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Introduction

•

 

Most traditional methods for extracting glycols from water fail 
because liquid/liquid extraction and standard SPE phases 
cannot adequately retain the glycols.

•

 

ENVI-Carb Plus is a microporous amorphous carbon molecular 
sieve whose surface is less hydrophobic than other types of 
carbons, giving it a high affinity for water.

•

 

The higher affinity for water of ENVI-Carb Plus helps to draw 
analytes from aqueous solution into the pore structure, allowing 
them to be retained.

Presenter
Presentation Notes
Thank you for visiting the Sigma-Aldrich website, and thank you for your interest in this presentation.  What I am going to talk about today is the extraction of low molecular weight glycols, specifically ethylene and propylene glycol, from water.  There has been interest in this topic lately as a result of the oil spill in the Gulf of Mexico.  Propylene glycol is an ingredient in the dispersive agent being used.
A common  method for the analysis of glycols in aqueous matricees is direct aqueous injection into a GC, and this approach is used by many environmental labs in the analysis of glycols in water. However, this method is wrought with problems such as high detection levels, carryover, and chromatographic issues. Ideally, it would be nice if we could extract the glycols from the water and re-dissolve them into a more “GC friendly” solvent (i.e. an organic solvent). The problem with small glycols however is that they are extremely hydrophilic and very water soluble and cannot be extracted using liquid/liquid extraction or by standard SPE phases such as silica, florisil, or C18. However, carbon sorbents, depending on their surface and structure, can retain analytes based on hydrophobicity and molecular size and shape. These unique characteristics give these materials potential for use as sorbents to extract small glycols from water.
ENVI-Carb plus is a microporous amorphous carbon molecular seive with some unique characteristics. Unlike many carbon adsorbents, which are hydrophobic, ENVI-Carb Plus has somewhat of an affinity for water.  This affinity for water allows it to draw small hydrophilic molecules into its pore structure where they are retained.  It has been found to work well for the extraction of 1,4-dioxane, phenol, acephate, oxamyl, and acrylamide from water. Because of these characteristics, we believed that ENVI-Carb Plus had potential for retaining small molecular weight glycols such as EG and PG from water.
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ENVI-Carb Plus Reversible Tubes

• ENVI-Carb Plus tubes are 
1 mL Reversible SPE tubes 
packed with 0.4 g of sorbent.

• Reversal of the tube allows for 
more efficient elution of 
strongly retained analytes 
using minimal solvent.

• Supelco Catalog # 54812-U

Presenter
Presentation Notes
This illustration shows what the ENVI-Carb plus tube looks like.  It is packed in a special format that allows it to be reversed during the elution step.  For analytes that are very strongly retained, they will be concentrated at the head of tube after sample loading.  Reversing the tube during elution  will allow for more complete desorption (and with less elution solvent). 

For sample loading, the female luer fitting at the head of the tube can be connected directly to an empty SPE tube which serves as a sample reservoir. During elution, a simple female luer adaptor can be used to attach the reservoir to the male fitting on the outlet of the reversible tube.  The male luer adapter that is shown allows the tube to be connected easily to a manifold for sample collection. 
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Experimental

• Samples of deionized water were spiked at varying levels with 
propylene and ethylene glycols. 

• Extraction was done with ENVI-Carb Plus reversible cartridges. 

• The cartridge was reversed prior to elution.

• GC analysis was performed directly on the extracts without  
further concentration or solvent exchange.

Presenter
Presentation Notes
To evaluate ENVI-Carb Plus for the extraction of ethylene and propylene glycol, we spiked samples of deionized water at varying levels and ran the sample through the tube. Since we were not sure how strongly the material would retain the glycols, the tube was reversed during the elution step.  Elution was done with a mixture of organic solvents. The final extract was then injected into the GC directly from the elution solvent.
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Experimental – SPE Extraction

ENVI-Carb Plus Extraction Protocol
Cartridge: ENVI-Carb Plus reversible tube, 0.4 g/1 mL (54812-U) 
Conditioning: Stepwise:  1 mL methylene chloride, 2 x 2 mL methanol, 3 mL 

deionized water (do not allow cartridge to go dry after first aliquot 
of methanol) 

Sample: 5 mL water sample spiked with ethylene and propylene glycols 
Drying: 10 minutes 
Elution: 5 mL of 50:50 methanol:methylene chloride 
 

Presenter
Presentation Notes
This is a more detailed summary of the extraction conditions. Note the conditioning steps done prior to loading the sample  This is very important as it prepares  the material for extraction. It is also important to not allow the cartridge to go dry as indicated here. The sample size used was 5 mL – this volume was chosen arbitrarily.  After loading the sample, it is OK to let the cartridge go dry, as indicated by the 10 minute drying step.  This is to remove water. The final elution was done with the tube reversed, and the same volume as the original sample.  A smaller volume can be used as long as you are sure all the analyte has been eluted from the cartridge. A mixture of 50:50 methanol water was found to work well. This final solvent mix is GC compatible, so no further solvent exchange step was necessary.
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Experimental – GC Analysis 

•GC Analysis Conditions
Column: SPB™-1000, 30 m x 0.53 mm I.D. x 1.5 µm (25445) 
Oven: 100 °C (1 min.), 10 °C/min. to 200 °C 
Inj.: 250 °C 
Det.: FID, 220 °C 
Carrier Gas: helium, 35 cm/sec constant 
Injection: 1 µL, splitless 
 

Presenter
Presentation Notes
GC analysis was done on an SPB-1000, which is a polar phase with acidic functional groups, and has been shown to work well for the analysis of glycols. Note that the injection is splitless.  This is due to the low detection levels that labs must often meet for the analysis of ethylene glycol.  
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ENVI-Carb Plus Gives Better Sensitivity 
Peak Shape and Height Improved for Propylene Glycol
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Direct aqueous injection of 25 µg/mL spiked water sample
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Injection of 25 µg/mL water sample extracted using ENVI-Carb Plus

Presenter
Presentation Notes
These chromatograms illustrate the advantage of getting away from aqueous injections for this analysis. In the top cgram, a 1 µL spiltless injection was made of a spiked water sample. The bottom cgram shows the same sample, but extracted using ENVICarb plus, with the final injection solvent being 50:50 methanol:methylene chloride. Note the difference in response between the two, especially for propylene glycol.  Ethylene glycol did not retain as well on the ENVI-Carb plus cartridge (which we will discuss in the next slide), and thus its response is not as good.
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High Recovery of Propylene Glycol
• Reproducibility and Recovery of Glycols from spiked DI water 
extracted using ENVI-Carb Plus

25 µg/mL Spike Propylene Glycol Ethylene Glycol

Avg Recovery 97% 25%

%RSD, n=3 4% 5%

Presenter
Presentation Notes
Extraction of several samples spiked at 25 µg/mL with ethylene and propylene glycols showed very good recovery for the propylene glycol, but only a 25% recovery for the ethylene glycol. Between replicate samples, reproducibility was good. The low recovery of the ethylene glycol is probably due to its smaller size and more hydrophilic nature than the propylene glycol.  It was not retained as well by the ENIV-Carb Plus cartridge.
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Conclusions

• ENVI-Carb Plus reversible cartridges were able to extract both 
propylene and ethylene glycols from water.

• The method proved to be both quantitative and reproducible. 

• Elution was achieved with a combination of organic solvents, 
offering further options for GC analysis such as sample 
concentration or solvent exchange.  

• The extraction protocol shown here appears to be optimized for 
propylene glycol.

Presenter
Presentation Notes
So, we found that ENVI-Carb Plus was able to retain propylene glycol well from water, and partially retain ethylene glycol. The extraction method proved to be both quantitative and reproducible, and elution was achieved with organic solvents, which offer further options for GC analysis such as sample concentration, solvent exchange, or direct analysis. However the method appears to be optimized for propylene glycol, and more work is being done to improve recovery of ethylene glycol- so stay tuned for further developments.
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