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Comparison of the ultrasound-assisted organic solvent extraction and modified Bligh-Dyer
extraction for the analysis of glycerol dialkyl glycerol tetraethers from environmental samples
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Abstract: Background, aim, and scope The microbial glycerol dialkyl glycerol tetraethers (GDGTs) are
increasingly popular in the field of organic geochemistry. These high-molecular-weight compounds produced by
archaea and bacteria are sensitive to environmental variables, and therefore they contain important information
on environmental parameters in paleoclimatic studies. Two extraction method, the ultrasonic-assisted organic

solvent extraction and the modified Bligh-Dyer extraction (the BD extraction), are commonly applied for
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extracting GDGTs from environment samples. To date, however, only a few studies have compared the effect
of the two extraction methods on the yield and distribution of GDGTs. In this study, we aimed to systematically
compare the effect of the ultrasonic-assisted organic solvent extraction and the BD extraction on GDGTs
extracted from sediment and soil samples, and to further provide some basis for the choice of extraction methods
for GDGTs in soils and lake sediments, as well as for the comparison of GDGT distributions between different
studies. Materials and methods We extracted GDGTs by the ultrasonic-assisted organic solvent extraction and
the BD extraction from two soil samples and two lake sediment samples collected from the Qinghai province,
China. GDGTs present as both core lipids (C-GDGTs) and intact polar lipids (IP-GDGTs) were analyzed as
follows: each GDGT sample was separated into two halves, with one half subjecting to hydrolysis (the hydrolyzed
fraction) and the other not (the non-hydrolyzed fraction); GDGTs of each fraction was directly measured on
the high performance liquid chromatography-atmospheric pressure chemical ionization-mass spectrometry.
Quantification was performed by way of peak area integration of [M+H]" ions in the extracted ion chromatogram,
and comparison with the internal standard. lonization efficiency for each GDGT was assumed identical. GDGTs
in the non-hydrolyzed fraction were C-GDGTs, while the difference in yield of GDGTs between the hydrolyzed
and non-hydrolyzed fractions is considered to be IP-GDGTs. Results (1) For iGDGTs, the yield of C-GDGTs
using ultrasonic-assisted organic solvent extraction is higher than that using BD extraction (by 30% on average),
while the yield of IP-GDGTs using ultrasonic-assisted organic solvent extraction is lower than that using BD
extraction (by 40% on average). (2) For bGDGTs, the yield of C-GDGTs using ultrasonic-assisted organic
solvent extraction is higher than that using BD extraction (by 10% on average), while the yield of IP-GDGTs
using ultrasonic-assisted organic solvent extraction is lower than that using BD extraction (by 30% on average).
(3) For C-GDGTs of the two soil samples and two lake sediment samples: the difference in TEX,, values is 0.00,
—0.01, —0.01 and 0.01, respectively; the difference in MBT values is 0.00, 0.01, —0.01 and 0.00, respectively; the
difference in CBT values is —0.01, 0.02, —0.01 and —0.02, respectively. All these values are within the analytical
error. However, the BIT values are systematically higher for the BD extraction (ca. 0.03 higher than those for
the ultrasonic-assisted organic solvent extraction). Discussion Compared with C-GDGTs, the polarity of IP-
GDGTs is much stronger due to its polar headgroups. On the other hand, the polarity of the solvent used in the
BD extraction (MeOH/dichloromethane/phosphate buffer) is much stronger than the organic solvent (MeOH/
dichloromethane) used in ultrasonic-assisted organic solvent extraction. According to the “Like Dissolves Like
Theory”, the ultrasonic-assisted organic solvent extraction can extract more C-GDGTs while the BD extraction can
extract more IP-GDGTs. For the TEX,, index, it is calculated based on similar GDGTs with similar polarity, and
therefore, the values of different methods showed little difference. For the MBT and CBT indices, the values of
different methods also showed little difference, similar to the case for the TEX, index. For the BIT index, however,
it is calculated based on two groups of GDGTs, i.e., iIGDGTs and bGDGTs, and the polarity of bGDGTs is stronger
than iGDGTs. Consequently, the BIT index should be higher if samples are extracted using a BD extraction.
Conclusions The ultrasonic-assisted organic solvent extraction showed higher extraction efficiency for C-GDGTs,
while the BD extraction is more effective for IP-GDGTs. Moreover, the TEX,,, MBT and CBT indices for C-GDGTs
are not significantly affected by method difference, while the BIT index of C-GDGTs is slightly higher using BD
extraction. Recommendations and perspectives For C-GDGT investigations, the ultrasonic-assisted organic solvent
extraction is the first choice, while for studies concerning the yield of IP-GDGTs, the BD extraction should be used.
Anyhow, the TEXy,, MBT and CBT indices should not be significantly biased if different extracting methods are
used, and therefore, some of the GDGT results using different extracting methods might be comparable.

Key words: glycerol dialkyl glycerol tetraethers; ultrasonic-assisted organic solvent extraction; Bligh-Dyer

extraction; soil; lake sediment
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Chemical structures of GDGTs discussed in the text

F ISk I fb i C-GDGTs, Ht, 7EA ML
HIRAL 2= WS FE Y105 b IP-GDGTSs B0k
R F A A A e s WO MIZE T 4= 4 ( Lipp
et al, 2008; Lipp and Hinrichs, 2009; Pitcher
et al, 2009; Liu et al, 2011; Tierney et al,
2012) o (HRFEEENE, WA a5kl
6 IP-GDGTs {EFE 1 ] LURAFARIC IS ], PRI iy Al
REIFAR T A 1) IP-GDGTs #5257 77 A4 #( Schouten
etal, 2010, 2012) ,
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Fig.2 The relative yield of GDGTs extracted by ultrasound-assisted organic solvent extraction vs. Bligh-Dyer extraction (R¢gp)
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