:
Inj. Temp.:
Oven
Oven Temp:
Carrier Gas
Linear Velocity:
Detector
Notes

Rtx®-CLPesticides2 30 m, 0.32 mm ID, 0.25 µm (cat.#
11324)
and Rtx®-CLPesticides 30 m, 0.32 mm ID, 0.32 µm (cat.#
11141)
using Rxi® guard column 5 m, 0.32 mm ID (cat.# 10039)
with deactivated universal “Y” Press-Tight® connector
(cat.# 20405-261)
Haloacetic acid methyl ester mix #2 (cat.# 31647)
Dalapon methyl ester (cat.# 32057)
Methyl-2,3-dibromopropionate (cat.# 31656)
1,2,3-Trichloropropane (cat.# 31648)
Methyl tert-butyl ether (MTBE)
1.0 µL splitless (hold 0.75 min)
Cyclo double taper (4 mm) (cat.# 20896)
250 °C
35 °C (hold 4 min) to 250 °C at 15 °C/min (hold 5 min)
He, constant flow
25 cm/sec
Micro-ECD @ 300 °C
This chromatogram was obtained using an Agilent®
micro-ECD. To obtain comparable results, you will need
to employ a micro-ECD in addition to confirmational dual
columns connected to a 5-meter guard column using a
“Y” Press-Tight® connector.
Analyzing dirty or derivatized samples can contaminate your
column. Restek does not recommend analyzing trace-level
pesticide samples following derivatized samples (e.g., Methods
8151A and 552.2) without first performing inlet maintenance.
Standard steps include trimming the guard column and changing
the inlet liner, O-ring, seal, and septum.

1-800-356-1688 or 1-814-353-1300

GC_EV01007
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EPA Method 505: Organohalide Pesticide Analysis and EPA Method 508.1:
Chlorinated Pesticide, Chlorinated Herbicide, and Organohalide Analysis
With the advent of modern agriculture and its vast selection of chemical pest control measures, the farming community has
made significant increases in productivity and efficiency. Crop yield per acre is extremely high, due in part to the role of pesticides and herbicides in mitigating the devastating effects of many plant and insect pests. However, the use of these chemicals
can have drawbacks, including surface and ground water contamination. EPA Methods 505 and 508.1 are used for chlorinated
pesticide, chlorinated herbicide, and organohalide analysis in drinking and ground water.
Table II: Rtx®-CLPesticides and Rtx®-CLPesticides2 columns easily
The Rtx®-CLPesticides and Rtx®-CLPesticides2
pass Method 508.1 performance criteria.
column set also works well for the analysis of
Test/Requirement		
Analyte Concentration (ppb) Rtx -CLPesticides2 Rtx -CLPesticides
compounds in these methods because the colInertness (breakdown <20%)
endrin
50
0.9%
1.4%
umns are highly selective for analytes that conInertness (breakdown <20%)
4,4'-DDT
100
1.0%
1.1%
tain electronegative substituents. The optimized
Sensitivity (S/N>3)		 chlorpyrifos
2
12.0
6.2
Chromatographic performance
parallel dual-column method shown here satisfies
(0.8<PGF<1.15)		
DCPA
50
1.03
1.06
method requirements in very fast analysis times,
Column performance		
delta-BHC/
which improves sample throughput (Table II,
(resolution>0.50)		 chlorothalonil
40/50
9.9
26.8
Figures 8 and 9).
®

®

Figure 8: Organohalide pesticide analysis (Method 505) on Rtx®-CLPesticides and Rtx®-CLPesticides2 columns.
Rtx®-CLPesticides
		
1.
2.
3.
4.
5.
6.
7.
8.
9.
10.
11.
12.
13.
14.
15.
16.

Peaks
Hexachlorocyclopentadiene
Hexachlorobenzene
Simazine
Atrazine
γ-BHC
Heptachlor
Alachlor
Aldrin
Heptachlor epoxide
trans-Chlordane*
trans-Nonachlor
cis-Chlordane*
Dieldrin
Endrin
cis-Nonachlor
Methoxychlor

Dual
Column
Analysis

* For information regarding the nomenclature
used for cis-chlordane and trans-chlordane, visit
www.restek.com/chlordane-notice
GC_EV01004

Rtx®-CLPesticides2
Columns

Sample
Diluent:
Injection
Inj. Vol.:
Liner:
Inj. Temp.:
Oven
Oven Temp:
Carrier Gas
Linear Velocity:
Detector
Instrument
Notes

Rtx®-CLPesticides 30 m, 0.32 mm ID, 0.32 µm (cat.# 11141)
and Rtx®-CLPesticides2 30 m, 0.32 mm ID, 0.25 µm (cat.# 11324)
using Rxi® guard column 5 m, 0.32 mm ID (cat.# 10039)
with deactivated universal “Y” Press-Tight® connector
(cat.# 20405-261)
200 ng/mL 505 organohalide pesticide mix (cat.# 32024)
4.2 µg/mL simazine (cat.# 32236)
4.2 µg/mL atrazine (cat.# 32208)
Methanol
2 µL splitless (hold 0.75 min)
Cyclo double taper (4 mm) (cat.# 20896)
250 °C
90 °C (hold 1 min) to 310 °C at 10 °C/min (hold 5 min)
He, constant flow
40 cm/sec
Micro-ECD @ 325 °C
Agilent/HP6890 GC
This chromatogram was obtained using an Agilent® micro-ECD. To
obtain comparable results, you will need to employ a micro-ECD
in addition to confirmational dual columns connected to a 5-meter
guard column using a “Y” Press-Tight® connector.

GC_EV01005
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Figure 9: 24-minute analysis of Method 508.1 chlorinated pesticides, herbicides, and
organohalides using Rtx®-CLPesticides columns and a micro-ECD.

Dual
Column
Analysis

Rtx®-CLPesticides

GC_EV01022

Rtx®-CLPesticides2

		
1.
2.
3.
4.
5.
6.
7.
8.
9.
10.
11.
12.
13.
14.
15.
16.
17.
18.
19.

Peaks
Hexachlorocyclopentadiene
Etridiazole
Chlorneb
Propachlor
Trifluralin
Hexachlorobenzene
α-BHC
Simazine
Atrazine
Pentachloronitrobenzene (IS)
γ-BHC
β-BHC
δ-BHC
Heptachlor
Chlorothalonil
Metribuzin
Alachlor
Aldrin
4,4'-Dibromobiphenyl (SS)

20.
21.
22.
23.
24.
25.
26.
27.
28.
29.
30.
31.
32.
33.
34.
35.
36.
37.
38.

Metachlor
DCPA
Heptachlor epoxide
trans-Chlordane
Cyanazine
cis-Chlordane
Endosulfan I
4,4'-DDE
Dieldrin
Endrin
Chlorobenzilate
4,4'-DDD
Endosulfan II
4,4'-DDT
Endrin aldehyde
Endosulfan sulfate
Methoxychlor
cis-Permethrin
trans-Permethrin

* For information regarding the nomenclature used for cis-chlordane and
trans-chlordane, visit www.restek.com/chlordane-notice

Rtx®-CLPesticides2 30 m, 0.32 mm ID, 0.25 µm (cat.# 11324)
and Rtx®-CLPesticides 30 m, 0.32 mm ID, 0.32 µm (cat.# 11141)
using Rxi® guard column 5 m, 0.32 mm ID (cat.# 10039)
with deactivated universal “Y” Press-Tight® connector
(cat.# 20405-261)
50 ng/mL 508.1 calibration mix #1 (cat.# 32094)
100 ng/mL 508.1 calibration mix #2 (cat.# 32095)
100 ng/mL 508.1 calibration mix #3 (cat.# 32096)
50 ng/mL pentachloronitrobenzene (cat.# 32091)
250 ng/mL 4,4'-dibromobiphenyl (cat.# 32092)
500 ng/mL atrazine (cat.# 32208)
500 ng/mL simazine (cat.# 32236)
Ethyl acetate

Columns

Sample

Diluent:
Injection
Inj. Vol.:
Liner:
Inj. Temp.:
Oven
Oven Temp:

2 µL splitless (hold 0.75 min)
Cyclo double taper (4 mm) (cat.# 20896)
250 °C

Carrier Gas
Linear Velocity:
Detector
Notes

80 °C (hold 0.5 min) to 155 °C at 19 °C/min (hold 1 min) to 210
°C at 4 °C/min to 310 °C at 25 °C/min (hold 0.5 min)
He, constant flow
26 cm/sec
Micro-ECD @ 325 °C
This chromatogram was obtained using an Agilent® micro-ECD.
To obtain comparable results, you will need to employ a microECD in addition to confirmational dual columns connected to a
5-meter guard column using a “Y” Press-Tight® connector.

GC_EV01023

1-800-356-1688 or 1-814-353-1300
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Get Set for Parallel Dual-Column Analysis!
Analytical Columns
Improved resolution and faster analysis times, compared to 1701 or phenyl phases, make the Rtx®-CLPesticides/Rtx®-CLPesticides2
column pair ideal for analyzing chlorinated pesticides, PCBs as Aroclors, and chlorinated herbicides. These columns offer alternate
selectivity, meeting method requirements for elution order changes and relative retention time shifts. Column bleed is low, allowing
high boiling point contaminants to be heated off of the column, which extends column lifetime.

Rtx®-CLPesticides Columns (fused silica)
(proprietary Crossbond® phases)
ID
df
temp. limits
0.18 mm 0.18 µm -60 to 320/340 °C
0.25 mm 0.25 µm -60 to 320/340 °C
0.32 mm 0.32 µm -60 to 320/340 °C
0.50 µm -60 to 320/340 °C
0.53 mm 0.50 µm -60 to 300/320 °C

15-Meter
—
11120
—
11136
11137

20-Meter
42102
—
—
—
—

30-Meter
—
11123
11141
11139
11140

60-Meter
—
11126
—
—
—

20-Meter
42302
—
—
—
—

30-Meter
—
11323
11324
11325
11340

60-Meter
—
11326
—
—
—

Rtx®-CLPesticides2 Columns (fused silica)
(proprietary Crossbond® phases)
ID
df
temp. limits
10-Meter
0.18 mm 0.14 µm -60 to 320/330 °C 42301
0.25 mm 0.20 µm -60 to 320/340 °C
—
0.32 mm 0.25 µm -60 to 320/340 °C
—
0.50 µm -60 to 320/340 °C
—
0.53 mm 0.42 µm -60 to 300/320 °C
—

15-Meter
—
—
11321
—
11337

Rtx®-CLPesticides Column Kit (0.32 mm ID)

kit

(Note: Columns are not preconnected in this kit.)
Rtx-CLPesticides Kit (0.32 mm ID)

cat.# 11196 (kit)

Includes:
30 m, 0.32 mm ID, 0.32 µm Rtx-CLPesticides Column Column
30 m, 0.32 mm ID, 0.25 µm Rtx-CLPesticides2 Column Column
Universal Angled “Y” Press-Tight Connector, Deactivated
5 m, 0.32 mm ID Siltek Guard Column

Rtx®-CLPesticides Column Kit (0.53 mm ID)

kit

(Note: Columns are not preconnected in this kit.)
Rtx-CLPesticides Kit (0.53 mm ID)

cat.# 11197 (kit)

Includes:
30 m, 0.53 mm ID, 0.50 µm Rtx-CLPesticides Column Column
30 m, 0.53 mm ID, 0.42 µm Rtx-CLPesticides2 Column Column
Universal Angled “Y” Press-Tight Connector, Deactivated
5 m, 0.53 mm ID IP Deactivated Guard Column

Save Money,
Buy a Kit!

cat.#
11141
11324
20403-261
10027

Purchase one of these
recommended combinations
of guard and analytical
columns and save money.

cat.#
11140
11340
20403-261
10045

0.25 mm ID columns are also available at www.restek.com
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Connectors
The best chromatography for parallel dual-column analysis is obtained using the universal “Y” PressTight® connector. The internal design of the taper allows the column to seal to the glass surface and
minimizes dead volume. To strengthen this connection, Restek developed the SeCure® “Y” connector,
which uses a C-clamp to hold the columns in place, assuring a reliable connection.
The MXT®-Union connectors are an alternative connector system that uses special ferrules designed to
eliminate dead volume. The MXT®-Union is made of stainless steel and is deactivated with Siltek® treatment, making an inert sample pathway. The special ferrules used to make the connection are designed to
eliminate the dead volume when installing the columns.

Universal “Y” Press-Tight® Connectors

An alternative method of performing dual-column confirmational analyses!
Description
Universal “Y” Press-Tight Connector, Deactivated

ea.
3-pk.
20405-261 20406-261

SeCure® “Y” Connector Kits
Kits include: SeCure® “Y” connector body, three knurled nuts, universal “Y” Press-Tight® union,
three ferrules.
Description
SeCure “Y” Connector Kit
SeCure “Y” Connector Kit
SeCure “Y” Connector Kit
Knurled Nut

Ferrules Fit Column ID
0.18/0.25/0.28 mm
0.32 mm
0.45/0.53 mm

qty.
kit
kit
kit
3-pk.

cat.#
20276
20277
20278
20279

The SeCure® “Y” connector’s
open design allows visual
confirmation of the seal.

Graphite Ferrules for SeCure® “Y” Connectors
Buy extra to keep spares on hand.
Ferrule ID
0.4 mm
0.4 mm
0.5 mm
0.5 mm
0.8 mm
0.8 mm

Fits Column ID
0.10/0.15/0.18/0.25/0.28 mm
0.10/0.15/0.18/0.25/0.28 mm
0.32 mm
0.32 mm
0.45/0.53 mm
0.45/0.53 mm

qty.
10-pk.
50-pk.
10-pk.
50-pk.
10-pk.
50-pk.

Graphite
20200
20227
20201
20228
20202
20224

MXT® “Y”-Union Connector Kits for Fused Silica Columns
Each kit contains the MXT® union; three 1/32-inch nuts; and three, one-piece, fused silica adaptors.
Description
For 0.25 mm ID Fused Silica Columns
For 0.32 mm ID Fused Silica Columns
For 0.53 mm ID Fused Silica Columns

1-800-356-1688 or 1-814-353-1300

qty.
kit
kit
kit

cat.#
21389
21388
21387

www.restek.com
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Get Set for Parallel Dual-Column Analysis!
Inlet Liners
The Rtx®-CLPesticides and Rtx®-CLPesticides2 column pair will work with both split or splitless injection techniques and any liner
geometry. Various inlet liners are used for pesticide analysis; the four most common are the single taper, double taper, cyclo double
taper, and the drilled Uniliner® inlet liner.
The drilled Uniliner® inlet liner provides the most inert sample pathway and eliminates injection port discrimination because the
sample is funneled directly onto the column without contacting the metal injection port. Using a drilled Uniliner® inlet liner eliminates the need to replace the inlet seal at the bottom of the injection port, substantially reducing maintenance time and expense.
The tapered liners are also commonly used for pesticide analysis and work best with pressure pulsing conditions. The best tapered liner
to use with pressure pulsing is the cyclo double taper. This liner has a screw-type sample pathway which collects nonvolatile material at
the beginning of the screws and offers more surface area to vaporize the sample prior to reaching the entrance of the column.

Liners for Splitless Injection with Agilent GCs:
Sky® 4.0 mm ID Single Taper Inlet Liner

Sky® 4.0 mm ID Single Taper Inlet Liner w/ Wool

ID x OD x Length
qty.
Single Taper, Sky Technology, Borosilicate Glass
4.0 mm x 6.5 mm x 78.5 mm
ea.
4.0 mm x 6.5 mm x 78.5 mm
5-pk.
4.0 mm x 6.5 mm x 78.5 mm
25-pk.

ID x OD x Length
qty.
Single Taper, Sky Technology, Wool, Borosilicate Glass
4.0 mm x 6.5 mm x 78.5 mm
ea.
4.0 mm x 6.5 mm x 78.5 mm
5-pk.
4.0 mm x 6.5 mm x 78.5 mm
25-pk.

cat.#
23302.1
23302.5
23302.25

cat.#
23303.1
23303.5
23303.25

Sky® 4.0 mm ID Double Taper Inlet Liner

Sky® 4.0 mm ID Cyclo Double Taper Inlet Liner

ID x OD x Length
qty.
Double Taper, Sky Technology, Borosilicate Glass
4.0 mm x 6.5 mm x 78.5 mm
ea.
4.0 mm x 6.5 mm x 78.5 mm
5-pk.
4.0 mm x 6.5 mm x 78.5 mm
25-pk.

ID x OD x Length
qty.
Cyclo Double Taper, Sky Technology, Borosilicate Glass
4.0 mm x 6.5 mm x 78.5 mm
ea.
4.0 mm x 6.5 mm x 78.5 mm
5-pk.
4.0 mm x 6.5 mm x 78.5 mm
25-pk.

cat.#
23308.1
23308.5
23308.25

Sky® 4.0 mm ID Drilled Uniliner® Inlet Liner
with Hole near Top

cat.#
23310.1
23310.5
23310.25

Liners for Split Injection with Agilent GCs
Sky® 4.0 mm ID Precision® Inlet Liner w/ Wool

ID x OD x Length
qty.
cat.#
Drilled Uniliner (hole near top), Sky Technology, Borosilicate Glass
4.0 mm x 6.3 mm x 78.5 mm
ea.
23311.1
4.0 mm x 6.3 mm x 78.5 mm
5-pk.
23311.5
4.0 mm x 6.3 mm x 78.5 mm
25-pk.
23311.25

ID x OD x Length
qty.
cat.#
Precision, Sky Technology, Borosilicate Glass with Quartz Wool
4.0 mm x 6.3 mm x 78.5 mm
ea.
23305.1
4.0 mm x 6.3 mm x 78.5 mm
5-pk.
23305.5
4.0 mm x 6.3 mm x 78.5 mm
25-pk.
23305.25

Dual Vespel® Ring Inlet Seals

Washerless, leak-tight seals for Agilent GCs
0.8 mm ID Dual Vespel Ring Inlet Seal
Gold-Plated
Siltek-Treated
1.2 mm ID Dual Vespel Ring Inlet Seal
Gold-Plated
Siltek-Treated

Patented.
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2-pk.
21240
21242
2-pk.
21246
21248

10-pk.
21241
21243
10-pk.
21247
21249

50-pk.
23418
23419
—
—
—

21240

21248

Restek Recommended!

1-800-356-1688 or 1-814-353-1300
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Sample Preparation

Resprep® SPE Cartridges (Normal Phase)
Hydrophilic (polar) adsorbents used to extract hydrophilic analytes from nonpolar matrices, such as
organic solvents (e.g., polar contaminants from sample extracts).
3 mL/500 mg
(50-pk.)
24031
24032*
24035
24036*

Florisil (EPA SW 846 methods and CLP protocols)
Silica (EPA SW 846 methods)

6 mL/500 mg
(30-pk.)
26086**

6 mL/1,000 mg
(30-pk.)
24034
26085**

15 mL/2 g
(15-pk.)

24038

—

—

26228

All cartridges are manufactured
using high-polyethylene frits unless
otherwise noted.

*PTFE frits **Glass tubes with PTFE frits

Resprep® CarboPrep® SPE Cartridges
Tube Volume,
Bed Weight
3 mL, 250 mg
6 mL, 500 mg

SPE Cartridge
CarboPrep 90
CarboPrep 90

Reference Standards

Organochlorine Pesticide Mix AB #1
(20 components)
aldrin
α-BHC
β-BHC
δ-BHC
γ-BHC (lindane)
cis-chlordane
trans-chlordane
4,4'-DDD
4,4'-DDE
4,4'-DDT

dieldrin
endosulfan I
endosulfan II
endosulfan sulfate
endrin
endrin aldehyde
endrin ketone
heptachlor
heptachlor epoxide (isomer B)
methoxychlor

200 µg/mL each in hexane:toluene (1:1), 1 mL/ampul
cat.# 32291 (ea.)

Organochlorine Pesticide Mix AB #2

qty.

cat.#

50-pk.
30-pk.

26091
26092

Excellent for Pesticide
Residue Cleanup!

Organochlorine Pesticide Resolution
Check Mix (with surrogates) (22 components)
aldrin
10 µg/mL
α-BHC
10
β-BHC
10
δ-BHC
10
γ-BHC (lindane)
10
cis-chlordane
10
trans-chlordane
10
decachlorobiphenyl (SS)
20
dieldrin
20
4,4'-DDD
20
4,4'-DDE
20
4,4'-DDT
20

endosulfan I
10
endosulfan II
20
endosulfan sulfate
20
endrin
20
endrin aldehyde
20
endrin ketone
20
heptachlor
10
heptachlor epoxide (isomer B) 10
methoxychlor
100
2,4,5,6-tetrachlorom-xylene (SS)
10

In hexane:toluene (90:10), 1 mL/ampul
cat.# 32454 (ea.)

(20 components)
aldrin
α-BHC
β-BHC
δ-BHC
γ-BHC (lindane)
cis-chlordane
trans-chlordane
4,4'-DDD
4,4'-DDE
4,4'-DDT

8 µg/mL
8
8
8
8
8
8
16
16
16

dieldrin
16
endosulfan I
8
endosulfan II
16
endosulfan sulfate
16
endrin
16
endrin aldehyde
16
endrin ketone
16
heptachlor
8
heptachlor epoxide (isomer B) 8
methoxychlor
80

In hexane:toluene (1:1), 1 mL/ampul
cat.# 32292 (ea.)

Organochlorine Pesticide System
Evaluation Mix (2 components)
4,4'-DDT
endrin

200 µg/mL
100 µg/mL

Aroclor Solutions
Volume is 1 mL/ampul. Concentration is µg/mL unless otherwise noted.
Compound
Aroclor 1016
Aroclor 1221
Aroclor 1232
Aroclor 1242
Aroclor 1248
Aroclor 1254
Aroclor 1260
Aroclor 1262
Aroclor 1268

CAS #
12674-11-2
11104-28-2
11141-16-5
53469-21-9
12672-29-6
11097-69-1
11096-82-5
37324-23-5
11100-14-4

Solvent
H
H
H
H
H
H
H
H
H

Conc.
1,000
1,000
1,000
1,000
1,000
1,000
1,000
1,000
1,000

cat.#
32006
32007
32008
32009
32010
32011
32012
32409
32410

H = hexane

Restek Offers a Full
Line of Certified
Reference Materials
www.restek.com/iso

In methyl tert-butyl ether, 1 mL/ampul
cat.# 32417 (ea.)

Pesticide Surrogate Mix (2 components)
decachlorobiphenyl
2,4,5,6-tetrachloro-m-xylene
200 µg/mL each in acetone, 1 mL/ampul
cat.# 32000 (ea.)
200 µg/mL each in acetone, 5 mL/ampul
cat.# 32457 (ea.)

Visit www.restek.com for more products and resources for environmental labs!
1-800-356-1688 or 1-814-353-1300
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Dynamic Duo (Restek Leak Detector and ProFLOW 6000 Flowmeter)
Protect your instrument and improve data quality with this powerful pair from Restek. Checking for leaks and verifying flows
before you start helps you avoid costly problems later.
Description
Dynamic Duo Combo Pack (Restek Leak Detector and ProFLOW 6000 Flowmeter)
Related Products and Accessories
Leak Detector With Hard-Sided Carrying Case and Universal Charger Set (U.S., UK, European, Australian)
Small Probe Adaptor for Leak Detector
Restek ProFLOW 6000 Electronic Flowmeter With Hard-Sided Carrying Case
Soft-Sided Storage Case for Leak Detector or ProFLOW 6000 Flowmeter

Restek’s New Leak Detector

ProFLOW 6000 Flowmeter

Redesigned and better than ever, our new
leak detector is an essential tool for troubleshooting and routine maintenance of your
gas chromatograph. Don’t risk damaging
your system or losing sensitivity; check for
leaks often and protect your GC column and
instrument with a Restek leak detector!

With its wide range of capabilities, the
ProFLOW 6000 flowmeter simplifies gas
flow measurement in the lab. Real-time
measurements can be made for various
types of flow paths, including continually
changing gas types.

Leak Detector Specifications:
Detectable Gases: Helium, nitrogen, argon, carbon dioxide, hydrogen
Battery:
Rechargeable lithium ion internal battery pack (12 hours normal operation)
Operating
Temp. Range:
32–120 °F (0–48 °C)
Humidity Range: 0–97%
Warranty:
One year
Certifications:
CE, Ex, Japan
Compliance:
WEEE, RoHS
Limits of Detection
These gases can be detected with the Restek electronic leak detector at the
following leak rates:
Minimum Detectable Gas Limits and Indicating LED Color:
• Helium, 1.0 x 10-5, red LED
• Hydrogen*, 1.0 x 10-5, red LED
• Nitrogen, 1.4 x 10-3, yellow LED
• Argon, 1.0 x 10-4, yellow LED
• Carbon dioxide, 1.0 x 10-4, yellow LED

Gas detection limits measured in atm cc/sec.

qty.
kit

cat.#
22654

ea.
ea.
ea.
ea.

22655
22658
22656
22657

Flowmeter Specifications:
Type of Flowmeter: Volumetric
Battery:
2-AA
Operating
Temp. Range:
32–120 °F (0–48 °C)
Warranty:
One year
Certifications:
CE, Ex
Compliance:
WEEE, RoHS

Patented.

Optional Accessories
22658

22657
Soft-Side Carry/Storage Case
Ideal for storing your leak detector or
flowmeter in smaller spaces such as
a tool box.

Small Probe Adaptor for
Leak Detector
Verify hard-to-reach leaks using
the small probe adaptor.
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Environmental Applications

Avoid Resampling Soil Vapors: Confirm Tracer
Gas in the Field Using a Leak Detector
By Irene DeGraff*, Russell Pellegrino**, Kelli Steindl*
*Restek Corp., **Cayman Chemical

• Confirm system integrity before sample collection.
• Minimize resampling by detecting leaks prior to sampling.
• Eliminate costly and time-consuming lab analysis of tracer gas.
Vapor intrusion occurs when pollutants from contaminated soil or ground water migrate into buildings and ambient air. Adverse
health effects can result when vapors occur in high concentrations, or if toxic volatile organics are present. These compounds are
monitored using a variety of sampling procedures, including soil vapor, sub-slab, indoor, and ambient air testing. Sample collection for volatile organic compounds (VOCs) typically is performed with an air canister and passive sampling kit according to EPA
Method TO-15 or a similar method.

Costly Detection in Lab Doesn’t Prevent Resampling
The primary challenge in vapor intrusion monitoring is distinguishing it from other sources of exposure. In order to establish that
VOCs are from soil vapor, rather than the surrounding environment, sampling systems (ports) must be tested with tracer compounds, such as helium, and shown to be properly sealed. Sample collection system integrity can be demonstrated by including the
tracer gas in the list of target analytes reported by the laboratory; however, if high levels are found the sample is rejected and costly
resampling may result.

Using a Leak Detector in the Field Saves Time and Money
Detection of tracer gas in the field is a cost-effect alternative to lab analysis that assures the integrity of the sampling system before
sampling occurs. The Restek Leak Detector provides good screening of helium tracer gas at concentrations of 10%, the level at
which sample port resealing is required. In addition, this unit is just a fraction of the cost of other field portable devices, such as
photoionization detectors, which may be too sensitive for screening purposes.
Real-time detection of helium tracer gas in the field using a Restek Leak Detector as shown in Figure 1 is simple, inexpensive way
to minimize resampling by establishing system integrity prior to sample collection. Centek Laboratories pioneered this technique
and contributed to its inclusion in the New York State Department of Health method [1].

Innovative Chromatography Solutions
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Figure 1 Prevent costly resampling—use a leak detector to ensure sample collection system integrity prior to
sampling.
Use a Restek Leak Detector to verify the sample
port is sealed (Drawing A).
1.
2.
3.
4.
5.

Prepare sampling port by installing sample probe and
shroud as described in NY DOH method.
Turn on Restek Electronic Leak Detector and allow it to
equilibrate for a few seconds prior to use.
Insert leak detector probe tip into the open end of the
tubing connected to the sealed sample port.
Wait 10 seconds and inject a charge of helium into the
open space of the shroud.
Wait several minutes. An alarm will sound if helium is
detected at >10%, indicating a leak in the sample port.

Drawing A: Tracer Gas Detection
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Drawing B: Sample Collection
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Collect sample using any Restek air canister
or mini-can (Drawing B).
References
New York State Department of Health, October 2006, Guidance for Evaluating Soil Vapor Intrusion in the State of New York, http://www.nyhealth.gov/environmental/investigations/
soil_gas/svi_guidance/docs/svi_main.pdf
(accessed August 27, 2010).
PATENTS & TRADEMARKS
Restek® patents and trademarks are the property of Restek Corporation. (See www.restek.com/Patents-Trademarks for full list.) Other trademarks appearing in Restek® literature or on its website
are the property of their respective owners. The Restek® registered trademarks used here are registered in the United States and may also be registered in other countries.

Lit. Cat.# EVAN1307
© 2011 Restek Corporation.

ENVIRONMENTALAPPS
APPSCT-republished
CT-republished2015
2015
ENVIRONMENTAL

Environmental Applications

Optimized Volatiles Analysis Ensures
Fast VOC Separations
By Michelle Misselwitz, Gary Stidsen, and Chris English

• Optimized analysis allows for 36 runs per 12-hour shift, increasing instrument productivity.
• Rxi®-624Sil MS column inertness gives sharper peaks and more accurate data.
• High temperature stability reduces bleed profile, resulting in lower detection limits.
Optimized methods for the analysis of volatile organic compounds (VOCs) can be time-consuming to develop because compound
lists can be extensive and analytes vary significantly in chemical characteristics. For example, target compounds in EPA Method
8260 for solid waste matrices include volatiles that range from light gases (Freon®) to larger aromatic compounds (trichlorobenzenes). These differences make column selectivity, thermal stability, and inertness critical to resolving volatiles. Often, “624” type
columns are chosen for their selectivity, but thermal stability is usually poor, which can result in phase bleed that decreases detector
sensitivity. New Rxi®-624Sil MS columns offer reliable resolution of critical VOC pairs and also provide lower bleed and greater
inertness than other columns. In order to provide optimized conditions for labs analyzing VOCs, we established parameters that
ensure good resolution, while reducing downtime by syncing purge and trap cycles with instrument cycles. In addition, we present
comparative data that demonstrate why Rxi®-624Sil MS columns are the best choice for volatiles analysis.

Resolve Critical Pairs and Reduce Downtime
In order to achieve desired separations and minimize downtime between injections, several critical pairs were chosen for computational modeling using Pro ezGC software. The temperature program initially determined by the software was 35 °C (hold 5 min.) to
120 °C @ 11 °C/min. to 220°C @ 20 °C/min. (hold 2 min.). While this provided the best resolution of critical pairs, it also extended
the analysis time to 19 min. Since the purge and trap cycle time was 16.5 min., we tested other conditions to see if adequate resolution could be maintained, while using a faster instrument cycle time that more closely matched the purge and trap cycle time, in
order to maximize sample throughput. In other calculations, the software suggested changing temperature ramps at 60°C; therefore, a program of 35°C (hold 5 min.) to 60°C @ 11 °C/min. to 220°C @ 20 °C/min. (hold 2 min.) was tested. This final program
reduced instrument downtime by better synchronizing injection and analysis cycles, and also provided excellent resolution of
volatile compounds (Figure 1). Testing of faster conditions determined that the initial hold of 5 minutes at 35°C was critical for the
best separation of early eluting compounds, such as the gases, as well as a favorable elution of methanol between gas compounds.
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Figure 1 Rxi®-624Sil MS columns resolve methyl ethyl ketone and ethyl acetate, a separation not obtained on
other 624 columns.
Peaks
1. Dichlorodifluoromethane (CFC-12)
2. Chloromethane
3. Vinyl chloride
4. Bromomethane
5. Chloroethane
6. Trichlorofluoromethane (CFC-11)
7. Diethyl ether (ethyl ether)
8. 1,1-Dichloroethene
9. 1,1,2-Trichlorotrifluoroethane (CFC-113)
10. Acetone
11. Iodomethane
12. Carbon disulfide
13. Acetonitrile
14. Allyl chloride
15. Methyl acetate
16. Methylene chloride
17. tert-Butyl alcohol
18. Acrylonitrile
19. Methyl tert-butyl ether (MTBE)
20. trans-1,2-Dichloroethene
21. 1,1-Dichloroethane
22. Vinyl acetate
23. Diisopropyl ether (DIPE)
24. Chloroprene
25. Ethyl tert-butyl ether (ETBE)
26. 2-Butanone (MEK)
27. cis-1,2-Dichloroethene
28. 2,2-Dichloropropane
29. Ethyl acetate
30. Propionitrile
31. Methyl acrylate
32. Methacrylonitrile
33. Bromochloromethane
34. Tetrahydrofuran
35. Chloroform
36. 1,1,1-Trichloroethane
37. Dibromofluoromethane
38. Carbon tetrachloride
39. 1,1-Dichloropropene
40. 1,2-Dichloroethane-d4
41. Benzene
42. 1,2-Dichloroethane
43. Isopropyl acetate
44. Isobutyl alcohol
45. tert-Amyl methyl ether (TAME)
46. Fluorobenzene
47. Trichloroethene
48. 1,2-Dichloropropane
49. Methyl methacrylate
50. 1,4-Dioxane (ND)
51. Dibromomethane
52. Propyl acetate
53. 2-Chloroethanol (ND)
54. Bromodichloromethane
55. 2-Nitropropane
56. cis-1,3-Dichloropropene
57. 4-Methyl-2-pentanone (MIBK)
58. Toluene-D8
59. Toluene
60. trans-1,3-Dichloropropene
61. Ethyl methacrylate
62. 1,1,2-Trichloroethane
63. Tetrachloroethene
64. 1,3-Dichloropropane
65. 2-Hexanone
66. Butyl acetate
67. Dibromochloromethane
68. 1,2-Dibromoethane (EDB)
69. Chlorobenzene-d5
70. Chlorobenzene
71. Ethylbenzene
72. 1,1,1,2-Tetrachloroethane
73. m-Xylene
74. p-Xylene
75. o-Xylene
76. Styrene
77. n-Amyl acetate
78. Bromoform
79. Isopropylbenzene (cumene)
80. cis-1,4-Dichloro-2-butene
81. 4-Bromofluorobenzene
82. 1,1,2,2-Tetrachloroethane

RT (min.)
2.198
2.459
2.659
3.226
3.434
3.876
4.440
4.909
4.998
5.029
5.195
5.323
5.637
5.715
5.723
5.981
6.234
6.451
6.509
6.512
7.315
7.359
7.407
7.429
7.970
8.193
8.193
8.193
8.265
8.276
8.318
8.476
8.507
8.521
8.651
8.843
8.848
9.026
9.037
9.246
9.262
9.334
9.340
9.421
9.421
9.598
9.976
10.243
10.290
10.299*
10.326
10.346
10.368*
10.496
10.698
10.904
11.026
11.148
11.210
11.407
11.435
11.585
11.662
11.729
11.749
11.837
11.921
12.035
12.412
12.440
12.507
12.507
12.612
12.612
12.935
12.949
13.018
13.118
13.226
13.268
13.385
13.456
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83.
84.
85.
86.
87.
88.
89.
90.
91.
92.
93.
94.
95.
96.
97.

trans-1,4-Dichloro-2-butene
Bromobenzene
1,2,3-Trichloropropane
n-Propylbenzene
2-Chlorotoluene
1,3,5-Trimethylbenzene
4-Chlorotoluene
tert-Butylbenzene
Pentachloroethane
1,2,4-Trimethylbenzene
sec-Butylbenzene
4-Isopropyltoluene (p-cymene)
1,3-Dichlorobenzene
1,4-Dichlorobenzene-D4
1,4-Dichlorobenzene

13.496
13.515
13.526
13.565
13.657
13.699
13.751
13.965
14.007
14.010
14.140
14.254
14.263
14.321
14.340

98.
99.
100.
101.
102.
103.
104.
105.

n-Butylbenzene
1,2-Dichlorobenzene
1,2-Dibromo-3-chloropropane (DBCP)
Nitrobenzene
1,2,4-Trichlorobenzene
Hexachloro-1,3-butadiene
Naphthalene
1,2,3-Trichlorobenzene

14.579
14.635
15.252
15.407
15.935
16.040
16.196
16.396

* ND = not detected; retention time determined by wet needle
injection

GC_EV1169

Column:
Sample:

Conc.:
Injection
Inj. Temp.:
Purge and Trap
Instrument:
Trap Type:
Purge:
Desorb Preheat
Temp.:
Desorb:
Bake:
Interface
Connection:

Rxi®-624Sil MS, 30 m, 0.25 mm ID, 1.40 µm
(cat.# 13868)
8260A Surrogate Mix (cat.# 30240)
8260A Internal Standard Mix (cat.# 30241)
8260B MegaMix® Calibration Mix (cat.# 30633)
VOA Calibration Mix #1 (ketones) (cat.# 30006)
8260B Acetate Mix (revised) (cat.# 30489)
California Oxygenates Mix (cat.# 30465)
502.2 Calibration Mix #1 (gases) (cat.# 30042)
25 ppb in RO water
purge and trap split (split ratio 30:1)
225 °C
OI Analytical 4660
10 Trap
11 min. @ 20 °C
180 °C
0.5 min. @ 190 °C
5 min. @ 210 °C
injection port

Oven
Oven Temp:

35 °C (hold 5 min.) to 60 °C at 11 °C/min. to
220 °C at 20 °C/min. (hold 2 min.)

Carrier Gas:
He, constant flow
Flow Rate:
1.0 mL/min.
Detector:
MS
Mode:
Scan
Transfer Line
Temp.:
230 °C
Analyzer Type:
Quadrupole
Source Temp.:
230 °C
Quad Temp.:
150 °C
Electron Energy: 70 eV
Solvent Delay
Time:
1.5 min.
Tune Type:
BFB
Ionization Mode: EI
Scan Range:
36-260 amu
Instrument:
Agilent 7890A GC & 5975C MSD
Notes
Other Purge and Trap Conditions:
Sample Inlet:
40°C
Sample:
40°C
Water
Management: Purge 110°C, Desorb 0°C, Bake, 240°C
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Not all “624s” are Equivalent
While optimizing instrument conditions can improve sample throughput, obtaining adequate resolution depends largely on column selectivity, thermal stability, and inertness. Rxi®-624Sil MS columns are optimized across these parameters, and therefore
provide reliable separation of critical VOCs.
Lower Bleed Means Improved Sensitivity and Longer Column Lifetime
While 624 type columns generally provide good selectivity for most volatiles, they are limited by their low thermal stability. Poor
thermal stability results in phase bleed that can reduce column lifetime, decrease detector sensitivity (especially ion trap mass
spectrometers), and interfere with the quantification of later eluting compounds. Rxi®-624Sil MS columns have the highest thermal
stability and lowest bleed among 624 type columns due to the incorporation of phenyl rings in the polymer backbone (Table I, Figure 2). The conjugated ring system of this silarylene phase provides a more rigid structure that increases thermal stability compared
to nonsilarylene phases.

Table I The Rxi®-624Sil MS column has the highest thermal stability of any 624 column.
Column
Rxi-624Sil MS
VF-624ms
DB-624
ZB-624

Manufacturer
Restek
Varian
Agilent J&W
Phenomenex

Highest Temperature Limit (Isothermal)
320 ºC
300 ºC
260 ºC
260 ºC

Figure 2 The Rxi®-624Sil MS column has the lowest bleed of any column in its class and provides true GC/MS
capability.
Bleed Comparison of Rxi®-624Sil MS and VF-624ms
		 Peaks
1. Fluorobenzene

GC_GN1147

Column
Sample
Diluent:
Conc.:
Injection
Inj. Vol.:
Liner:
Inj. Temp.:
Oven
Oven Temp:
Carrier Gas
Linear Velocity:
Detector
Instrument
Notes

Rxi®-624Sil MS (see notes), 30 m, 0.25 mm ID, 1.4 µm (cat.# 13868)
Fluorobenzene (cat.# 30030)
methanol
200 µg/mL
1 µL split (split ratio 20:1)
4mm Split Liner with Wool (cat.# 20781)
220 °C
40 °C (hold 5 min.) to 60 °C at 20 °C/min. (hold 5 min.) to 120 °C at 20 °C/min. (hold 5 min.)
to 200 °C at 20 °C/min. (hold 10 min.) to 260 °C at 20 °C/min. (hold 10 min.) to 300 °C at 20 °C/min. (hold 20 min.)
He, constant flow
40 cm/sec.
FID @ 250 °C
Agilent/HP6890 GC
Columns are of equivalent dimensions and were tested after equivalent conditioning.
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Better Peak Shape Means More Accurate Results
Rxi®-624Sil MS columns are the most inert 624 column available. Figure 3 shows the differences between vendor columns using
primary amines, which are good indicators of column activity. The unique Rxi® deactivation results in symmetric peaks with minimal tailing, which improves quantitative accuracy. Minimizing tailing is especially important with concentration techniques, such
as purge and trap, since the act of desorbing analytes off of the packing material results in some tailing. If a column is not inert,
additional tailing due to column activity can magnify this problem. The sharp, symmetric peaks seen on Rxi®-624Sil MS columns
allow greater resolution, higher signal-to-noise ratios, and more accurate results for active volatiles such as alcohols (Figure 4).

Figure 3 Highly inert Rxi®-624Sil MS columns provide better peak shape and more accurate results for active
compounds.

		 Peaks
			
1. Isopropylamine
2. Diethylamine
3. Triethylamine

Conc.
(µg/mL)
100
100
100

GC_PH1162

Column
Sample
Diluent:
Conc.:
Injection
Inj. Vol.:
Liner:
Inj. Temp.:
Oven
Oven Temp:
Carrier Gas
Linear Velocity:
Detector
Instrument

www.restek.com

Rxi®-624SilMS, 30 m, 0.32 mm ID, 1.8 µm (cat.# 13870)
DMSO
100 µg/mL
1 µL split (split ratio 20:1)
5mm Single Gooseneck with Wool (cat.# 22973-200.1)
250 °C
50 °C (hold 1 min.) to 200 °C at 20 °C/min. (hold 5 min.)
He, constant flow
37 cm/sec.
FID @ 250 °C
Agilent/HP6890 GC
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Figure 4 Obtain more accurate results for active volatiles, such as alcohols, by using highly inert Rxi®-624Sil MS
columns.

Symmetric peaks simplify quantification of active compounds.

1.tert-Butyl Alcohol

GC_EV1175

Column
Sample
Conc.:
Injection
Inj. Temp.:
Purge and Trap
Instrument:
Trap Type:
Purge:
Desorb Preheat
Temp.:
Desorb:
Bake:
Interface
Connection:
Oven
Oven Temp:
Carrier Gas
Flow Rate:
Detector
Mode:
Transfer Line
Temp.:
Analyzer Type:
Source Temp.:
Quad Temp.:
Electron Energy:
Solvent Delay
Time:
Tune Type:
Ionization Mode:
Scan Range:
Instrument
Notes
Sample Inlet:

Rxi®-624Sil MS, 30 m, 0.25 mm ID, 1.40 µm (cat.# 13868)
25 ppb in RO water
purge and trap split (split ratio 30:1)
225 °C
OI Analytical 4660
10 Trap
11 min. @ 20 °C
180 °C
0.5 min. @ 190 °C
5 min. @ 210 °C
injection port
35 °C (hold 5 min.) to 60 °C at 11 °C/min. to 220 °C at 20 °C/min. (hold 2 min.)
He, constant flow
1.0 mL/min.
MS
Scan
230 °C
Quadrupole
230 °C
150 °C
70 eV
1.5 min.
BFB
EI
36-260 amu
Agilent 7890A GC & 5975C MSD
Other Purge and Trap Conditions:
40°C

Conclusions
Labs interested in optimizing resolution and sample throughput can adopt the conditions established here on Rxi®-624Sil MS columns to maximize productivity and assure accurate, reliable results.
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Reduce Acetonitrile Dependence
by Analyzing Polycyclic Aromatic Hydrocarbons with
Methanol-Based Mobile Phase
The recent acetonitrile shortage has resulted in limited availability and significantly increased solvent
costs. In response, many labs are interested in alternate mobile phases for HPLC methods. Here we
demonstrate an effective method for analyzing polycyclic aromatic hydrocarbons (PAHs) using
methanol, instead of acetonitrile, resulting in a cost savings of approximately US$40 per liter. Baseline
resolution of 16 target PAHs was easily obtained in approximately 23 minutes using a Pinnacle® II PAH
column with a methanolic mobile phase.
Introduction

Polycyclic aromatic hydrocarbons (PAHs) are environmental pollutants found in air, water, soil, and
sludge. PAHs are an increasing human health concern, as this group of chemicals includes several known
or suspected carcinogens. Analysis of PAHs often is done by high pressure liquid chromatography
(HPLC) because it provides a higher degree of selectivity between structural isomers than gas chromatography (GC). Chromatographic separation of these isomers is critical, because they cannot be distinguished by a mass spectrometer. Acetonitrile is commonly used in the mobile phase when analyzing
PAHs by HPLC; however, the recent acetonitrile shortage has limited its availability and significantly
increased analytical costs. Here we detail conditions using a methanolic mobile phase and a Pinnacle® II
PAH column that result in baseline resolution of 16 priority PAHs, offering labs a cost-effective alternative to using acetonitrile.
While switching to alternate solvent systems can be an attractive way to reduce costs, several points must
be considered first, including: mode of separation, detector, and analyte compatibility. Here, reverse phase
chromatography is used, so a polar mobile phase solvent, such as methanol, must be used with a nonpolar stationary phase. Since an ultraviolet (UV) detector is used, the UV cutoff of the solvent also must be
considered. PAHs are analyzed at 254nm, so methanol can be used without producing interference,
because its UV cutoff is 205nm (acetonitrile is 190nm). Finally, preliminary injections should be performed to ensure that the solvent does not react with target analytes in a way that causes undesirable
effects, such as peak tailing, degradation peaks, or poor response. These points should always be considered when evaluating an alternate mobile phase solvent.

Figure 1 Reduce acetonitrile costs by analyzing PAHs on Pinnacle® II PAH columns with a
methanolic mobile phase.
1.
2.
3.
4.
5.
6.
7.
8.
9.

naphthalene
acenaphthylene
acenaphthene
fluorene
phenanthrene
anthracene
fluoranthene
pyrene
benzo(a)anthracene

6

10.
11.
12.
13.
14.
15.
16.

Sample:
Inj.:
10µL
Conc.:
10µg/mL each component
Sample diluent: methanol

chrysene
benzo(b)fluoranthene
benzo(k)fluoranthene
benzo(a)pyrene
benzo(ghi)perylene
dibenzo(a,h)anthracene
indeno(1,2,3-cd)pyrene
* contaminant

Conditions:
Instrument:
Mobile phase:

Baseline resolution of PAHs
in methanol!
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0.0
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30°C
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Flow:
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Det.:
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Pinnacle® II PAH
9219463
150mm x 3.2mm
4µm
110Å

Column:
Cat.#:
Dimensions:
Particle size:
Pore size:
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Analytical Reference Materials
SV Calibration Mix #5 / 610 PAH Mix
(16 components)

acenaphthene
acenaphthylene
anthracene
benzo(a)anthracene
benzo(a)pyrene
benzo(b)fluoranthene
benzo(k)fluoranthene
benzo(ghi)perylene

chrysene
dibenzo(a,h)anthracene
fluoranthene
fluorene
indeno(1,2,3-cd)pyrene
naphthalene
phenanthrene
pyrene

2,000µg/mL each in methylene chloride, 1mL/ampul
cat. # 31011 (ea.)

610 PAH Calibration Mix A (16 components)

For HPLC/fluorescence detection.
acenaphthene 1,000µg/mL
acenaphthylene
1,000
anthracene
1,000
benzo(a)anthracene
500
benzo(a)pyrene
500
benzo(b)fluoranthene
500
benzo(k)fluoranthene
500
benzo(ghi)perylene
500

chrysene
500
dibenzo(a,h)anthracene 500
fluoranthene
500
fluorene
1,000
indeno(1,2,3-cd)pyrene 500
naphthalene
1,000
phenanthrene
500
pyrene 500

In methylene chloride, 1mL/ampul
cat. # 31264 (ea.)

Procedure

A mixed standard containing 16 priority PAHs at 10µg/mL each was prepared
in methanol. Note that it is important to prepare samples and standards in
mobile phase or a compatible solvent, otherwise poor peak shape may be
observed. The mixed standard was analyzed using a mobile phase gradient
consisting of HPLC grade methanol and deionized water under constant flow
conditions (1mL/min.). Since methanol is a weaker mobile phase than acetonitrile, a slightly higher starting percentage was used in order to achieve the
desired resolution (75% methanol vs. 65% acetonitrile in typical methods). A
Pinnacle® II PAH column (150mm x 3.2mm, 4µm) was chosen for this analysis, because it has a unique selectivity and is known to perform well for PAHs.
All analyses were performed on a Shimadzu Prominence HPLC equipped with
a UV detector set at 254nm. Column temperature was maintained at 30°C.
Results

All 16 PAHs were baseline resolved on the Pinnacle® II PAH column using a
methanolic mobile phase (Figure 1). One elution order change was noted:
when using acetonitrile, dibenzo(ah)anthracene elutes before
benzo(ghi)perylene, however the opposite elution order is observed when
using methanol. Total analysis time was approximately 23 minutes, which is
slightly longer, but comparable, to common acetonitrile-based methods.
Since acetonitrile is currently much more expensive than methanol, this
methanol-based procedure offers labs an opportunity to considerably reduce
solvent costs, while maintaining complete resolution of all target compounds.

610 PAH Calibration Mix B (16 components)

Conclusion

For HPLC/UV detection.

The goal of this experiment was to establish conditions for analyzing PAHs
using an alternate mobile phase in order to reduce acetonitrile use and its
associated costs. Using a methanol-based mobile phase and a Pinnacle® II
PAH column, all 16 target PAHs were baseline resolved in 23 minutes. The use
of alternate solvent systems—such as the methanol-based PAH analysis shown
here—should be considered by labs interested in reducing acetonitrile costs.

acenaphthene 1,000µg/mL
acenaphthylene
2,000
anthracene
100
benzo(a)anthracene
100
benzo(a)pyrene
100
benzo(b)fluoranthene
200
benzo(k)fluoranthene
100
benzo(ghi)perylene
200

chrysene
100
dibenzo(a,h)anthracene 200
fluoranthene
200
fluorene
200
indeno(1,2,3-cd)pyrene 100
naphthalene
1,000
phenanthrene
100
pyrene 100

In methylene chloride:methanol (1:1), 1mL/ampul
cat. # 31455 (ea.)

HPLC Columns
EPA Method 8310 Surrogate Standard

Pinnacle® II PAH Columns

decafluorobiphenyl

Physical Characteristics:

1,000µg/mL in acetonitrile, 1mL/ampul
cat. # 31842 (ea.)
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respective owners. The Restek® registered trademarks used here are
registered in the United States and may also be registered in other countries.

particle size: 4µm, spherical
pore size: 110Å

Length
4µm Columns
50mm
100mm
150mm
200mm
250mm

endcap: fully endcapped
pH range: 2.5 to 10
temperature limit: 80°C

2.1mm ID
cat.#

3.2mm ID
cat.#

4.6mm ID
cat.#

9219452
9219412
9219462
9219422
9219472

9219453
9219413
9219463
9219423
9219473

9219455
9219415
9219465
9219425
9219475

To order one of these columns with a Trident™ Integral Inlet Fitting, add “-700” to the catalog
number for the column. (Nominal additional charge)
For guard cartridges for these columns, visit www.restek.com

Lit. Cat.# EVAN1164

© 2009 Restek Corporation. All rights reserved.
Printed in the U.S.A.
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