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Abstract

The analysis of glycols such as propylene and ethylene glycol from water 
samples is traditionally done by direct aqueous injection into a gas 
chromatograph. Aqueous injections are problematic in GC analysis due to 
issues such as the large expansion volume of water in the inlet, increased 
carryover, and elevated detection limits.  It would be advantageous to do 
glycol analysis from an organic solvent, however the highly hydrophilic nature 
of glycols does not allow for liquid/liquid extraction with a non-water miscible 
solvent, or solid phase extraction with reverse phase sorbents such as C-18. 
In this work, we have evaluated a unique carbon adsorbent, ENVI-Carb Plus, 
and found it to be capable of retaining glycols and glycol ethers from water. 
Subsequent elution of these compounds from ENVI-Carb Plus with an 
organic solvent allowed for improved GC analysis over direct aqueous 
injection. The extraction method developed was found to be reproducible and 
quantitative, and was not affected by the presence of salt and hydrocarbon 
contamination.
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Introduction
Glycols and glycol ethers have a wide variety of applications, including uses 
as solvents, emulsifiers, and in various chemical, food, and personal care 
product formulations. While some glycols, such as propylene and triethylene 
glycol have relatively low toxicity to both humans and animals, others such 
as ethylene and diethylene glycol, are moderately toxic.  Ethylene glycol, 
which is widely used as an automotive antifreeze, was included on the 
Drinking Water Contaminant Candidate List 3 Draft by EPA in 2008 (1), and 
propylene glycol is a constituent in Corexit™ 9500, an oil dispersant recently 
used in the Gulf of Mexico oil spill (2).  
Due to the hydrophilic nature of glycols, traditional methods of extraction 
such as liquid/liquid and solid phase extraction (SPE) with most typical 
sorbents, cannot extract these compounds from aqueous samples.  As a 
result, the standard method of analysis in water samples has been direct 
aqueous injection into a gas chromatograph. This method, however, has 
numerous problems, including high detection levels, carryover, and 
chromatographic issues. Figure 1 illustrates a direct aqueous injection of a 
water sample containing glycol and glycol ether compounds. By contrast, GC 
analysis of these compounds in an organic solvent, such as methanol, 
results in improved peak shape and response.
Corexit is a trademark of Nalco Corporation
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Introduction (contd.)

Figure 1.  GC-FID Analysis of Glycols 
and Glycol Ethers at 10 µg/mL

8 10 12 14 16 18 20 22 24 26
Time (min)

20pA

8 10 12 14 16 18 20 22 24 26
Time (min)

20AU

3

4

2

5

6 7

1. 2-methoxyethanol 5. Ethylene glycol
2. 2-ethoxyethanol 6. Diethylene glycol
3. 2-butoxyethanol 7. Triethylene glycol
4. Propylene glycol

1

3

6 7

In water

In methanol

Peaks 1 and 2 
not detected

4

5

pA



5

For this reason, it would be advantageous to extract these compounds into 
an organic solvent for GC analysis. However, as stated previously, extracting 
them from an aqueous matrix is difficult.  Small glycols such as ethylene and 
propylene glycol are extremely polar, and reversed phase and normal phase 
sorbents such as C-18 and silica gel cannot retain them from water. 
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.

Introduction (contd.)
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ENVI-Carb Plus is a microporous amorphous carbon molecular sieve. Its 
surface is less hydrophobic than other types of carbons, which gives it a 
higher affinity for water, and helps to draw analytes from aqueous solution 
into its pore structure. Elution of analytes is achieved by flooding the pores 
with a solvent in which the analyte is soluble.  The efficiency of extraction is 
increased by the material’s inert surface and minimal interstitial space (space 
between the individual particles).  ENVI-Carb Plus was designed with a 
narrow particle size distribution that reduces interstitial space, thus allowing 
elution solvents to more thoroughly solvate the carbon’s pore structure.  
The mixture of analytes chosen for this study is summarized in Table 1, and 
includes both small, highly hydrophilic glycols, as well as larger glycols and 
glycol ethers.

Introduction (contd.)
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Table 1.  Glycols and Glycol Ethers included in Study

CAS # Structure Uses

2-Methoxyethanol 
(methyl cellosolve)

109-86-4 Solvent, airplane de-icing 
solutions

2-Ethoxyethanol 
(ethyl cellosolve)

110-80-5 solvent

2-Butoxyethanol 
(butyl cellosolve)

111-76-2 Solvent, cleaning products, 
dispersants (Corexit 9527)

Ethylene glycol 107-21-1 antifreeze

Propylene glycol 57-55-6 Auto antifreeze, polymer 
precursor, dispersants (Corexit 
9500)

Diethylene glycol 111-46-6 Organic synthesis, solvent, 
humectant, lubricant

Triethylene glycol 112-27-6 Solvent, plasticizer, aerosol 
disinfectant, chemical additive, 
gas dehydration
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Experimental

Samples spiked with a mixture containing glycols and glycol ethers were 
extracted following the protocol described in Table 2. Analysis was done by 
GC-FID using conditions in Table 3.  Absolute recoveries were determined 
by quantitation against a multi-point calibration curve generated from 
standard mixtures prepared in methanol and injected directly.  
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Table 2.  SPE Extraction Method

Extraction Cartridge ENVI-Carb Plus reversible cartridge, 1 mL/400 mg, Cat. No. 54812-U

Sample 5 mL water spiked at varying concentrations

Cartridge Conditioning 1 mL methylene chloride, 2 x 2 mL aliquots methanol, 3 mL dei. water

Sample Extraction 5 mL sample, 5 mm Hg

Dry time 10 minutes, 10 mm Hg

Elution Cartridge in forward direction, 2 mL of methanol:methylene chloride, 
80:20 (soak cartridge for 1 minute prior to pulling through)

Preparation for GC 
Analysis

Added methanol to bring sample to final volume of 2 mL and 
analyzed directly
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Table 3.  GC Analysis Method

Column SPB™-1000, 30 m x 0.25 mm I.D. x 0.25 µm, Cat. No. 24313

Oven 50 °C (1), 8 °C/min. to 200 °C (12 min.)

Injector 220 °C 

Detector FID, 220 °C 

Carrier gas Helium, 1.5 mL/min, constant flow

Injection 1 µL, splitless

Liner 4 mm I.D., FocusLiner™ with taper
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Results and Discussion

Extraction at Different Concentrations
Samples of deionized water spiked at concentrations from 1 to 50 µg/mL 
were extracted and analyzed. The response of each compound was plotted 
against the spiked concentration.  Excellent linearity was obtained for each 
compound, indicating that the extraction is quantitative (Figure 2). The 
absolute recoveries of the spiked deionized water samples were also 
determined (Table 4). Recoveries were consistent from 2 to 50 µg/mL. The 
erratic recoveries in the lowest spiking level of 1 µg/mL indicate that this may 
be below the quantitation limit of this method.
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Figure 2.  Concentration Spiked vs. Response in 
Extracted Deionized Water Sample

R2 = 0.9988

R2 = 0.9972

R2 = 0.9991

R2 = 0.9996
R2 = 0.9999

R2 = 0.9999

0
100
200
300
400
500
600
700
800
900

0 10 20 30 40 50 60
Spike conc. (µg/mL)

Pe
ak

 a
re

a 

2-methoxyethanol 2-ethoxyethanol 2-butoxyethanol propylene glycol
ethylene glycol diethylene glycol triethylene glycol



13

Table 4. Absolute Recovery from Deionized Water 
Samples Spiked at Concentrations from 
1 to 50 µg/mL

Spike level (µg/mL): 1 2 5 10 20 50
2-Methoxyethanol 113% 103% 94% 96% 97% 101%
2-Ethoxyethanol 106% 96% 90% 92% 90% 92%
2-Butoxyethanol 113% 103% 97% 98% 97% 99%
Propylene glycol 123% 101% 94% 94% 96% 99%
Ethylene glycol 78% 55% 43% 40% 43% 45%
Diethylene glycol 132% 94% 82% 82% 84% 89%
Triethylene glycol 152% 97% 77% 82% 84% 93%
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Reproducibility and Recovery
7 samples of tap water spiked at 2 µg/mL were extracted in 2 separate 
batches on separate days (Table 5). The average recovery for all 
compounds, except ethylene glycol, was >90%. Ethylene glycol, being the 
smallest, most polar and hydrophilic of the analytes, did not retain as well, 
and was detected in the unretained water that was passed through the 
cartridge. However, the average recovery of 55% for ethylene glycol was still 
sufficient to detect it from the spiked samples.  To correct for this lower 
recovery, relative recovery could be calculated through the use of extracted 
standards rather than standards prepared directly in solvent.  
% RSD values for all compounds except ethylene glycol were <10%, 
indicating good reproducibility for the extraction method. 
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Table 5.  Absolute Recovery from Tap Water Spiked 
at 2 µg/mL, n=7

Date Extracted 13-Jul 13-Jul 13-Jul 17-Aug 17-Aug 17-Aug 17-Aug Avg.

Avg   
% 

Rec. %RSD
Spike level (µg/mL) 2 2 2 2 2 2 2
2-Methoxyethanol 1.9 1.9 1.9 2.0 2.0 1.8 1.9 1.9 96% 3%
2-Ethoxyethanol 1.8 1.8 1.8 1.8 1.8 1.7 1.7 1.8 88% 3%
2-Butoxyethanol 2.0 1.9 1.9 1.9 1.9 1.8 1.8 1.9 94% 3%
Propylene glycol 1.8 1.9 1.8 2.1 2.0 1.8 1.9 1.9 95% 6%
Ethylene glycol 1.2 1.1 1.1 1.3 1.1 0.9 0.9 1.1 53% 16%
Diethylene glycol 2.0 1.9 1.9 2.2 2.1 1.9 2.0 2.0 99% 6%
Triethylene glycol 2.2 1.9 1.8 2.1 2.0 1.8 1.9 2.0 98% 7%
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Extraction of Seawater
Many environmental laboratories test for glycols in water samples taken from 
monitoring wells and other fresh water sources.  The recent situation in the 
Gulf of Mexico introduced the need to test for propylene glycol, a constituent 
of the dispersant Corexit 9500, in seawater.  
The extraction method was evaluated for use with seawater*, and seawater 
artificially adulterated with hydrocarbon contamination in the form of oil. Of 
specific interest was the recovery of propylene glycol, however the recovery 
of the remaining glycol and glycol-ether compounds was also determined. 

*obtained from Gulf of Mexico near Galveston, TX
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Two sets of spiked seawater samples were prepared. The first contained 
seawater spiked at 2 µg/mL with the glycols and glycol ethers. The second 
set contained spiked seawater to which 80W-90 gear oil at 1 mg/mL was 
added.  Unspiked seawater and seawater/oil samples were extracted with 
both sets to determine if any matrix interference was extracted with the 
analytes, and to verify that none of the targeted analytes were present in the 
unspiked samples.
Examples of chromatograms from these extractions are presented in Figures 
3 and 4.  For the GC-FID analysis of these extracts, a larger solvent front 
was observed, so the initial oven hold time at 50 °C was increased to 2.5 
minutes. This was done to move the first two eluting peaks further out from 
the solvent. No matrix interference was noted in the GC analysis, however a  
precipitate was noted in the final extracts.  This precipitate was settled out of 
the extracts by centrifuging at 1400 rpm for 1 minute. 

Extraction of Seawater (contd.)
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Figure 3.  Glycols and Glycol Ethers Extracted from 
Seawater Spiked at 2 µg/mL

Figure 4.  Glycols and Glycol Ethers Extracted from 
Oil-Adulterated Seawater Spiked at 2 µg/mL
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Recovery data from the extraction of the spiked seawater samples is 
summarized in Table 6.  Average recovery values for the glycol ethers and 
propylene glycol were >85% for both sample sets.  The recovery of ethylene 
glycol at 67-68% from the seawater samples was higher than that obtained 
from both deionized and tap water.  Some of the salts present in the 
seawater may have retained on the ENVI-Carb Plus material, contributing to 
the draw of water into the carbon’s pore structure, increasing retention of the 
more hydrophilic ethylene glycol.  Recovery of propylene glycol, the main 
compound of interest, was high enough for it to be easily detected at this 
spiking level. 
The presence of oil did not affect extraction efficiency, as indicated by the 
comparable % recovery values obtained between the two sample sets. In 
addition, as indicated by the “clean” chromatogram in Figure 4, nothing 
retained from the oil during the extraction that resulted in chromatographic 
interferences in the GC analysis. 
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Recovery of triethylene glycol was erratic and low from the seawater 
samples. This was found to be due to the development of active sites in 
the GC inlet as a result of the injection of the seawater extracts. This was 
verified with the injection of a check standard in methanol immediately 
before and after the analysis of the seawater extracts. The response of 
triethylene glycol had decreased in the check standard by 70% - 80% after 
analysis of the extracts. Diethylene glycol showed some loss in response, 
but did not degrade as quickly. The other compounds were unaffected. 
Changing the GC inlet liner restored the response of triethylene glycol, but 
it quickly deteriorated when the seawater extracts were injected. This 
behavior for triethylene glycol was not observed with extracts of tap water 
or deionized water.
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Table 6.  Absolute Recovery from Seawater and 
Oil-Adulterated Seawater Spiked at 2 µg/mL, n=4

Matrix Seawater Seawater Seawater Seawater Avg. 
Avg. % 

Rec %RSD
Spike level (µg/mL) 2 2 2 2
2-Methoxyethanol 1.78 1.82 1.76 1.72 1.8 89% 2%
2-Ethoxyethanol 1.82 1.82 1.76 1.76 1.8 90% 2%
2-Butoxyethanol 1.86 1.87 1.80 1.80 1.8 92% 2%
Propylene glycol 1.60 1.70 1.75 1.74 1.7 85% 4%
Ethylene glycol 1.31 1.48 1.40 1.22 1.4 68% 8%
Diethylene glycol 1.41 1.86 2.16 1.86 1.8 91% 17%
Triethylene glycol 0.62 0.90 1.37 0.97 1.0 48% 32%

Matrix
Oily 

Seawater
Oily 

Seawater
Oily 

Seawater
Oily 

Seawater Avg. 
Avg. % 

Rec %RSD
Spike level (µg/mL) 2 2 2 2
2-Methoxyethanol 1.82 1.90 1.84 1.84 1.85 93% 2%
2-Ethoxyethanol 1.85 1.90 1.88 1.82 1.86 93% 2%
2-Butoxyethanol 1.91 1.94 1.94 1.88 1.92 96% 1%
Propylene glycol 1.73 1.78 1.72 1.68 1.73 86% 2%
Ethylene glycol 1.26 1.44 1.35 1.34 1.35 67% 5%
Diethylene glycol 1.63 1.82 1.81 1.82 1.77 89% 5%
Triethylene glycol 0.76 0.98 0.91 0.91 0.89 45% 11%
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Comparison of ENVI-Carb Plus With Other Carbons
The performance of two other carbon materials, ENVI-Carb and coconut 
charcoal, were compared to ENVI-Carb Plus for this extraction method. As 
described previously, ENVI-Carb Plus has characteristics which make it 
different from other carbon materials. In addition to its higher affinity for 
water, its pore structure is open and contains larger meso and macropores, 
which allow better access to the smaller micropores within the carbon 
particle. ENVI-Carb is a graphitized non-porous material that retains analytes 
based on molecular structure. Coconut charcoal is an irregularly shaped 
microporous material. Unlike ENVI-Carb Plus, its pore structure is closed and 
lacks the presence of the larger meso and macropores. This limits access to 
the micropores which effects both retention and subsequent elution of 
analytes. 
Samples of deionized water spiked at 10 µg/mL were extracted side-by-side 
on each of the materials described.  The amount of each glycol recovered 
from the materials is compared in Figure 5. ENVI-Carb retained a portion of 
each compound, with 2-butoxyethanol, and triethylene glycol showing the 
best recovery. Recovery from coconut charcoal was poor overall, with the 
three glycol ethers showing no recovery. 
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Figure 5.  Comparison of different Carbon SPE 
Materials; amount Recovered from Extraction of 
10 µg/mL Spiked Deionzed Water
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Conclusions

• Envi-Carb Plus will retain glycols and glycol ethers and can be used to 
extract these compounds from aqueous samples.

• Based on the data obtained, the quantitation limit for this method appears to 
be approximately 2 µg/mL.  Lower quantitation limits may be obtained if the 
sample size extracted is increased, or further concentration is done of the 
sample extract.

• The presence of matrix, such as organic and inorganic matter in seawater or 
hydrocarbon contamination, causes some decrease in recovery but not 
enough to affect the quantitation limit.

• GC-FID analysis of glycols in an organic solvent will give better 
chromatography and more accurate results than direct aqueous injection. 

• The analysis of triethylene glycol from seawater may not be feasible by this 
method.
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