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3-MCPD and Glycidyl Esters in Edible Oils
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Abstract

3-MCPD and glycidyl esters in edible oils are contaminants that are formed through refining processes and have been classified as possi-

ble human carcinogens. Methods have been developed by ISO, AOCS, and DGF for the analysis of 3-MCPD and glycidyl esters. While these
methods cover extraction and derivatization techniques in detail, very little attention is paid to the GC-MS analysis method. With emerg-
ing automated systems streamlining the sample preparation workflow, it is important to simplify and speed up the analysis by optimizing
method conditions and injection techniques.

Our initial optimization of the GC oven temperature program led to an 8-minute decrease in analysis time; however, additional time can be
saved by utilizing free method development software (Pro EZGC chromatogram modeler). Current published methods recommend using
either a split/splitless or a PTV inlet, with both operated in the splitless mode. We investigated split injection, and improved peak shapes
were observed, which was not unexpected. However, the split injection technique also achieved similar limits of detection compared to a
splitless injection, which was contrary to typical expectations for the two techniques.

Introduction

3-Monochloropropane diol (3-MCPD) esters are contaminants found in various refined oils and are formed from naturally occurring
acylglycerols in the presence of chlorinated compounds during high-temperature deodorization processes [1]. The concentration varies
in refined oils with the highest amount being found in palm and walnut oils. Animal studies show that the 3-MCPD esters are hydrolyzed
in the gastrointestinal tract to free 3-MCPD, which is toxic. Kidneys and male reproductive organs are the main targets of toxicity in rats
and mice [2].

Glycidyl esters are also contaminants in refined oils, but they are generated by a different process than the 3-MCPD esters [3]. The glyc-
idyl esters are formed from diacylglycerols at high temperatures (>240 °C), and chlorinated compounds do not need to be present for the
reaction to occur. Their fate after consumption is similar to 3-MCPD esters; i.e., they get hydrolyzed to glycidol in the gastrointestinal tract.
Glycidol was shown to be genotoxic and carcinogenic during animal studies. The chemical structures of these compounds are shown in
Figure 1.

Figure 1: Chemical structures of 3-MCPD, 3-MCPD esters, glycidol, and glycidyl esters.
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As the food industry moves away from partially hydrogenated oils, trans fatty acids are less of a focal area. Now, the focus is on byproducts of
oil refining. 3-MCPD and glycidyl ester (GE) are suspected carcinogens and while there are no U.S. Food and Drug Administration (FDA)
limits, the European Food Safety Authority (EFSA) has established a tolerable daily intake of 2 pg/kg by body weight for 3-MCPD [4]. The
European Union (EU) considers maximum limits for 3-MCPD esters to be 1.25 mg/kg for selected unrefined and refined oils, such as olive
(excluding pomace oil), sunflower, soybean, and palm kernel oil, and 2.5 mg/kg for other refined vegetable oils and marine and fish oils [5].

Analysis of isomers of MCPD esters and glycidyl esters can be achieved by two approaches: direct and indirect. The direct method usually
involves an LC-MS system, which provides full information about the sample composition without any chemical transformation of the
MCPD or glycidyl esters. With no transesterification step, there should not be any transformation of MCPD esters into glycidyl esters and
vice versa, although the high background of triacylglycerols will need to be removed to prevent these interferences from causing underes-
timation of the target compounds. Care must be taken during this step to ensure that the sample cleanup procedure does not also remove
MCPD and glycidyl esters. Moreover, individual esters standards are needed for precise quantification, and their determination requires
highly sensitive instrumentation, such as a high-resolution MS instrument.

The second approach is an indirect analysis. This methodology is more suited for routine analysis because it requires significantly fewer stan-
dards, and the sample preparation can be automated. These include the three AOCS methods (Cd 29a-13, Cd 29b-13, and Cd 29¢-13) for
analyzing MCPD and glycidyl esters in edible oils. All three methods follow a similar trajectory: transesterification to convert triacylglycer-
ols into fatty acid methyl esters (FAMEs); neutralization of the alkaline conditions resulting from the transesterification; and extraction of the
FAME:s as a cleanup step. Extraction of free MCPD and glycidol [transformed either to MCPD or brominated propanediol (MBPD) depend-
ing on the specific method chosen] is followed by derivatization with phenylboronic acid (PBA) to improve analyte volatility and make them
more amenable to GC separation and MS or MS/MS analysis. While these methods cover sample handling in detail, very little attention is
paid to the GC-MS analysis method. Emerging sample preparation automation systems are helping streamline the sample preparation. The
analytical method can also be optimized to improve overall performance.

The AOCS methods, for instance, offer an opportunity to optimize the oven temperature program to speed up the analysis, and while that
may not ultimately result in gains in sample throughput because even automated sample preparation processes may take longer than the
analysis itself, it does provide an opportunity to either more thoroughly condition the column between analyses or even to simply permit
cost-saving measures like gas flow reduction between analyses.

In addition to the oven temperature program, the injection technique was also explored with the goal of demonstrating whether or not
split injections would produce acceptable results. Typically, methods call for the use of splitless injections by either a split/splitless inlet or
a programmable temperature vaporization (PTV) inlet; however, by employing a split injection, especially for sample preparation methods
that call for analyte derivatization, you can dramatically reduce the amount of the derivatization reagent that is transferred to the column
and, as a consequence, potentially increase column lifetime.

We evaluated the use of two different inlets (PTV and split/splitless) as well as two modes of injection (split and splitless) at various tempera-
tures. The method performance evaluation was based on instrumental limits of detection (LOD) and method sensitivity measured by the
slope of the calibration curve.

Experimental

Chemicals and Materials

LC-MS grade solvents were purchased from Fisher Scientific. Diethyl ether; free 3-MCPD; sodium methoxide (25% in methanol); sodium
hydroxide; sodium chloride; sodium bromide; sulfuric acid (25%); ortho-phosphoric acid (85%); and phenylboronic acid were purchased
from Sigma Aldrich. Free 2-MCPD, 2-MCPD-d,, as well as glycidyl-d, stearate, were purchased from Toronto Research Chemicals. Solutions
of 3-MCPD depalmitate, 3-MCPD-d, depalmitate, and glycidyl stearate were custom standards from Restek Corporation. Standards were
stored at -20 °C. To provide a blank matrix, extra virgin olive oil (EVOO) was purchased at a local grocery store and was stored in the dark at
room temperature.

Sample Preparation
Custom Restek standards were used as working solutions together with solutions prepared from neat materials. The calibration standards
(either 3-MCPD esters or glycidyl ester) were prepared to cover a range of 0.002-12 mg/kg in oil.

Fortified EVOO samples were subsequently prepared for analysis by using modified versions of AOCS methods Cd 29b-13 and Cd 29¢-13
(schema of method Cd 29¢-13 is shown in Figure 2). The modifications to the published methods were mostly to reduce the amount of
solvent used. The oil samples in both protocols were dissolved in methyl tert-butyl ether (replacing diethyl ether in method Cd 29b-13).
During the second extraction step (Figure 2), the amount of diethyl ether/ethylene acetate was reduced to 500 pL per extraction (total 1.5
mL). Samples that were used for qualitative purposes were left in the diethyl ether/ethylene acetate solvent. For additional method details,
please refer to the appropriate AOCS method.
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Figure 2: Sample preparation procedure according to AOCS Cd 13c-29.
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Pro EZGC Model

Restek’s online version of Pro EZGC chromatogram modeling software (www.restek.com/proezgc) is a selectivity tool that relies on a
preloaded library of thermodynamic retention indices. The thermodynamic retention indices were generated for Rxi-17Sil MS columns. The
following compounds were used to generate the indices: free 3-MCPD, 3-MCPD-d,, 2-MCPD, 2-MCPD-d,, glycidyl ester, and glycidyl-d,
ester. The free 3-MCPD, 3-MCPD-d,, 2-MCPD, and 2-MCPD-d, were dissolved in ethyl acetate and derivatized with PBA prior to the anal-
ysis. The glycidyl ester and glycidyl-d, ester were transformed to free 3-MBPD and 3-MBPD-d,, respectively, and then derivatized with PBA
according to adjusted AOCS method Cd 29b-13. Samples for the Pro EZGC model were prepared in concentrations of 50-100 pig/mL.

Instrumentation

An Agilent 7890A GC coupled with a 5975C MSD was used for method optimization experiments and higher-concentration analyses.

For trace-level analyses, a Thermo Fisher Scientific Trace 1310 GC coupled with a TSQ 8000 MS/MS was used. Data were processed using
Agilent MSD Chemstation software (version F.01.03) and Thermo Scientific TraceFinder software (version 4.1 EFS). Testing was done using
two Rxi-17Sil MS columns with dimensions of 30 m x 0.25 mm x 0.25 um (cat. # 14123) and 20 m x 0.18 mm x 0.18 pm (cat. # 14102).

The 20 m column was used in the Agilent instrument, and the 30 m column was used in both instruments. A Topaz 2.0 mm ID with single
taper and glass wool liner was used for the Agilent instrument (cat.# 23316), and a Topaz 2.0 mm ID baffled liner for PTV was used for the
Thermo instrument (cat.# 23438). Helium in constant flow mode was used in both instruments. Temperature programs for the inlets and
column ovens are presented in Table I. Initial settings were taken from AOCS methods Cd 29b-13 and Cd 29¢-13. The initial temperature for
both PTV and GC programs was varied between 85 °C and 120 °C to determine the final programs.

Table I: Inlet and Oven Temperature Programs.

Method Program Final Program
20m PTV: 120 °C to 165 °C at 300 °C/min (hold 10 min) to 320 °C at 300 °C/min (hold 8 min).
none
Column GC: 120 °C (hold 0.5 min) to 200 °C at 18.5 °C/min to 330 °C at 35 °C/min (hold 5 min).
30m PTV: 85 °C to 165 °C at 300 °C/min (hold 10 min) to 320°C at 300 °C/min (hold 8 min). PTV: 120 °C to 165 °C at 300 °C/min (hold 10 min) to 320 °C at 300 °C/min (hold 8 min).
Column | Gc: 85°C (hold 0.5 min) to 150 °C at 6 °C/min to 180 °C at 12 °C/min to 280 °C at 25 °C/min (hold Tmin). | GC: 120 °C (hold 0.5 min) to 180 °C at 12 °C/min to 330 °C at 25 °C/min (hold 5 min).
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Quantification was performed using the deuterated internal standard calibration method using the area of the target ions acquired in either
SIM mode for single quad or SRM mode for triple quad. The monitored ions are shown in Table II. A least-square calibration curve was used
to calculate the instrumental LODs using the formula LOD = 3.3*s y/k, where k is a slope of the calibration curve and s y is the standard
error of the predicted y-value for each x-value; s y was obtained by a least-square linear regression.

Table II: GC-MS SIM ions and GC-MS/MS SRM transitions for all analytes.

Compound MS Monitored lons (SIM) MS/MS Monitored lon Transitions
lonl lon2 Precursor lon (m/z) Product lon (m/z) Collision Energy (V)
3-MCDP-d, 150 201 150 93 12
201 93 24
201 150 8
3-MCPD, 147 196 147 91 12
196 91 24
196 147 8
2-MCPD-d, 201 203 201 104 22
201 107 12
203 107 12
2-MCPD 196 198 196 104 14
198 91 8
198 104 14
3-MBPD-d, 245 247 NA - MBPD compounds are a product of sample prep in AOCS Method Cd 29b-13, which was not run

on the MS/MS instrument.
3-MBPD 240 242

Results and Discussion

In cases where the instrument analysis time is longer than it takes to prepare a sample, reducing that analysis time might allow for higher
throughput. Even when the sample preparation step is longer than the instrument analysis, however, it is still advantageous to look for ways
to shorten the run time. The shorter analysis allows for longer column conditioning between runs and the potential for less carrier gas
consumption through the use of gas-saver functions or method changes that reduce gas flow between analyses.

Both AOCS methods Cd 29b-13 and Cd 29¢-13 follow the same GC temperature program and use PTV in splitless mode. The initial
temperature for both the GC and PTV is 85 °C, but since solvent trapping is not required when the first analyte elutes at 13 minutes under
the relatively slow oven ramp rate conditions, a higher inlet and oven temperature was explored to determine if the analysis time could be
reduced with shorter inlet and oven temperature programs without sacrificing performance. Based on the solvent vapor calculation for the
isooctane and 2 mm liner, the maximum splitless temperature is 120 °C. The tested sample was prepared by fortifying 3-MCPD depalmitate
at 5 mg/kg level in EVOO. In order to find the best starting point, and knowing we wanted to explore higher temperatures and did not need
to start at the initial published temperature of 85 °C, the inlet and oven temperatures were increased by increments of 5 °C from 95 °C to 120
°C. The analysis was conducted on the single quad MS, and peaks obtained in SIM mode were compared in terms of width and resolution.
For comparison, we tested split as well as splitless injection.
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Table IlI: 3-MCPD PBA derivative peak characteristics at different initial oven and PTV temperatures.

Injection Technique Initial Inlet & Oven Retention Time of PBA Derivatives (min) Peak Width of PBA Derivatives (min)
Temperature ('C) 3-MCPD-d, 3-MCPD 3-MCPD-d, 3-MCPD

Splitless 95 8.03 8.07 0.03 0.035
100 162 766 0.022 0.034
105 122 126 0.023 0.021
110 6.82 6.86 0.023 0.022
115 6.42 6.46 0.025 0.025
120 6.04 6.07 0.027 0.027

Split 95 8.03 8.07 0.02 0.028
100 1.62 166 0.02 0.019
105 122 126 0.021 0.019
110 6.82 6.86 0.019 0.019
115 6.43 6.47 0.019 0.019
120 6.04 6 0.019 0.018

Resolution

0.762
0.864
1126
1075
0.944
0.83
1.033
1241
1.209
1213
1242
1.244

For the splitless injection, the peaks for both compounds were narrow across the 105-110 °C range while the peak widths were virtually
unchanged at 100 °C and above in split mode (Table III). The split injection provides good peak shape and has the potential to reduce the
amount of derivatization reagent on the column; however, there would naturally be concerns about achieving adequate sensitivity consider-
ing split is traditionally perceived as an injection technique for higher-concentration samples.

In order to evaluate the effect on sensitivity, we compared the limits of detection (LODs) acquired at an initial temperature of 110 °C and
120 °C for splitless and 120 °C for split injection. Figure 3 shows the comparison of calibration curves for both splitless and split injection
(normalized to an internal standard response). The LODs were 0.14 mg/kg for splitless and 0.13 mg/kg for split injection. Neither slope nor
LODs are affected by injection technique; i.e. split injection performs as well as splitless. Narrower peaks produced in split injections are
taller, and so the added peak height makes up for the loss in peak area.

Figure 3: Comparison of calibration curves for both splitless and split injection of derivatized 3-MCPD normalized to inter-
nal standard response with derivatized 3-MCPD-d..
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Comparison between the PTV injector at 120 °C and 280 °C and the regular split injector at 280°C (Figure 4) also shows no effect on
3-MCPD responses; however, the use of a PTV injector can help with column lifetime because of the ability to further vent PBA after the
analytes are transferred onto the column. Using a guard column (e.g., a 5 m x 0.25 mm Rxi guard [cat.# 10029] or a 10 m x 0.25 mm Rxi
guard [cat.# 10059]) instead of a PTV injector is a viable alternative.

Figure 4: Comparison of calibration curves for split injection of derivatized 3-MCPD at different temperatures and inlets.
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The limits of detection were well below the suggested limits for 3-MCPD and glycidyl esters (2 and 1 mg/kg, respectively). However, glyc-

idyl esters are gaining more attention, especially when it comes to infant formula and baby food; therefore, a more sensitive method might be
necessary. For this reason, we opted to use GC-MS/MS (Figure 5). With GC-MS/MS, the instrumental limit of detection dropped to 0.02 mg/
kg. Alternatively, the lowest calibration sample (12 pg/kg) has a signal-to-noise ratio of 5:1 and could be used in lieu of an instrumental LOD.

Figure 5: Results of GC-MS/MS analysis of glycidyl stearate.
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Using Software to Explore Further Method Optimization Opportunities

Restek’s online version of Pro EZGC software is a selectivity tool that relies on a preloaded library of thermodynamic retention indices. This
makes it possible to predict retention times and optimize chromatographic methods without the need to analyze compound sets under many
different conditions. Pro EZGC software selects the stationary phase by simultaneously adjusting film thickness, temperature, column length,
column internal diameter, and flow. Users can enter each compound or copy/paste large lists of compounds into the program.

In order to further optimize the GC method, we chose to build and employ a new Pro EZGC library focusing on MCPD and glycidyl esters
after hydrolysis and derivatization. The glycidyl esters can be analyzed either as 3-MCPD or as 3-MBPD, which are both in the model.
Remember, if you try this yourself, be sure to change the column outlet to vacuum! The initial solution that the Pro EZGC tool provides uses
one temperature ramp and predicts the elution of the last analyte (3-MBPD) in little over 5 minutes using a 20 m x 0.18 mm x 0.18 pm Rxi
17-Sil MS column. However, we wanted to keep the two-ramp temperature program, so we chose the starting point for our original method
with a related tool—the EZGC method translator—and then refined it further using the Pro EZGC program. This yielded a new, faster GC
temperature program capable of analyzing all analytes under five minutes (Figure 6).

Figure 6: Comparison of a Pro vGC model chromatogram and an actual chromatogram of fast MCPD analysis.
Peaks: 1. 3-MCPD-d, PBA derivative; 2. 3-MCPD PBA derivative; 3. 2-MCPD-d, PBA derivative; 4. 2-MCPD PBA derivative;
5.3-MBPD-d, PBA derivative; and 6. 3-MBPD PBA derivative.

Pro EZGC Model
1 Peaks tR (min) Conc. (ng/mL)
1. 3-MCPD-d5 PBA derivative 4.143 100
2 2. 3-MCPD PBA derivative 4.169 200
3. 2-MCPD-d5 PBA derivative 4.388 100
I 3 4. 2-MCPD PBA derivative 4418 100
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Experimental Chromatogram Column Rxi-175il MS, 20 m, 0.18 mm ID, 0.18 pym (cat.4 14102)
Sample See notes
2 Diluent: Isooctane
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Inj. Vol.: 1L PTV split (split ratio 10:1)
Liner: Topaz 2.0 mm ID straight inlet liner w/wool (cat.# 23314)
Inlet Temp. Program: 120 °C to 165 °C at 300 °C/min (hold 10 min) to 320 °Cat
300 °C/min (hold 8 min)
Oven
Oven Temp.: 120 °C (hold 0.5 min) to 200 °C at 18.5 °C/min to 330 °C at
35°C/min
Carrier Gas He, constant flow
Flow Rate: 1mL/min
Detector MS
Mode: SIM
SIM Program: 147,150, 196, 201 m/z, 50 ms dwell
Transfer Line Temp.: ~ 320°C
Analyzer Type: Quadrupole
Source Type: Inert
1 Source Temp.: 230°C
Quad Temp.: 150°C
lonization Mode: El
Instrument Agilent 7890A GC & 5975C MSD
Notes Standards were derivatized with 20 pL phenylboronic
3 acid (saturated solution in diethyl ether), dried, and then
reconstituted in 1 mL isooctane. Final concentrations are
given in the peak table. Compounds and retention times in
the peak list are from the actual chromatographic analysis.
4 PBA derivatives of 3-MBPD-d5 and 3-MBPD were included
in the Pro £ZGC model, but not in the experimental
analysis.
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Conclusions

Here we explored optimization strategies and developed an improved, indirect GC-MS method for the analysis of 3-MCPD and glycidyl
esters that produced better peak shapes without a detrimental effect on resolution. The empirically optimized temperature program saved

8 minutes per analysis while the method that was generated using Pro EZGC chromatogram modeling software can save up to 20 minutes.
Using split injection instead of splitless had no negative effect on the limits of detection and offers the advantage of potentially extending
column lifetime because less derivatization reagent enters the column. Opting for a regular split/splitless inlet instead of a PTV inlet also had
no negative effect on performance; however, using a guard column is recommended. Finally, using GC-MS/MS led to a significant improve-
ment to the limits of detection.
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Rxi Guard/Retention Gap Columns (fused silica) RXI

« Extend column lifetime. ;
GCColumns

= =

o Excellent inertness—obtain lower detection limits for active compounds.

o Sharper chromatographic peaks by utilizing retention gap technology.

o Maximum temperature: 360 °C.

Description ID Length oD qty. Similar to Part # cat.#
025mm  Sm 037s004mm e AUICNH160-2255-5 PheromenexTAG-GO00- 1059
0.25mm 5m 037+0.06mm  6-pk. Grace 14007, 5122029 10029-600
0.25mm 10m  0.37+0.04mm ea. Phenomenex 7CG-G000-00-GHO 10059
0.25mm 10m 037+0.06mm  6-pk. 10059-600
0.45+0.04 Agilent 160-2325-5; Phenomenex TAM-
0.32mm 5m m ea. 6000-00-GHO 10039
032mm  5m o.45m:r:.04 6-pk. Grace 13999, 5122026 10039-600
Rxi Guard 0.45+0.04 Agilent 160-2325-10; Phenomenex 7CM-
Colom 0.32mm 10m m ea. 6000-00-GHO 10064
032mm  10m 0"‘5m*n?'°" 6-pk. 10064-600
0.69 +0.05 Agilent 160-2535-5; Grace 13990, 5122022; .
053mm — Sm mm . Phenomenex TAK-G000-00-GHO 1005k ordering notes
0.53mm Sm 0.69+0.05 6-pk 10056-600 Certificates of analysis for new 5 m a'nd 10m
mm Restek guard columns are now provided electron-
053 mm 0m 0.69 +0.05 ea Agilent 160-2535-10; Phenomenex TCK- 10073 ically. To view and download your 5 m or 10 m
’ mm ’ G000-00-GHO guard column certificate, simply visit www.restek.
0.53mm 0m 0.69+0.05 6-pk. 10073-600 com/dqcumentatlon then enter your catalog #
mm and serial #.
Rxi-17Sil MS Columns (fused silica)
midpolarity Crossbond phase
o Excellent inertness and selectivity for active environmental compounds, such as PAHs.
. - CH, CH, CH,
« Low bleed for use with sensitive detectors, such as MS. | | |
o L. —Si—O0- Si—R—Si—O —Si—O0-
* 340/360 °C upper temperature limits. | | |
. CH CH CH
o Equivalent to USP phase G3. @ ¢ ° ¢
X z 50%
D df Length Temp. Limits qty. Similar to Part # cat.# Similar to: (50%-phenyl)-methylpolysiloxane
Rxi-17Sil MS
0.15 10 4010 340/360 °C X 43820 H H
015 mm tBum 2om 4ot 340;360 e v oM lar phases
-1 pm m 0 €a. DB-17ms, VF-17ms
018 mm 0.18 ym 20m 40t0340/360 °C ea. Agilent 121-4722 14102
’ 0.36 ym 20m 40t0340/360 °C ea. 14111 H
i . Agilent 122-4712; Phenomenex TEG- Orderl ng notes . .
0.25pm 15m 40t0340/360°C ea. GOO0L-11 14120 Custom lengths and film thicknesses available.
. Call Technical Service at 800-356-1688 or 814-353-
. Agilent 122-4732; Phenomenex THG- N
025mm 025pm 30m 40t0340/360°C  ea. o G00L-11 14123 1300, ext. 4, or contact your Restek representative.
. Agilent 122-4762; Phenomenex TKG- . .
0.25ym 60m  40t0340/360°C  ea. ’ G004-11 14126 SAVE MONEY! Get six columns for the price of five.
. Agilent 123-4712; Phenomenex TEM- Call 800-356-1688, ext. 3, or your Restek represen-
oo 0.25um 15m  40to340360°C  ea. 9 0011 14121 tative for details!
0.25um 30m  40to340/360°C  ea  Adient 123"‘725&'ﬁq°me"e" M- 04

*Maximum temperatures listed are for shorter length columns. Longer columns may have a different maximum temperature.
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INLET LINERS

RESTEK

Pure Chromatography

Topaz GC Inlet Liners

Topaz GC inlet liners feature revolutionary technology and inertness to deliver you the
next level of True Blue Performance:

o Deactivation—unbelievably low breakdown for accurate and precise low-level GC
analyses.

 Reproducibility—unbeatable manufacturing controls and QC testing for superior
reliability across compound classes.

o Productivity—unparalleled cleanliness for maximized GC uptime and lab throughput.

» 100% Satisfaction—if a liner doesn’t perform to your expectations, we will replace it or
credit your account.*

Patented

= o =

Topaz 2.0 mm ID Baffled Inlet Liner
for Thermo TRACE GCs equipped with PTV inlets

ID x OD x Length qty Similar to Part # cat.#
Baffled, Premium Deactivation, Borosilicate Glass

2.0 mm x 2.75 mm x 120 mm 5-pk. Thermo Fisher Scientific 453T2845-Ul 23438
|~ RESTE o]

Topaz 2.0 mm ID Single Taper Inlet Liner w/ Wool
for Agilent GCs equipped with split/splitless inlets

ID x OD x Length Packing qty cat.#
Single Taper, Premium Deactivation, Borosilicate Glass
2.0mmx 6.5 mmx 78.5mm Quartz Wool 5-pk. 23316

*100% SATISFACTION GUARANTEE: If your Topaz inlet liner does not perform to your expectations for any reason, simply contact
Restek Technical Service or your local Restek representative and provide a sample chromatogram showing the problem. If our

GC experts are not able to quickly and completely resolve the issue to your satisfaction, you will be given an account credit or
replacement product (same cat.#) along with instructions for returning any unopened product. (Do not return product prior to
receiving authorization.) For additional details about Restek’s return policy, visit www.restek.com/warranty

Questions? 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 fulllist.) Other trademarks in Restek literature or onits
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. To unsubscribe from
future Restek communications or to update your preferences, visit www.restek.com/subscribe To update your status with an authorized Restek distributor or instrument
channel partner, please contact them directly.
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