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Solving the Toughest (Analytical)  
Problems in Life Sciences

Dear Colleague, 

We are committed to help meet the analytical challenges encountered by our customers, in line with 
the MilliporeSigma company mission: “to solve the toughest problems in life science by collaborating 
with the global scientific community”.

While our analytical products represent a small part of the overall life sciences portfolio, they touch 
many different markets and applications. The more we engage with our customers, the more we learn 
about the challenges they face in their every-day routine. In this issue of the Reporter newsletter, 
we cover several topics where we have worked collaboratively with customers to help solve difficult 
problems. Pesticide residue analysis is a good example of an application where customers frequently 
have problems, due to the wide variety of challenging food matrices.

Planar Pesticides in Spinach
The presence of large pigment molecules, such as chlorophyll in green food matrices often hinders 
the extraction and analysis of these residues. In both GC/MS and LC/MS/MS analyses, chlorophyll is 
highly problematic. Traditional graphitized carbon black removes chlorophyll but also retains planar 
pesticides, which reduces analyte recovery. Supel™ QuE Verde combines a novel carbon with zirconia 
coated silica (Z-Sep+) to provide an optimum balance between planar pesticide recovery and color 
removal.

Pesticides in Turmeric
The complex matrix makes extracts produced from turmeric a challenge in the chromatographic 
analysis of pesticides, as residual pigments and oils can contaminate both GC/MS and LC/MS systems. 
A new cleanup method has been developed using the Supelclean™ Ultra 2400 dual-layer SPE cartridge. 
The selection of sorbents in this cartridge allows for cleanup of acetonitrile extracts of very difficult 
samples such as spices and other dry commodities. The Graphsphere™ 2031 carbon used in the upper 
layer removes/reduces pigmentation while still allowing for recovery of planar pesticides without 
the use of toluene in the elution solvent. Z-Sep sorbent in the bottom layer of the cartridge removes 
oils and some pigments, as was indicated in the cleanup of turmeric extracts for both GC and HPLC 
analysis.

These are just two recent examples of problems customers have brought to our attention for which 
we have successfully developed new product solutions. As we move forward, we will continue to work 
collaboratively with customers “to solve the toughest (analytical) problems in life sciences”. If you have 
analytical problems and would like assistance, please don’t hesitate to contact me. We look forward to 
further collaborations with the global scientific community!

Best regards,

Daniel Vitkuske  
Head of Separation Consumables Franchise 
Advanced Analytical 
daniel.vitkuske@sial.com

sigma-aldrich.com/analytical

Visit us on the web at  
sigma-aldrich.com/thereporter
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Narrow peak widths and optimal peak heights are also produced 
for many organic analytes, making these columns suitable for 
applications where both water and organic analytes need to be 
identified and measured. This application shows the separation of 
both water and the BTEX compounds in a gasoline sample using a 
Watercol 1910 capillary GC column.

Experimental
Two identical Watercol 1910 columns were installed in separate 
inlets on the same GC, one going to a FID, and the other going to 
a TCD. Two detectors were necessary because the FID is able to 
produce good response for the BTEX compounds, but is unable to 
detect water. The TCD is able to detect water, but produces a lower 
response for the BTEX compounds compared to the FID. Throughout 
the experiment, the same sample mixture was injected onto both 
columns at the same time.

Two standards, water in ethanol and BTEX in isooctane, were first 
analyzed to establish run conditions and determine analyte retention 
times. The chromatogram obtained from the water standard is 
shown in Figure 1. An unleaded gasoline sample was obtained locally 
and analyzed. Figure 2 shows the resulting chromatogram with analytes 
identified. A spiked gasoline sample was also made. The chromatogram 
obtained from subsequent analysis is displayed in Figure 3.

Simultaneous Measurement of Water and BTEX in 
Gasoline using Watercol™ Capillary GC Columns

Leonard M. Sidisky, R&D Manager; Katherine K. Stenerson, Principle R&D Scientist; 
Michael Halpenny, R&D Technician; Michael D. Buchanan, Technical Marketing 
Manager; and Gustavo Serrano, Product Manager

gustavo.serrano@sial.com

Residual moisture in fuel is very undesirable because it reduces the 
heat of combustion which increases engine stress. It can also corrode 
fuel system components, permit gelling of fuel in cold temperatures 
through ice crystal formation/nucleation, and accelerate the growth 
of microbial colonies which can clog fuel systems. Monitoring for the 
BTEX compounds (benzene, toluene, ethylbenzene, and three xylene 
isomers) is also of great importance to the fuel industry.

Watercol Series Column Chemistries
First introduced at Pittcon 2016, Watercol capillary GC columns 
are manufactured with innovative ionic liquid stationary phases 
that incorporate a ‘polar imbedded’ linkage. It is this feature (polar 
imbedded linkage) which results in the ability for these columns 
to produce a sharp peak shape for water. It is the sharp water peak 
shape which permits the measurement of water (both qualitatively 
and quantitatively) with great linearity, sensitivity, and reproducibility. 
Three column chemistries are currently available.1 Complete column 
specifications are shown in Table 1.

Figure 1. Water Standard
 column:  Watercol 1910, 30 m x 0.25 mm I.D., 0.20 µm (29711-U);   

two identical columns installed in separate inlets,  
each going to a separate detector

 oven:  45 °C (4 min), 5 °C/min to 75 °C,  
10 °C/min to 190 °C

 inj. temp.: 250 °C

 detector: FID, 250 °C; TCD, 200 °C

 carrier gas:  helium, 20 cm/sec  
(measured in each column at  
an oven temperature of 135 °C)

 injection: 1 µL, 50:1 split

 liner:  4 mm I.D., split/splitless type,  
wool packed single taper  
FocusLiner™ design

 sample: water at 0.25% (v/v) in ethanol
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(continued on next page)
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Figure 2. Unspiked Gasoline

 sample: unleaded gasoline

 All other conditions the same as Figure 1.
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Figure 3. Spiked Gasoline

 sample: unleaded gasoline, spiked with water at 0.25% (v/v)

 All other conditions the same as Figure 1.
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Results and Discussion
The Watercol 1910 column was able to produce sharp peak shapes 
for all analytes of interest (water and the BTEX compounds). Its 
selectivity resulted in elution of the water peak free from most of 
the major constituents present in gasoline. With proper standards, 
it appears than many of these other compounds could also be 
identified. Of note is that the timely elution (<19 minutes) of the 
heaviest gasoline components was possible, even though this 
chemistry has a maximum temperature limit of 180 °C (isothermal  
or programmed). An advantage of ionic liquid columns is their ability 
to elute analytes at lower oven temperatures compared to  
non-ionic liquid columns. Therefore, they do not need to possess 
high maximum temperature limits to perform the same applications.

Conclusion
Water can be both an analyte, and a matrix. As such, it is one of the 
most analyzed compounds in the world. The GC technique is widely 
used to measure volatile and semivolatile organic compounds for 
multiple applications in many industries. Utilizing the GC technique 
to measure both water and organic compounds is a fortunate thing 
for analytical labs, allowing two measurements to be obtained from  
a single analysis.

Reference
1. Sidisky, L.M.; Serrano, G.; Desorcie, J.L.; Stenerson, K.K.; Baney, G.; Halpenny, M.; 

and Buchanan, M.D. Mixing water and gas: the quantitative measurement of 
water by gas chromatography using ionic liquid capillary columns, Chrom. 
Today, 2016, 9.1,18.
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Multiple applications, product information, real-time availability, 
and ordering information is available 24 hours a day at    
sigma-aldrich.com/watercol

Did you know . . .

The descriptive numbers (1460, 1900, and 1910) indicate the 
Kovats Retention Index (KRI) value of water at 100 °C isothermal 
oven temperature. KRI values indicate the elution location of 
the analyte relative to n-alkanes, in which the n-alkane carbon 
number is multiplied by 100. For example, a KRI of 1460 indicates 
that water elutes after tetradecane (nC14) and 60% of the 
interval before pentadecane (nC15) elutes.

Description Cat. No.
Watercol 1910 Capillary GC Column
30 m × 0.25 mm I.D., 0.20 µm 29711-U

Description Cat. No.
Watercol 1460 Capillary GC Columns
20 m × 0.18 mm I.D., 0.14 µm Inquire
30 m × 0.25 mm I.D., 0.20 µm Inquire
30 m × 0.32 mm I.D., 0.26 µm Inquire
Watercol 1900 Capillary GC Columns
20 m × 0.18 mm I.D., 0.14 µm Inquire
30 m × 0.25 mm I.D., 0.20 µm Inquire
30 m × 0.32 mm I.D., 0.26 µm Inquire
Watercol 1910 Capillary GC Columns
20 m × 0.18 mm I.D., 0.14 µm Inquire
30 m × 0.32 mm I.D., 0.26 µm 29714-U

Table 1. Watercol™ Series Column Specifications

Watercol™ 1460

USP Code: None

Phase: Non-bonded; Tri(tripropylphosphoniumhexanamido)triethylamine 
trifluoromethanesulfonate

Temp. Limits: 30 °C to 260 °C (isothermal or programmed)

Watercol™ 1900

USP Code: None

Phase: Non-bonded; 1,11-Di(3-methylimidazolium)3,6,9-trioxaundecane 
trifluoromethanesulfonate

Temp. Limits: 30 °C to 180 °C (isothermal or programmed)

Watercol™ 1910

USP Code: None

Phase: Non-bonded; 1,11-Di(3-hydroxyethylimidazolium)3,6,9-
trioxaundecane trifluoromethanesulfonate

Temp. Limits: 30 °C to 180 °C (isothermal or programmed)

http://www.sigmaaldrich.com/analytical-chromatography/analytical-products.html?TablePage=120100983&utm_source=redirect&utm_medium=promotional&utm_campaign=watercol
http://www.sigmaaldrich.com/catalog/product/supelco/29711u?lang=en&region=US
http://www.sigmaaldrich.com/catalog/product/supelco/29714u?lang=en&region=US
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Comparison of QuEChERS Products for the 
Extraction of Planar Pesticides from Spinach

Michael Ye, R&D Sample Preparation Manager, Jennifer Claus, Non-Bio Sample 
Preparation Product Manager 

jennifer.claus@sial.com 

Introduction
Hexachlorobenzene and chlorothalonil are pesticides with planar 
structures that are commonly used during the cultivation of 
spinach and other leafy, green crops. The presence of large pigment 
molecules, such as chlorophyll in green food matrices often hinders 
the extraction and analysis of these residues. In both GC/MS and  
LC/MS/MS analyses, chlorophyll is highly problematic. It accumulates 
in the inlet and degrades column performance in GC/MS, and it is 
also known to contaminate the LC/MS/MS source.

QuEChERS “Quick, Easy, Cheap, Effective, Rugged, and Safe” 
extraction and cleanup methods are commonly used to prepare 
food samples for pesticide residue determination. To remove 
chlorophyll interferences, the use of Graphitized Carbon Black 
(GCB) is recommended for the removal of chlorophyll and other 
pigment interferences. While traditional GCB efficiently removes 
pigment molecules, it also retains planar pesticides as a result of π-π 
interactions between the graphitic carbon and the planar structures 
of the pesticides. In order to mitigate this problem, QuEChERS tube 
manufacturers suggest either using a smaller amount of the GCB in 
the cleanup tube, or adding toluene to the acetonitrile extract to 
decrease binding of planar pesticides to the GCB.

This manuscript features the comparison of five QuEChERS products 
developed for the removal of chlorophyll from green samples. 
Chlorophyll removal, background, and analyte recovery of planar 
pesticides will be compared herein.

Experimental
Organic spinach was macerated and extracted with acetonitrile. 
The procedure outlined in Figure 1 fully describes the extraction 
and cleanup procedure for use with the 2 mL Supel™ QuE Verde 
and Supel QuE PSA/ENVI-Carb™ tubes. QuEChERS extraction and 
cleanup was performed in a similar fashion to that outlined in the 
AOAC International Official Method 2007.01; however, the Supel QuE 
Verde 2 mL and 15 mL tubes can also be substituted into the cleanup 
portion of Official Method EN15663:2008.¹,² For the evaluation of 
products of other brands, the procedure outlined by each respective 
manufacturer was used. The acetonitrile extract was spiked with a 
mixture composed predominantly of planar pesticides in acetonitrile 
to a concentration of 50 ng/mL. Samples were spiked after extraction 
to study the performance of the cleanup sorbents only in relation to 
the pesticides in question. Extractions were performed in triplicate. 
Analysis of the final extracts was done by GC/MS using the GC 
conditions listed in Figure 2.

Add contents of Supel QuE Acetate extraction tube  
(55234-U). Shake briefly by hand

Add 10 mL of acetonitrile to 10 g homogenised spinach or oregano in 
an empty 50 mL centrifuge tube (55248-U). Shake briefly by hand

Shake at 2,500 rpm on automated shaker for 2 min.

Transfer 1 mL of supernatant to  2 mL cleanup tube.  
Shake for 2 min at 2,500 rpm on automated shaker

Centrifuge at 3,500 rpm for 5 min.

Centrifuge at 3,000 rpm for 3 min.

Spike supernatant with a mixture of planar pesticides  
in acetonitrile to concentration of 50 ng/mL

Draw off supernatant and place in amber low adsorption 
 vial for GC/MS/MS analysis

Figure 1. Extraction and Cleanup of Spinach Using Supel™ QuE 
Verde and Supel QuE ENVI-Carb™ 2 mL Tubes

Results and Discussion
Chromatograms of the unspiked acetonitrile extract by GC/MS in full 
scan mode are shown in Figure 2. The background was significantly 
lower using Supel QuE Verde.

Figure 3 shows the spinach extracts after cleanup with the various  
2 mL QuEChERS tubes. Removal of the majority of the green pigment 
is observed using the Supel QuE Verde tubes. Total chlorophyll 
removal was evaluated using a spectrophotometer by measuring 
absorbance at 664 nm, 647 nm, and 630 nm, and comparing the 
processed extracts to the initial acetonitrile extract of each plant 
material (Figure 4). Cholorophyll removal was 95% or greater for 
Supel QuE Verde, Supel QuE PSA/ENVI-Carb, and Brand W. Brand A 
and Brand R showed less than 95% chlorophyll removal.

Average analyte recoveries obtained from 50 ng/mL spiked spinach 
extracts using 2 mL QuEChERS cleanup tubes are summarized in 
Figure 5. For the Supel QuE Verde tubes, recoveries were in the 
range of 75% to 120% for all of the planar pesticides tested. For the 
other tubes, the recoveries of many residues fell well below 70%. 
Reproducibility, determined as % RSD for n=3 spiked replicates, was 
very good for all tubes evaluated. Each pesticide exhibited a %RSD 
value less than 20% with the exception folpet for brand A and brand R.

http://www.sigmaaldrich.com/industries/food-and-beverage.html
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Figure 3. QuEChERS Extracts of Spinach After Cleanup with (a) Brand A, (b) Brand W, (c) Brand R, (d) Supel QuE PSA/C18/ENVI-Carb, 
and (e) Supel QuE Verde QuEChERS Cleanup Tubes

Figure 2. GC/MS Full Scan of Unspiked Spinach Extract After Cleanup With (a) Brand A, (b) Brand W, (c) Brand R, and (d) Supel™ QuE 
Verde QuEChERS Cleanup Tubes
 sample/matrix:  homogenized organic spinach, 10 g
 extraction tube:  Supel™ QuE Acetate extraction tube (55234-U)
 extraction process:  add 10 mL of acetontrile to homogenized spinach in 50 mL centrifuge tube (55248-U); add contents of Supel QuE Acetate extraction 

tube; shake 2 min at 2,500 rpm on automated shaker; centrifuge at 3,500 rpm for 5 min; spike supernatant with a mixture of planar 
pesticides in acetonitrile to a concentration of 50 ng/mL

 cleanup tube:  Supel QuE Verde, 2 mL cleanup tube (55447-U), Supel QuE PSA/C18/ENVI-Carb™, 2 mL cleanup tube (55289-U)
 cleanup process:  transfer 1 mL of supernatant to Supel QuE Verde cleanup tube; shake for 2 min at 2,500 rpm on automated shaker; centrifuge at 

3,000 rpm for 3 min; remove supernatant and place in amber low adsorption vial for GC/MS analysis.
 column: SLB®-5ms, 20 m × 0.18 mm I.D., 0.18 µm (28564-U)
 oven: 60 °C (1 min), 8 °C/min to 300 °C (10 min)
 inj. temp.: 250 °C
 detector:  MSD, full scan, m/z 50-500 for unspiked samples; MSD, selected ion mode (SIM) for spiked samples
 MSD interface: 325 °C
 carrier gas: helium, 0.7 mL/min constant 
 injection: 1 µL, splitless (splitter open at 0.75 min)
 liner:  4 mm I.D., split/splitless type, single taper wool packed FocusLiner™ design (2879901-U)

10 20
Min

Min

Min

Min

10 20

10 20

10 20

(a) (c)
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(continued on next page)
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Figure 4. Percent Total Chlorophyll Removal by Supel™ QuE Verde From Spinach Extracts Using Various 2 mL QuEChERS Cleanup Tubes

 

100

95
90

85

80

75

70

65

60

55

50

45
40

35

30

25
20
15

10

5

Brand A Brand W Brand R Supel QuE Verde PSA/C18/ENVI-Carb™
0
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Pesticide recoveries of 70% or greater are considered to be acceptable.

Chlorophyll removal of 95% or greater is considered to be acceptable.
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Conclusion
In general, food chemists analyzing compounds in green matrices 
view pesticide recovery between 70% and 120%, and chlorophyll 
removal 95% or greater to be acceptable. Because of the strong 
interaction between planar pesticides and the planar surfaces of 
GCB, there remains a compromise between color removal and 
analyte recovery, especially regarding the most planar pesticides 
such as hexachlorobenzene and chlorothalonil. Most manufacturers 
of QuEChERS products try to achieve this balance by decreasing the 
amount of GCB in the cleanup tube. Supel™ QuE Verde combines 
a novel carbon with zirconia coated silica (Z-Sep+) to provide an 
optimum balance between planar pesticide recovery and color 
removal. This application illustrates that Supel QuE Verde achieves 
a better balance between chlorophyll removal and recovery of 
planar pesticides than other brands of QuEChERS tubes designed for 
chlorophyll removal.

Description Cat. No.
Supel QuE QuEChERS Products
Verde Cleanup Tube, 2 mL, pack of 100 55447-U
Verde Cleanup Tube, 15 mL, pack of 50 55442-U
PSA/C18/ENVI-Carb™, 2 mL, pack of 100 55289-U
Acetate Extraction Tube, 12 mL, pack of 50 55234-U
Empty Centrifuge Tube, 50 mL, pack of 50 55248-U
Column
SLB®-5ms Capillary GC Column, 20 m × 0.18 mm I.D., 0.18 µm 28564-U
Accessories
QuEChERS Shaker and Rack Starter Kit, USA compatible plug, 
AC input 115 V

55278-U

QuEChERS Shaker and Rack Starter Kit, EU compatible 
Schuko plug, AC input 230 V

55278-U

Certified Vial Kit, Low Adsorption (LA), 2 mL, pack of 100 29653-U
Inlet Liner, Split/Splitless Type, Single Taper FocusLiner™ 
Design (wool packed)

2879901-U

To request a free sample of Supel QuE Verde, visit  
sigma-aldrich.com/spe-samples

QuECh it if you Cannabis!
Supel™ QuE Verde QuEChERS Sorbent for Green Samples

• Remove >95% of pigment interferences

• Attain >70% recovery of even the most challenging 
planar pesticides

Learn more and request a sample at   
sigma-aldrich.com/quechers

http://www.sigmaaldrich.com/catalog/product/supelco/55447u?lang=en&region=US
http://www.sigmaaldrich.com/catalog/product/supelco/55442u?lang=en&region=US
http://www.sigmaaldrich.com/catalog/product/supelco/55289u?lang=en&region=US
http://www.sigmaaldrich.com/catalog/product/supelco/55234u?lang=en&region=US
http://www.sigmaaldrich.com/catalog/product/supelco/55248u?lang=en&region=US
http://www.sigmaaldrich.com/catalog/product/supelco/28564u?lang=en&region=US
http://www.sigmaaldrich.com/catalog/product/supelco/55278u?lang=en&region=US
http://www.sigmaaldrich.com/catalog/product/supelco/55278u?lang=en&region=US
http://www.sigmaaldrich.com/catalog/product/supelco/29653u?lang=en&region=US
http://www.sigmaaldrich.com/catalog/product/supelco/2879901u?lang=en&region=US
http://www.sigmaaldrich.com/analytical-chromatography/sample-preparation/spe/samples.html
http://www.sigmaaldrich.com/analytical-chromatography/sample-preparation/spe/dispersive-spe-tubes.html
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Analysis of Pesticides in Turmeric Powder by  
LC/MS/MS and GC/MS/MS After Cleanup with  
a Novel Dual-Layer SPE Cartridge

Katherine K. Stenerson, Principal R&D Scientist

katherine.stenerson@sial.com

Introduction
Turmeric is a plant indigenous to south Asia, with a majority of its 
production coming from India. The rhizome of the plant is used to 
produce powdered turmeric, which is used in foods, cosmetics, and 
some medicines. It is also an essential constituent of curry, which is 
a mixture of spices used extensively in Indian cooking. Turmeric has 
also been used in traditional medicines for thousands of years, and 
recently has garnered attention for studies showing its potential 
antioxidant, anti-inflammatory, antimutagenic, antimicrobial and 
anticancer properties.¹

Pesticide residue testing of turmeric and other spices is required 
by many countries. For example, Canada has set maximum residue 
limits for 42 different pesticides in turmeric root.² The US EPA has 
set tolerance limits for a variety of pesticides in root and tuberous 
vegetables, of which turmeric is included.2, 3

Turmeric contains more than 100 different components, with two 
of the main constituents being curcumin and volatile oils. Curcumin 
gives turmeric its distinctive yellow/orange color, while the volatile 
oils consist primarily of terpenes. Turmeric also contains some fats; 
specifically, sterols and fatty acids.4 This complex composition makes 
extracts produced from turmeric a challenge in the chromatographic 
analysis of pesticides, as residual pigments and oils can contaminate 
both GC/MS and LC/MS systems.

When dealing with very high background samples such as turmeric, 
standard QuEChERS cleanup may not offer enough capacity. For 
better cleanup, solid phase extraction (SPE), including dual-layer 
cartridges, can be used. These cartridges often contain graphitized 
carbon black (GCB) in the top bed and primary-secondary amine 
(PSA) in the bottom bed. PSA retains acidic interferences such 
as fatty acids. GCB removes planar molecules such as pigments 
and sterols. Common GCBs, however, will retain all molecules 
with planar structures, including some pesticide analytes such as 
hexachlorobenzene. To increase recoveries of these pesticides, 
toluene is normally added to the elution solvent. However, there are 
issues associated with the use of toluene. It can affect the ability of 
the PSA to retain fatty acids, and its presence in the final extract is 
problematic for HPLC analysis.5

In this application, a different dual-layer SPE cartridge was used in the 
cleanup of extracts of turmeric powder prior to pesticide analysis by 
GC/MS/MS and LC/MS/MS. This cartridge, the Supelclean™ Ultra2400, 
was designed for the cleanup of acetonitrile extracts made from 

difficult matrices such as dry commodities (spices, tea, etc.) prior to 
pesticide residue analysis. The top bed consists of a mixture of PSA, 
C18 and a graphitized, spherical carbon known as Graphsphere™ 
2031. This carbon was engineered to remove sufficient pigmentation 
while allowing for better recoveries of planar compounds, without 
the need for toluene in the elution solvent. The bottom layer of the 
cartridge contains Z-Sep, a zirconia-coated silica. Z-Sep removes oily 
residues and provides additional retention of some pigments. The 
combination of these sorbents in an SPE format offers more capacity 
than QuEChERS cleanup, and compared to traditional GCB/PSA dual 
layer cartridges, does not require the use of toluene in the elution 
solvent to recover planar pesticides.

Experimental
Turmeric powder was obtained from a local grocery store.  
Samples were spiked at 100 ng/g with the pesticides listed in  
Tables 1 and 2. Sample extracts were prepared and cleaned 
following the procedures in Figure 1. A set of 3 spiked samples 
and 1 unspiked (blank) were prepared and analyzed for each set of 
pesticides. Analysis was done by GC/MS/MS and LC/MS/MS using the 
conditions listed in Tables 3 and 4 (with MS/MS transitions shown 
in Tables 1 and 2). Quantitation was performed against multi-point 
calibration curves prepared in unspiked turmeric extract (after 
cleanup). Recoveries were calculated as the average of the three 
spiked replicates, less anything found in the unspiked extract. No 
internal standards were used, thus the values reported represent 
absolute recoveries.

Results and Discussion

Background

Prior to cleanup, the extract appeared orange-brown in color with a 
yellow oily residue (Figure 2). After cleanup for both LC and GC, the 
extracts appeared substantially lighter and clearer. Figures 3 and 4 
show a comparison between extracts at the same level of dilution 
with and without cleanup. The LC extract (in 80% aqueous) was 
almost devoid of color, with very little cloudiness. The extract for GC 
analysis was a pale yellow color, with substantially less oily residue. 
Full scan GC/MS analyses of GC extracts are shown in Figure 5 as 
total ion chromatograms (TICs). The peak pattern is similar between 
the two, with the main peaks consisting primarily of terpenes. These 
compounds are easily volatilized in the GC inlet, and do not pose 
issues with system contamination, however they can interfere with 
mass spectral detection, requiring the use of MS/MS for selectivity. 
The overall amplitude of the peaks was less after cleanup, as is shown 
by a 21% reduction in the peak area sums for each in Figure 5.
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MRM 1 CE MRM 2 CE
Alachlor  188/160 10 188/130 40
Aldrin  263/193 35 263/191 35
γ-BHC  183/147 15 181/145 5
Azinphos-methyl  160/77 15 132/77 15
Chloropyrifos  314/286 5 314/258 15
Chloropyrifos-methyl  286/93 20 288/93 20
Cypermthrins 165/91 10 163/91 10
4,4'-DDT  235/199 15 235/165 25
Diazinon  199/135 15 137/84 10
Dichlorvos  185/93 25 145/109 25
Dimethoate  125/79 20 93/63 10
Disulfoton  88/60 5 88/59 15
Endosulfan β  241/206 15 241/170 30
Endosulfan-α  241/206 15 241/170 30
Ethion  231/129 20 121/65 10
Fenitrothion  277/125 20 277/109 20
Heptachlor  274/239 15 272/237 15
Hexachlorobenzene  284/249 20 284/214 35
Iprodione I  314/56 35 187/124 25
Iprodione II 316/56 35 187/124 25
Malathion 173/99 15 158/125 5
Metalaxyl  234/174 10 234/146 20
Methoxychlor  227/169 30 227/141 30
Mevinphos  192/127 25 192/109 25
Parathion-methyl  233/109 10 124/47 10
Permethrins 183/168 10 183/165 10
Phenthoate  274/125 15 274/121 10
Phorate  260/75 5 231/129 25
Phosalone  182/102 15 182/75 30
Pirimiphos-methyl  290/151 20 290/125 25
Profenophos  339/269 15 339/188 15
Quintozene  295/237 20 237/143 30
Vinclozolin  212/145 30 187/124 20

Table 1. Pesticides Studied in Turmeric Powder by GC/MS/MS Analysis

MRM Frag (V) CE (V) Cell Acc (V)
Acephate 184/143 70 0 5
Acetamiprid 223.1/126 80 27 2
Boscalid (Nicobifen) 343/307.1 145 16 6
Carbendazim (Azole) 192.1/160.1 105 16 2
Chlorbufam 224/172.02 120 5 3
Cycluron 199.2/72 120 20 2
Diflubenzuron 311/158 80 8 2
Fenoxanil 329.08/189 80 30 3
Fosthiazate 284/61 90 60 2
Methabenzthiazuron 222.1/165.1 90 12 2
Methamidophos 142/125 85 10 2
Methomyl 163.1/106 50 4 2
Monocrotophos (Azodrin) 224.1/193 65 0 5
Nitralin 346.11/304 100 10 3
Oxamyl 237.1/72 60 12 2
Pirimicarb 239.15/72.1 100 20 2
Procymidon 301/284* 70 8 2
Propaquizafop 444.12/100.1 125 16 2
Tetraconazole 372/159 130 36 2
Uniconazole-P 292.1/125 135 40 2

Table 2. Pesticides Studied in Turmeric Powder by LC/MS/MS Analysis

*Ammonium adduct.

 GC: 2 mLMeCN w/ 0.5%  
formic acid 

LC: 2 mL 80:20 MeCN: 
MeOH w/4 mM NH4 formate

2 g turmeric powder + 10 mL water, mix and let stand for 30 min.

Add 10 mL of MeCN w/1% acetic acid and shake at 2,500 rpm for 10 min. 

Add contents of Supel™ QuE Citrate extraction tube (55227-U) and  
shake for 1 min.

Centrifuge at 5,000 prm for 5 min. Draw off supernatant

Condition: 1 mL Supelclean Ultra 2400 SPE Cartridge with 1 mL of  
MeCN w/1% acetic acid 

Load:

Elute:

Prepare for analysis:

 GC: 0.1 mL undiluted extract

GC: Concentrate to FV 0.5 mL

LC: 0.3 mL of extract diluted  
5X with MeCN w/1% acetic acid 

LC: Dilute to FV 10 mL with 
water containing 5 mM NH4  

formate and 0.1% formic acid 

Figure 1. Extraction and Cleanup Procedure Used for Turmeric 
Powder, GC and LC

Cleanup with Supelclean Ultra

Table 3. GC/MS/MS Run Conditions for the Analysis of 
Pesticides in Turmeric
 column:  SLB®-5ms, 30 m × 0.25 mm ID, 0.25 µm (28471-U)
 oven:  50°C (2 min), 8°C/min to 320°C (5 min)
 inj. temp.:  250°C
 carrier gas:  helium, 1.4 mL/min, constant
 detector:  MRM (see table 3)
 MSD interface:  320°C 
 injection :  1µL, splitless (splitter open at 0.75 min)
 liner:   4 mm I.D., split/splitless type, single taper wool packed 

FocusLiner™ design (2879901-U)

Table 4. LC/MS/MS Run Conditions for the Analysis of 
Pesticides in Turmeric
 column: Ascentis® Express C18, 10 cm × 2.1 mm ID, 2 µm
 mobile phase:  [A] 5 mM ammonium formate, 0.1% formic acid in water;   

[B] 5 mM ammonium formate, 0.1% formic acid in methanol
 gradient:  95% A, 5% B held for 1 min; to 50% A in 3 min; to 100%  

B in 8 min; held for 1 min;, to 95% A in 1.5 min; held at 95% 
A for 1.5 min

 flow rate: 0.4 mL/min
 detector: MRM (see table 2)
 injection: 5 µL

(continued on next page)
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Figure 2. Undiluted Acetonitrile 
Extract of Turmeric Powder 
Before Cleanup

Figure 3. Turmeric Extracts at the Same 
Dilution (167X total); Without Cleanup,  
and After Cleanup for LC/MS/MS Analysis

Figure 4. Turmeric Extracts at the Same 
Dilution (5X); Without Cleanup, and 
After Cleanup for GC/MS/MS Analysis

Figure 5. GC/MS Scan Analyses of Turmeric Extracts Before and After Cleanup with Supelclean™ Ultra 2400 Shown with same 
Y-scale. Sum of area counts for all peaks is indicated with each.
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Pesticide Avg. Recovery RSD Analysis
Alachlor  99% 23% GC/MS/MS
Aldrin  85% 10% GC/MS/MS
Azinphos-methyl  89% 11% GC/MS/MS
γ-BHC 83% 8% GC/MS/MS
Chloropyrifos  96% 12% GC/MS/MS
Chloropyrifos-Methyl  113% 6% GC/MS/MS
Cypermthrin (isomer 1) 99% 15% GC/MS/MS
4,4'-DDT 95% 8% GC/MS/MS
Diazinon  92% 14% GC/MS/MS
Dichlorvos 78% 31% GC/MS/MS
DIsulfoton  86% 7% GC/MS/MS
Endosulfan β 86% 35% GC/MS/MS

Table 5. Pesticide Recoveries and % RSD Values (n=3) for  
Spiked Replicates; Turmeric Spiked at 100 ng/g

Pesticide Recovery and Reproducibility

The average recoveries obtained from spiked turmeric samples  
(n=3) are presented in Table 5. Of the 51 pesticides spiked,  
all except hexachlorobenzene had recovery of greater than  
70%. Hexachlorobenzene, a pesticide with a planar structure, was 
recovered at 67% after cleanup. It should be noted that this was 
without using toluene in the elution solvent, as is necessary to obtain 
good recoveries from dual-layer cartridges containing graphitized 
carbon black.5 Although not shown here, higher recovery of 
hexachlorobenzene has been obtained by loading more turmeric 
extract (300 µL) on the Supelclean™ Ultra 2400 cartridge. This indicates 
that the presence of more matrix displaced the hexachlorobenzene, 
thus reducing its retention on the carbon. However the higher sample 
loading produced an extract with more color, a sign that the cleanup 
capacity of the cartridge had been reached or exceeded for  
this matrix.

Reproducibility, calculated as %RSD for the sets of spiked replicates, 
was less than 20% for 44 of the 51 pesticides. As is indicated in  
Figure 6, many compounds had RSD values of less than 10%. 
Pesticides with RSD values greater than 20% were attributed to  
those showing low response in the MS/MS method.

Conclusion
A new cleanup method has been developed using the Supelclean 
Ultra 2400 dual-layer SPE cartridge. The selection of sorbents in 
this cartridge allows for cleanup of acetonitrile extracts of very 
difficult samples such as spices and other dry commodities. The 
Graphsphere™ 2031 carbon used in the upper layer removes/reduces 
pigmentation while still allowing for recovery of planar pesticides 
without the use of toluene in the elution solvent. Z-Sep sorbent in 
the bottom layer of the cartridge removes oils and some pigments, 
as was indicated in the cleanup of turmeric extracts for both GC and 
HPLC analysis. Suitable recoveries for a wide range of pesticides of 
different polarities and classes were obtained from turmeric extract, 
and minimal background interference was noted. In this work, a 1 
mL Supelclean Ultra 2400 cartridge was used. A larger 3 mL version 
of the cartridge is also available which can accommodate a higher 
sample loading.

Figure 6. Number of Pesticides with Average Recoveries 
Within Indicated Percent Relative Standard Deviation  
(%RSD) Ranges After Cleanup with Supelclean Ultra 2400

(Recoveries from turmeric powder spiked at 100 ng/g.)
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Pesticide Avg. Recovery RSD Analysis
Endosulfan-α  92% 23% GC/MS/MS
Ethion 97% 7% GC/MS/MS
Fenitrothion  63% 5% GC/MS/MS
Heptachlor  81% 7% GC/MS/MS
Hexachlorobenzene  67% 9% GC/MS/MS
Iprodione (isomer 1) 103% 5% GC/MS/MS
Malathion  90% 10% GC/MS/MS
Metalaxyl  86% 21% GC/MS/MS
Methoxychlor  78% 12% GC/MS/MS
Mevinphos 73% 7% GC/MS/MS
Parathion-Methyl  88% 8% GC/MS/MS
Permethrin (isomer 1) 104% 24% GC/MS/MS
Phenthoate  89% 7% GC/MS/MS
Phorate  82% 10% GC/MS/MS
Phosalone 90% 7% GC/MS/MS
Pirimiphos-methyl  74% 3% GC/MS/MS
Profenophos 88% 7% GC/MS/MS
Quintozene  75% 8% GC/MS/MS
Vinclozolin  90% 6% GC/MS/MS
Acephate 89% 6% LC/MS/MS
Acetamiprid 102% 4% LC/MS/MS
Boscalid (Nicobifen) 86% 7% LC/MS/MS
Carbendazim (Azole) 106% 7% LC/MS/MS
Chlorbufam 92% 18% LC/MS/MS
Cycluron 103% 5% LC/MS/MS
Diflubenzuron 101% 5% LC/MS/MS
Fenoxanil 91% 10% LC/MS/MS
Fosthiazate 95% 4% LC/MS/MS
Methabenzthiazuron 96% 4% LC/MS/MS
Methamidophos 85% 5% LC/MS/MS
Methomyl 106% 6% LC/MS/MS
Monocrotophos (Azodrin) 97% 3% LC/MS/MS
Nitralin 124% 55% LC/MS/MS
Oxamyl 104% 3% LC/MS/MS
Pirimicarb 97% 3% LC/MS/MS
Procymidon 91% 13% LC/MS/MS
Propaquizafop 97% 1% LC/MS/MS
Tetraconazole 98% 2% LC/MS/MS
Uniconazole-P 103% 19% LC/MS/MS

(continued on next page)
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Supelclean™ Ultra 2400 SPE Cartridges
1 mL, pk of 108 52779-U
3 mL, pk of 54 54281-U
Supel QuE QuEChERS Products
Citrate Extraction Tube, 12 mL, pk of 50 55227-U
Empty Centrifuge Tube, 50 mL, pk of 50 55248-U
Columns
SLB®-5ms Capillary GC Column, 30 m × 0.25 mm I.D., 0.25 µm 28471-U
Ascentis® Express C18 HPLC Column, 10 cm × 2.1 mm I.D.,  
2 µm particle size

50813-U

Accessories
QuEChERS Shaker and Rack Starter Kit, USA compatible plug, 
AC input 115 V

55278-U

Visiprep™ DL 12-port Solid Phase Extraction Manifold 57044
Disposable valve liners, PTFE, 100 ea. 57059

Description Cat. No.
Solvents and Reagents
Acetic Acid, ACS, reagent grade, 0.99.7% 695092
Formic Acid, eluent additive for LC-MS 56302
Ammonium Formate, eluent additive for LC-MS 55674
Accessories
Certified Vial Kit, Low Adsorption (LA), 2 mL, pk of 100 29653-U
Inlet Liner, Split/Splitless Type, Single Taper FocusLiner™ 
Design (wool packed)

2879901-U
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Introduction
In the interest of food safety, pesticide residue testing is done in 
many countries for both domestically produced and imported 
agricultural products. Baby food is an area of high interest due to 
the ramifications of exposing infants and young children to toxins, 
especially during the critical years of brain and nervous system 
development. Limiting exposure to pesticides is considered critical 
in maintaining a safe, healthy diet. In the United States, tolerance 
limits for agricultural products that could be used for producing 
baby food are set by the USEPA. Testing of these commodities 
is then performed by the USDA under its annual “Pesticide Data 
Program” (PDP). Baby food, in particular, has been  included in  testing 
conducted since 2010, with the last round conducted in 2013.¹ The 
European Union (EU) has set maximum residue limits of 4 to 8 µg/Kg 
for several pesticides in baby food, and  specifically listed others as 
prohibited for use entirely in the production of agricultural products 
intended for this use.²

Sample preparation methods for the analysis of pesticide residues 
in baby food have included QuEChERS and QuEChERS-based 
extraction, solid phase extraction (SPE), and accelerated solvent 
extraction (ASE).3,4,5 With all of these techniques, a separate 
cleanup step is often required after the initial extraction. Solid 
phase microextraction (SPME) has been used widely since its 
commercialization in the 1990’s for a wide variety of matrices and 
analytes. However, its application to analyses such as pesticide 
residues in food matrices has been somewhat limited. The presence 
of sugars, fats, proteins, and other macromolecules in many foods 
presents a challenge for SPME. Many pesticides do not have 
sufficient vapor pressure to be extracted from headspace, and thus 
require the SPME fiber to be immersed directly in the sample. These 
compounds can then stick to the fiber coating causing fouling. 
If they are transferred to the GC during the desorption step, they 
can contaminate the inlet and analytical column. These drawbacks 
have limited the use of SPME for immersion extraction of pesticide 
residues from heavy matrices such as baby food. A new technology 
in fiber coating recently developed by Silva and Pawliszyn at the 
Univ. of Waterloo incorporates the use of an overcoating to protect 
the SPME fiber. They have successfully used polydimethylsiloxane 
(PDMS) to overcoat a PDMS/divinylbenzene (DVB) fiber. The resulting 
fiber proved to be more physically robust and resistant to chemical 
fouling than a non-overcoated fiber of the same chemistry.6,7

In this application, an SPME method was developed using the 
overcoated PDMS/DVB fiber for the extraction of pesticide residues 
from pureed prune baby food. Performance of the SPME method 
using the overcoated (OC)-SPME fiber was evaluated for accuracy, 
precision and GC method ruggedness. Overall results obtained 
using the OC-SPME fiber were compared to the same SPME method 
conducted using a standard, non-overcoated version of the same 
fiber chemistry.

Experimental
Pureed prune baby food was obtained from a local grocery store.  
For accuracy and reproducibility studies, sample was spiked at  
10 ng/g with the pesticides listed in Table 1. These pesticides were 
selected due to their inclusion in EU directive 2006/125/E for baby 
food.² After spiking, samples were equilibrated for a minimum of 
3 hours prior to extraction and analysis. This time was to allow for 
any matrix binding between sample and analytes to occur. The final 
SPME method is summarized in Table 2. SPME was carried out using 
an X-Y-Z autosampler with a heated agitator. The prune samples were 
extremely viscous, and required dilution prior to SPME. More detail 
regarding optimization of extraction parameters will be given in the 
“results and discussion” section. Analysis was performed by GC/MS on 
a single quadrupole instrument operated in selected ion mode (SIM). 
One quantitation and two qualifier ions (Table 1) were monitored for 
each pesticide. The specific GC conditions used are listed in Table 3. 
Spiked samples were quantitated against a multi-point calibration 
curve prepared in prune matrix, equilibrated a minimum of three 
hours, and extracted by SPME. No internal standards were used.

Name CAS No. log P m/z, quant m/z, qualifiers
Demeton S-methyl 919-868 1.3 88 60,71

Terbufos 13071-79-9 3.7 88 231,57

Hexachlorobenzene 118-74-1 5.5 284 2,49,142

Nitrofen 1836-75-5 4.6 283 2,02,139

Aldrin 309-00-2 7.4 263 91,66

Dieldrin 60-57-1 6.2 263 108

Endrin 72-20-8 5.3 263 2,81,245

Cadasufos 95465-99-9 3.9 159 57,88

Ethoprophos 13194-48-4 3.2 158 97,139

Fipronil 120068-37-3 4.5 367 3,51,213

Heptachlor 76-44-8 4.8 100 2,72,237

Fensulfothion 115-90-2 2.1 292 156, 97

Table 1. Pesticides Studied in Pureed Prune Baby Food With 
Quantitation and Qualifier Ions for Each Pesticide 

(continued on next page)
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Figure 1. Effect of Salt on Reproducibility (as %RSD) for the Solid Phase Microextraction of Pesticides from Pureed Prune Baby 
Food Using OC-PDMS/DVB Fiber (spiking level of 10 ng/g)
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Results and Discussion

SPME Method Optimization

During SPME method development, the following parameters were 
optimized using the OC-SPME fiber:

• Dilution – Due to the high viscosity of the sample, dilution was 
required prior to SPME. This allowed for sufficient agitation of 
the sample during the incubation and extraction steps. Sodium 
phosphate buffer at pH 7 was used as the diluent to maintain a 
consistent sample pH.

• Addition of Salt – Salt was added to the samples as part of the 
buffer solution used for dilution. This improved reproducibility for 
many of the pesticides.

• Mixing During Incubation – Prior to extraction, the sample 
was mixed using a rapid agitation speed of 600 rpm to ensure 
thorough mixing of the viscous prune sample and buffer solution. 
It was observed that this mixture remained homogenous during 
the extraction step (in which agitation was slowed to 250 rpm).

• Post-extraction – This increased fiber life by removing residual sample.

• Temperature – Increased incubation and extraction temperatures 
improved extraction reproducibility.

Addition of Salt

In SPME, salt is often used as a sample additive to increase ionic strength 
and to help drive analyte equilibrium towards the fiber. It was found 
that the addition of salt did not increase pesticide response; however 
it did provide better reproducibility. Figure 1 shows a comparison 
between the %RSD values in average responses obtained for sets of  
n = 3 spiked replicates (10 ng/g) extracted with and without addition of 
salt. Lower %RSD values were obtained for all pesticides using salt except 
hexachlorobenzene (which was still <15%). It is possible that the salt, in 
addition to shifting analyte equilibrium towards the fiber, is helping 
to disrupt binding between the pesticides and the prune matrix.

Table 2. Final SPME Method for Pesticides in Pureed Prune 
Baby Food
 Sample:  4 g pureed prune baby food, 4 mL 0.1M 

potassium phosphate buffer with 25% 
sodium chloride, pH 7 in 10 mL vial

 Fiber:  polydimethylsiloxane/divinylbenzene  
(PDMS/DVB), 65 µm film, 23 Ga, PDMS 
overcoat (57439-U)

 Incubation with Agitation:  6 min at 600 rpm, 50 °C

 Extraction:  30 min, immersion, with agitation at 250 rpm 
(vial penetration 30 mm), 50 °C 

 Post-extraction Wash:  30 sec, with agitation, in DI water, 50 °C

 Desorption:  3 min, 250 °C (injection penetration 45 mm)

 Post Bake:  2 min, 260 °C (injection penetration  
45 mm)

Table 3. GC/MS Method for Pesticides in Pureed Prune  
Baby Food
 Column:  SLB®-35ms, 20 m × 0.18 mm I.D., 0.18 µm (29809-U)

 Oven: 50 °C (3 min), 5 °C/min to 270 °C (0 min)

 Inj. Temp.: 250 °C

 Carrier Gas: helium, 1 mL/min constant flow

 Detector: MSD, selected ion mode (SIM) 

 MSD Interface: 270 °C

 Injection: SPME,  splitless, 3 min

 Liner: 0.75 mm I.D., direct SPME (2637501)

http://www.sigmaaldrich.com/industries/food-and-beverage.html
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(continued on next page)

Incubation and Extraction Temperature

Incubation and extraction of the samples was carried out in 
the same heated agitator on the SPME autosampler, thus the 
same temperature had to be used for each of these steps. Initial 
experiments evaluating accuracy and precision of the SPME method 
using the OC-SPME fiber were carried out using a temperature 
of 30 °C. This temperature was selected based on previous work 
done with grapes.7 However when applying the SPME method 
to matrix-matched calibration standards from 1 to 20 ng/g, half of 
the pesticides showed issues with linearity (r² values of less than 
0.990). Endrin and cadasufos showed no response from the lowest 
calibration standard (1 ng/g), and demeton-S-methyl had flat 
response across the entire calibration range. To improve this, a higher 
incubation/extraction temperature was evaluated to determine 
if it would help to further disrupt matrix/analyte binding, and 
increase extraction kinetics. Table 4 shows a comparison between 
incubation/extraction temperatures of 30 °C and 50 °C for two sets 
(each n=5) of spiked prune samples. For each set, the results of the 
2-20 ng/g matrix matched calibration curves, along with accuracies 
and reproducibilities for spiked baby food samples are shown. The 
increased temperature of 50 °C resulted in better linearity for the 
matrix-matched calibration, as is indicated by the r² values of  
> 0.990 for all but one pesticide. The increased temperature 
resolved the response issues described earlier for endrin, cadasufos 
and demeton-S-methyl, allowing for quantitation of the later in 
the spiked samples. Since SPME is not an exhaustive extraction 
technique such as SPE, accuracy is reported for spiked samples  
rather than recovery. Increasing incubation/extraction temperature 
resulted in better method accuracy and reproducibility, indicated as 
lower % RSD values.

Post-extraction Wash

The pureed prune baby food contained sugars and pigments. It was 
expected that immersion of an SPME fiber into this matrix would 
leave residual matrix behind. A wash step was incorporated into the 
method after extraction and prior to desorption which consisted 
of dipping the fiber into deionized water. The wash time was set to 

 r2 values; 1-20 ng/g Accuracy; 10 ng/g spks  %RSD;  n=5
Equil./Extraction Temp: 30 °C 50 °C 30 °C 50 °C 30 °C 50 °C
Demeton-S-Methyl NC 0.993 NC 58% NC 28%

Ethoprophos 0.992 0.996 72% 100% 13% 6%

Cadasufos 0.992 0.99 76% 108% 10% 6%

Hexachlorobenzene 0.971 0.997 74% 106% 10% 7%

Terbufos 0.994 0.99 65% 82% 10% 6%

Heptachlor 0.97 0.991 66% 105% 14% 9%

Aldrin 0.978 0.989 84% 92% 7% 13%

Fipronil 0.988 0.996 69% 117% 10% 4%

Dieldrin 0.975 0.994 72% 107% 12% 6%

Endrin 0.992 0.991 87% 112% 6% 6%

Nitrofen 0.984 0.995 77% 121% 9% 6%

Fensulfothion 0.994 0.999 65% 103% 15% 4%

Table 4. Effect of Equilibration and Extraction Temperature on SPME Method Linearity, Accuracy and Precision for the Analysis of 
Pesticides in Pureed Prune Baby Food

ensure cleansing of the fiber without removing the analytes. Initially, 
studies were conducted with varying post-extraction wash times 
from 10-30 seconds. There was no decrease in response observed 
with increasing wash time. Thus, 30 seconds was chosen to provide 
thorough cleansing of the fiber

Comparison to Standard PDMS/DVB Fiber

Accuracy and Reproducibility

The results obtained for the spiked prune samples using the  
OC-SPME fiber were then compared to a standard, non-overcoated 
version of the PDMS/DVB fiber. The same SPME method parameters 
were used, including the post-extraction wash. The results obtained 
from extraction of n = 5 replicates of spiked pureed prune baby food 
are summarized for both fiber types in Figure 2. For pesticide residue 
methods in foods, the generally accepted range for recovery is 80-
120%. This was translated to the SPME method as the target range 
of accuracy, and is indicated in yellow in Figure 2. Precisions are 
indicated with error bars for each pesticide. Accuracy was generally 
better using the OC versus the standard fiber; 10 of the 12 pesticides 
fell within the target accuracy range of 80-120% (with nitrofen 
barely outside), while 6 of 10 fell within this range with the standard 
fiber. The most polar pesticide, demeton-S-methyl, was difficult to 
extract using the SPME method. Reproducibility was also better 
using the OC fiber. The two most hydrophobic pesticides studied, 
aldrin and dieldrin, showed significant improvement with regards to 
measurement accuracy and reproducibility using the OC fiber.

Background

A comparison of the TICs generated from GC/MS-SIM analyses of 
the pureed prunes baby foods using both fiber types is shown in 
Figure 3. While SPME generally does not generate a great deal of 
background, differences were noted between the two fibers. Higher 
background was observed in the pesticide elution range with the 
standard fiber; most notably from 29-31 and 33 to 35 minutes. This 
indicates that less sample residue remained behind after the wash 
step on the OC fiber than the standard fiber.
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Figure 2. Comparison of Accuracy and Precision Between Standard and OC- PDMS/DVB SPME Fibers for Extraction of Pesticides 
from Pureed Prune Baby Food (avg. n = 5 replicates, spiking level of 10 ng/g)
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Figure 3. SPME GC/MS-SIM Analysis of Spiked Pureed Prune 
Baby Food (same Y-scale). (a) Standard, Non-Overcoated 
PDMS/DVB Fiber, (b) Overcoated PDMS/DVB Fiber
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GC Method Ruggedness & Fiber Durability

In addition to providing a barrier to macromolecules present in 
matrix, another objective of the overcoating is to make the SPME 
fiber more durable. Fiber durability was tested by performing 
repeated extractions of spiked pureed prune baby food, monitoring 
pesticide response, and examining the physical attributes of the 
fiber before and after the test sequence. Performance over the 
course of 25 sample extractions is shown for several pesticides in 
Figure 4. Response over the course of the test sequence is shown 
normalized to the first extraction. Response was steady using OC 
fiber, as indicated by the %RSD value of < 10% for response over 
the course of the extractions. The standard, non-overcoated fiber 
(designated as “non-OC” in the figures) showed a decline in response. 
With the exception of demeton S-methyl, response for the remaining 
pesticides declined more rapidly with the standard fiber than the  
OC fiber. The physical condition of the OC fiber after testing was  
fairly good, with only patches of discoloration visible (Figure 5).  
The standard fiber became completely detached from the assembly 
and was lost at the end of the testing, and thus could not be 
physically evaluated.

http://www.sigmaaldrich.com/industries/food-and-beverage.html


19Order:  800-325-3010 (U.S.)    814-359-3441 (Global) 

Figure 4. Comparison of Pesticide Response Between 
Standard (Non-OC) and Overcoated (OC) Fibers Over  
Repeated Sample Extractions
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Figure 5. Photo of Overcoated SPME Fiber After Repeated 
Extractions of Pureed Prune Baby Food Samples (the non-OC 
SPME fiber was lost during the same test sequence)

Conclusion
A direct immersion SPME method using a new overcoated SPME fiber 
was developed for the extraction of pesticides from pureed prune 
baby food. Dilution of the samples in a buffered salt solution, and 
application of heat during extraction improved method accuracy 
and reproducibility. A post-extraction wash step was incorporated to 
help remove residual sample from the SPME fiber prior to desorption. 
Compared to a standard, non-overcoated fiber of the same chemistry, 
the method using the overcoated PDMS/DVB fiber showed better 
accuracy, reproducibility, and lower GC/MS background. In addition,  
as seen with repeated sample extractions, the overcoated fiber 
provided more stable response and was more physically durable.
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  Featured and Related Products

  Related Information

To request a free sample of Supel™ QuE Verde, visit  
sigma-aldrich.com/spe-samples

Description Cat. No.
Capillary GC Column
SLB®-35ms, 20 m × 0.18 mm I.D., 0.18 μm 29809-U
SPME Fibers and Accessories
SPME-Overcoated fiber assembly, Polydimethylsiloxane/
Divinylbenzene (PDMS/DVB) with PDMS overcoat, StableFlex™ 
fiber, df 65 µm, needle size 23 ga for use with autosampler

57439-U

SPME fiber assembly, Polydimethylsiloxane/Divinylbenzene 
(PDMS/DVB), StableFlex fiber, df 65 µm, needle size 23 ga for 
use with autosampler

57293-U

SPME fiber holder for CTC autosampler 57347-U
SPME fiber holder for manual sampling 57330-U
Accessories
Inlet Liner, Direct (SPME) Type, Straight Design, 0.75 mm I.D. 
for Agilent® GC

2637501

Molded Thermogreen® LB-2 Septa, with injection hole,  
11 mm, pack of 50

28336-U

Headspace Vial, volume 10 mL, clear glass vial, thread 18,  
O.D. ×  22.5 mm × 46 mm 

SU860099

Magnetic Screw Cap for Headspace Vials, 18 mm thread SU860101

http://www.sigmaaldrich.com/analytical-chromatography/sample-preparation/spe/samples.html
http://www.sigmaaldrich.com/catalog/product/supelco/29809u?lang=en&region=US
http://www.sigmaaldrich.com/catalog/product/supelco/57439u?lang=en&region=US
http://www.sigmaaldrich.com/catalog/product/supelco/57293u?lang=en&region=US
http://www.sigmaaldrich.com/catalog/product/supelco/57347u?lang=en&region=US
http://www.sigmaaldrich.com/catalog/product/supelco/57330u?lang=en&region=US
http://www.sigmaaldrich.com/catalog/product/supelco/2637501?lang=en&region=US
http://www.sigmaaldrich.com/catalog/product/supelco/28336u?lang=en&region=US
http://www.sigmaaldrich.com/catalog/product/supelco/su860099?lang=en&region=US
http://www.sigmaaldrich.com/catalog/product/supelco/su860101?lang=en&region=US
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Achieve Exceptional Resolution of PAHs, 
Including Several Isomer Sets, using SLB®-ILPAH 
Capillary GC Columns

Leonard M. Sidisky, R&D Manager; Michael D. Buchanan, Technical Marketing 
Manager; and Gustavo Serrano, Product Manager 

gustavo.serrano@sial.com

Polycyclic aromatic hydrocarbons (PAHs) are ubiquitous in the 
environment. They belong to a group known as persistent organic 
pollutants (POPs). Monitoring is important because they are identified 
as carcinogens. Multiple isomers exist, which are difficult to resolve 
chromatographically. SLB®-ILPAH is a special purpose column based on 
an ionic liquid stationary phase. A distinct combination of stationary 
phase selectivity and efficient column dimensions allow exceptional 
resolution of PAHs, including several isomer sets. Complete column 
specifications are listed in Table 1.

Resolution Test
Every SLB-ILPAH column is specialty tested to ensure it meets 
stringent resolution requirements for several sets of PAHs. Figure 1 
depicts a chromatogram obtained from analysis of the QC test mix. 
The resolution (RS) results obtained from this chromatogram are:

• 2.21 for phenanthrene/anthracene 

• 1.82 for benzo[a]anthracene/chrysene 

• 1.69 for chrysene/triphenylene 

• 2.65 for benzo[b]fluoranthene/benzo[k]fluoranthene 

• 1.52 for benzo[k]fluoranthene/benzo[j]fluoranthene 

Column efficiency is also determined by measuring the theoretical 
plate value of naphthalene. For this chromatogram, it was good, 
based on the value of 109,480 plates that was obtained.

22-Component PAH Mix
Multiple regulatory agencies around the world have promulgated 
methodologies for the analysis of PAHs. The number of analytes 
listed in these methods ranges from 16 to 24. To present data more 
accurately aligned with real-world usage, a 22-component PAH 
mix which contains the most frequently listed PAHs was analyzed 
on a SLB-ILPAH column. The resulting chromatogram is shown in 
Figure 2. The significant finding is that this column has the necessary 

Table 1. SLB-ILPAH Column Specifications
Application:  This special purpose and specially tested capillary GC column 
is designed for the analysis of polycyclic aromatic hydrocarbons (PAHs). It 
incorporates an ionic liquid stationary phase. Each column is individually 
tested to ensure resolution of several key sets (phenanthrene / anthracene, 
benzo[a]anthracene / chrysene / triphenylene, and benzo [b]fluoranthene / 
benzo[k]fluoranthene / benzo[j]fluoranthene).
USP Code:  None
Phase:  Non-bonded; 1,12-Di(tripropylphosphonium)dodecane 
bis(trifluoromethanesulfonyl)imide
Temp. Limits:  Subambient to 300 °C (isothermal or programmed)

Figure 1. QC Test Mix
RS (peak 2/3) = 2.21
RS (peak 4/5) = 1.82
RS (peak 5/6) = 1.69
RS (peak 7/8) = 2.65
RS (peak 8/9) = 1.52
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 column:  SLB-ILPAH, 20 m × 0.18 mm I.D., 0.05 µm (29799-U)
 oven:  90 °C (6 min), 20 °C/min to 225 °C, 5 °C/min to 300 °C (10 min)
 inj. temp.: 300 °C
 detector: FID, 310 °C
 carrier gas:  hydrogen, 1.3 mL/min,  

constant flow
 injection: 1 µL, 50:1 split
 liner: 4 mm I.D., split type, cup design
 sample:  10 PAHs, each at 100 µg/mL  

in methylene chloride

  1. Naphthalene
  2. Phenanthrene
  3. Anthracene
  4. Benzo[a]anthracene
  5. Chrysene
  6. Triphenylene
  7. Benzo[b]fluoranthene
  8. Benzo[k]fluoranthene
  9. Benzo[j]fluoranthene
10. Dibenzo[a,i]pyrene

sigma-aldrich.com/il-gc

Environmental
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Figure 2. 22-Component PAH Mix

 column:  SLB®-ILPAH, 20 m × 0.18 mm I.D., 0.05 µm (29799-U)

 oven:  150 °C, 15 °C/min to 225 °C, 5 °C/min to 300 °C (15 min)

 inj. temp.: 300 °C

 detector: FID, 310 °C

 carrier gas:  hydrogen, 1.3 mL/min, constant flow

 injection: 1 µL, 300:1 split

 liner:   2.3 mm I.D., split/splitless type, wool packed straight FocusLiner™ design

 sample:  22 analytes, each at 100 µg/mL in methylene chloride
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  1. Naphthalene

  2. Acenaphthene

  3. Acenaphthalene

  4. Fluorene

  5. Phenanthrene

  6. Anthracene

  7. Fluoranthene

  8. Pyrene

  9. Benzo[a]anthracene

10. Chrysene

11. 5-Methylchrysene

12. Benzo[b]fluoranthene

13. Benzo[k]fluoranthene

14. Benzo[j]fluoranthene

15. Benzo[a]pyrene

16. Dibenz[a,h]anthracene

17. Indeno[1,2,3-cd]pyrene

18. Benzo[g,h,i]perylene

19. Dibenzo[a,l]pyrene

20. Dibenzo[a,e]pyrene

21. Dibenzo[a,i]pyrene

22. Dibenzo[a,h]pyrene

selectivity to provide exceptional resolution for several sets of 
PAHs, such as peaks 5/6, peaks 9/10, and peaks 12/13/14. Also of 
great interest is that this column can provide baseline separation of 
dibenz[a,h]anthracene (peak 16) and indeno[1,2,3-cd]perylene  
(peak 17). This last pair typically co-elutes on other columns, and 
requires the use of mass spectrometry (MS) for proper identification.

Conclusion
The main strength of ionic liquid GC columns is unique selectivity. 
This often results in increased resolution compared to columns 
made with polysiloxane polymer or polyethylene glycol columns. 
The analysis of PAHs is an example of how an ionic liquid column can 
achieve a level of separation not possible with other columns. In this 
case, it is the specialty-tested SLB-ILPAH.

  Featured Product

  Related Product

  Related Information

Multiple applications, product information, real-time availability, 
and ordering information is available 24 hours a day at   
sigma-aldrich.com/il-gc

Description Cat. No.
SLB-ILPAH Capillary GC Column, 20 m × 0.18 mm I.D., 0.05 µm 29799-U

Description Cat. No.
SLB-ILPAH Capillary GC Column, 15 m × 0.10 mm I.D., 0.03 µm Inquire

Did you know . . .

We offer a wide variety of single-component and  
multi-component PAH mixtures available as certified reference 
materials (CRMs). Additionally, we have great custom capabilities. 

To learn more, visit 
sigma-aldrich.com/crm

http://www.sigmaaldrich.com/analytical-chromatography/analytical-products.html?TablePage=101691909
http://www.sigmaaldrich.com/catalog/product/supelco/29799u?lang=en&region=US
http://www.sigmaaldrich.com/analytical-chromatography/analytical-products.html?TablePage=9641466
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SLB®-IL (i-series) Capillary GC Columns: Enjoy 
Polar Selectivity and Polar Inertness

Leonard M. Sidisky, R&D Manager; Michael D. Buchanan, Technical Marketing 
Manager; and Gustavo Serrano, Product Manager

gustavo.serrano@sial.com

For the analysis of polar analytes, is it better to optimize column 
selection for polar selectivity or polar inertness? This dilemma is 
now solved. Using SLB-IL (i-series) columns, GC users can enjoy both 
selectivity and inertness! With these columns, peak shapes for polar 
analytes, such as alcohols, ketones, anilines, and phenols, look as 
sharp as those observed with non-polar analytes, such as n-alkanes.

Better With Both
By providing both selectivity and inertness towards polar analytes, 
better accuracy and sensitivity can be achieved. An illustration 
comparing the chromatography of two analytes with similar  
boiling points on three column types is presented in Figure 1.  
Observations are:

• SLB-IL (i-series) columns combine high selectivity for polar analytes 
and high inertness towards polar analytes, so provide resolution 
and good peak shapes for both analytes

• Traditional highly polar columns, with high selectivity for polar 
analytes and low inertness towards polar analytes, provide 
resolution, but a poor peak shape for the polar analyte

• Traditional non-polar columns have low selectivity for polar 
analytes and high inertness towards polar analytes, so provide 
good peak shapes for both analytes, but limited resolution

Improved Inertness
To demonstrate improved inertness, a polar column test mix 
containing four polar analytes and five n-alkane markers was 
analyzed on two columns; SLB-IL76i (the improved inertness 
version) and SLB-IL76 (the original version). Both chromatograms are 
displayed in Figure 2. Using the polar column test mix for the quality 
control of polar and highly polar columns allows an assessment of 
inertness. In particular:

• The peak shapes of an alcohol, a ketone, a phenol (an  
aromatic alcohol), and an aniline (an aromatic amine) can be 
monitored – sharper peak shapes indicate a more inert column

• The % response of 1-octanol (its peak height relative to a  
curved line connecting the n-alkane markers) can be  
measured – a greater value indicates a more inert column

As shown, SLB-IL76i exhibits improved inertness, established by the 
sharp peak shapes produced for all analytes with polar functionality. 
This is further demonstrated by the greater peak height of 1-octanol.

Selectivity Options
It is advantageous to have columns with alternative selectivity at 
hand, because resolution is most greatly affected by selectivity.  
A range of i-series columns were developed, classified as polar  
(SLB-IL60i), highly polar (SLB-IL76i), and extremely polar (SLB-IL111i).  
Table 1 contains complete specifications for each chemistry.

Figure 1. Comparison of Column Types

SLB-IL (i-series) Columns

High selectivity for polar analytes.
High inertness towards polar analytes.

2 analytes with similar boiling points

Resolution and good peak 
shape for both analytes.

Traditional Highly Polar Columns

High selectivity for polar analytes.
Low inertness towards polar analytes.

2 analytes with similar boiling points

Resolution, but poor peak shape
for the polar analyte.

Non-polar analyte Polar analyte Non-polar analyte Polar analyte Non-polar analyte Polar analyte

Traditional Non-polar Columns

Low selectivity for polar analytes.
High inertness towards polar analytes.

2 analytes with similar boiling points

Good peak shape for both analytes,
but limited resolution.

Selectivity and Inertness Selectivity or Inertness

sigma-aldrich.com/il-gc-inert
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Figure 2. Inertness Comparison

 column: SLB-IL76i, 30 m × 0.25 mm I.D., 0.20 µm (29869-U)
 column: SLB-IL76, 30 m × 0.25 mm I.D., 0.20 µm (28913-U)
 oven: 130 °C
 inj. temp.: 250 °C
 detector: FID, 250 °C
 carrier gas: helium, 1.2 mL/min (28 cm/sec)
 injection: 1 µL, 100:1 split
 liner: 4 mm I.D., split type, cup design
 sample:  polar column test mix (47302),  

9 analytes, each at 500 µg/mL  
in methylene chloride

1. n-Pentadecane
2. n-Hexadecane
3. 2-Octanone
4. n-Heptadecane
5. 1-Octanol
6. n-Octadecane
7. n-Eicosane
8. 2,6-Dimethylaniline
9. 2,6-Dimethylphenol
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78% octanol response (peak 5)

Improved inertness = better peak 
shapes for 1-octanol (peak 5) and 
2,6-dimethylphenol (peak 9)

27% octanol response (peak 5)

Two by-products of the fermentation process are active amyl 
alcohol and isoamyl alcohol. Alcoholic beverage manufacturers are 
interested in these analytes due to their contribution to the aroma 
characteristic. A mix containing both analytes and several n-alkane 
markers was analyzed on each i-series column. The inclusion of 
n-alkane markers allows some of the selectivity characteristic of each 
column to be revealed.

The chromatograms shown in Figure 3 reveal that all three 
chemistries are able to perform this separation using a 90 °C 
isothermal oven temperature. Most other GC columns cannot 
perform this separation without resorting to lower (even sub-ambient) 
oven temperatures. Excellent peak shapes were exhibited for both 
analytes on all three chemistries. In fact, the alcohol peak shapes 
compare favorably to the n-alkane peak shapes!

These chromatograms also demonstrate the difference in selectivity 
between the three columns. In addition to being fully resolved, both 
alcohols elute between:

• n-undecane and n-dodecane on the polar SLB-IL60i column

• n-tridecane and n-tetradecane on the highly polar  
SLB-IL76i column

• n-pentadecane and n-hexadecane on the extremely polar  
SLB-IL111i column

Conclusion
Improved inertness for polar analytes was the inspiration for the 
development of this new line of ionic liquid capillary GC columns. 
They provide both selectivity and inertness towards polar analytes, 
resulting in better accuracy and sensitivity. Having a range of 
selectivity options will provide analysts the capability to tailor their 
analyses.

Table 1. SLB-IL (i-series) Column Specifications

SLB®-IL60i
Application: The selectivity of SLB-IL60i is more polar than PEG/wax phases, 
resulting in unique elution patterns. It has a higher maximum temperature 
than most PEG/wax columns (280 °C compared to 260-270 °C). Excellent 
alternative to existing PEG/wax columns. Also a good GCxGC column choice.

USP Code: None

Phase: Non-bonded; 1,12-Di(tripropylphosphonium)dodecane 
bis(trifluoromethanesulfonyl)imide

Temp. Limits: 35 °C to 280 °C (isothermal or programmed)

SLB®-IL76i
Application: The SLB-IL76i phase structure is engineered with numerous 
interaction mechanisms, resulting in selectivity differences even when 
compared to columns with similar GC column polarity scale values.  
Also a good GCxGC column choice.

USP Code: None

Phase: Non-bonded; Tri(tripropylphosphoniumhexanamido)triethylamine 
bis(trifluoromethanesulfonyl)imide

Temp. Limits: subambient to 270 °C (isothermal or programmed)

SLB®-IL111i
Application: The selectivity of SLB-IL111i is most orthogonal to non-polar and 
intermediate polar phases, resulting in very unique elution patterns. Maximum 
temperature of 270 °C is very impressive for such an extremely polar column. 
Great choice for separation of polarizable analytes (contain double and/or 
triple C-C bonds) from neutral analytes. Also a good GCxGC column choice.

USP Code: None

Phase: Non-bonded; 1,5-Di(2,3-dimethylimidazolium)pentane 
bis(trifluoromethanesulfonyl)imide

Temp. Limits: 50 °C to 260 °C (isothermal or programmed)

(continued on next page)
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Figure 3. Selectivity Comparison

 column: SLB®-IL60i, 30 m × 0.25 mm I.D., 0.20 µm (29832-U)
 column: SLB-IL76i, 30 m × 0.25 mm I.D., 0.20 µm (29869-U)
 column: SLB-IL111i, 30 m × 0.25 mm I.D., 0.20 µm (29883-U)
 oven: 90 °C
 inj. temp.: 250 °C
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 sample:  active amyl alcohol, isoamyl alcohol, and n-alkane markers in methylene chloride
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Multiple applications, product information, real-time availability, 
and ordering information is available 24 hours a day at    
sigma-aldrich.com/il-gc-inert

Did you know . . .

GC stationary phases based on dicationic and polycationic ionic 
liquids were invented by Prof. Daniel W. Armstrong, currently at 
the University of Texas at Arlington (USA). 

Description Cat. No.
SLB®-IL60i Capillary GC Column
30 m × 0.25 mm I.D., 0.20 µm 29832-U
SLB-IL76i Capillary GC Column
30 m × 0.25 mm I.D., 0.20 µm 29869-U
SLB-IL111i Capillary GC Column
30 m × 0.25 mm I.D., 0.20 µm 29883-U

Description Cat. No.
SLB-IL60i Capillary GC Columns
20 m × 0.18 mm I.D., 0.14 µm 29829-U
60 m × 0.25 mm I.D., 0.20 µm 29833-U
30 m × 0.32 mm I.D., 0.26 µm 29836-U
60 m × 0.32 mm I.D., 0.26 µm 29837-U
SLB-IL111i Capillary GC Columns
60 m × 0.25 mm I.D., 0.20 µm 29884-U

Maximize Performance with 
Trusted GC Accessories
Reduce costly downtime, rework,  
and help prevent inaccurate 
chromatographic results.

For more information, visit   
sigma-aldrich.com/gc-accessories
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Introduction
While C18 alkyl-based phases remain the gold standard for reversed-
phase liquid chromatography, stationary phases that invoke 
interactions in addition to hydrophobic partitioning afford the 
method developer a viable option for improving resolution without 
sacrificing robustness or reproducibility. Phenyl type stationary 
phases are one such alternative that are thought to benefit from 
pi-pi interactions promoting charge transfer between solute and 
stationary phase via Lewis acid/base mechanisms.1 Recently, there 
has been a growing interest in the use of phases based on the 
biphenyl moiety, and the advantages it sometimes exhibits in the 
separation of compounds not well resolved by C18 or existing phenyl 
chemistry. There are studies that have evaluated typical commercially 
available phenyl phases,2 however; there is not as much data in 
the primary literature to characterize the molecular interactions on 
biphenyl type phases.

Experiments previously conducted to characterize the retention and 
selectivity on the Ascentis Express Biphenyl stationary phase yielded 
insight into potential molecular interactions. These evaluations 
were based on methods described by Euerby and Tanaka, among 
others, and rely on using a set of defined probes to determine the 
relative extent of particular molecular interactions.3,4 For example, 
the hydrogen bonding capacity for a given stationary phase is 
determined by comparing the retention and selectivity of phenol 
versus caffeine, where the difference in hydrogen bond donating 
versus accepting potential of these probes can discriminate the 
stationary phase potential for this particular dipolar interaction.

These studies led to the observation that hydrogen bonding capacity 
on the biphenyl phase was much higher compared to a C18 alkyl 
phase. Figure 1 and Table 1 describe the results of this test. There is 
an elution order reversal of the analytes comparing the two phases 
and the biphenyl chemistry shows a much greater retention of the 
caffeine probe. Horak et al. have described a similar result, giving the 
rationale that the extended pi system of the purine ring compared to 
phenol drives retention by pi-pi interactions.5 While the contributions 
of pi-pi type contributions are likely important for aromatic stationary 
phases, the purpose of the current study is to further investigate the 
hydrogen bonding capacity observation by studying a test mix of 
substituted benzene compounds with functional groups capable of 
accepting a hydrogen bonding proton, similar to the caffeine probe.

In order to understand the additional contributions to retention 
conferred by the functional group on the substituted benzene 
compounds, toluene is used as a reference for purely hydrophobic 

Figure 1. An Overlay of Chromatograms for Caffeine and 
Phenol on Discovery® C18 (Red) and Ascentis Express 
Biphenyl (Blue)
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Parameter Discovery C18 Ascentis Express Biphenyl
k’ caffeine 0.94 5.28

k’ phenol 1.93 2.91

α H-Bond Capacity 0.49 1.82

Table 1. Absolute Retention and Selectivity for Caffeine and 
Phenol Comparing an Alkyl C18 and Biphenyl Stationary Phase

interactions. Isoelutropic conditions were selected so that the 
retention of toluene could be normalized for both stationary phases 
and organic modifiers. The Ascentis Express Biphenyl stationary 
phase is compared against a standard phenyl type phase and an 
alkyl C18 phase to evaluate contributions to retention inherent to 
increasing the aromatic character of the stationary phase. The probes 
were chosen to include compounds that were all hydrogen bond 
acceptors based on the previous observation that the biphenyl 
phase has a high degree of hydrogen bonding capacity based on an 
analysis of caffeine retention and selectivity (Figure 2).

Figure 2. Substituted Benzene Compounds Used as 
Selectivity Probes on Ascentis Express Biphenyl
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The results of the substituted aromatic comparison are shown in 
Figure 3. Changing the organic component in the mobile phase had 
a significant impact on selectivity. The differences in retention and 
selectivity are more pronounced on the phenyl phases, particularly 
the biphenyl stationary phase. The change in elution order between 
benzonitrile and acetophenone is observed on all phases, implying 
the selectivity difference is likely not an attribute of stationary phase 
aromaticity. In methanol mobile phase, solute retention increases with 
the increasing aromatic character of the stationary phase. While there are 
different substituent effects on the phenyl ring based on the functional 
group chemistry, there is not a clear trend between the electron density 
of the ring and interactions with the stationary phase. Compounds with 
both electron donating and electron withdrawing groups all seem to 
have the same increased retention in the methanolic mobile phase.

This effect of organic modifier has been observed on phenyl phases 
in previous reported studies.5 In the present study, this result is 
confirmed on phenyl hexyl phase, though it is shown to be of greater 
significance on the biphenyl column. The accepted explanation 
for this observation is that pi-pi interactions are shielded in an 
acetonitrile reversed phase environment because of the potential 

for charge transfer between the pi electrons of the solvent and 
stationary phase. While pi-pi molecular interactions are likely to 
occur, it is unclear whether the energetics of this interaction or 
the formation and proximity of a reversed phase interface driven 
by solvation of the stationary phase is the driving force for the 
differences observed. The explanation is likely more complex; a 
combination of molecular contributions and solvation dependent on 
organic mobile phase component that is not yet understood.

To interpret the chromatographic data for the substituted benzene 
compounds, a method was adapted based on the Hammet linear 
free energy approach.6 Using toluene as a reference compound, the 
hydrophobic contributions to selectivity were subtracted so that 
correlations could be made between remaining molecular contributions 
to retention from the stationary phase. Linear regressions are then used 
to correlate retention to previously calculated solute parameters in 
the determination of linear solvation energy relationships.7 Molecular 
descriptors were chosen that are most applicable to interactions for 
phenyl stationary phases based on previous characterizations of column 
selectivity, namely polarity, polarizability, hydrogen bond basicity, and 
steric contributions (shape selectivity).

Figure 3. Overlay of Substituted Benzene Compounds Comparing Selectivity on Different Stationary Phases and the Effect of 
Mobile Phase Organic Modifier
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 mobile phase:  [A] water [B] methanol; isocratic as indicated 
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 flow rate: 0.5 mL/min 

 column temp: 35°C

 detector: UV, 254 nm

 injection: 1.0 µL

 sample:  uracil (25 µg/mL), benzonitrile (50 µg/mL), 
acetophenone (25 µg/mL), anisole (100 µg/mL), 
toluene (1000 µg/mL); prepared in 85:15 A:B

 instrument: Dionex™ Ultimate 3000
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The analysis of the data in Figure 4 shows no correlation between 
hydrogen bond basicity of the analytes and retention on the 
biphenyl stationary phase, in contradiction to our previous 
observation in the Euerby column characterization. The most 
meaningful correlation was to dipole moment, with slightly less 
significant contributions from shape selectivity and polarizability. 
The polar nature of the aromatic ring, which has net negative charge 
above and below the plane of the ring because of the p-orbital 
conjugation appears to be the major driving force in retention. 
Whether this is an indication of pi-pi charge transfer or polarity 

dictating a difference in the stationary solvation remains unclear. 
The data clearly demonstrates that parameters like shape selectivity, 
polarizability, and polarity of the analyte should be parameters than 
can be exploited for successful method development. These factors 
will differentiate analytes and are the major contributors to selectivity 
that will ultimately promote resolution of critical pairs in an analysis. 
Given the small sample set of probes and the potentially limited span 
of molecular interactions for this group of analytes, a more in depth 
LSER study is likely needed, and does not yet exist for biphenyl type 
stationary phases in the primary literature.

Figure 4. Correlations Between Non-hydrophobic Contributions to Retention and Solute Parameters

(The substituted benzene compounds: a) steric effects; b) hydrogen bond accepting capacity; c) dipole moment; d) polarizability. Solute 
parameters are referenced in Snyder et al.7
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Conclusions
The Ascentis® Express Biphenyl stationary phase demonstrates an 
enhancement of many of the effects associated with phenyl type 
stationary phases. Significant differences in selectivity based on 
choice of organic modifier distinguish it from C18 alkyl type phases. 
Factors of polarity, shape selectivity, and polarizability are the 
driving forces behind retention and selectivity, though the relative 
contributions of these interactions are still unknown. The differences 
compared to alkyl and even existing phenyl chemistries make this 
phase a suitable tool for method development in reversed-phase 
where existing approaches lack selectivity.
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Description Cat. No.
Ascentis Express HPLC Columns
Biphenyl, 10 cm × 2.1 mm I.D., 2.7 µm 64065-U
C18, 10 cm × 2.1 mm I.D., 2.7 µm 53823-U
Phenyl Hexyl, 10 cm × 2.1 mm I.D., 2.7 µm 53336-U

Ascentis® Express Biphenyl U/HPLC Columns
A New Choice in Selectivity

The Ascentis Express Biphenyl U/HPLC column offers extra 
separation and retention power for compounds that are 
challenging on C18 and other phenyl phases like:

•  Pain Management Panel Analytes

•  Fused Ring Compounds

This new chemistry further expands the broad range of 
selectivites offered in our Fused-Core® particle line-up for 
optimized methods:

• C18

• C8

• RP-Amide

• Phenyl Hexyl

• Biphenyl

• F5

• ES-Cyano

• HILIC (Si)

• OH5
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Introduction
Thyroid hormones play critical roles in the regulation of biological 
processes, such as: growth, metabolism, protein synthesis, and 
brain development. Specifically, both 3,3’,5,5’-tetraiodo-L-thyronine 
(thyroxine or T4) and 3,3’,5-triiodo-L-thyronine (T3), are essential for 
development and maintenance of normal physiological functions. 
For a clinical laboratory, measurements of total T4 and total T3, 
along with estimates of free T4 (FT4) and free T3 (FT3), are important 
for the diagnosis and monitoring of thyroid diseases. Most clinical 
laboratories measure thyroid hormones using immunoassays. 
The immunoassay-based methods offer a relatively rapid, high 
patient sample throughput that lends itself to automation, but are 
significantly compromised by problems with assay interference 
and are complicated by changes in protein levels that alter the free 
hormone availability.1

Liquid chromatography mass spectrometry (LC/MS) has been 
reported to offer superior specificity and speed over the 
immunoassays for determination of thyroid hormones in biological 
matrices such as serum and tissues. Nevertheless, the reported 
sample preparation procedures, typically liquid-liquid extraction 
followed by solid phase extraction (SPE), involve multiple time 
consuming steps, and are less compatible with automation.2,3 The 
present work demonstrates successful online SPE with LC/MS for 
rapid determination of T4, T3, and 3,3',5'-triiodo-L-thyronine (rT3) from 
biological matrices.

Experimental
Materials: Supel™ Genie C8 and RP-Amide (RPA) online cartridges (2 cm 
× 4.0 mm I.D.), human serum (MilliporeSigma Cat. No. H-1388), protein 
precipitation solvent: methanol with 1% (w/v) ammonium formate.

Sample Processing Procedure: the human serum spiked with analytes 
was protein precipitated by vortex mixing with the precipitation 
solvent at a 1:3 ratio. Then the mixture was centrifuged at 10,000 x 
g for 3 min and the resulting supernatant was collected and directly 
injected for LC/MS analysis.  

Online SPE-LC/MS Setup: As shown in Figure 2., the online SPE-LC/MS 
setup consists of a 6-port switching valve and two pumps; one for 
sample loading and washing, the other for sample elution. To minimize 
the potential peak broadening from the cartridges, the flow of sample 
loading/washing and the subsequent elution are in reversed directions.

Figure 1. Chemical Structures of the Thyroid Analytes
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Figure 2. Configuration of the Online SPE-LC/MS System
 column:  Ascentis® Express Biphenyl,  

10 cm × 2.1 mm I.D.,  
2.7 µm (64065-U)

 mobile phase:  (A) water; (B) methanol, each  
with 0.1% acetic acid

 isocratic: 70% B% for 10 min
 flow: 0.3 mL/min
 column temp: 35 °C
 sample loading/washing:  0.3 mL/min for 2 min, then the  

valve switches to online with  
HPLC column, before sample  
loading the cartridge is equilibrated  
with the loading solvent for 2.5 min.

 sample loading solvent: 10% methanol
 injection vol: 2 µL injection
 detection: MS, ESI(+), MRM mode
 instrument:  Shimadzu® LCMS-8030  
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Results and Discussion
The conventional (off-line) sample preparation by SPE typically 
involves multiple labor-intensive and time-consuming steps, 
including: conditioning, sample loading, washing, elution, and finally 
evaporation and reconstitution of the sample in mobile phase. The 
Supel™ Genie C8 and RPA online cartridges have been developed to 
automate the sample preparation process, minimize hands on time 
and human error, and reduce overall sample processing time. The 
present work utilized the C8 and RPA online cartridges with LC/MS for 
the detection of thyroids from human serum. Figures 3 and 4 shows 
the representative LC/MS chromatograms of T3, rT3, and T4 spiked 
in human serum with C8 and RPA online cartridges, respectively. 
The human serum samples were simply protein precipitated with 
methanol containing ammonium formate and then directly injected 
for online SPE and LC/MS analysis. The sample loading/washing 
were carried out entirely by the instrument, without any hands-on 
effort. Additionally, the time-consuming solvent evaporation and 
reconstitution steps were eliminated.  
As can been seen from Figures 3 and 4, both C8 and RPA were 

Figure 3. Representative LC/MS Chromatogram of Thyroids in Human Serum with C8 Online Cartridge
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1 T3 3.7 1.6

2 rT3 5.2 1.5

3 T4 4.9 1.4

capable of capturing a trace amount (100 ng/mL x 2 µL in this case) 
of thyroids from complicated human serum. All three thyroids are 
resolved from each other, with a peak width at half height <6s and 
tailing factor from 1.4-1.8. The total run time is within 6 min. 

Tables 1 and 2 show the ruggedness of the online SPE-LC/MS with 
C8 and RPA cartridge, respectively, from 120 consecutive injections of 
the human serum samples. As can be seen, the retention times of the 
thyroid analytes with C8 or RPA are very reproducible, with RSD’s of 
0.1%-0.2%. The reproducibility (RSD%) of the peak area of the thyroid 
analytes with C8 and RPA cartridges is 6.2%-7.0% and 5.1%-7.7%, 
respectively, which indicates great precision.

Comparing the two online cartridges, RPA appears to deliver greater 
signals (peak height and area) for all three thyroid analytes compared 
with the C8 cartridge. The mechanism behind this is not clear, 
however, the RPA is known to offer better retention for analytes with 
polar moeity groups which form hydrogen bonds. Otherwise C8 and 
RPA provide similar results in terms of peak shape and reproduciblity 
of peak area.

Summary

Analyte MRM Quantifier
Retention Time (Min) 

(Avg. n = 120)
Retention Time Reproducibility 

(RSD%, n=120)
Peak Area  

(Avg. n = 120)
Peak Area Reproducibility  

(RSD%, n = 120)
3,3’,5-triiodo-L-thyronine (T3) 651.8 / 605.5 4.13 0.1 17711 6.9
3,3’,5-triiodo-L-thyronine (rT3) 651.8 / 605.5 4.53 0.2 22081 7
3,3’,5,5’-tetraiodo-L-thyronine (T4) 777.7 / 731.8 4.89 0.1 22233 6.2

Analyte MRM Quantifier
Retention Time (Min) 

(Avg. n = 120)
Retention Time Reproducibility  

(RSD%, n=120)
Peak Area  

(Avg. n = 120)
Peak Area Reproducibility  

(RSD%, n = 120)
3,3’,5-triiodo-L-thyronine (T3) 651.8 / 605.5 4.03 0.2 27046 5.1
3,3’,5-triiodo-L-thyronine (rT3) 651.8 / 605.5 4.43 0.2 33723 6.2
3,3’,5,5’-tetraiodo-L-thyronine (T4) 777.7 / 731.8 4.79 0.2 23766 7.7

Table 1. Ruggedness of the System with C8 Cartridge

Table 2. Ruggedness of the System with RPA Cartridge

(continued on next page)
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An online SPE-LC/MS method has been developed for the rapid 
detection of thyroid hormones in human serum with minimal hands-
on effort and time-consuming steps. Both C8 and RP-Amide online 
cartridges were shown being capable of capturing a trace amount of 
thyroids from protein precipitated human serum samples. All three 
thyroid analytes, T3, rT3 and T4 were resolved on a Biphenyl column, 
with sharp and symmetric peak shapes. In addition, reproducibility 
(RSD%) of the retention time of the thyroids from 120 consecutive 
injections is between 0.1% and 0.2%, with either C8 or RPA online 
cartridges, while the peak area reproducibility (RSD%) is between 
5.1% and 7.7%. These RSD’s indicate great ruggedness of the online 
SPE-LC/MS system.

Figure 4 Representative LC/MS Chromatogram of Thyroids in Human Serum with RPA Online Cartridge
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Peak Analyte

Peak Width 
at 50% 

Height (s)
Tailing 
Factor

1 T3 4.4 1.5

2 rT3 5.6 1.8

3 T4 5.2 1.6

Description Cat. No.
Ascentis® Express Biphenyl HPLC Column,  
10 cm × 2.1 mm I.D., 2.7 µm 

64065-U

Supel™ Genie RP-Amide Online Starter Kit 55516-U
Supel Genie RP-Amide Online SPE Cartridge, pk. of 2 55519-U
Supel Genie RP-Amide Online SPE Cartridge, pk. of 6 55522-U
Supel Genie C8 Online Starter Kit 55274-U
Supel Genie C8 Online SPE Cartridge, pk. of 2 55512-U
Supel Genie C8 Online SPE Cartridge, pk. of 6 55515-U
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Introduction
Size exclusion chromatography (SEC) is a mode of chromatography 
that separates molecules according to their hydrodynamic radius. 
The stationary phase consists of spherical, porous particles with a 
carefully controlled pore size through which molecules diffuse, based 
on their size difference, using an aqueous buffer as the mobile phase. 
SEC is an entropically-controlled separation process in which the 
analytes are “filtered” rather than retained on the column through 
chemical interactions between the stationary phase and specific, 
functional groups on the analyte. It is crucial that residual silanol 
interactions, from silica-based stationary phases, are minimized 
as this interaction results in tailing analyte peaks.  This problem is 
magnified when dealing with larger biomacromolecules.1,2

In SEC, retention factors (k) can be calculated by examining the 
volumes required to elute the analyte (Ve) and the interstitial  
volume (Vi). The interstitial volume is the volume of an analyte that 
fully permeates through the pores of the particle. Therefore, k can be 
calculated via Equation 1.3

k= (Ve-Vi)
Vi

SEC can also be used to estimate the molecular weight of an 
unknown analyte by creating a calibration curve using known 
molecular weight standards. By plotting the log M (log molecular 
weight) versus Ve, a third order polynomial is generated. The linear 
region within this polynomial provides the highest resolution and 
mass accuracy for the given column. The slope of the line in the 
linear portion of the calibration curve is a measure of the selectivity 
of the stationary phase. Substituting the previously mentioned terms 
into the general equation for a linear line, one obtains Equation 2.4

log M= m * KD+b

where KD is the distribution constant for a particular analyte.  As the 
pore size distribution of the particle becomes narrower, the slope 
becomes shallower, resulting in greater selectivity of analytes of 
similar molecular weight. An example of a typical SEC calibration 
curve, using a new sub-2 µm SEC column from Sepax, is given in 
Figure 1.5

There has been a major trend in the chromatography field, in recent 
years, to develop methods that are optimized for high throughput. 
High throughput is especially important in the pharmaceutical 
industry, where hundreds of samples are analyzed daily in quality 
control (QC) laboratories. Longer run times cost the prospective 
company money in terms of mobile phase consumption, instrument 
time, and energy usage. Generally, there are three ways to decrease 

the run time in a chromatographic method: increase the flow rate, 
increase the column temperature, or reduce the column length. 
For SEC of biomolecules, increasing the flow rate will result in peak 
broadening along with the concomitant increase in back pressure. 
This effect is illustrated in the overlaid chromatograms in Figure 2.

(1)

(2)

Figure 1. SEC Calibration Curve using a Sepax Unix SEC-300 
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The region between the two inflection points of the curve represents the region  
where the column elicits its greatest selectivity of analytes of similar molecular weight.

Figure 2. Overlaid Chromatograms Showing the Effect of 
Flow Rate on Chromatographic Efficiency
 column: Sepax Unix SEC-300, 15 cm × 4.6 mm I.D., 1.8 µm
 mobile phase:  0.2 M sodium phosphate dibasic, pH 7 with phosphoric acid
 flow rate: as indicated
 column temp.: 25 °C
 detector: UV, 215 nm

 injection: 2 µL
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Note the lower peak intensities and broader peaks as the flow rate increases.

1. Thyroglobulin Aggregate
2. Thyroglobulin
3. IgG dimer
4. IgG
5. BSA
6. Myoglobin
7. Uracil
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Another way to decrease the method run time is to increase the 
column temperature. For biomolecules, the main challenge in 
obtaining high-speed and high-resolution separations in SEC is the 
slow mass transfer of the analytes between the interstitial space of 
the column and the pore space of the stationary phase. By increasing 
the temperature, the mobile phase viscosity decreases and the 
kinetics of the analytes increase, thus increasing the mass transfer 
rate of the analytes.6 However, elevated temperatures can cause 
aggregation and fragmentation of proteins, especially proteins with 
flexible regions in their tertiary structure.

Recently, advances in column technology have enabled the 
production of columns packed with smaller particles of 2 µm, or less, 
in diameter. Chromatographic theory portends that smaller particle 
size leads to narrower peaks due to better column efficiency. The 
limiting factor with using small particle size columns is the increase 
in back pressure that accompanies these columns. In addition, 
one study has suggested that, because of the high pressures 
generated by these columns, frictional heating my cause on-column 
aggregation or denaturation of temperature sensitive proteins, 
though this has not been widely reported in the literature.7

Sepax and Tosoh Biosciences, taking advantage of the high 
efficiencies of columns packed with smaller particles, have created 
two new column lines: Unix™ SEC-300 and TSKgel® UP-SW3000 
respectively. The Unix column is a fully porous, 1.8 µm SEC column 
with 300 Å pores. Due to the large pore size and small particle size, 
the Unix column is optimized to perform fast and efficient separations 
of proteins and other large biomolecules. Figures 3 and 4 illustrate 
the advantages of using columns packed with sub-2 µm particles.

Figure 3. Speed Advantage of Using Columns Packed with 
sub-2 µm Particles
(Due to the efficiency gain, a 15 cm column can be substituted for a 30 cm 
column with no loss in resolution and a 50% decrease in run time.
 column: as indicated, 4.6 mm I.D.
 mobile phase:  0.2 M sodium phosphate dibasic, pH 7 with phosphoric acid
 flow rate: 0.3 mL/min
 column temp.: 25 °C
 detector: UV, 215 nm
 injection: 2 µL (30 cm), 1 µL (15 cm)
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Figure 4. Efficiency Advantage of Using Columns Packed with 
sub-2 µm Particles

Conditions and elution order are the same as Figure 3.
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1. Thyroglobulin
2. IgG
3. BSA
4. Myoglobin
5. Uracil

As was seen in the discussion and examples given above, using 
columns packed with sub-2 µm particles provides significant gains in 
efficiency over SEC columns packed with larger particles. Because of 
this “small particle advantage,” shorter columns can be employed for 
analytical applications, thus leading to cost savings for the end user 
without fear of compromising the results of the chromatographic 
analysis. 
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Zenix® SEC-300, 30 cm × 4.6 mm I.D., 3 µm Z777028
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TSKgel UP-SW3000, 15 cm × 4.6 mm I.D., 2 µm 80023449
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prep technique

• Direct extraction – no pretreatment

• High-throughput, automation friendly  
96-well format

• Directly measure free analyte fraction

• Allows for nonexhaustive, serial sampling from 
the same source

• Analytes are concentrated on the fiber,  
increasing sensitivity 

• Prepares sample for LC-MS or direct MS 
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