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Uncover the Unseen in the Green

Dear Colleague, 

Regulatory agencies have indicated that spinach is one of the vegetables most heavily 
contaminated with pesticide. AOAC Official Method 2007.01 for pesticide residue analysis 
utilizes QuEChERS methodology for the sample cleanup step. Graphitized Carbon Black 
(GCB) is often used in dispersive kits for leafy green vegetables, like spinach, to remove high 
levels of chlorophyll. While GCB thoroughly removes chlorophyll, it also binds to planar 
pesticides, resulting in poor recoveries.

Supel™ QuE Verde is now available for pesticide residue analysis of green food matrices. 
The Supel QuE Verde QuEChERS sorbent outperforms standard graphitized carbon black 
for the analysis of planar pesticides, such as hexachlorobenzene (HCB) and chlorothalonil. 
While standard graphitized carbon black retains planar pesticides leading to poor recovery, 
the Supel QuE Verde novel carbon sorbent will remove most chlorophyll but will not retain 
the planar pesticides. Supel QuE Verde may be substituted into standard AOAC and EN 
QuEChERS methods without additional method development.

The Supel QuE Verde QuEChERS sorbent is a mixture of a proprietary graphitized carbon 
black, primary-secondary amine (PSA), and our novel Z-Sep+ sorbent. The Supel QuE Verde 
sorbent has been optimized to remove chlorophyll while substantially improving the 
recovery of planar pesticides. After cleanup with Supel QuE Verde, planar pesticide residue 
recoveries are in the range of 70-120%. Cleanup methods employing traditional GCB 
typically result in recoveries well below 70%.

For more information on Supel QuE Verde, visit sigma-aldrich.com/quechers

Best regards,

Wayne Way  
Market Segment Manager, Analytical Research 
wayne.way@sial.com

Wayne Way

Market Segment Manager  
Analytical Research

sigma-aldrich.com/analytical

Visit us on the web at  
sigma-aldrich.com/thereporter

Cover Photo: 
Comprehensive flavor and fragrance profiles  
of various sample type matrices.

Reporter is published four times a year by 
Supelco, 595 North Harrison Road, Bellefonte, 
PA 16823-0048.

Table of Contents

Food and Beverage

Improved Chemical Profiling of  
Brazilian Cachaça Using  
Matrix-Compatible SPME Fibers  
and an Ionic Liquid GC Column . . . . . . . . . . . . 3

Determination of Headspace  
Volatiles in Distilled Spirits Using  
SPME Coupled to GC  . . . . . . . . . . . . . . . . . . . . . . 8

LC/MS/MS Analysis of Aflatoxins in  
Hops After Solid Phase  
Extraction Cleanup . . . . . . . . . . . . . . . . . . . . . . . 11

QuEChERS Cleanup and Analysis  
of Veterinary Drugs in Milk by  
LC/MS/MS . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 14

Analysis of Pesticide Residues in  
Cannabis Using QuEChERS  
Extraction and Cleanup Followed  
by GC/MS/MS Analysis . . . . . . . . . . . . . . . . . . . . 17

LC/MS/MS Analysis of Lipophilic  
Marine Toxins in Shellfish  
According to EU Regulations  
on Ascentis Express C18 . . . . . . . . . . . . . . . . . . 20

Analysis of Tetrahydrocannabinol (THC)  
and Carboxytetrahydrocannabinol 
(THCCOOH) in Surface Waters by  
SPME and GC/MS . . . . . . . . . . . . . . . . . . . . . . . . . 22

Biochromatography

Fast UHPLC Analysis for IdeS  
Fragments of SiLu™Lite SigmaMAb  
Universal Antibody Standard on  
BIOshell A400 Protein C4 . . . . . . . . . . . . . . . . . . 26

http://www.sigma-aldrich.com/quechers
http://sigma-aldrich.com/analytical


3Order:  800-325-3010 (U.S.)    814-359-3441 (Global) 

Improved Chemical Profiling of Brazilian Cachaça 
Using Matrix-Compatible SPME Fibers and an 
Ionic Liquid GC Column
Fernando C. Fontanivea, PhD; Erica A. Souza-Silvaa, PhD; Elina, B. Caramãoa,  
Professor; Claudia A. Zinia, Professor; Janusz Pawliszynb, Professor; Leonard M. Sidiskyc, 
R&D Manager; Michael D. Buchananc, Product Manager; and Daniel Vitkuskec, 
Market Segment Manager
a   Department of Chemistry, Universidade Federal do Rio Grande do Sul, Porto 

Alegre, RS Brazil
b Department of Chemistry, University of Waterloo, Waterloo, Ontario, Canada
c Supelco, Bellefonte, Pennsylvania, USA

daniel.vitkuske@sial.com

Brazilian cachaça is the earliest known distilled spirit produced in all of the 
Americas, first produced between 1516 and 1532. With an annual 
production of 1.3 billion liters (7 L per capita [Brazil]), it is the second 
most produced alcoholic beverage in Brazil (only behind beer). It 
is the third most distilled spirit consumed in the world. In 2013, 
cachaça was recognized as an exclusive Brazilian drink by the United 
States Department of the Treasury Alcohol and Tobacco Tax and 
Trade Bureau (TTB).1

Prior to the TTB rule, “Brazilian rum” was used to classify cachaça. 
Unlike rum, which is distilled from molasses (a by-product from 
refining sugarcane), cachaça is distilled directly from the juice of 
unrefined sugarcane. It is more multilayered than rum, containing 
a complex mixture of hundreds of flavor compounds in addition to 
water and 38-48% ethanol (76-96 proof ). Previous published works 
have documented the aroma compounds present in the headspace 
over cachaça using headspace solid phase microextraction coupled 
to comprehensive gas chromatography with time-of-flight mass 
spectrometry detection (HS-SPME-GCxGC/TOFMS).2-5 The work 
presented here was devised to 1) develop methodology to identify 
the flavor compounds present in the actual sample, not just the 
aroma compounds in the headspace, and 2) refine the GCxGC 
column set to better utilize the two-dimensional space.

Overcoated SPME Fibers
SPME is a great sample preparation tool for the reason that it 
integrates sampling, extraction, concentration, and sample 
introduction in a single device. Benefits include minimal sample 
handling, minimal solvent consumption, suitable with flexible sample 
volumes, is easily automated to allow high throughput, applicable 
to on-site measurements, and may be able to improve sensitivity. 
The SPME technique can be used in two sampling modes; 1) in a 
headspace, and 2) by direct immersion in a liquid sample.

Limitations exist when using a fiber that contains divinylbenzene 
(DVB) and/or Carboxen® adsorbent while performing direct 
immersion into a liquid sample that contains macromolecules  
(such as sugars). These macromolecules foul the fiber (physically  

stick to DVB and/or Carboxen adsorbents), competing with  
analytes for adsorption and/or do not desorb off the fiber during  
the analysis/bake step. This results in:

• Production of artifacts during GC analysis

• Poor method reproducibility and extraction efficiency

• Shortened fiber lifetime

An approach to overcome this limitation is the use of overcoated 
SPME fibers.6 These are standard SPME fibers with an adsorbent 
type coating (e.g., DVB and/or Carboxen) in which a controlled layer 
of polydimethylsiloxane (PDMS) is then added to encapsulate the 
adsorbent coating. Scanning electron microscope (SEM) images 
showing the fiber tips of both a standard SPME fiber and an overcoated 
SPME fiber are shown in Figure 1. With the standard SPME fiber, 
matrix macromolecules can interact directly with any adsorbent-type 
coating, and can also wick along the fiber core. With the overcoated 
SPME fiber, any adsorbent-type coatings are protected by the PDMS 
overcoating (matrix macromolecules do not stick to PDMS). Additionally, 
access to the fiber core is eliminated. Another location where matrix 
macromolecules can adhere is the interface where the fiber is attached 
to the inner needle. As shown in Figure 2, the PDMS overcoating denies 
access to this interface. A compilation of the features and benefits 
associated with overcoated SPME fibers is shown in Table 1.

Overcoated Fiber

Standard Fiber

Fiber Core StableFlex Coating Fiber Coating

Figure 1. Fiber Tip Comparison

(continued on next page)
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SPME Method Development
To achieve the primary goal (develop methodology to identify the 
flavor compounds present in the actual sample, not just the aroma 
compounds in the headspace), SPME fibers consisting of a  
50/30 µm DVB/Carboxen/PDMS coating on a 1 cm long StableFlex™ 
core were used. The presence of multiple sorbents maximizes the 
variety of compound types extracted, useful for chemical profiling. 
Standard SPME fibers were used for sampling in the headspace, 
whereas overcoated SPME fibers were used for direct immersion in 
liquid cachaça. The overcoated SPME fibers performed well, as the 
sugars and other matrix macromolecules present in the sample did 
not adhere to the fibers.

Figure 4 shows the real second-dimensional chromatograms 
obtained from headspace sampling (green trace) and direct 
immersion sampling (orange trace) using optimized extraction and 
analysis conditions. As expected, the chemical profile obtained from 
each sampling mode is different. Earlier eluting compounds (more 
volatile) are present in the headspace analysis, whereas later eluting 
compounds (more semi-volatile) dominate the direct immersion 
analysis. This highlights the drawback of solely using headspace 
sampling for chemical profiling, namely, incomplete characterization. 
Figure 5 depicts the same data as in Figure 4 after software 
processing into contour plots, and then further manipulation into 
apex plots so that compound classifications could be displayed.  
A total of 330 and 423 compounds were identified in the headspace 
and direct immersion analyses, respectively. Multiple compounds 
were detected in both analyses.

Ionic Liquid GC Columns
The stationary phase is the most critical parameter of any GC column. 
This is because it determines the selectivity of the column, and that 
selectivity influences resolution. In fact, changing stationary phase 
may be an effective way to increase resolution.7

GC stationary phases employing dicationic ionic liquids were 
established in 2005.8 Extensive evaluations of these columns have 
shown their main strength is unique selectivity. They are able 
to perform many applications with slight elution order changes 
compared to columns made with polysiloxane polymer or 
polyethylene glycol phases. This often results in increased resolution 
and/or shorter run times. Recently, the solvation parameter model 
(SPM) was used to characterize ionic liquid columns to determine 
which analyte-stationary phase interactions are possible.9 This 
information could then be useful to explain why they exhibit unique 
selectivity. Conclusions were that only the ionic liquids are capable of 
simultaneously providing:

• Intense H-acceptor interactions (a constant)

• Intense H-donor interactions (b constant)

• Dipolar interactions (s constant)

• π-π interactions (e constant)

• Limited dispersive interactions (l constant)

Table 1. Features and Benefits of Overcoated SPME Fibers
Features

• PDMS overcoating serves as a barrier (matrix macromolecules do not  
stick to PDMS)

• Prohibits matrix macromolecules from sticking to adsorbent-type 
coatings (e.g., DVD and Carboxen)

• Analytes migrate through PDMS overcoating and onto the adsorbent 
surface or into the adsorbent pores

• Overcoating application seals the end of the fiber (matrix does not  
wick along fiber core)

• Overcoating application seals fiber/inner needle interface  
(matrix cannot access interface)

Benefits

• Less background in chromatograms (no artifacts from matrix 
macromolecules)

• Reduces matrix competition with analytes

• Extended fiber life when fibers are used in a direct immersion mode

• More durable fibers

Figure 2. Fiber Attachment Comparison

Standard Fiber

Inner Needle

Overcoated Fiber

To illustrate the result of the overcoating process, an overcoated SPME 
fiber was cut in half then subjected to SEM imagery. The resulting image 
of the cross section is shown in Figure 3. The approximate 30 µm thick 
PDMS overcoat layer is clearly visible using 900x magnification.

Figure 3. Cross Section of Overcoated Fiber

PDMS Overcoating

Fiber Coating

StableFlex Fiber Core

http://sigma-aldrich.com/spme
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Figure 4. Chemical Profile by Sampling Mode (Real Second-Dimensional Chromatograms)

 sample/matrix: 9 mL cachaça in a 20 mL vial, pre-heated at 30 °C for 15 min with agitation, no salt added
 SPME fiber: (HS) 50/30 µm DVB/Carboxen/PDMS on 1 cm StableFlex (57298-U)
 SPME fiber: (DI) Overcoated 50/30 µm DVB/Carboxen/PDMS on 1 cm StableFlex (custom)
 extraction: (HS) 30 °C for 60 min with agitation
 extraction: (DI) 30 °C for 60 min with agitation, rapid rinse of SPME fiber in deionized water before desorption
 desorption process: 250 °C for 25 min
 column: (1D) SLB-IL59, 30 m × 0.25 mm I.D., 0.20 µm (28891-U)
 column: (2D) 5% phenyl polysiloxane, 2 m × 0.25 mm I.D., 0.25 µm
 oven: (1D) 50 °C (3 min), 3 °C/min to 295 °C (5 min)
 oven: (2D) 85 °C (3 min), 3 °C/min to 330 °C (5 min)
 oven: (modulator) temp. offset 35 °C, modulation period 10 sec
 inj. temp.: 250 °C
 detector: TOFMS, 250 °C, m/z = 45-400
 MSD interface: 200 °C
 carrier gas: helium, 1.0 mL/min
 injection: 30:1 split
 liner: 0.75 mm I.D., direct (SPME) type, straight design

   (HS = headspace, DI = direct immersion, 1D = 1st dimension column, 2D = 2nd dimension column)

0                                   8.3                                16.7                                   25                                 33.3                               41.7                                 50        

Min

Headspace

Direct Immersion

Figure 5. Chemical Profile by Sampling Mode (GCxGC Apex Plots)
 Conditions the same as listed in Figure 4.
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GCxGC Column Sets
The secondary goal (refine the GCxGC column set to better utilize 
the two-dimensional space) was also achieved. GCxGC is one of 
the fastest growing areas in analytical chemistry due to its ability to 
resolve a large number of compounds, even in the most complex 
samples. No other chromatographic technique can match the level 
of detail it provides. Common detectors, including MS, can be used. 
It employs two columns in series, separated by a modulator. The role 
of the modulator is to collect fractions from the first column (often 
called the primary column, first dimension column, or 1D column) 
and focus them onto the second column (often called the secondary 
column, second dimension column, or 2D column). First dimension 
columns tend to be 30 m × 0.25 mm I.D., whereas second dimension 
columns tend to be short, cut-down lengths of stock columns  
(0.10 or 0.18 mm I.D. for non-MS detectors, and 0.18 or 0.25 mm  
I.D. for MS detectors).

One key to the successful operation of GCxGC is the two columns 
must have orthogonal selectivity, that is, they must utilize different 
retention mechanisms. The more different (more orthogonal), 
the better the overall performance will be. A common GCxGC 
column set uses a column containing a poly (50% diphenyl/50% 
dimethylsiloxane) stationary phase along with column containing  
a poly(5% diphenyl/95% dimethylsiloxane) stationary phase.  
Figure 6 shows the GCxGC apex plots obtained using such a column 
set. It was noticed that the GCxGC space was poorly utilized, as 
evidenced by the absence of data points in many areas. As illustrated 
in the GCxGC apex plots shown in Figure 7, an improved utilization 
of the GCxGC space was achieved when the 50% phenyl column was 
exchanged for an SLB-IL59 column, a column that contains an ionic 
liquid stationary phase.

Both the 50% phenyl column and 5% phenyl column can undergo 
similar analyte-stationary phase interactions. The difference is solely 
in the ratios of these interactions. Conversely, the ionic liquid column 
can undergo different interactions, so is more orthogonal to the 
5% phenyl column than the 50% phenyl column is. This results in 
an improved utilization of the GCxGC space, allowing for a more 
complete identification of individual compounds.

Figure 6. GCxGC Space Utilization using Column Set 1  
(50% Phenyl × 5% Phenyl)

 column: (1D) 50% phenyl polysiloxane, 30 m × 0.25 mm I.D., 0.25 µm
 oven: (modulator) temp. offset 35 °C, modulation period 8 sec
    All other conditions the same as listed in Figure 4.
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Figure 7. GCxGC Space Utilization using Column Set 2  
(SLB-IL59 × 5% Phenyl)

   Conditions the same as listed in Figure 4.
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Conclusion
A more complete chemical profile of cachaça was obtained, 
compared to data previously reported. Headspace sampling and 
direct immersion sampling proved to be complementary. The 
practical aspects of overcoated SPME fibers demonstrated here 
create new opportunities for the SPME technique when applied 
to complex matrices, such as cachaça and other spirits and foods. 
Possibilities may also exist for on-site, in vitro, and in vivo sampling. 
The proper selection of a GCxGC column set allowed better 
utilization of the GCxGC space, which also contributed to improving 
the chemical profiling.
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Description Cat. No.
SPME Fiber Assemblies, 23 Gauge Outer Needle,  
for Autosample Holder
50/30 µm DVB/Carboxen/PDMS on 1 cm StableFlex, pack of 3 57298-U
Overcoated 50/30 µm DVB/Carboxen/PDMS on 1 cm 
StableFlex, pack of 3

Custom

SPME Fiber Holder
For CTC CombiPAL™, GERSTEL® MPS 2, and  
Thermo TRIPLUS® Autosamplers

57347-U

GC Column
SLB®-IL59, 30 m × 0.25 mm I.D., 0.20 µm 28891-U

Description Cat. No.
SPME Fiber Assemblies, 23 Gauge Outer Needle,  
for Autosample Holder
Overcoated 65 µm PDMS/DVB on 1 cm StableFlex, pack of 3 57439-U
GC Columns
SLB-5ms, 15 m × 0.25 mm I.D., 0.25 µm 28469-U
SPB®-50, 30 m × 0.25 mm I.D., 0.25 µm 24181

  Featured Products   Related Products

Did you know . . .

Supelco offers multiple GC columns suitable for  
GCxGC applications?

For more information, visit   
sigma-aldrich.com/gcxgc

MarvelX™ UHPLC Connector
Description Cat. No.
MarvelX Kits (includes tubing and 2 fittings)

MarvelX PLS, 25 µm x 150 mm 51874-U
MarvelX PLS, 100 µm x 150 mm 51875-U
MarvelX PLS, 25 µm x 350 mm 51882-U
MarvelX PLS, 100 µm x 350 mm 51888-U
MarvelX SS, 125 µm x 150 mm 51894-U
MarvelX SS, 125 µm x 350 mm 51896-U
MarvelX SS, 254 µm x 150 mm 51897-U
MarvelX SS, 254 µm x 350 mm 51899-U
MarvelX Replacement Tubing

MarvelX PLS, 25 µm x 150 mm 51889-U
MarvelX PLS, 100 µm x 150 mm 51890-U
MarvelX PLS, 25 µm x 350 mm 51891-U
MarvelX PLS, 100 µm x 350 mm 51893-U
MarvelX SS, 125 µm x 150 mm 51900-U
MarvelX SS, 125 µm x 350 mm 51901-U
MarvelX SS, 254 µm x 150 mm 51904-U
MarvelX SS, 254 µm x 350 mm 51906-U

Key Features and Benefits:

• Zero-dead volume

• Compatible with 10-32 coned receiving ports

• Finger-tight to 19,000 psi

• Reusable up to 200 times 

MarvelX is the next generation UHPLC connection technology. 
Designed for easy routing throughout the UHPLC system, 
the MarvelX provides consistent performance and superior 
reusability. The connector is made with convenient, removable 
stainless steel fittings and comes with either stainless steel or 
biocompatible PEEK lined stainless steel tubing.  

For more information, visit  
sigma-aldrich.com/hplc-accessories
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Determination of Headspace Volatiles in Distilled 
Spirits Using SPME Coupled to GC

Robert E. Shirey, R&D Scientist; Michael D. Buchanan, Product Manager; and  
Daniel Vitkuske, Market Segment Manager

daniel.vitkuske@sial.com

A beverage manufacturer may be interested in the overall 
composition of their product, or may need to determine the levels of 
alcohol, caffeine, nutraceuticals, antioxidants, vitamins, sweeteners, 
aroma, off-flavors, and/or impurities. Sample preparation of a 
beverage is often simple, and can usually be accomplished with 
direct injection, headspace, solid phase microextraction (SPME), or 
solid phase extraction (SPE). For distilled spirits, the different aroma 
volatiles present can greatly influence the organoleptic properties 
of the beverage. In this work, we show that SPME coupled with gas 
chromatography (GC) is an effective technique for monitoring the 
volatiles present in the headspace over different distilled spirits.

Experimental
Aroma involves the sense of smell, so SPME sampling occurred in the 
headspace over the spirit samples. A ratio of 4 mL of sample in a 10 mL 
vial provided an adequate volume for the headspace to evolve, plus 
enough physical space for the SPME fiber to be exposed. For the fiber, 
a 50/30 µm divinylbenzene/Carboxen®/polydimethylsiloxane coating 
on a 1 cm long StableFlex™ core was used to maximize the variety of 
compound types extracted. Each sorbent is more selective towards a 
different class of compounds as follows:

• Divinylbenzene (DVB) for aromatic compounds

• Carboxen for small-sized molecules

• Polydimethylsiloxane (PDMS) for hydrocarbons

A flexible StableFlex core is an improvement over a more rigid fused 
silica core. In addition to being a less breakable fiber, the sorbent 
coating will partially bond to the StableFlex, resulting in a more 
stable coating. For the GC analysis, a VOCOL® capillary GC column 
was used. Its intermediate polar nature enables strong dispersive 
(van der Waals forces) analyte-stationary phase interactions, along 
with π-π, dipole-dipole, and dipole-induced dipole interactions.  
The ‘thick’ 1.50 µm film is necessary to provide focusing and 
increased retention of volatile analytes.

Slight heat, agitation of the vial, stirring, and the additional of salt are 
common ways to help drive volatiles into the headspace, which will 
increase sensitivity. The autosampler was programmed with a simple 
extraction (40 °C for 15 minutes with agitation). Replicates with 

salt (sodium chloride) added at 15% (w/v), and without salt, were 
extracted and analyzed for the first sample (a Kentucky bourbon). 
Similar chromatographic results were observed for both replicates,  
so the addition of salt was dropped to keep the extraction simple.

Nine spirit samples were tested using the same SPME-GC conditions 
(listed in Figure 1). Included were 1 gin, 1 Tennessee whiskey,  
2 Kentucky bourbons, 1 Canadian whiskey, 1 Irish whiskey, 2 Scotch 
whiskeys, and 1 bourbon liqueur. The resulting chromatograms from 
three different spirit types are included in this article. The others can 
be viewed at sigma-aldrich.com/gc-food.

Results and Discussion
As expected, a large ethanol peak was found in each sample.  
The column and conditions used produced a sharp ethanol peak 
shape. Therefore, it did not interfere chromatographically with the 
volatile compounds to be identified. The other volatile compounds 
which were identified in these samples are listed in Table 1, along 
with their corresponding aroma properties.1

Peak ID Compound Organoleptic Properties
1 Acetaldehyde Coffee, ethereal, wine-like
2 Ethanol —
3 1-Propanol Alcohol, apple, musty, earthy, peanut, 

pear, sweet
4 2-Methyl-1-propanol Fruity, whiskey, wine-like
5 Ethyl acetate Anise, ethereal, pineapple
6 Acetic acid Sour
7 3-Methyl-1-butanol Oily, whiskey
8 2-Methyl-1-butanol Onion
9 Amyl acetate Banana, earthy, ethereal

10 Ethyl butanoate Banana, ethereal, pineapple
11 Ethyl isovalerate Apple
12 1-Butanol-3-methyl acetate Banana, pear, sweet
13 Furfural Almond, woody, sweet
14 Monoterpenes (not 

identified individually)
—

15 Ethyl hexanoate Apple, banana, pineapple, wine-like
16 Ethyl heptanoate Berry, melon, peach, pineapple, plum
17 Limonene Lemon, orange, sweet, 

camphoraceous, herbaceous, minty
18 Methylbutyl isobutyrate Apricot, honey
19 Ethyl octanoate Apricot, banana, floral, pear, 

pineapple, wine-like
20 Ethyl nonanoate Oily, nutty, fruity
21 Diterpenes  

(not identified individually)
—

22 Ethyl decanoate Grape, oily, pear, wine-like
23 Ethyl dodecanoate Green, fruity, floral

Table 1. Peak IDs and Corresponding Aroma

Did you know . . .

Solid phase microextraction (SPME) is an innovative, solvent-free 
sample prep technology that is fast, economical, and versatile. 

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

http://sigma-aldrich.com/gc-food
http://sigma-aldrich.com/gc-food.
http://sigma-aldrich.com/spme
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Figure 1. Gin
 sample/matrix:  4 mL gin (94.6 proof ) in a 10 mL vial, no salt added
 SPME fiber:  50/30 µm divinylbenzene/Carboxen®/ 

polydimethylsiloxane on StableFlex™ (57298-U)
 extraction: headspace, 40 °C for 15 min with agitation
 desorption process: 270 °C for 3 min
 column: VOCOL®, 30 m × 0.25 mm I.D., 1.50 µm (24205-U)
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Figure 2. Scotch (18 Year Old)
 sample/matrix: 4 mL Scotch (18 year old, 80 proof ) in a 10 mL vial, no salt added
 All other conditions the same as Figure 1.
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As shown in Figure 1, monoterpenes and diterpenes were abundant 
in the gin headspace. These terpenes contribute to the pine smell the 
sample exhibited. As shown in Figure 2, the scotch whiskey headspace 
was dominated by ethyl decanoate and ethyl octanoate, and moderate 
levels of ethyl dodecanoate and 3-methyl-butanol. It smelled of caramel, 
malty, and earthy aromas. As shown in Figure 3, the bourbon liqueur 
headspace contained an abundance of limonene, ethyl hexanoate, and 
methylbutyl isobutyrate. These compounds impart the sweet orange, 
cherry, and mint aromas that this sample displayed.
An argument for using SPME for headspace analysis can be made 
because this technique shows typically higher sensitivities than 
classical static headspace applications. This is due to the introduction 
of a second equilibrium between the SPME fiber and the headspace.

Conclusion
SPME (over 25 years old) and GC (over 60 years old) are both mature 
analytical techniques. Their versatility is demonstrated by their use in 
multiple industries for a wide variety of applications. One such use is 
aroma analysis of beverages, such as spirits. In this article, SPME-GC 
was successfully used to identify many volatile compounds present 
in the headspace over several spirits.

SPME coupled with GC is an effective technique for monitoring  
volatiles in headspace

 oven:  40 °C (2.5 min), 6 °C/min to 55 °C, 45 °C/min to 235 °C (5 min)
 inj. temp.: 270 °C
 detector: FID, 300 °C
 carrier gas: helium, 1.0 mL/min
 injection: splitless (closed 0.75 min)
 liner: 0.75 mm I.D., direct (SPME) type, straight design

(continued on next page)
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Figure 3. Bourbon Liqueur
 sample/matrix: 4 mL bourbon liqueur (70 proof ) in a 10 mL vial, no salt added
 All other conditions the same as Figure 1.
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Reference
1. Sigma-Aldrich web site: Flavors & Fragrances (http://www.sigmaaldrich.com/

industries/flavors-and-fragrances.html), accessed September 30, 2015.

Description Cat. No.
SPME Fiber Assemblies
50/30 µm DVB/Carboxen®/PDMS on 1 cm StableFlex™, 23 Gauge 
Outer Needle, for Autosampler Holder, 3 ea

57298-U

SPME Fiber Holder
For CTC CombiPAL™, GERSTEL® MPS 2, and Thermo TRIPLUS® Autosamplers 57347-U
GC Column
VOCOL®, 30 m × 0.25 mm I.D., 1.50 µm 24205-U
GC Inlet Liner: Direct (SPME) Type, Straight Design
For Agilent® (5890, 6890, and 7890), 0.75 mm I.D., 5 ea 2637505

Description Cat. No.
SPME Fiber Assemblies
50/30 µm DVB/Carboxen/PDMS on 1 cm StableFlex, 24 Gauge 
Outer Needle, for Autosampler Holder, 3 ea

57329-U

50/30 µm DVB/Carboxen/PDMS on 2 cm StableFlex, 24 Gauge 
Outer Needle, for Autosampler Holder, 3 ea

57348-U

50/30 µm DVB/Carboxen/PDMS on 1 cm StableFlex, 23 Gauge 
Outer Needle, for Manual Holder, 3 ea

57299-U

50/30 µm DVB/Carboxen/PDMS on 1 cm StableFlex, 24 Gauge 
Outer Needle, for Manual Holder, 3 ea

57328-U

SPME Fiber Holders
For Varian® Autosamplers 57331
For Manual Sampling 57330-U
GC Columns
VOCOL, 20 m × 0.18 mm I.D., 1.00 µm 28463-U
VOCOL, 10 m × 0.20 mm I.D., 1.20 µm 24129-U
VOCOL, 60 m × 0.25 mm I.D., 1.50 µm 24154
VOCOL, 30 m × 0.32 mm I.D., 1.80 µm 28464-U

  Featured Products

  Related Products

  Related Information

For additional chromatograms of other beverages (including several 
more spirit samples), product information, real-time availability, pricing, 
and ordering, visit our GC resources for the food and beverage industry:  
sigma-aldrich.com/gc-food

Description Cat. No.
VOCOL, 60 m × 0.32 mm I.D., 1.80 µm 24217-U
VOCOL, 60 m × 0.32 mm I.D., 3.00 µm 24157
VOCOL, 30 m × 0.53 mm I.D., 3.00 µm 25320-U
VOCOL, 60 m × 0.53 mm I.D., 3.00 µm 25381
VOCOL, 105 m × 0.53 mm I.D., 3.00 µm 25358
VOCOL, 60 m × 0.75 mm I.D., 1.50 µm 23313-U
GC Inlet Liners: Direct (SPME) Type, Straight Design
For PerkinElmer® (AutoSystem™), 0.75 mm I.D., 5 ea 2631205
For Shimadzu™ (9A, 15A, and 16) [with SPL-G9/15 Injector],  
0.75 mm I.D., 5 ea

2632905

For Shimadzu (14, 15A, and 16) [with SPL-14 Injector], 0.75 mm I.D., 5 ea 2633505
For Shimadzu (17A) [with SPL-17 Injector], 0.75 mm I.D., 5 ea 2633905
For Thermo (ThermoQuest 8000 and TRACE™), 0.8 mm I.D., 5 ea 2876605-U
For Varian (1075 and 1077 Injector), 0.75 mm I.D., 5 ea 2635805
For Varian (1078 and 1079 Injector), 0.8 mm I.D., 5 ea 2637805
For Varian (1093-94 SPI Injector), 0.8 mm I.D., 5 ea 2636405
For Varian (SP-1177 Injector), 0.75 mm I.D., 5 ea 2637505
Merlin MicroSeal™ Systems
For Agilent, 1 Nut and 1 General Purpose (3-100 psi) Septum 24815-U
For Varian (1079 Injector), 1 Nut, 1 Inlet Adapter, 1 O-ring,  
and 1 General Purpose (3-100 psi) Septum

24817-U

For Varian (CP-1177 Injector), 1 Nut, 1 Inlet Adapter, 1 O-ring,  
and 1 General Purpose (3-100 psi) Septum

22609-U

Replacement SPME Septum, 1 ea 24818-U
Vials and Caps
10 mL Screw Top Vial, Clear Glass, 22.5 mm O.D. × 46 mm H, 100 ea SU860099
10 mL Screw Top Vial, Amber Glass, 22.5 mm O.D. × 46 mm H, 100 ea SU860100
Magnetic Open-Top Screw Cap, 1.3 mm Thick PTFE/Silicone 
Septum, 100 ea

SU860097

http://sigma-aldrich.com/gc-food
http://www.sigma-aldrich.com/catalog/search/ProductDetail/SUPELCO/57298-U
http://www.sigma-aldrich.com/catalog/search/ProductDetail/SUPELCO/57347-U
http://www.sigma-aldrich.com/catalog/search/ProductDetail/SUPELCO/24205-U
http://www.sigma-aldrich.com/catalog/search/ProductDetail/SUPELCO/2637505
http://www.sigma-aldrich.com/catalog/search/ProductDetail/SUPELCO/57329-U
http://www.sigma-aldrich.com/catalog/search/ProductDetail/SUPELCO/57348-U
http://www.sigma-aldrich.com/catalog/search/ProductDetail/SUPELCO/57299-U
http://www.sigma-aldrich.com/catalog/search/ProductDetail/SUPELCO/57328-U
http://www.sigma-aldrich.com/catalog/search/ProductDetail/SUPELCO/57331
http://www.sigma-aldrich.com/catalog/search/ProductDetail/SUPELCO/57330-U
http://www.sigma-aldrich.com/catalog/search/ProductDetail/SUPELCO/28463-U
http://www.sigma-aldrich.com/catalog/search/ProductDetail/SUPELCO/24129-U
http://www.sigma-aldrich.com/catalog/search/ProductDetail/SUPELCO/24154
http://www.sigma-aldrich.com/catalog/search/ProductDetail/SUPELCO/28464-U
http://sigma-aldrich.com/gc-food
http://www.sigma-aldrich.com/catalog/search/ProductDetail/SUPELCO/24217-U
http://www.sigma-aldrich.com/catalog/search/ProductDetail/SUPELCO/24157
http://www.sigma-aldrich.com/catalog/search/ProductDetail/SUPELCO/25320-U
http://www.sigma-aldrich.com/catalog/search/ProductDetail/SUPELCO/25381
http://www.sigma-aldrich.com/catalog/search/ProductDetail/SUPELCO/25358
http://www.sigma-aldrich.com/catalog/search/ProductDetail/SUPELCO/23313-U
http://www.sigma-aldrich.com/catalog/search/ProductDetail/SUPELCO/2631205
http://www.sigma-aldrich.com/catalog/search/ProductDetail/SUPELCO/2632905
http://www.sigma-aldrich.com/catalog/search/ProductDetail/SUPELCO/2633505
http://www.sigma-aldrich.com/catalog/search/ProductDetail/SUPELCO/2633905
http://www.sigma-aldrich.com/catalog/search/ProductDetail/SUPELCO/2876605-U
http://www.sigma-aldrich.com/catalog/search/ProductDetail/SUPELCO/2635805
http://www.sigma-aldrich.com/catalog/search/ProductDetail/SUPELCO/2637805
http://www.sigma-aldrich.com/catalog/search/ProductDetail/SUPELCO/2636405
http://www.sigma-aldrich.com/catalog/search/ProductDetail/SUPELCO/2637505
http://www.sigma-aldrich.com/catalog/search/ProductDetail/SUPELCO/24815-U
http://www.sigma-aldrich.com/catalog/search/ProductDetail/SUPELCO/24817-U
http://www.sigma-aldrich.com/catalog/search/ProductDetail/SUPELCO/22609-U
http://www.sigma-aldrich.com/catalog/search/ProductDetail/SUPELCO/24818-U
http://www.sigma-aldrich.com/catalog/search/ProductDetail/SUPELCO/SU860099
http://www.sigma-aldrich.com/catalog/search/ProductDetail/SUPELCO/SU860100
http://www.sigma-aldrich.com/catalog/search/ProductDetail/SUPELCO/SU860097
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LC/MS/MS Analysis of Aflatoxins in Hops After 
Solid Phase Extraction Cleanup

Olga I. Shimelis, Principal R&D Scientist; Christine Dumas, EMEA Tactical Marketing; 
Jennifer Claus, SPE Product Manager

jennifer.claus@sial.com 

Introduction
Hops are widely used in brewing beer. Hops have unique 
composition containing bitter compounds in the form of  
α- and β-acids, essential oils, polyphenols and aroma compounds 
such as terpenes.¹ Fungal contamination of the hops can result 
in the production of mycotoxins. Mycotoxins are a diverse group 
of compounds comprised of hundreds of secondary metabolic 
products from various fungal species. Mycotoxins are widely 
prevalent in many agricultural commodities and can form during 
growth, harvest, transportation, processing, or storage. Several 
mycotoxins show marked toxicity in humans. Aflatoxin B1, for 
example, is considered to be a Type 1 carcinogen by the International 
Agency for Research on Cancer (IARC).² The sensitive and accurate 
detection of very low levels of aflatoxins is critical to identify 
contaminated products.

Chromatographic methods such as GC and HPLC are most 
commonly used in mycotoxin analysis, usually preceded by a 
number of operations such as sampling, sample preparation, 
extraction, and cleanup. The unique composition of hops makes it 
extremely difficult to apply sample cleanup methods commonly 
used for other commodities, such as grains. The methods may not 
produce good cleanup of the samples due to the complexity of 
the hops matrix. In this work, a sample preparation method was 
developed prior to LC/MS/MS analysis of aflatoxins using Supel™ Tox 
AflaZea SPE cartridges for cleanup of the hops extracts. Supel Tox 
cartridges are compatible directly with the extracts generated during 
mycotoxin analysis procedures. The Supel Tox AflaZea cartridges 
are based on the “interference removal” strategy that requires few 
processing steps and saves time by eliminating wash steps prior to 
elution of analytes.

Experiment
Hops of the “US Golding” variety were purchased from a brewing 
supply store. A 0.5 g portion of the finely ground hop pellets was 
weighed out and added to a 50 mL centrifuge tube. A volume of 10 
mL of the extraction solvent, acetonitrile: water (86:14), was added to 
the tube, and the suspension was mixed in a shaker for 30 minutes. 
The tube was centrifuged at 3,000 rpm for five minutes. A 2 mL aliquot 
of the supernatant was transferred to a different tube and spiked with 
the mixture of aflatoxins (Table 1). Subsequently, the resulting solution 
was passed through Supel Tox AflaZea SPE cartridge under vacuum. A 
portion of the collected cleaned sample, 200 µL, was diluted with 800 
µL of water and injected into LC/MS/MS for analysis. No filtration of 
the samples was necessary at this stage as no precipitate was formed 
upon dilution of water. Photos of the hops samples before, during, and 
after cleanup are illustrated in Figure 1.

(continued on next page)

Compound Aflatoxin B1 Aflatoxin B2 Aflatoxin G1 Afaltoxin G2

Spiking Level 24.4 ppb 6.1 ppb 24.4 ppb 6.1 ppb

Analysis 
Concentration

0.244 ng/mL 61 pg/mL 0.244 ng/mL 61 pg/mL

Table 1. Spiking Levels for Aflatoxins in Hops

Figure 1. Photos of the Hops Samples (a) Before cleanup,  
(b) On Supel Tox AflaZea SPE Cartridge, and (c) After cleanup

A B C

Matrix-matched calibration curves were constructed and ran along 
with solvent-based calibration curves to compare ionization effects 
and sample cleanliness

Results and Discussion
The current study of aflatoxins was done using an Ascentis®  
Express Phenyl-Hexyl HPLC column (Figure 2). A previous  
study demonstrated the phenyl-hexyl stationary phase column 
produced increased retention of aflatoxin compounds while 
improving the separation of aflatoxins from co-extracted  
corn matrix.³ 

The hops matrix effects were investigated by comparing the 
calibration curves constructed in solvent versus those in extract 
(Figure 3). Significant ion suppression was present in hops samples, 
and the matrix-matched calibration curves were required for 
accurate quantitation. The matrix effects can be attributed to the 
complex hops composition and the limited capacity of the Supel  
Tox AflaZea SPE for removal of all of the components.

Recovery values from spiked extracts are presented in Table 3. They 
fall in the range of 97-119% with RSD below 15% for three replicates. 
Aflatoxins B2 and G2 also exhibited excellent recoveries with spiking 
as low as 6.1 ppb. 
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Figure 2. LC-MS/MS Chromatogram of Aflatoxins Spiked Into Hops Sample at 24.4 ppb (Aflatoxin B1 and G1), and 6.1 ppb  
(Aflatoxin B2 and G2)
 column:  Ascentis Express Phenyl-Hexyl, 5 cm × 2.1 mm I.D.,  

2.7 µm (53334-U)

 mobile phase:  (A) 5 mM ammonium formate with  
1% formic acid in water; (B) 5 mM ammonium  
formate with 1% formic acid in methanol

 gradient: Min %A  %B

  0.0  70   30

  3.0  40   60

  5.0     0 100

  7.0     0 100

  7.1  70   30

  8.5  70   30

 flow rate: 0.40 mL/min

 pressure: 380 bar

 temp.: 40 °C

 det.:  MS, ESI(+), MRM 331.3/189.0, 329.1/243.0,  
315.9/259.0, 313.1/241.0

 injection: 10 μL

Figure 3. Comparison of Matrix-matched and Solvent Calibration Curves for Aflatoxins
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Table 2. LC-MS/MS Parameters for Aflatoxin Detection

Table 3. Percent Recovery for Aflatoxins from Hops* (n = 3)

Retention Time (min) Q1 Q2
Aflatoxin G2 3.174 331.1 189.0

Aflatoxin G1 3.472 329.1 243.0

Aflatoxin B2 3.579 315.9 259.0

Aflatoxin B1 3.862 313.1 241.0

Aflatoxin G1 Aflatoxin G2 Aflatoxin B1 Aflatoxin B2

Recovery (%) 119 99 107 97

RSD% (n=3) 13 2 12 10

*Versus matrix-matched calibration curve.

Conclusion
The method for analysis of aflatoxins in hops was developed using 
Supel Tox Afla Zea SPE cartridges for sample preparation. The SPE 
was used according to standard methodology and contributed to 
straightforward, cost-effective and quick analysis. The coupling of the 
SPE methodology with LC/MS/MS detection and Ascentis Express 
Phenyl-Hexyl HPLC column allowed for sensitive detection of four 
aflatoxin compounds in the hops complex matrix with recoveries  
of 97-119% at 6-25 ppb levels. Therefore, the aforementioned 
analytical method utilizing SPE in combination with UHPLC and  
MS/MS detection can meet the requirements for testing aflatoxins  
in the 5-50 ppb in hops.

Description Cat. No.
Supel Tox AflaZea SPE Cartridge
6 mL, pack of 30 55314-U
Ascentis Express Phenyl-Hexyl HPLC Columns
5 cm × 2.1 mm I.D., 2.7 µm particle size 53334-U
Aflatoxin Mix 4 Solution
0.5 µg/mL B2 and G2 in acetonitrile 
2 µg/mL B1 and G1 in acetonitrile

34036

Analytical Solvents and Reagents
Acetonitrile, for HPLC, ≥99.9% 34851

Description Cat. No.
Supel Tox SPE Cartridges
DON SPE Cartridge, 6 mL, pack of 30 55316-U
Tricho SPE Cartridge, 6 mL, pack of 30 55308-U
TrichoBind SPE Cartridge, LRC, pack of 25 55307-U
FumoniBind SPE Cartridge, LRC, pack of 25 55315-U
OchraBind SPE Cartridge, LRC, pack of 25 55318-U
Ascentis® Express C18 HPLC Columns
10 cm × 2.1 mm I.D., 2.7 µm particle size 53823-U
15 cm × 2.1 mm I.D., 2.7 µm particle size 53825-U
Accessories
Visiprep™ DL 24-port Solid Phase Extraction Manifold 57265
Visiprep DL 12-port Solid Phase Extraction Manifold 57044
Disposable Valve Liners, PTFE, pack of 100 57059

  Related Information

Visit our Food and Beverage/Toxin resources,  
sigma-aldrich.com/food-toxins

Uncover the Unseen  
in the Green
Supel™ QuE Verde for QuEChERS

• 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
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QuEChERS Cleanup and Analysis of Veterinary 
Drugs in Milk by LC/MS/MS

Olga I. Shimelis, Principal R&D Scientist and Jennifer Claus, SPE Product Manager

jennifer.claus@sial.com 

Introduction
The use of mass spectrometry (MS) as an analytical technique allows 
quick screening, identification, and confirmation of contaminants. 
In spite of advances that MS instrumentation brings to achieve ever 
more sensitivity and specificity, sample preparation and cleanup still 
remain an important part of the analytical workflow. In recent years, 
adaptation of QuEChERS methods for sample preparation has been 
successful as it reduces time without sacrificing sample cleanup, and 
is very compatible with LC/MS analysis. QuEChERS methodology, 
while originally used for pesticide residue testing of fruits and 
vegetables, has been applied to other foods such as breads, milk, 
and oils. In addition, the range of analyzed compounds has been 
broadened from pesticides to other types of contaminants (e.g., 
veterinary drugs).

The SPE phases that were originally used in standard QuEChERS 
methods included primary secondary amine (PSA) for the removal  
of acids, polar pigments, and sugars; graphitized carbon black (GCB) 
for the removal of color pigments such as chlorophyll; and  
silica-bonded C18 for the removal of lipid and non-polar 
components. Silica-bonded C18 was, until recently, the only sorbent 
available for the removal of fats and non-polar compounds from 
samples. As an addition to C18 for fat removal, zirconia-bonded 
sorbents (Z-Sep and Z-Sep+) have recently been successfully used for 
cleanup during QuEChERS in the analysis of pesticides, and have also 
proved to work well for analysis of environmental contaminants. This 
work evaluated the use of the C18 and Z-Sep+ sorbents for cleanup 
of an animal-derived food sample (cow’s milk) prior to the LC/MS/MS 
analysis of veterinary drugs.

Experimental

Sample Preparation

Milk sample (2 mL) was placed into a 50 mL centrifuge tube  
(Cat. No. 55248-U). The analytes were spiked and the sample was  
left to sit for 30 minutes. Acetonitrile (8 mL) was added, mixed for  
1 min and centrifuged. The supernatant was separated into a  
15 mL centrifuge tube. Concentrated formic acid (0.1 mL) and  
500 mg Z-Sep+ (Cat. No. 55296-U) were added or, alternatively,  
500 mg of DSC-18 sorbent (Cat. No. 52600-U). Samples were shaken 
for 1 min and centrifuged. The supernatant was evaporated at  
50 °C to 0.75 mL. Acetonitrile (0.15 mL) was added along with water 
to total volume of 1.0 mL. The samples were filtered prior to LC/MS 
analysis using 0.45 µm filter.

HPLC Analysis

An Ascentis® Express column with Fused-Core® particle architecture 
was used to achieve faster separations while using a standard Agilent 
1200 HPLC system. Two different column stationary phases, C18 and 
Reversed Phase Amide (RPA), were tested for this separation. The RPA 
HPLC column was chosen because it provided better retention for more 
polar analytes, such as salbutamol and sulfanilamide (Figure 1). Matrix 
effects were evaluated by spiking the blank extracts with analytes and 
comparing the obtained recovery values to the calibration curves in 
solvent. Solvent standards were used for all quantitation.

Figure 1. Veterinary Drugs Using Ascentis Express RP-Amide 
HPLC Column in + ESI Mode

 column:  Ascentis Express RP-Amide, 5 cm × 2.1 mm I.D.,  
2.7 µm (53911-U)

 mobile phase:  [A] 0.1% formic acid in water, [B] 0.1% formic acid  
in acetonitrile

 gradient:  2% B for 1 minute; to 60% B in 4 minutes; to 100% B in  
3 minutes, hold for 2 minutes; to 2% B in 0.1 minute,  
hold for 3.9 minutes

 flow rate:  0.50 mL/min

 column temp.: 35 °C

 det.:  MS, ESI(+),  
MRM (see Table 1)

 injection: 5 µL
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8. Abamectin B1a 15 ng/mL
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Results and Discussion
Development of the sample extraction procedure was based on 
available published literature for veterinary drug analysis.1-8 First, the 
“true” QuEChERS extraction into 100% acetonitrile and the salt-out 
protocol was tested. It was quickly determined that polar drugs, 
such as salbutamol and levamisol, did not extract well into pure 
acetonitrile. Therefore, as a compromise, 20% water was included in 
the final extraction solvent, and no extraction salts were used for the 
final procedure.

Addition of 1% formic acid to the extract prior to Z-Sep+ cleanup 
was necessary to improve the recoveries for compounds that had 
chelating properties. This additive was not necessary when  
C18 cleanup was used.

The removal of phospholipids, in particular, phosphatidylcholine, 
(PC) from milk samples was evaluated and was found to be more 
complete using Z-Sep+ in comparison to that using C18. The PC 
chromatogram in cleaned milk samples is shown in Figure 2.

Evaluation of ionization effects (Table 2) indicated that ion 
suppression was higher in the case of the more polar and less 
retained analytes: salbutamol, sulfanilamide, and lyncomycin.  
This ion suppression effect was more pronounced for Z-Sep+ 
cleaned-samples. The ion suppression effect was higher for later 
eluting abamectin when C18 cleanup was used. In fact, the 
abamectin signal was extremely low and almost non-detectable  
in C18-cleaned samples.

Compound Class Q1 Q3 ESI

Abamectin B1a Avermectins 
(anthelmintics)

890.9 567.7 +

Amoxicillin Antibiotics  
(beta-lactams)

366.22 208.06 +

Chloramphenicol Antibiotics 
(phenicols)

321.1 152.1 -

Ciprofloxacin Antibiotics 
(fluoquinolones)

332.2 288.2 +

Furazolidone Nitrofuranes 226.2 122.1 +
Levamisole Anthelmintic 205.2 178.2 +
Lincomycin Antibiotics 

(macrolides)
407.2 126.2 +

Salbutamol Beta-blockers 240.3 148.1 +
Sulfanilamide Sulfonamides 173.1 93.1 +

Table 1. Veterinary Drugs and Classes Evaluated with  
MS/MS Parameters

Table 2. Evaluation of Ionization Effects*

 Blank Milk Extracts
Compounds Z-Sep+ C18
Abamectin B1a 85% 10%

Amoxicillin 102% 116%

Chloramphenicol 106% 94%

Ciprofloxacine 102% 119%

Furazolidone 113% 97%

Levamisol 101% 93%

Lincomycin 62% 86%

Salbutamol 39% 58%

Sulfanilamide 77% 89%

*Deviation from 100% indicates the presence of either ion suppression or ion 
enhancement.

Figure 2. Phospholipids Present in Milk Sample After Cleanup 
Comparison of phosphotidylcholine in milk samples cleaned 
using Z-Sep+ (blue) or C18 (pink). Ion of m/z 184 was 
monitored.
 column:  Ascentis Express RP-Amide, 5 cm × 2.1 mm I.D.,  

2.7 µm (53911-U)

 mobile phase:  [A] 0.1% formic acid in water, [B] 0.1% formic acid  
in acetonitrile

 gradient:  2% B for 1 minute; to 60% B in 4 minutes; to 100% B in  
3 minutes, hold for 2 minutes; to 2% B in 0.1 minute,  
hold for 3.9 minutes

 flow rate: 0.50 mL/min

 column temp.: 35 °C

 det.:  MS, ESI(+), MRM, m/z 184 

 injection: 5 µL
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The C18 sorbent performed well for spiked milk samples.  
The cleanup using C18 gave good recoveries for most tested 
compounds, except for abamectin. As mentioned earlier, abamectin 
is a late-eluting compound and its signal is subject to ion 
suppression under the C18 cleanup conditions. This is probably  
due to the presence of phospholipids that were incompletely 
removed during sample cleanup. The detection of abamectin  
was significantly better using Z-Sep+ sorbent, as in this case,  
cleaner samples were obtained. The use of Z-Sep+, however,  
was not favorable to the detection of ciprofloxacine, due to retention 
of that compound through chelation and to the detection of 
lincomycin and salbutamol, whose signals were lower due to ion 
suppression in the samples. Geis-Asteggiante et al. also compared 
multiple sorbents for use in multi-class veterinary drug analysis.  
They observed that Z-Sep provided the best sample cleanup, yet, 
C18 was their choice sorbent for analysis of animal tissue samples.  
It was observed that some of the analytes (floxacines and 
tetracyclines) chelated to the Z-Sep sorbents, and were, thus, 
retained, causing low recovery.¹

(continued on next page)
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Conclusion
Analysis of milk for veterinary drugs was performed, and two 
sorbents were evaluated for cleanup. For multi-class veterinary drug 
methods, the C18 sorbent provided better recoveries for the majority 
of compound classes in comparison to Z-Sep+ sorbent. On the 
contrary, Z-Sep+ sorbent afforded better sample cleanup and more 
effective removal of phospholipids. Cleanup with Z-Sep+ required 
the addition of formic acid to the extract to prevent retention of 
compounds containing acidic and chelating groups. The Z-Sep 
sorbents can be selectively used when analysis of individual classes 
of drugs is required, for example, their use is more beneficial for 
analysis of chloramphenicol and avermectins. The use of an HPLC 
column with the RP-Amide water-compatible stationary phase 
resulted in better retention of more polar analytes and improved 
peak shapes across all nine compounds of interest while using  
MS-compatible mobile phases.

Description Cat. No.
Supel™ QuE QuEChERS Products
Z-Sep+ Cleanup Tube, 12 mL, pack of 50 55296-U
Empty Centrifuge Tube, 50 mL, pack of 50 55248-U
Bulk Adsorbents
Discovery® DSC-18 SPE Bulk Packing, 100 g 52600-U
Ascentis® Express RP-Amide HPLC Column
5 cm × 2.1 mm I.D., 2.7 µm particle size 53911-U

  Featured Products

  Related Products

  Related Information

Description Cat. No.
Ascentis Express RP-Amide HPLC Columns
10 cm × 2.1 mm I.D., 2.7 µm particle size 53913-U 
15 cm × 2.1 mm I.D., 2.7 µm particle size 53914-U
Ascentis Express C18 HPLC Column
5 cm × 2.1 mm I.D., 2.7 µm particle size 53822-U
Accessories
Visiprep™ DL 24-port Solid Phase Extraction Manifold 57265
Visiprep DL 12-port Solid Phase Extraction Manifold 57044
Disposable Valve Liners, PTFE, pack of 100 57059

Table 3. Recoveries of Spiked Veterinary Drugs from Milk (n=3)

 Spiking Level (ng/mL) Recoveries (%RSD)
Compounds Milk Z-Sep+ C18
Abamectin 25 61%(10) 3%(100)

Amoxicillin 15 31%(7) 40%(16)

Chloramphenicol 1.25 106%(4) 100%(6)

Ciprofloxacine 5 22%(26) 73%(5)

Furazolidone 12.5 98%(13) 90%(3)

Levamisol 5 98%(7) 95%(9)

Lincomycin 5 63%(11) 75%(9)

Salbutamol 5 37%(17) 80%(13)

Sulfanilamide 20 62%(6) 77%(8)

Visit our Food and Beverage/Vet Drug resources,  
sigma-aldrich.com/food-vetdrugs
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The Best Purifier Choice for Removing 
Moisture and Oxygen from Carrier Gas!
Protects GC columns and detectors from damage caused by 
moisture and oxygen in the carrier gas stream, even when present 
up to 100 ppm levels. The clam-shell oven heats a converter  
tube to 580 °C, causing moisture and oxygen to irreversibly 
react with the reactant material. This chemical reaction prevents 
contaminants from returning to the gas stream, even when the 
material approaches saturation, or when the oven is cooled.  
Carbon monoxide and carbon dioxide are also removed.  
Note: Not for use with hydrogen gas.

For more information visit our website at  
sigma-aldrich.com/hcgp
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Analysis of Pesticide Residues in Cannabis Using 
QuEChERS Extraction and Cleanup Followed by 
GC/MS/MS Analysis
Kathy Stenerson, Principle R&D Scientist and Michael Halpenny, R&D Technician

jennifer.claus@sial.com

Cannabis (marijuana) has been legalized for recreational and/or 
medical use by 23 states, the District of Columbia, and the territory 
of Guam. Thus, regulations regarding its production have become 
a topic of interest. The use of pesticides on cannabis is currently 
not regulated by the US EPA due to its listing as a Schedule 1 
narcotic by the federal government. States that allow cannabis 
use for recreational and/or medical use have differing regulations 
regarding pesticides. As indicated in Table 1, the scope of regulation 
varies widely; from regulations on use, testing, and labeling, to no 
regulation at all.¹

(continued on next page)

Regulation States
None AK, CA, HI, MI, MT, NM, NY, RI

None – recreational use only DC, OR

Testing, labeling AZ

Testing, labeling – medical use only OR 

Labeling – recreational use only CO 

Use, testing, labeling CT, DE, DC, IL, MA, NV, NH

Use, testing, labeling – medical use only DC, CO

Use, testing, labeling – recreational use only WA

Use, testing ME, MN, NJ

Use VT

Use – medical use only WA

Table 1. US State Regulations Regarding Pesticide Use and 
Testing for Cannabis

There are no official test methods for the determination of pesticide 
residues in cannabis. However, a potential approach is the use 
of the “quick, easy, cheap, effective, rugged and safe” (QuEChERS) 
method outlined in AOAC official method 2007.01. In this application, 
QuEChERS was used in the extraction of pesticides from dried 
cannabis. The pesticides studied were selected from lists currently 
tested by several commercial cannabis testing laboratories. The 
list included triazole fungicides as well as organophosphorus, 
organochlorine, and pyrethroid insecticides. Also included was 
piperonyl butoxide, a pesticide synergist included on the state of 
Colorado’s list of “pesticides for use in marijuana production.” ²

For cleanup of the extracts, two different sorbent mixes were 
evaluated: (1) PSA/C18/ENVI-Carb™ and (2) Supel™ QuE Verde. The 
first represents a conventional mix often described as “PSA/C18/
GCB” in QuEChERS protocols. PSA removes acidic interferences, while 
C18 retains hydrophobic interferences. Graphitized carbon blank 
(GCB or ENVI-Carb in this application) will retain chlorophyll and 
other colored compounds. However, while effective in removing 

Figure 1. Sample Preparation for Extraction of Pesticides  
from Cannabis

Add 1 g of ground cannabis to 10 mL of water.  
Allow to hydrate for 30 min

Add 10 mL of acetonitriile.  
Shake for 10 min at 2,500 rpm

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

Centrifuge at 5,000 rpm for 5 min

Transfer 1 mL of supernatant to 2 mL tube containing  
cleanup sorbent. Shake for 2 min

Centrifuge at 5,000 rpm for 5 min

Draw off supernatant for GC/MS/MS analysis

pigment, GCB also retains target compounds with planar structures. 
Thus, pesticides with planar structures can be retained, reducing 
their recoveries. The second sorbent, Supel QuE Verde, contains a 
mixture of PSA, Z-Sep+ and an improved GCB. Z-Sep+ is a silica that 
is functionalized with both zirconia and C18. Zirconia will retain some 
fats and carotenoids, while C18 retains hydrophobic interferences. 
The improved GCB used in the Supel QuE Verde mix has been 
optimized to balance chlorophyll removal and improved recoveries 
of planar pesticides. When used to clean samples containing 
chlorophyll, this sorbent blend will provide better recovery of planar 
pesticides than sorbents containing traditional GCB.
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Experimental
Dried cannabis was supplied courtesy of Dr. Hari H. Singh, Program 
Director at the Chemistry & Physiological Systems Research Branch 
of the National Institute on Drug Abuse at the National Institute 
of Health. The sample was ground to a fine powder and extracted 
following the procedure outlined in Figure 1. The resulting 
acetonitrile extract was cleaned using two different sorbents:  
(1) PSA/C18/ENVI-Carb and (2) Supel QuE Verde. Unspiked and spiked 
(50 ng/g) samples were prepared. Analysis of the final extracts was 
done by GC/MS/MS using the GC conditions listed in Figure 3 and 
MRMs in Table 2. Quantitation was performed against multi-point, 
matrix-matched calibration curves prepared in unspiked cannabis 
extract. Separate curves were prepared for each cleanup sorbent.

Results and Discussion

Background

Figure 2 shows cannabis extracts before and after each cleanup. 
As expected, the PSA/C18/ENVI-Carb sorbent mixture removed the 
most color. The Supel QuE Verde mix removed the green from the 
cannabis extract, leaving only yellow pigments, and a much lighter 
colored extract than no cleanup. Extracts were analyzed by  
GC/MS in full scan mode to evaluate background (Figures 3 a-c).  
The TIC patterns of the extracts, cleaned and un-cleaned, appear 
similar. However, the amplitude and area sum of the peaks was the 
lowest after cleanup with Supel QuE Verde.

MRM 1 CE MRM 2 CE
Dichlorvos 185/93 10 145/109 10
Propoxur 110/63 30 110/64 15
Diazinon 137/84 10 199/135 15
Metalaxyl 234/146 20 206/132 20
Malathion 173/99 15 158/125 5
Chloropyrifos 314/258 15 314/286 5
Fipronil 351/255 15 367/213 25
Tetrachlorvinphos 331/109 25 331/79 35
Paclobutrazol 236/125 10 236/167 10
Myclobutanil 179/125 15 179/90 35
Trifloxystrobin 116/89 15 172/145 15
Quinoxyfen 272/237 10 307/237 20
Spiromesifen 272/254 5 272/209 10
Resmethrin 123/81 5 171/128 15
Tebuconazole 250/125 20 127/89 20
Piperonyl butoxide 176/131 15 176/103 25
Tetramethrin 164/107 10 164/77 25
Methoxychlor 227/169 30 127/109 10
Bifenthrin 181/165 25 181/166 10
Phosmet 160/77 25 160/51 40
Etoxazole 141/113 15 141/63 30
Permethrin 163/127 5 183/168 15
Boscalid 140/112 10 140/76 25
Cyfluthrin 206/150 15 206/177 5
Cypermethrin 163/91 10 165/127 5
Dimethomorph 301/165 10 303/165 10

Table 2. MRM Transitions Used for GC/MS/MS Analysis of 
Pesticides in Cannabis Extracts

Figure 2. QuEChERS Extracts of Cannabis With and Without Cleanup 

Figure 3. GC/MS Scan Analysis of Cannabis Extract Background 
(a) with no cleanup, (b) after cleanup with Supel QuE  
PSA/C18/ENVI-Carb, and (c) after cleanup with Supel QuE Verde
 column: SLB®-5ms, 30 m x 0.25 mm I.D., 0.25 µm (28471-U)

 oven: 50 °C (2 min), 8 °C/min to 320 °C (5 min)

 inj. temp.: 250 °C

 detector: MSD, full scan, m/z 45-500

 MSD interface: 320 °C

 carrier gas: helium, 1.4 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
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Table 3. Average Pesticide Recoveries and Relative Standard 
Deviation (RSD) Values for Spiked Replicates of Cannabis

PSA/C18/ENVI-Carb Supel QuE Verde
Dichlorvos 79% (8) 51% (4)

Propoxur 90% (5) 90% (3)

Diazinon 88% (10) 92% (3)

Metalaxyl 84% (10) 92% (6)

Malathion 81% (5) 83% (4)

Chloropyrifos 71% (5) 87% (5)

Fipronil 86% (2) 94% (5)

Tetrachlorvinphos 64% (4) 60% (7)

Paclobutrazol 68% (4) 79% (4)

Myclobutanil 67% (2) 78% (3)

Trifloxystrobin 79% (4) 84% (4)

Quinoxyfen 15% (1) 66% (2)

Spiromesifen 61% (12) 80% (5)

Resmethrin 59% (17) 60% (6)

Tebuconazole 50% (3) 58% (2)

Piperonyl butoxide 75% (3) 83% (10)

Tetramethrin 45% (26) 78% (4)

Methoxychlor 67% (3) 70% (3)

Bifenthrin 57% (9) 74% (4)

Phosmet  101% (6) 63% (9)

Etoxazole 82% (4) 76% (6)

Permethrin 58% (6) 54% (2)

Boscalid 81% (6) 65% (2)

Cyfluthrin 112% (11) 72% (6)

Cypermethrin 49% (25) 77% (16)

Dimethomorph 71% (8) 88% (5)

Avg. % Recovery (all pesticides) 71% 75%
Avg. RSD (all pests) 8% 5%

Recovery and Reproducibility

The average recoveries obtained from 50 ng/g spiked cannabis 
samples are summarized in Table 3. Recoveries were generally 
better using the Supel QuE Verde cleanup for many of the pesticides, 
especially the pyrethroid pesticides and triazole fungicides.  
The organophosphorus pesticides showed mixed results, with some 
such as chloropyrifos showing better recovery from Supel QuE 
Verde, and others such as phosmet showing better recovery using 
PSA/C18/ENVI-Carb. Quinoxyfen (highlighted in yellow in Table 3) 
showed very poor recovery after cleanup with PSA/C18/ENVI-Carb. 
This compound has some planar character to its structure, which 
resulted in strong retention on the ENVI-Carb, and thus reduced 
recovery. The pesticide synergist piperonyl butoxide, of interest in 
relation to cannabis production, showed >70% recovery using both 
cleanups, but better recovery after Supel QuE Verde compared to 
PSA/C18/ENVI-Carb cleanup. Reproducibility, determined as % RSD 
for n=3 spiked replicates, was generally very good for both cleanups. 
The exceptions were tetramethrin and cypermethrin, which had RSD 
values >20% after PSA/C18/ENVI-Carb cleanup.

Conclusions 
As demonstrated here, QuEChERS is a viable approach for the 
analysis of pesticide residues in cannabis. Many compounds 
of interest, including piperonyl butoxide, show good recovery 
and reproducibility by this extraction technique. For cleanup of 
QuEChERS extracts of cannabis, the use of graphitized carbon is 
recommended for removal of chlorophyll. However, as evidence by 
the recovery of quinoxyfen in Table 3, traditional GCBs such as  
ENVI-Carb will reduce the recovery of pesticides with planar 
structures. Supel QuE Verde, which contains PSA, Z-Sep+ and an 
improved GCB, can be used to reduce pigmentation while improving 
recoveries of these compounds. 

Compared to conventional PSA/C18/GCB cleanup, cannabis  
extracts cleaned with the Supel QuE Verde mixture showed lower  
GC/MS background, and better recoveries for many pesticides.
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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 (AOAC) Tube, 2 mL, pack of 100 55289-U
Citrate Extraction Tube, 12 mL, pack of 50 55227-U
Empty Centrifuge Tube, 50 mL, pack of 50 55248-U
Column
SLB-5ms GC Capillary, 30 m × 0.25 mm I.D., 0.25 µm 28471-U
Solvents and Reagents
Acetonitrile, UHPLC Plus, for gradient elution, ≥99.9% 34998
Acetic Acid, ACS, reagent grade, .99.7% 650501
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, pk of 100 29653-U
Inlet Liner, Split/Splitless Type, Single Taper FocusLiner™ 
Design (wool packed)

2879901-U
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Ascentis Express C18 
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Introduction
Marine biotoxins can be found worldwide in a variety of  
saltwater environments. They consist of lipophilic and hydrophilic 
compounds. These toxins in shellfish have recently come under 
increased scrutiny. The European Union (EU) has issued regulation 
changes requiring all shellfish commodities to be tested for levels 
of these toxins. The current method for the detection of these 
compounds is a mouse bioassay (MBA) where the effects of the 
toxins are noted on living mice.1 These toxins pose a health risk to 
humans with complications such as headaches and gastrointestinal 
side effects. Current efforts are now being undertaken to update 
the Codex standard to consider other methods for toxin detection. 
These methods include LC/MS/MS-based methods. This class of 
compounds presents a challenge to LC/MS/MS analysis because  
of the complex nature of matrices as well as the positive and 
negative ionization techniques needed. Resolution of several  
isobaric compounds also adds to the difficulty of the method.  
A robust and highly sensitive method is needed in order to  
reliably detect and quantitate these compounds from marine  
food products.

This study will demonstrate a rapid and reproducible method for the 
analysis of lipophilic marine toxins using certified reference materials.

Experimental
Mussel tissue homogenate was purchased from National Research 
Council Canada and spiked at 10 ng/g with 10 different lipophilic 
marine toxins. After spiking, a methanolic extraction (1:10 w/v) was 
performed and the samples were analyzed by LC/MS/MS.

Sample Analysis
Analytical separation was performed using an Ascentis® Express 
C18, 10 cm × 2.1 mm, 2.0 µm HPLC column (Cat. No. 50813-U). 
Figure 1 depicts a chromatogram of the analytes. Quantitation was 
performed using matrix matched calibration standards ranging 
from concentrations of 0.5 ng/mL to 10 ng/mL corresponding to a 
concentration range of 5 to 100 ppb in shellfish.

Peak 
No. Compound

Polarity  
(ES)

Precursor 
Ion

Product 
Ion

1 Gymnodimine B (GYM-b) + 508.3 489.3

2 13-Desmethyl spirolide C (SPX1) + 692.5 443.7

3 Yessotoxin (YTX-b) - 1140.6 1060.6

4 Homo-yessotoxin (hYTX) - 1155 1074.5

5 Okadaic acid (OA-c) - 803 254.5

6 Dinophysistoxin-2 (DTX2) - 803 254.7

7 Azaspiracid-3 (AZA3) + 828 658.5

8 Pectenotoxin-2 (PTX2-b) + 875.9* 213.1

9 Azaspiracid-1 (AZA1) + 842.3 653.4

10 Dinophysistoxin-1 (DTX1) - 816.8 254.7

Table 1. Marine Toxins and Mass Spec Parameters

*Ammonium adduct.

Figure 1. LC/MS/MS Analysis of Marine Toxins on  
Ascentis Express C18
 column: Ascentis Express C18, 10 cm × 2.1 mm I.D., 2. µm (50813-U)

 mobile phase:  (A) 2 mM ammonium acetate with 0.1% formic acid in 
acetonitrile:water (5:95); (B) 2 mM ammonium acetate 
with 0.1% formic acid in acetonitrile:water (95:5)

 gradient:  20% to 80% B in 4 min, to 95% B in 1 min, held at 95% B 
for 1 min, to 20% B in 0.5 min, held at 20% B for 1.5 min

 flow rate: 0.6 mL/min

 column temp.: 40 °C

 injection: 10 µL

 det.: MS/MS, ESI(+) & ESI(-), MRM
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Results and Discussion
The HPLC method was developed using Ascentis Express C18 column 
with 2.0 µm particles with a UHPLC system. In this case the separation 
was done under acidic mobile phase conditions which showed better 
compatibility with the stability of the silica-based HPLC column.  
The Fused-Core® particle contributed to the fast run time with low 
back-pressure. The separation of the toxins was achieved in less than 
4.5 minutes. Utilizing fast MS polarity switching, separation of analytes 
corresponding to species detected under negative and positive 
polarities (e.g. DTX2 and AZA3) was achieved. Also, baseline resolution 
was observed for the isobaric compounds OA-C and DTX2.
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Description Cat. No.
Ascentis Express C18 HPLC Column
10 cm × 2.1 mm I.D., 2.0 µm particle size 50813-U
Analytical Standards and Reagents
GYM-b   NRCCRMGYMB
SPX1 NRCCRMSPX1
YTX-b NRCCRMYTXB
 hYTX NRCCRMHYTX
OA-c NRCCRMOAC
DTX2 NRCCRMDTX2
AZA3  NRCCRMAZA3
PTX2-b NRCCRMPTX2B
AZA1 NRCCRMAZA1
DTX1 NRCCRMDTX1

Visit our “Food & Beverage Analysis” web portal at  
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The peak shapes for GYM-b and SPX1 were broad under acidic run 
conditions. Although optimal peak shape was not observed for these 
compounds, quantitation was reproducible. Figure 2 shows a typical 

Figure 3. Marine Toxin Recoveries in Mussel Homogenate 
Spiked at 10 ng/g
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Figure 2. Calibration Curve for Matrix Matched Standards for GYM-b

0

0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1.1

1.2

GYM-b-4 Levels, 4 Levels Used, 4 Points, 4 Points Used, 0 QCs 

y = 1152.335501* × -177.133940

Re
sp

on
se

s

R^2 = 0.99596654

Type: Linear, Origin=Ignore, Weight:1/×

×104

1

0.5 1 1.5 2 2.5 3 3.5 4 4.5 5 5.5 6 6.5 7 7.5 8 8.5 9 9.5 10 10.5
Concentration (ng/mL)

Conclusion
A simple and sensitive method for the analysis and quantification  
of lipophilic marine toxins in mussel homogenate has been 
developed using LC/MS/MS analysis. Acidic mobile phase conditions 
that were compatible with the Fused-Core 2.0 μm Ascentis Express 
column provided sufficient resolution for the detection of the marine 
toxins. The HPLC method, with a total run time under 7 minutes, 
produced separation of the isobaric species and of the toxins that 
required polarity switching during detection. This method was able 
to successfully obtain recoveries of more than 80% for all analytes 
using matrix-matched calibration standards.

calibration curve. Recoveries for the 10 marine toxins are given  
in Figure 3. All of the analytes had recoveries ≥ 80% with %RSD’s  
less than 15% for n=5. 
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Carboxytetrahydrocannabinol (THCCOOH) in 
Surface Waters by SPME and GC/MS
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Introduction
Cannabis is a schedule 1 substance under U.S. federal law. However, 
four states, Colorado, Washington, Alaska, and Oregon, have legalized 
it for recreational and medical use. The level of use by the general 
public is typically determined through questionnaires and crime 
statistics; however, this may not give an accurate assessment. Sewage 
epidemiology seeks to correlate data from these surveys with actual 
levels found in wastewater. In the case of cannabis, this can be done by 
analyzing for the psychoactive substance, tetrahydrocannabinol (THC), 
and its major metabolite, carboxytetrahydrocannabinol (THCCOOH).

THC can be analyzed by GC directly, but because THCCOOH contains 
an acid group in its structure it requires derivatization. Thus, if the 
two compounds are analyzed together, derivatization must be used. 
Silylation can be used to produce GC-stable derivatives of both 
THC and THCCOOH. In this application, N-methyl-N-(trimethylsilyl)
trifluoroacetamide (MSTFA) was used to derivatize both compounds 
by replacement of the active hydrogens in the OH ad COOH groups 
with trimethylsilyl (TMS) groups (Figure 1).

Solid phase microextraction (SPME) can be used to extract both  
THC and THCCOOH from water, offering distinct advantages over 
solid phase extraction (SPE):

• Organic solvents are not required

• It is more easily automated

• It requires less hands-on sample preparation time

• It is highly sensitive

Analyte derivatization can be incorporated into an SPME procedure 
following two approaches: by derivatizing the analytes in the matrix 
and extracting the derivatives, or by derivatizing the analytes on 
the SPME fiber. The latter method was chosen for the application 
described here with derivatization done post extraction by exposing 
the fiber to the headspace above the derivatization reagent. In the 
application described here, derivatization was done post-extraction 
by exposing the fiber to the headspace over MSTFA.

Experimental
The final SPME and GC/MS methods are listed in Tables 1 and 2. 
Quantitation of samples was done using m/z 371 for both THC and 
THCCOOH. This was the most abundant ion in the spectra for the 
TMS derivatives of both compounds. Responses were calculated 
relative to internal standards THC-D3 and THCCOOH-D3 using m/z 
374 for both. Final quantitation was done against calibration curves 
prepared in deionized water at pH 2. The standards covered a 
concentration range from 5 to 100 ng/L.

Figure 1. Silylation of THC and THCCOOH using MSTFA
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Results and Discussion

Optimization of SPME and Derivatization Methods

The SPME method used was based on previously published work.1 
Adjusting the sample to pH 2 was necessary to obtain response 
for THCCOOH. At neutral pH, there was little to no uptake of the 
compound by the SPME fiber. THC, however, extracted well at  
pH 2 and neutral pH. The SPME fiber used was a 2 cm DVB/CAR/
PDMS, which offered greater sample capacity than the more 
commonly used 1 cm version and gave higher peak response at 
lower analyte levels.

Previous work indicated long equilibration times on the SPME fiber 
were expected for THC and THCCOOH based their high molecular 
weights and hydrophobicity.1,2 An extraction time had to be chosen 
that would balance both sensitivity and lab productivity. If THC and 
THCCOOH were present in the surface water samples, the levels were 
expected to be very low. Thus, detection at low ng/L levels  
was essential. For an 8 mL sample size, a 60 minute extraction  
time provided sufficient sensitivity for both compounds at levels 
below 10 ng/L.

Silylation reactions are sensitive to the presence of water.  
The derivatization had to be optimized to compensate for any  
water present on the fiber after extraction. For this reason, a 10 mL  
vial containing 500 µL of MSTFA was used to provide sufficient 
concentration of derivatization reagent in the headspace. 
Derivatization time was then studied from 10 to 30 minutes  
(Figure 2). The responses of both compounds increased with  
time; however, derivatization time was limited to 30 minutes  
in order to keep the total sample preparation time to a  
reasonable length. 

Due to the strength of the carboxen adsorbent in the  
DVB/CAR/PDMS fiber, a post-bake was used after desorption to 
prevent sample carryover. The maximum operating temperature 
of the DVB/CAR/PDMS fiber (270 °C) was chosen as the post-bake 
temperature. Ten minutes post-bake time was sufficient to limit 
carryover. This was monitored with fiber blanks throughout the 
course of data collection. Carryover of the TMS derivative of  
THC was typically in the range of 0.1%, while no carryover for 
THCCOOH was detected.

Fiber DVB/CAR/PDMS, 50/30 µm, 23 g, 2 cm (57348-U)

Extraction 60 °C, immersion, 60 min with agitation at 250 rpm 

Derivatization 60 °C, 30 min in 10 mL vial containing 500 µL MSTFA 

Desorption 260 °C, 3 min 

Fiber post bake 10 min, 270 °C

Sample 8 mL in 10 mL vial, pH 2 (adjusted using HCl)

Table 1. SPME Conditions

Table 2. GC/MS Conditions

GC column SLB-5ms, 20 m × 0.18 mm I.D., 0.18 µm (28564-U)

Oven 90 °C (3 min), 20 °C/min to 200 °C, 3 °C/min to 300 °C (5 min)

Carrier helium, 1 mL/min constant flow

Liner 0.75 mm I.D SPME liner

MS conditions Aux at 325 °C, source at 230 °C, quads at 150 °C, SIM:THC m/z 
371(quant), 303, 386; THCCOOH m/z 371 (quant), 473, 488

Avg. amount 
measured (ng/L)

Std. Dev. 
(ng/L) RSD* Accuracy

LOD* 
(ng/L)

LOQ* 
(ng/L)

THC 9.84 1.12 11% 98% 3.4 11.2

THCCOOH 9.52 1.35 14% 95% 4.0 13.5

Table 3. Results of Method Detection Limit Study
Spiking level 10 ng/L, n = 8 replicates in deionized water at pH 2.

*RSD, Relative standard deviation; LOD, Limit of detection; LOQ, Limit of quantitation.

Figure 2. Effect of Derivatization Time on Analyte Response
8 mL water samples (pH 2) spiked at 100 ng/L, 60 min extraction,  
DVB/CAR/PDMS fiber
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Method Linearity and Detection Level

The method showed good linearity for water samples in the range of  
5 to 100 ng/L, with r2 values >0.95 for both compounds (Figure 3).  
A determination of the detection level of the SPME method was 
done using a set of deionized water samples spiked at 10 ng/L with 
THC and THCCOOH (n = 8). The results of the study are summarized 
in Table 3. Accuracy was >95% and precision (measured as relative 
standard deviation, or RSD) was <20% for both compounds. The 
limits of detection and quantitation (LOD, LOQ) were calculated  
using the standard practice for environmental methods: LOD, the 
standard deviation times the Student’s t value (99% confidence level), 
and LOQ, ten-times the standard deviation.3 LOD values were  
<5 ng/L for both compounds and LOQ values were 11 and 14 ng/L 
for THC and THCCOOH, respectively. At the time of this writing 
there are no established maximum contaminant levels for these 
compounds in surface water; however, the LODs were in the range  
of those previously reported for these types of samples.1

Figure 3. Method Linearity, 5 to 100 ng/L  
(Internal Standard Corrected)
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Figure 4. Surface Water Set #1. Treated Effluent from Water Treatment Facility
 sample/matrix: 8 mL water sample in 10 mL vial, adjusted to pH 2 with HCl

 SPME fiber: DVB/CAR/PDMS, 50/30 µm, 23 g, 2 cm (57348-U)

 extraction: 60 °C, immersion, 60 min with agitation at 250 rpm

 derivatization: 60°C, 30 min in 10 mL vial containing 500 µL MSTFA

 desorption process: 260 °C, 3 min

 fiber post bake: 10 min, 270 °C

 column: SLB-5ms, 20 m × 0.18 mm I.D., 0.18 µm (28564-U)

 oven: 90 °C (3 min), 20 °C/min to 200 °C, 3 °C/min to 300 °C (5 min)

 inj. temp.: 260 °C

 detector: MSD, aux at 325 °C, source at 230 °C, quads at 150 °C; 

  SIM: THC m/z 371(quant), 303, 386; THCCOOH m/z 371 (quant), 473, 488

 carrier gas: helium, 1 mL/min constant flow

 liner: SPME, 0.75 mm I.D.
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Analysis of Environmental Water Samples

Samples of surface water were collected at sites in two different  
U.S. states, one where marijuana use is legal, and one where it is 
not. The first set of surface water samples was from a state where 
marijuana use is legal. Sampling was done in an area of a creek that 
receives discharge of treated effluent from a wastewater treatment 
facility that serves a major university. Samples were collected at  
two different sampling spots and tested in duplicate. A 50 ng/L 
matrix spike and matrix spike duplicate were prepared from one 
of the sample sets. The results are summarized in Table 4. THC was 
detected in samples from both sites. The level found was technically 
below the calculated LOQ of the method, but reproducibility was 
very good which indicates an accurate measurement. THCCOOH  
was detected in both samples from site #1, but the level was too  
low to obtain accurate quantitation. It was not detected in both 
samples from site #2, and thus is not reported. The MS/MSD results 
showed good reproducibility and accurate measurement of the 
levels spiked.

The second set of surface water samples was from a state where 
marijuana use is currently not legal. Sampling was done in a  
drainage basin adjacent to a major university. Samples were  
collected at two sampling spots and tested in duplicate, with  
the matrix spike and matrix spike duplicate created from one of  
the sets. The results are summarized in Table 5. THC was detected 
just above the LOD in one of the sample sets, but reproducibility 
of the measurement was poor. The metabolite THCCOOH was not 
detected in either sample set. The MS/MSD tested with the samples 
was spiked at 10 ng/L for both compounds. The measurement 
accuracy at this level was >90%, with good reproducibility  
(<10% RPD). 

Site 1 
avg. n =  
2 (ng/L) RPD

Site 2  
avg. n =  
2 (ng/L) RPD*

Site 1 avg. 
MS/MSD* 

(ng/L) Accuracy RPD
THC 8.8 2% 7.9 1% 42.0+ 84% 5%

THCCOOH 4.5 50% — — 41.5+ 83% 5%

Table 4. THC and THCCOOH Test Results. Surface Water Set #1
Samples taken from treated effluent collected outside wastewater treatment 
plant, U.S. state where marijuana use is legal.

*RPD, Reproducibility of two measurements; MS/MSD, matrix spike and matrix spike 
duplicate, spiked at 50 ng/L.

+Amount reported after sample subtraction.

Site 1 
avg. n = 
2 (ng/L) RPD*

Site 2 
avg. n = 
2 (ng/L) RPD*

Site 1 avg. 
MS/MSD* 

(ng/L) Accuracy RPD
THC 4.1 85% 0 — 9.1+ 91% 1%

THCCOOH 0 — 0 — 10.3+ 103% 3%

Table 5. THC and THCCOOH Test Results. Surface Water Set #2
Samples taken from drainage basin, U.S. state where marijuana use is not legal.

*RPD, Reproducibility of two measurements; MS/MSD, matrix spike and matrix spike 
duplicate, spiked at 10 ng/L.

+Amount reported after sample subtraction.

Description Cat. No.
Capillary GC column
SLB-5ms, 20 m × 0.18 mm I.D., 0.18 µm 28564-U
SPME Fibers and Accessories
SPME fiber assembly Divinylbenzene/Carboxen/
Polydimethylsiloxane (DVB/CAR/PDMS), needle size 24 ga, 
StableFlex™, for use with manual holder/autosampler

57348-U

SPME fiber holder for Varian autosampler 57331
SPME fiber holder for CTC, Combipal, Gerstel MPS2, and  
Thermo TriPlus autosamplers

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 (pk/50) 28336-U
Headspace vial, screw top, rounded bottom, 10 mL,  
clear glass (pk/100)

SU860099

Magnetic screw cap for headspace vials w/PTFE silicone  
septum, 1.3 mm

SU860101

Reagents
N-Methyl-N-(trimethylsilyl)trifluoroacetamide (MSTFA) for  
GC derivatization, ≥98.5%

69479

Analytical Standards
(−)-Δ9-THC solution 1.0 mg/mL in methanol, ampule of 1 mL, 
Cerilliant certified reference material

T-005

(±)-11-nor-9-Carboxy-Δ9-THC solution 100 μg/mL in methanol, 
ampule of 1 mL, Cerilliant certified reference material

T-006

(−)-Δ9-THC-D3 solution 100 μg/mL in methanol, ampule of  
1 mL, Cerilliant certified reference material

T-003

(±)-11-nor-9-Carboxy-Δ9-THC-D3 solution 100 μg/mL in 
methanol, ampule of 1 mL, Cerilliant certified reference material

T-004

Conclusions
SPME with on-fiber derivatization can be used for simultaneous 
analysis of THC and the metabolite THCCOOH. The detection limit 
from water was 3-4 ng/L for both compounds with a quantitation 
limit of 10-15 ng/L. When applied to surface water samples, the 
method was able to detect both THC and THCCOOH at low ng/L 
levels. The method requires minimal hands-on time, and is cost 
effective with minimal waste in that it does not require the use of 
organic solvents or single-use extraction cartridges. In addition to 
THC and THCCOOH, the SPME method could possibly be extended 
to include additional cannabinoids.
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Fast UHPLC Analysis for IdeS Fragments of SILuLite 
SigmaMAb Universal Antibody Standard on  
BIOshell A400 Protein C4
Hillel Brandes, Principal R&D Scientist and Stacy Shollenberger, Product Manager

stacy.shollenberger@sial.com

Both top-down and bottom-up approaches to protein characterization 
have their advantages and limitations. One such limitation of the 
top-down approach, particularly with large proteins, is the need for 
state-of-the-art MS resolution, and interpretation of the complexity of 
the generated data. One popular approach to address the experimental 
constraints of a top-down strategy is to employ an intermediate or 
combined approach that can be termed a middle-down and/or 
middle-up approach. Instead of dealing with the intact mass of the 
large protein, or all the peptides of a bottom-up approach, the protein 
sample is first cleaved into just a few fragments which upon separation 
can be handled individually. This has been made popular in the case of 
monoclonal antibody (mAb) characterization, by use of the protease 
IdeS.1 This protease cleaves IgG into two fragments: the two antigen 
binding domains held together by disulfide bonds [F(ab)2’] and the two 
Fc domains. Upon disulfide reduction the F(ab)2’ fragment yields the 
constituent Fd’ domain and the light chain. Instead of characterizing the 
intact IgG, the researcher now has three smaller IgG fragments to analyze 
(Fd’, Fc, and the light chain).

BIOshell™ A400 Protein C4 resolves all three of these very well in 
minimal time, with standard mobile phases for protein or peptide 
reversed-phase chromatography. Elevated column temperature is 
essential to obtaining the best peak shape.

Reference
1. Pawel-Rammingen, et. al. 2002. IdeS, a novel streptococcal cysteine proteinase 

with unique specificity for immunoglobulin G. EMBO J, 21(7):1607

Description Cat. No.
HPLC Column
BIOshell A400 Protein C4, 10 cm x 2.1 mm I.D., 3.4 µm particles 66825-U
Mobile Phase Component
Trifluoroacetic acid, ≥99% , purified by redistillation, for protein 
sequencing

299537

Standard
SILuLite SigmaMAb Universal Antibody Standard human MSQC4

In the example shown, a native mAb standard (catalog number 
MSQC4) was compared to a sample that had been deglycosylated 
(IgG is glycosylated on the Fc domain). Both native and 
deglycosylated mAb were digested by IdeS and then reduced with 
dithiobutylamine. It’s not surprising that the deglycosylated Fc 
fragment show slightly greater retention. Good peak shape typically 
requires adequate retention, and this is evident in the elution time of 
the Fc fragment.

Figure 1. Fast UHPLC Analysis of Lite SigmaMAb Universal Antibody Standard IdeS Fragments on BIOshell A400 Protein C4
 sample preparation:  deglycosylation of the monoclonal antibody standard was per protocol for an immobilized EndoS2 glycosidase (Genovis Inc) (Proteolysis was 

per protocol for an immobilized IdeS potease (Genovis Inc.) Reduction following proteolysis was by 10 mM dithiobutylamine in neutral buffer.)
 column: BIOshell A400 Protein C4, 10 cm x 2.1 mm I.D., 3.4 µm particles (66825-U)
 mobile phase: [A] 70:30, (0.1% TFA in water):(0.1% TFA in acetonitrile) ; [B] 50:50, (0.1% TFA in water):(0.1% TFA in acetonitrile)
 gradient: 15 to 100% B in 6 min
 flow rate: 0.2 mL/min
 pressure: 600 psi (initial)
 column temp.: 80 °C

 detector: UV, 215 nm
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INTRODUCING

Ascentis Express Biphenyl U/HPLC Columns

For videos, product information,  
ordering and real time availability, visit
sigma-aldrich.com/express

A New Choice in Selectivity

The Ascentis® Express Biphenyl U/HPLC 
column offers extra separation power for 
the optimization of compounds that are 
challenging to resolve or elute early on 
C18 and other phenyl phases.  This new 
chemistry further expands the broad 
range of selectivites offered in our  
Fused-Core® particle line-up:

• C18

• C8

• RP-Amide

• Phenyl Hexyl

• Biphenyl – New!

• F5

• ES-Cyano

• HILIC (Si)

• OH5

http://sigma-aldrich.com/express
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