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 What is the Longest Step in your Analysis of Environmental Contaminants? 

• In fact, preparing the sample is the most 
time consuming part of the analytical 
procedure (>60%)* 
 

• And it is the single largest source of errors in 
the workflow (>30%)** 
 
 
• * Majors, R.E. LC-GC, 1995, 13, 742-749  
•  **Majors, R.E. LC-GC, 1999, 17, S8 - S13 
 

Sample Analysis 

sample prep

collecting,
analyzing,
evaluating,
reporting

60% 
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Where does the Variance in Results come From? 

• Eighty percent of the variance 
in an assay usually arises from 
the sample preparation”* 
 
 
 

• R. Stevenson, “Pittcon® ‘98:  Part 3  Sample Prep:  The Place to Make a 
Difference” American Laboratory, Vol. 30, No. 14 p.21, 1998 
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• 80% of the variance arises from the 
sample prep 

 

• Yet what is the first thing that we 
blame when something is wrong 
with the result? 

-The GCMS itself!   
 

 Think About That.... 

Why are my results so bad? 
It must be the instrument! 
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What can go Wrong during Sample Prep? 

Weighting & diluting 

filtering 

extracting 

evaporating 
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 Focus on Extraction and Evaporation 

• Today we are going to talk about 2 of these 
sample prep techniques... 

...and some pretty good tools to 
achieve it! 
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For Extraction, the Question is:  

How do we get analytes out of these samples 
 and into the GC vial?  
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Things to consider..... 
• Is my sample a solid or a liquid 
• What is the chemical nature of my analyte of interest – 

solubility? Polarity? 
• What is the chemical nature of my sample itself 
• Is the analyte bound up in any way? Chemical or physical? 
• How do I maximize the surface area of my sample without 

loosing my analyte? 
 

 
And finally, 

• How much time and effort is this going to take?  
• I’ve got other work to do, is there any way to automate this? 

 
 

 Things to Consider...... 
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Integrated Workflow Solutions for Sample Preparation 

Automated Sample Extraction:  Part of the GC-MS Total Workflow 
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Thermo Scientific Dionex Sample Prep Product Line 

Thermo ScientificTM Dionex TMASETM 150 and 350 
Accelerated Solvent Extractor 

Thermo Scientific Dionex AutoTraceTM 
280 Solid-Phase Extraction  (SPE) 

Instrument 

Thermo Scientific Dionex 
SolExTM SPE Cartridges 

Genevac  RocketTM Evaporator 

Novel & Innovative Solutions 

Presenter
Presentation Notes
Shown here is the Thermo Scientific Dionex Sample Prep Product Line. 

This product line is comprised of the Accelerated Solvent Extractor (ASE), the AutoTrace 280, and the OEM Rocket Evaporator (Genevac). Beyond initial systems, aftermarket sales are generated by consumables (SolEX cartridges & ASE supplies) as service (paid day and agreements) through Unity Lab Services. 
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Accelerated Solvent Extraction for solid samples 

• Automates sample preparation for solid 
and semisolid samples using solvents at 
elevated temperatures 
 

• Operates above the boiling point of 
extraction solvents by using elevated 
pressure 
 

• Walk-away system that extracts and 
clean up to 24 samples unattended 
 

• Well established and proven technique 
that is superior to Soxhlet and approved 
for U.S. EPA Method 3545A ASE 350 

10 
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Pressure and Temperature are the Key Parameters 

• Increased Pressure 
• enables the organic solvents to remain a liquid at 

temperatures higher than their boiling points 
 

• Increased Temperature 
• Increases the solubility of the analyte into the 

solvent 
• Decreases the viscosity of the solvent to improve 

migration throughout the sample matrix 
• Decreases the surface tension of the solvent to 

improve analyte diffusion 
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ASE 350 Animation Video 

 
Link: 
 
https://www.thermofisher.com/order/catalog/product/08315
6?SID=srch-srp-083156 
 
 
 
 - Scroll to bottom of page to open the video 

https://www.thermofisher.com/order/catalog/product/083156?SID=srch-srp-083156
https://www.thermofisher.com/order/catalog/product/083156?SID=srch-srp-083156
https://www.thermofisher.com/order/catalog/product/083156?SID=srch-srp-083156
https://www.thermofisher.com/order/catalog/product/083156?SID=srch-srp-083156
https://www.thermofisher.com/order/catalog/product/083156?SID=srch-srp-083156
https://www.thermofisher.com/order/catalog/product/083156?SID=srch-srp-083156
https://www.thermofisher.com/order/catalog/product/083156?SID=srch-srp-083156
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Key Advantages to your Workflow: 

 20-30 min per sample 
 5-200 ml per sample 
 Filtered extract 
 Extract is cool to touch 
 Can perform in-cell cleanup 

• 4-48 hrs per sample 
• 150-1000 ml per sample 
• Have to manually filter extract 
• Extract is hot, has to cool down 
• Manual cleanup of extract 

VS 
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http://www.thermofisher.com/order/catalog/product/083114 
 
Scroll down to product literature 

 

http://www.thermofisher.com/order/catalog/product/083114
http://www.thermofisher.com/order/catalog/product/083114
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International Agency Acceptance of ASE  

            China 
 
Method GB/T 19649-2006 for 475 pesticides in  
grains and grain products 
 
Method GB/T 23376-2009, pesticides in tea leaves 
 
Method GB/T22996-2008, ginsenosides in ginseng 
 
 
 
 
 

             Germany 
 
Method L00.00-34 for pesticides in foodstuffs  
 
 

              
 
U.S. EPA Method 3545A (OCP, OPP, BNA,  
TPH, PCDD, herbicides and semi-volatiles) 
 
U.S. EPA Method 8267 (Toxaphene) 
 
U.S. EPA Method 6860 (Perchlorate) 
 
NOAA Method NWFS-NWFSC-59 (Hydrocarbons) 
 
ASTM D-7210 (Polymer Additives) 
 
 
 
 

United States 

              
 
National Standard NMX-AA-146-SCFI-2008 for 
PAHs in soils and sediments 
 

  Mexico  
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Automated Solid Phase Extraction for Liquid Samples 

• Its automated! 

• No constant attendance necessary 

• Uses a pump for each sample, not a vacuum 
 for all 

• Consistent flow rates 

• Improved analytical precision 

• Uses syringes to deliver solvents 

• Precise solvent delivery every time 

• Achieve lower detection limits 

• Can load up to 4L of sample 

 

 
AutoTrace 280 
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What exactly is Solid Phase Extraction 

• Solid-phase extraction (SPE) is a sample preparation process by which 
compounds that are dissolved or suspended in a liquid mixture are separated 
from other compounds in the mixture according to their physical and chemical 
properties. Analytical laboratories use solid phase extraction to concentrate and 
purify samples for analysis. Solid phase extraction can be used to isolate 
analytes of interest from a wide variety of matrices, including urine, blood, water, 
beverages, soil, and animal tissue. 

- Wikipedia 
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SPE vs. Liquid-Liquid Extraction (LLE) 

• LLE : 
• Subject to emulsion formation 
• Incomplete phase separations 
• Poor analyte recoveries 
• Uses expensive, breakable glassware 
• Uses great volumes of solvent 
• Must evaporate large volumes of solvent 
 

• SPE: 
• Faster 
• Can be automated 
• No emulsions 
• Has excellent recoveries 
• Very low solvent consumption 

 
 

  

Separatory Funnel used for LLE 

Presenter
Presentation Notes
The primary advantages of automated SPE over sep funnel is the amount of solvent savings. For example, application note 1004 compared the AutoTrace to LLE and reduced solvent consumption from 300 mL per sample down to 60 mL per sample. Additionally, LLE is not automated and requires an analyst to perform the procedure multiple times to fully extract the analytes of interest. The AutoTrace automates extraction so the analyst does not need to be present while the extraction occurs. 
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• The sample is passed over a cartridge or disk containing a specific sorbent 

• The sorbent isolates either a single or a group of compounds from everything else 

• Flow is achieved using either a vacuum or pump 

SPE Operates like a Crude Liquid Chromatograph 
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Why is SPE Used?  

Concentration 
 
Increases detector sensitivity and 
improves detection limits  

Clean Up 
 
Removes interferences prior to the 
analytical technique 

Matrix Removal 
 
Removes matrix and elutes the sample 
into a solvent compatible with the 
analytical technique  

Presenter
Presentation Notes
Concentration: Analytes are concentrated by passing a large volume of sample through the smallest bed of sorbent
The analytes are eluted with the smallest solvent volume possible and a solvent that permits easy evaporation
Process ensures the largest response possible from the detector with a well resolved peak that is easy to quantitate

Matrix removal: Removes the sample matrix and converts the sample into a form compatible with the analytical instrument
Sample is poured onto sorbent and analytes of interest pass though using a compatible solvent while interferences are retained

Clean up: Removes interferences before the analytical technique 
Interferences cause a noisy baseline
SPE sorbent bed removes the interferences which make it easy to identify and quantitate the analytes of interest 
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Thermo Scientific SolEx SPE Cartridges 

  Silica-Based Sorbents Polymeric Sorbents  

Silica substrate for Normal Phase separations 
Bonded Silica (C8 or C18) for Reversed Phased Separations 
 

Styrene-divinyl benzene (DVB) copolymers that can be modified 
to create ion exchangers through animation or sulfonation  
 
 
 
 

Activated Carbon  

Adsorption primarily based on structure 
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The Process of SPE  

Presenter
Presentation Notes
Condition: 	Reagents are used to activate the functional groups on the cartridge or disk so the analytes can bind to the cartridge.	
Load:  A sample is loaded on to the SPE cartridge or disk.  
Rinse:  Rinse reagents are used to remove unwanted materials retained on the cartridge or disk.	
Elute:  An elution reagent is used to remove the analytes of interest from the SPE cartridge or disk
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How does the Autotrace 280 Work? 
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Elution Rack: Six Sample Container Options  

16 x 100 mm test tube 

11 mm GC vial  

15 mL centrifuge tube 

40 mL ASE vial   4 mL screw cap vial  17 x 60 mm vial   
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PAHs and Phthalates in Surface Waters 

Compound Mean Std. Dev.  
SS:2-Fluorobiphenyl 67.7 8.4 

SS:Terphenyl-d14 90.1 4.9 

SS:2,4,6-Tribromophenol 104.1 4 

Acenaphthylene 50 8.4 
Acenaphthene 45.8 7.7 

Anthracene 70.6 6.4 
Benzo[a]anthracene 79.1 6.8 

Benzo[b]fluoranthene 77.8 7.2 

Benzo[k]fluoranthene 79.4 5.8 

Benzo[g,h,i]perylene 75.5 8.4 

Benzo[a]pyrene 79.1 7 
Chrysene 93 5.3 

Dibenza[a,h]anthracene 74.7 6.4 

Fluoranthene 67.4 5 
Fluorene 52.4 6.6 

Indeno[1,2,3-cd]pyrene 76.8 7.5 

Naphthalene 49.5 13 
Phenanthrene 66.9 5.7 

Pyrene 79.4 7.7 
Diethylphthalate 90.3 3 

Benzo[a]pyrene 

Application Brief 876 

Presenter
Presentation Notes
Application Note  876. River water sample collected from Iowa River in Iowa City, IA. Total suspended solids = 70 mg/L. 500 mL of sample was spiked with 50 uL of 1000 ng/uL base/neutral surrogate solution and 100 uL of 2000 ng/uL acid surrogate solution. Extracts at 1000 uL were fortified with 10 uL of 4000 ng/uL internal standard solution and analyzed by GC/MS (n=4). Mean recoveries ranged from 67.7 – 104.1 percent despite high levels of total dissolved solids. 

Conditioning solvent: 10 mL methanol; 10 mL water at 40 mL/min
Loading flow: 20 mL/min
Rinsing: Ethyl acetate 20 mL/min
Elution: DCM 20 mL/min
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Dioxins, Furans, and PCBs in Surface Water 

U.S. EPA Method 8270 

No.  Method: Estimated time 1hr 30 min 
1 Process six samples using the following method steps: 
2 Condition column with 5.0 mL of CH3OH into solvent waste. 
3 Condition column with 5.0 mL of water into aqueous waste. 
4 Load 500.0 mL of sample into column. 
5 Rinse column with 3.0 mL of CH3OH/water 40:60 into solvent waste. 
6 Wash syringe with 5.0 mL of 70%EtOH/toluene. 
7 Dry column with gas for 10 min. 
8 Collect 5.0 mL fraction into sample tube using 70%EtOH/toluene. 
9 Wash syringe with 5.0 mL of CH3OH. 
10 End.  

Application Brief 805 

Presenter
Presentation Notes
Application Brief 805
EPA Method 8270 is the basis of sample preparation of PCBs, dioxins, and furans from environmental waters. A 500 mL sample of river water is taken and mixed with 5 mL of isopropanol to prevent components from sticking to the glass. 0.1 M HCl is used to adjust the sample pH to 2 to enhance recoveries. A standard C18 (3 mL, 1 g packing material) is used for the clean up. The elution solvent is ethanol/toluene (70:30).  This method will also extract 1,4-Dioxan. 
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Semivolatile Organic Compounds in Drinking Water 

• Automated SPE with Thermo Scientific GC and 
GC/MS Systems 

 
• Combined extraction method for 80 semivolatile 

compounds in one run 
 

• Recoveries meet or exceed the requirements of 
U.S. EPA Method 525.2 

Application Note 819 

Presenter
Presentation Notes
AutoTrace extraction method created by Santa Clara Valley Water to extract 80 semivolatile compounds from drinking water. Using methylene chloride as the elution solvent and analysis performed by GC/MS. The recovery of SVOCs meet or exceed the requirements of U.S. EPA Method 525.2. The AutoTrace is a suitable replacement for LLE which often requires up to 300 mL of solvent per sample. The AutoTrace requires up to 60 mL of solvent per sample using the method outlined in Application Note 819. 
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Organochlorine Pesticides in Drinking Water  

Analyte Spike Level (ng/mL) SPE %RSD LLE %RSD % Recovery SPE vs. LLE  
Alpha-BHC 50 13 13 113 
Gamma-BHC 50 12 12 135 
Beta-BHC 50 11 1 113 
Heptachlor 50 12 13 64 
Delta-BHN 50 12 12 128 
Aldrin 50 13 11 134 
Heptachlor epoxide 50 11 13 102 
Cis-chlordane 50 12 11 138 
Endosulfan I 50 11 12 99 
4,4'-DDE 50 12 12 135 
Dieldrin 50 12 10 107 
Trans-chlordane 50 11 13 134 
Endrin 50 13 11 125 
4,4'-DDD 50 11 15 115 
Endosulfate II 50 12 16 134 
4,4'-DDT 50 11 11 135 
Endrin aldehyde 50 10 11 94 
Endosulfan sulfate 50 16 23 131 
Methoxychlor 50 9 15 143 
Endrin ketone 50 10 26 138 

4,4’-DDT 

Application Note 1004 

Presenter
Presentation Notes
20 chlorinated pesticides were extracted from drinking water using the AutoTrace and GC-ECD. The results were compared to LLE. Both techniques showed good recovery of all compounds but the LLE required significantly more times compared to the AutoTrace. This works shows that the AutoTrace is capable of generating equivalent results to an established technique while reducing the amount of time, solvent, and analyst intervention required for extraction. The elution solvent is ethyl acetate and dichloromethane. 
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Organophosphorous Pesticides in Drinking Water  

+ 

AutoTrace 280  TRACE 1310 GC   

Complete Workflow Solution    

No. Process six samples using the following 
procedure: 

1 Condition cartridge with 5.0 mL methanol 
(MeOH) into solvent waste 

2 Condition cartridge with 5.0 mL ethyl acetate 
(EtOAc) into solvent waste 

3 Condition cartridge with 5.0 mL 
dichloromethane (DCM) into solvent waste 

4 Condition cartridge with 5.0 mL ethyl acetate 
(EtOAc) into solvent waste 

5 Condition cartridge with 5.0 mL MeOH into 
solvent waste 

6 Condition cartridge with 5.0 mL water into 
solvent waste 

7 Load 550.0mL of sample onto cartridge 
8 Dry cartridge with gas for 10 min 
9 Collect 4.0 mL Fraction into sample tube using 

EtOAc 
10 Collect 4.0 mL Fraction into sample tube using 

EtOAc 
11 Collect 4.0 mL Fraction into sample tube using 

DCM 

Presenter
Presentation Notes
This application was done in the Thermo Scientific Beijing applications lab using the AutoTrace 280 and TRACE 1310 GC (with NPD).This work did not use the SolEx cartridges (Agela Technologies Cleanert PEP-SPE cartridges were used). The C-Gram above for a drinking water sample spiked with 0.5 ug/mL of a mixed standard solution containing 8 OPP compounds. All compounds were baseline resolved in less than 12 minutes using the TRACE 1310 GC system. This works demonstrates that the AutoTrace can replace LLE in the Chinese Method B5750.9-2006 and provides another example of how use of this system was suitable in replacing cumbersome manual techniques. The extractions conditions are provided in the table. This application is published in Chinese and is currently being translated into English. 
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The Rocket: for Sample Evaporation 

• Centrifugal evaporator the uses low 
temperature boiling 

• Evaporates to dryness or concentrates to a 
fixed volume 

• Allows direct transfer of 60 mL ASE vials to 
minimize sample handling 

• Automatic end point detection 

• Preprogrammed methods provide walk-away 
capability  
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• Vacuum evaporators rely on boiling the solvent at low 
temperature 

 
• Low temperature boiling is achieved by using a vacuum pump 

to reduce the pressure in the system, and therefore the boiling 
point of the solvents  

 
• When the boiling point is lower than the sample temperature, 

the solvent must boil! 
 

Evaporation Principle 
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• Two separate pressure systems 
• A – pressure to create low pressure steam, e.g. 70mbar = 40°C.  Varies with control temperature 
• B – pressure to boil solvents, e.g. 10mbar to boil methanol 
• Vacuum pump shared 

between the two  
chambers 
 

Pressure is the Key 
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Sample Safety 

• The samples are safe from thermal damage, because: 
• Pressure controls the boiling point, and the sample temperature, while sample is wet 
• Steam is accurately temperature controlled 
 

• “Bumping” is controlled by a patented control system called Dri-Pure® 
• Controls pressure gradient at start 
• Uses very high G-force to keep sample in flask 
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Flasks For Evaporating or Concentrating  

• 400 mL flask that concentrates 
sample into GC autosampler 
vials  

• Vial is insulated so that only 
solvent in flask evaporates 

• 450 mL Evaporation Flask 
• Used for evaporating to 

dryness 
 

 

 

Presenter
Presentation Notes
Sample genie is used for both evaporating to dryness and concentrating. When concentrating, the Sample Genie system with an insulating adaptor must be used
Vial is in an steam free environment
No heat input, means no evaporation
When sample is all in the vial, the system sees that there is no evaporation, and stops the run
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60 mL ASE Vials for Direct Transfer  

• Pucks accept 60 mL ASE  vials 

 

• Each puck accepts 3 vials 

• Total capacity per system is 18 vials 

 

• Allows direct sample transfer from the ASE 
350 system 
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• GC Vial is inserted into the flip flop funnel 

• GC vial is insulted to prevent boiling of 
solvent 

• ASE vial is inserted directly into the Rotor 

• GC vial is placed directly into autosampler 
once complete  

60 mL ASE Vial Flip Flop  
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How Fast does it go? 

100 mL 250 mL 450 mL 
DCM  10 min 20 min 35 min 
Methanol 20 min 45 min 1.5 h 
DMF 30 min 1 h 2 h 
Water 35 min 1.5 h 2 h 
Water/ACN (1:1) 1 h 1.5 h 3 h 

Times are given for complete dryness for 6 flasks simultaneously evaporated at  
40 ºC 
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What About Solvent Recovery? 

Solvent Recovery 
DCM 80% 
DMF 99% 

Ethanol 99% 
Methanol 98% 

Water 99% 
Water/acetonitrile 98% 
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Where Can I Find Out More?  

http://www.thermofisher.com/us/en/home/industrial/chromatography/chromatography-sample-preparation.html 

Cost Savings Calculator  

Three Year Warranty  Customer Testimonials   

Application Notes & Brochures    

Educational Webinars    

http://www.thermofisher.com/us/en/home/industrial/chromatography/chromatography-sample-preparation.html
http://www.thermofisher.com/us/en/home/industrial/chromatography/chromatography-sample-preparation.html
http://www.thermofisher.com/us/en/home/industrial/chromatography/chromatography-sample-preparation.html
http://www.thermofisher.com/us/en/home/industrial/chromatography/chromatography-sample-preparation.html
http://www.thermofisher.com/us/en/home/industrial/chromatography/chromatography-sample-preparation.html
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Integrated Workflow Solutions for Sample Preparation 

Total Workflow with Fast Simplified Sample Prep 
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Thank you! 

Thank you for your Attention   
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