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SUMMARY 

Applications of the silica gel Chromarod-Iatroscan TH- 10 thin-layer 
chromatography-flame ionisation detection (FID) system for identifying and quan- 
tifying the non-polar lipids in a variety of marine samples are presented. Excellent 
results can be obtained with a speed and sensitivity which is lacking in other analytical 
procedures. However, the non-linearity of the FID response at the low loadings 
(< 2 pg) required for most samples of interest makes the use of FID calibration 
curves mandatory. Seawater and sediment samples contain large amounts of polar 
lipids, degraded organic matter and pigments which can also interfere with the lipid 
analyses. Lipid compositional data are presented for the unicellular algae Thalussz’o- 
sira eccentrica and Emiliania huxleyi, the marine copepods Paralabidocera antarctica 
and CuEanus finmarchicus, seawater particulate matter from northern Tasman Sea 
waters off the East Australian coast and sediments from Ace Lake, Antarctica and 
the Great Barrier Reef of Australia. 

INTRODUCTION 

Thin-layer chromatography (TLC) combined with flame ionisation detection 
(FID) is now widely recognized as a useful technique for identifying and quantifying 
lipid classes in organic materials - l 5. Its use as a quantitative method has been ques- 
tioned6, but acceptable results can be obtained provided that features inherent in the 
technique are understood. These include different response factors for various class- 
es3,4,7-Q, variations caused by Chromarod-scanning parameters’ 2, humidity effects on 
RF behaviour3, Chromarod variability and changes with extended use3,13,14, and the 
choice of method used to apply the sample to the Chromarod15. 

The flame ionisation detector is approximately linear at loadings up to 100 
pg14J6,17, but at low loadings (< l-5 pg), a curved response is observed for some 
compounds13. To date, most applications of TLC-FID have been in the fields of 
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medical research and comparative biochemistry where information on the amounts 
of specific lipids in extracts of tissues or organs is required’,4,8,g,1 6,18,1g. There have 
been few attempts to apply the technique to the analysis of complex lipid mixtures 
which occur in the natural environment, such as in seawater3,13, marine organ- 
isms1g,20 and sediments22-24, despite the obvious need for such a method. For these, 
strategies based on multiple developments of the Chromarods in different solvent 
systems are often necessary2-4. In marine samples, the lipid mixtures can consist of 
hundreds of compounds and usually one has to detect and accurately quantify only 
a few micrograms or less of any particular lipid class. 

In this paper we present examples which highlight some of the strengths and 
weaknesses of the TLC-FID method for studying the lipid compositions of marine 
organisms, sediments and seawater. 

EXPERIMENTAL 

Samples 
Results are presented for lipid analyses of phytoplankton, seawater particulate 

matter, zooplankton and sediments which are representative of the major types of 
samples likely to be of interest to those studying marine lipids. 

The diatom Thalassiosira eccentrica (isolate CS-17) was obtained from the 
culture collection of Dr. S. W. Jeffrey (CSIRO Marine Laboratories, Cronulla, Aus- 
tralia) and cultured in f/2 medium at 17.X for 21 days under a 12 h light-12 h dark 
cycle. The coccolithophorid Emiliania Huxleyi was cultured at the laboratory of the 
Marine Biological Association (U.K.) in f/2 medium as previously described2s. The 
algae were filtered through glass fibre filters and washed briefly with saline solution 
before extraction. The copepod Paraiabidocera antarctica was obtained from net 
hauls in Ace Lake, Vestfold Hills, Antarctica in February 198423; approximately 20 
animals were analysed. Total lipids from the copepod CaZanusjinmarchicus from the 
North Sea were donated by Dr. J. R. Sargent, NERC Institute of Marine Biochem- 
istry, Aberdeen, U.K. 

Surface sediment from Ace Lake, Vestfold Hills was obtained from a core 
collected in June, 1978 from the centre of the lake 23. This sediment is organic rich, 
anoxic and contains abundant remains of the alga Pyramimonas gelidicola. The coral 
reef sediment was collected in July, 1984 from Davies Reef (18”48’S, 147”39’E) in the 
central section of the Australian Great Barrier Reef, about 70 km ENE from Towns- 
ville, Queensland. The water depth at the time of collection was 4 m. This sediment 
is oxic and contains low concentrations of organic matter derived from a diversity 
of coral reef animals, plankton and bacteria. Both sediments were kept frozen at 
- 20°C until analyzed. 

Seawater particulate matter was collected during cruise SP11/83 of R/V 
Sprightly in July, 1983 from a station in the Tasman Sea (325, 1.5.5”E), 220 km 
north-east of Sydney. Water samples were collected at 19.00 h from 1 m, 30 m, 60 
m, 90 m and 120 m using 8-l Niskin bottles, filtered immediately on-board ship and 
then stored in liquid nitrogen until analysis. Estuarine samples were collected at 
Battery Point, Hobart, Tasmania in February, 1985. 

A similar extraction scheme was followed for each sample with modifications 
as required. Samples of biota and seawater particulate matter were extracted with 
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propan-2-01 (7 ml, 10 min) using ultrasonication, and then chloroform-methanol 
(2: 1, 3 x 10 ml). The propan-2-01 extraction was included to minimize transesteri- 
fication which can occur in the presence of chloroform:methanol. To remove salts 
and water soluble material, the combined extracts were partitioned with reagent- 
grade water from a Mini-Q water system which contained an Organex-Q cartridge 
designed to remove organic material (Millipore). They were then filtered through a 
glass fibre filter (GF/C, Whatmans), evaporated to dryness using a rotary evaporator, 
and dissolved in chloroform-methanol (2: 1, 1 ml) for TLC-FID analysis. Wet sedi- 
ment (Z 10 g) was extracted with propan-2-01 (20 ml, 10 min) and then with 
chloroform-methanol (2: 1, minimum of 4 x 20 ml) until the extracts were pale yellow 
in colour. Each extract was centrifuged (3-5 min, 350 g), combined and then worked 
up as above. 

Apparatus and operating conditions 

The equipment consisted of an Iatroscan Mk III TH-10 TLC-FID analyzer 
(Iatron Laboratories, Japan), Shimadzu Chromatopac CR2A-X integrator/plotter 
and YEW 3056 2-pen recorder. The flame ionisation detector was operated with a 
hydrogen flow-rate of 160 ml/min and an air flow-rate of 2000 ml/min. Scan setting 
4 was used corresponding to a speed of 0.42 cm/s. The chart recorder was operated 
at a speed of 20 cm/min and a sensitivity of either 0.5 or 1.0 mV/cm. 

Silica gel SII Chromarods (5 pm particle size) were kept overnight in a hu- 
midity tank and passed through the detector twice before use. Samples were applied 
using a 5~1 syringe (S.G.E., Australia) or 0.5- and l-p1 disposable micropipettes 
(Drummond). The syringe was found to be superior for most applications due to its 
larger volume capacity and ease of operation. The concentrations of lipids in many 
samples was so low that a single application of the sample using a micropipette did 
not transfer sufficient material to the rod. Multiple applications using a micropipette 
were tedious and could produce broad starting bands. Focussing techniques can be 
usedz6, but, in practice it was easier to apply the required volume of sample (up to 
10 ~1) in a single slow application using a syringe. 

Chromarods were developed in glass tanks lined with pre-extracted filter paper. 
A number of solvent systems were investigated and the most useful for the analysis 
of non-polar lipids was hexane-diethyl ether-acetic acid (60:17:0.15). For polar lip- 
ids, chloroform-methanol-water (80: 15:2) was used. Hexane-diethyl ether (96:4) was 
used to separate wax and steryl esters from hydrocarbons when required. After the 
Chromarods were developed they were oven dried for 5 min at 100°C and analysed 
immediately, to minimize adsorption of atmospheric contaminants. The Chromarods 
were regularly cleaned by immersion in chromic acid overnight (typically after 10 
analyses) followed by a 5-min wash in running water and a final rinse in redistilled 
water. 

Precautions against contamination during sample collection 
During the collection of marine samples there is a high potential for contam- 

ination especially from plastic materials (silicones and phthalate esters) and from the 
lubricants and fuels used on ships (hydrocarbons). Further contamination can be 
introduced during laboratory work-up of the samples from solvents and chemicals. 
The formation of degradation products from pigments and labile lipids during sample 



1.50 J. K. VOLKMAN, D. A. EVERI-IT, D. I. ALLEN 

manipulations must also be-avoided since these degradation products are also formed 
in the natural environment. These difficulties are exacerbated by the low concentra- 
tions of lipids which usually occur in marine sediments and seawater. 

To minimize these problems, sample manipulations were kept to a minimum. 
Seawater was filtered through two previously extracted glass fibre fine filters (GF/F) 
but only the top filter which did not contact the filtering manifold was analyzed for 
particulate matter. Samples were immediately stored in liquid nitrogen to minimize 
degradation of lipids and pigments. Procedural blanks were performed regularly; 
contamination with hydrocarbons and phthalate esters during sampling and filtering 
can be a major problem when working on ships and stringent precautions need to 
be taken to minimize contamination. Two common phthalate esters have similar 
mobilities on silica rods to triacylglycerols and wax esters respectively depending on 
the choice of solvent system; these were resolved from triacylglycerols using the sol- 
vent system hexane-diethyl ether-acetone (94:4:4)3, and from wax esters using 
hexane-diethyl ether-acetic acid (9460.2). 

RESULTS AND DISCUSSION 

In most studies of marine lipids, concentration data are presented for only a 
few lipid classes. Capillary gas chromatography combined with mass spectrometry 
is presently the most useful method for identifying constituents within a lipid class, 
but the technique is very time consuming if more than one or two lipid classes are 
studied. High-performance liquid chromatography provides an alternative technique 
for separating lipid classes in a single analysis but the lack of a suitable universal 
detector for lipids is still a major limitation preventing its more widespread use in 
lipid analysis. The ability of the Iatroscan TLC-FID technique to both separate and 
detect complex mixtures of lipids at the low concentrations found in environmental 
samples makes it potentially of great value for studies of marine lipids. However, 
peculiarities and limitations inherent in the technique need to be considered before 
reliable data can be obtained. 

Quantitative aspects 
Quantitative accuracy and reproducibility is still a major weakness in the 

TLC-FID system. The FID response of most lipids is significantly different from 
that which would be calculated from their ionizable carbon content, partly due to 
losses during volatilisation before ionization and other factors6,10+12. One conse- 
quence is that the FID response of each compound class must be determined exper- 
imentally. Also, some data6 indicate that compounds within a lipid class may give 
different FID responses depending on their chain-length. Other structural features 
such as degree of unsaturation may also have an effect but as yet this has not been 
tested. 

A common approach is the use of “correction factors” calculated by compar- 
ison of the FID response with that of a lipid standard such as triacyl glycerol or 
ketone. However, inconsistencies between literature values are common. Delmas et 
al.13 recently showed that the FID responses of several compounds were non-linear 
at low loadings. The cross-over point between 2 linear fits to the data for high and 
low loadings were between 1 and 5 pug depending on compound class. We have studied 
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Fig. 1. Plot of peak areas (nominal units) versus amount of lipid applied to the rod. (A) At high loadings. 

0 = FA (free fatty acids); A = HC (hydrocarbons); l = K (ketones); x = ST (sterols); a = TG 
(triacylglycerols). (B) At low loadings (< 2 pg). CHL = chlorophyll. Data points in B omitted for clarity. 
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this feature in some detail since seawater analyses require accurate determinations of 
sub-microgram amounts for most lipid classes. Representative FID response curves 
for individual lipids are shown in Fig. 1. Each of the FID response curves is curvi- 

linear although linear approximations can be made over small intervals. Linear fits 

to the data above about 3 pg do not extrapolate through zero-zero. The slopes of 
the curves are not in constant ratio and some curves cross. Relative responses at 3 
different loadings are shown in Table I. These data are consistent with recent stud- 
iesl o,ll and clearly show that correction factors can only be used at a specified load- 
ing7 which undoubtedly accounts for some of the variations between correction fac- 
tors reported by different researchers. Calibration curves, or polynomial fits to the 
data13, are therefore essential when analysing samples containing mixtures of lipid 
classes spanning a wide range of concentrations. 

Many TLC-FID studies use an internal standard in conjunction with correc- 
tion factors for quantification of lipid concentrations. This procedure can only give 
approximate values since it assumes a linear FID response, and deviations from the 
true value are likely to be large at loadings less than 223 pg. The qualitative com- 
position of many biological samples is likely to be known so the choice of an internal 
standard presents few problems. Also, sufficient material is often available which 
allows for multiple analyses both with and without the internal standard. This is not 
the case for most environmental marine samples where not only are lipids commonly 
in low abundance but the presence of unusual lipids or breakdown products often 
makes it difficult to choose a suitable internal standard. Parrish and Ackman3 and 
Delmas et al.’ 3 suggest the use of the ethyl ketone hexadecan-3-one for seawater 
samples on the assumption that natural concentrations of ketones are low. However, 
as we show later, this is not true of some marine samples, particularly sediments, and 
also the response curves for alkyl ketones deviate significantly from linearity for 
amounts below 1 pg (Fig. 1). Nonetheless, the method is undoubtedly satisfactory 
for many seawater analyses’ 3. 

In our work, we have adopted the approach of ensuring that the sensitivity of 
our instrument is kept constant so that peak areas can be directly converted to 
amounts using appropriate calibration curves. The sensitivity and reproducibility of 
the FID response is monitored using suitable external standards such as a long-chain 
alkane dissolved in hexane. To maintain sensitivity and acceptable baseline stability 
we found it necessary to periodically (every 334 weeks) disassemble and clean the 

TABLE I 

RELATIVE FID RESPONSES OF SELECTED LIPID CLASSES DETERMINED AT DIFFERENT 
LOADINGS 

Lipid class Loading (pg) 

0.5 2 10 

Triacylglycerols 1.0 1.0 1.0 
Ketones 0.77 1.01 1.62 
stero1s 0.75 0.96 1.39 
Fatty acids 0.92 1.13 I .05 
Hydrocarbons 0.78 0.98 1.44 
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FID, and care had to be taken that the FID collector was correctly aligned since this 
can markedly affect the sensitivity’ 5, 

The main uncertainties associated with this external calibration technique are 
the errors in spotting the sample onto the rod. Values obtained using micropipettes 
were reproducible to within f 8% and slightly better reproducibility (f 6%) was 
obtained using a 5~1 syringe. The latter was preferred when multiple spotting of a 
sample was required. Another difficulty, common to all TLC-FID analyses, is that 
FID responses of all compound classes are not known. Most of the peaks are complex 
mixtures of compounds and it may be unrealistic to assume that each will have a 
similar FID response to the standard compound chosen to be representative of that 
class. Also, the limited resolution achievable on the Chromarods inevitably results 
in poor separation of some compounds classes (e.g. wax esters and hydrocarbons, 
sterols and diacylglycerols, 4-methyl sterols and n-alkanols etc.), and these can have 
quite different FID responses. These problems can only be overcome by improve- 
ments to the design of the Iatroscan flame ionisation detector15, perhaps combined 
with techniques such as copper sulphate pretreatment of the rods”. 

Lipid composition of seawater particulate matter 
In 1978, Cauwetz7 remarked that very little was known about the organic 

composition of particulate matter in the oceans. This situation still prevails despite 
an increasing awareness of the importance of particulate matter in marine food chains 
and geochemical processes. Several studies have concentrated on total fatty acids and 
hydrocarbons (e.g. refs. 28-30), and there are reports of a few other important bio- 
chemicals such as sterols, fatty acid esters, alcohols and ketones (e.g. refs. 31-38). A 
common practice has been to saponify the lipid extract, so that little is known about 
the forms in which fatty acids exist in seawater (i.e. free, triacylglycerols, phospho- 
lipids etc.). Few studies have presented data for more than 3 lipid classes in the same 
water samples. This situation is gradually changing with the more widespread use of 
Iatroscan TLC-FID3p13. 

Fig. 2B shows a chromatogram of non-polar lipids isolated from particulate 
matter in surface waters from an oceanic station off the East Australian coast. These 

A Estuarine Water 
Particulates 

B Oceanic Water 
Particulates 

PL TG 

FA ,Irl ST 

p’G PlLC 

0 R f 1.0 

Fig. 2. TLC-FID chromatogram of non-polar lipids from seawater particulate matter, separated using 
the solvent system hexane-diethyl ether-acetic acid (60: 17:O. 1.5). Estuarine water (A) is from the Derwent 

Estuary, Hobart, Tasmania; oceanic water (B) is from the East Australian coast at 32”s 155”E. PL = 
polar lipids; PIG = unidentified pigments; ALC = alcohols; WE = wax esters; other abbreviations as 
in Fig. 1. 
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oligotrophic waters contain low concentrations of nutrients and hence a small stand- 
ing stock of phytoplankton. Most of the organic matter consists of polar “lipids” 
(mainly pigments and degraded organic matter), but small amounts of sterols, al- 
cohols, free fatty acids and triacylglycerols can be detected using the TLC-FID tech- 
nique. Note that this chromatogram was obtained from 5% of the material extracted 
from 8 1 of seawater, so in more productive coastal waters a few hundred ml of water 
would provide sufficient material to be analyzed using this method. 

Quantitative data for this surface sample and four deeper samples are shown 
in Table II. Total lipid concentrations range from 3 to 10.7 pg/l, with the lowest 
value occurring at 120 m. These total values have an uncertainty of at least 20% 
since the FID response of the polar material which makes up the bulk of the sample 
is not known. We assumed a response similar to phospholipids, which is consistent 
with work by Delmas et a1.13, who found similar responses for chlorophyll, phos- 
pholipid and cholesterol. Our data also indicate very similar responses for chlorophyll 
a and cholesterol at low loadings (Fig. 1B). Our values for total lipids are similar to 
concentrations reported by Tanoue et al. jg for other oceanic regions (3.3-l 1.5 pg/l), 
and as expected are much lower than those found in areas closer to shore such as in 
the Gulf of Mexico3 l (12-70 pg/l). 

Particulate matter in seawater consists of both living cells (mainly phytoplank- 
ton and bacteria) and non-living detrital matter. During periods of high phytoplank- 
ton production, living cells may account for more than 80% of the particulate matter 
but in oligotrophic waters their proportion is expected to be considerably less. The 
lipid composition of the seawater particulate matter will depend on the number of 
living cells present, and it can therefore provide a measure of the relative proportion 
of living and non-living matter. Labile lipids such as triacylglycerols are rapidly de- 
graded in seawater after cell lysis so high concentrations would not be expected when 
detrital matter greatly predominates. This point is illustrated by the two TLC-FID 
chromatograms in Fig. 2. A typical lipid distribution in seawater particulate matter 
from an estuary during a phytoplankton bloom is shown in Fig. 2A. Triacylglycerols 
are abundant, and the distribution is very similar to those of diatoms and other algae 
(Fig. 3). Microscopic examination of the sample revealed high concentrations of 
dinoflagellates, principally Ceratium tripos. By contrast, the TLC-FID chromato- 

TABLE II 

DEPTH PROFILE OF LIPIDS CONCENTRATIONS @g/l) IN PARTICULATE MATTER FROM 
A STATION IN THE TASMAN SEA (32”S, 15S”E) 

Lipid class Depth (m) 

0 30 60 90 120 

Triacylglycerols 0.84 0.50 0.60 0.60 0.30 
Free fatty acids 1.0 1.5 1.2 1.1 0.47 
Alcohols 0.10 0.02 TR* 0.03 0.05 
Sterols 0.30 0.44 0.20 0.48 0.07 
Other neutrals 0.40 0.07 0.35 3.1 0.17 
Polar lipids 7.3 4.5 3.0 5.4 2.0 

* TR = Trace amounts (co.01 pg). 
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gram obtained from particulate matter in oligotrophic oceanic waters (Fig. 2B) is 
very different. The concentration of triacylglycerols is similar to that of free fatty 
acids, and the ratio of triacylglycerols to sterols is much smaller than the value for 
the estuarine sample. Such ratios which compare the lipid concentrations of a labile 
lipid with that of a more resistant lipid may possibly provide additional indices of 
phytoplankton biomass and physiological state to supplement estimates based on 
chlorophyll a concentrations. 

Two previous studies’ 3,2 3 of lipid concentration in stratified water systems 
have used TLC-FTD to demonstrate major changes in the amounts and proportions 
of various lipids with water depth. At the oceanic station described here the concen- 
trations of major non-polar lipid classes show little variation within the top 90 m 
where the water is well mixed (temperature 20.21-20.24”C; salinity 35.622%0). How- 
ever, concentration values at 120 m, which is below the thermocline are slightly lower 
which probably reflects the smaller population of phytoplankton there. 

The concentrations of free sterols in particulate matter measured by TLC-FID 
at this station are slightly higher than values obtained using gas chromatography for 
intertropical Atlantic waters (0.01-0.07 ,ug/l)41 but are within the range reported for 
dissolved plus particulate sterols in North Atlantic waters (0.12-1.3 pg/1)35. Con- 
siderably higher concentrations are found in coastal areas36,37. Further analysis of 
the sterol fractions of this oceanic sample by capillary gas chromatography (GC) 
showed that the distributions were very complex with cholesterol, 24-methylcholes- 
ta-5,22E-dien-3fi-01, 24-methylenecholesterol, 24-ethylcholesterol and 24-ethylcho- 
lesta-5,22E-dien-3P-ol as major components (ea. 75% of total sterols)40. Agreement 
between total sterol concentration data calculated by GC and by TLC-FID was 
generally quite good, but the TLC-FID values were generally lo-30% higher prob- 
ably due to the presence of other compounds with a similar polarity to sterols such 
as diacylglycerols, which coeluted in the TLC-FID chromatogram. Better separa- 
tions could be achieved using different solvent systems but at the expense of poor 
separation of less polar compounds. Double development techniques could be used 
to improve the quantitation but inter-rod variability made it difficult to choose an 
appropriate part on the rod to terminate the first pass throught the flame ionisation 
detector. 

Surprisingly few data are available for lipid concentrations in oceanic areas 
and more research is needed before meaningful comparisons can be made between 
data sets. The problem of adequately covering such large areas of ocean surface still 
remains but the situation can only improve with the more widespread use of rapid 
and sensitive methods based on techniques such as TLC-FID. 

Lipid compositions of marine organisms 
The lipid compositions of marine organisms vary widely but usually a single 

solvent system is sufficient to separate non-polar lipids of interest. Representative 
TLC-FID chromatograms for selected marine organisms are shown in Fig. 3. 

Thalassiosiva eccentrica (Fig. 3A) is a common neritic diatom which reaches 
high concentrations in upwelling areas, such as those off Peru. In culture, this species 
produces large quantities of triacylglycerols and polar lipids, with comparitively small 
concentrations of sterols and hydrocarbons. Note that the triacylglycerol peak shows 
some tailing due to partial separation of triacylglycerols differing in degree of un- 
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Fig. 3. TLC-FID chromatogram of non-polar lipids from two species of phytoplankton (A and B) sep- 
arated using the solvent system hexanediethyl ether (96:4) and Zooplankton (C and D) separated using 
the solvent system hexanediethyl ether-acetic acid (60:17:0.15). MK = methyl ketones; EK = ethyl 
ketones; other abbreviations as in Figs. 1 and 2. 

saturation. On silica S-II Chromarods polyunsaturated triacylglycerols are less mo- 
bile than those containing 0 to 3 double bonds. The TLC-FID technique is particu- 
larly suited for lipid analysis of cultured phytoplankton since the amount of cells 
harvested may be quite small. One useful application would be to study changes in 
the proportion of lipids as a culture ages and the cells change from exponential to 
stationary phase growth. 

The coccolithophorid Emifiuniu huxleyi (Fig. 3B) is very widely distributed in 
the sea and can be a major contributor of organic matter found in marine sedi- 
mentsZ5. Although it is not usually the dominant phytoplankton, in some environ- 
ments concentrations of up to lo8 cells/l have been observed4”. This alga has an 
unusual lipid composition which is dominated by very-long-chain (C3+&) unsatu- 
rated methyl and ethyl ketones, methyl and ethyl esters of a 36:2 fatty acid and 37:3 
and 38:3 n-alkenes (described in detail elsewhere25,43 ). These lipid classes are sepa- 
rated very well by the hexane-diethyl ether (964) solvent system, and thus the 
TLC-FID technique provides a ready means of detecting these, and other, unusual 
lipids in phytoplankton species. We have screened a wide range of algal species, but 
these unusual lipids have been detected only in a few algae of the class Prymnesio- 
phyceae, implying that they may be good markers for organic matter derived from 
these algae. Note that the C3, methyl ketones have higher RF values than medium- 
chain Ci, and Cl9 methyl ketones chromatographed under the same conditions, 
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indicating that the length of the alkyl chain does influence retention behaviour. Also, 
nonadecan-3-one is difficult to resolve from the very-long-chain methyl ketones so 
this compound is not the most appropriate internal standard for samples likely to 
contain lipids from the Prymnesiophyceae. 

The calanoid copepod CalanusJinmarchicus is common in the northern waters 
around Britain. It is very lipid rich and the TLC-FID chromatogram shows that wax 
esters are far the major lipid present (Fig. 3C). The small amount of polar lipid is in 
marked contrast to the abundance of these lipids in the phytoplankton diet (contrast 
Fig. 3C with Fig. 3A which shows a typical diatom lipid distribution). Small amounts 
of sterols, free fatty acids and triacylglycerols were also detectable using TLC-FID. 

The TLC-FID chromatogram of another calanoid copepod Parlabiducera ant- 
arctica which is found only in Antarctic waters, is shown in Fig. 3D. This sample of 
animals was obtained from a saline Antarctic lake and its lipid composition is unusual 
in that the major storage lipid is triacylglycerols and not wax esters as in C.Jinmar- 
chicus. Earlier studies44 suggested that copepods in polar regions synthesize mainly 
wax esters as an energy store but these lipids are very minor constituents in P. ant- 
arctica. This species may well synthesize more wax esters in its normal oceanic en- 
vironment, since its diet there would be quite different, but this has yet to be tested. 
In other respects, the distributions of non-polar lipids in the two copepods are similar 
(Fig. 3C and D). 

The high sensitivity of the TLC-FID technique lends itself to the analysis of 
small numbers of copepods, and in the case of lipid-rich species such as C. finmar- 
chicus and C. pacificus 2 l, the lipid composition of a single animal can be determined. 
This should permit a range of biochemical experiments to be carried out comparing 
the influence of diet, sex and growth stage on the lipid composition of copepods and 
other small crustaceans. 

Compositions of lipids in sediments 
Sediments contain a diverse range of organic compounds derived from organ- 

isms in the sediment and from the overlaying water column. The lipid distributions 
are extensively modified by chemical and biological processes and are therefore typ- 
ically more complex than the distributions found in seawater or marine organisms. 
There has been considerable progress in identifying many of the compounds present 
and in using this information to determine likely origins for the organic matter. 
However, the determination of the concentrations of lipid classes has been difficult 
and usually obtained from the summation of concentrations of individual compounds 
determined by GC or HPLC, rather than by a more direct and rapid method such 
as TLC-FID. 

A TLC-FID chromatogram of lipids extracted from an oxic coral reef sedi- 
ment is shown in Fig. 4. Non-polar lipids comprise only 8.1% of the lipid extract 
and consist of free fatty acids (5.9 pg/g), sterols (6.9 pg/g), wax esters and hydrocar- 
bons (1.8 ,ug/g), alcohols (0.9 pg/g) and triacylglycerols (1.4 pg/g). Numerous other 
non-polar lipids are present in small amounts which cause an uneven baseline and 
limit the accuracy with which peak areas can be determined. In general, the concen- 
trations in this sediment are intermediate between those found in deep-sea sediments 
and organic-rich sediments deposited in areas of high productivity. For example, a 
typical concentration of free sterols in organic-rich coastal sediments from Peru and 
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Fig. 4. TLC-FID chromatogram of non-polar lipids isolated from a Coral Sea reef surface sediment. The 
solvent system used was hexane-diethyl ether-acetic acid (60: 17~0.15). Abbreviations as in Figs. 1 and 2. 

Walvis Bay is about 100 pg/g39*4s, whereas in deep-sea46 and intertidal47 areas con- 
centrations are usually less than 3 pg/g. 

Significant qualitative and quantitative differences are found between the lipid 
distributions in sediments deposited under different conditions, Fig. 5 shows two sets 
of TLC-FID chromatograms obtained from organic-rich anoxic sediments at three 
depths in a core obtained from a saline Antarctic lake. Two solvent systems were 
used to separate all the lipid classes of interest. In the surface sediment, the major 
non-polar lipids are very long-chain unsaturated ketones and esters which are struc- 
turally similar to those produced by E. huxleyi (contrast Fig. 5 with Fig. 3B). These 
compounds are probably derived from a species of small flagellate found in the lake 
which has not yet been identified2). In the 65-70 cm section these compounds are 
much less abundant and at 125-130 cm they are barely detectable. Since such com- 
pounds are known to be very stable in sedimentary environments25 these concentra- 
tion data provide a record of the changes in water column populations of the source 
algae throughout the history of the lake. 

Significant amounts of sterols and long-chain alcohols are present in each of 
the three core sections but, in contrast with the coral reef sediment, free fatty acids 
are not abundant and triacylglycerols could not be detected. TLC-FID analyses of 
particulate matter in the lake showed that high concentrations of fatty acids and 
triacylglycerols were present23, so clearly these labile lipids have been extensively 
degraded by bacteria in the sediment, resulting in a relative enhancement in abun- 
dance of the resistant sterols and long-chain ketones. 

Alcohols are also readily degraded in sediments, so it is likely that in the Ace 
Lake sediments they are derived from the sediment bacteria and not from organisms 
in the water column. 

Sterol concentrations in the O-5, 65-70 and 125-130 cm sections were calcu- 
lated to be 370, 790 and 539 ,ug/g (dry wt. sediment) from the TlC-FID response. 
Comparable values were determined by summation of GC-FID peak areas. These 
concentrations are more than an order of magnitude higher than those found in most 
sediments and indicate high algal productivity throughout the history of the lake. 

Most sediments contain high concentrations of chlorophylls, carotenoid pig- 
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Fig. 5. TLC-FID chromatograms of non-polar lipids of three core sections from Ace Lake, an Antarctic 
saline lake. (A) O-5 cm; (B) 65-70 cm; (C) 129-130 cm. Two developing solvent systems were used: left, 
hexane-diethyl ether (96:4); right, hexane-diethyl ether-acetic acid (60: 17:O. 15). B-CAR = P-Carotene; 
other abbreviations as in Fig. 1-3. 

ments and their degradation products which can severely complicate TLC-FID anal- 
yses. Carotenoid pigments are abundant in the Antarctic lake sediments, and p-car- 
otene appears as a major peak chromatographing just before n-alkanes (Fig. 5). The 
peak area varied greatly in different analyses of the same sample, indicating (not 
surprisingly) that TLC-FID is not the method of choice for pigment analysis. Pig- 
ments can usually be seen on the rod after development and thus peaks in the 
TLC-FID chromatogram due to pigments can be readily assigned. 

Most sediment and seawater samples contain a high proportion of polar lipids 
which present several practical problems. It is often difficult to spot samples onto the 
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Fig. 6. TLC-FID chromatogram of polar lipids from surface sediment from Ace Lake, an Antarctic saline 
lake. The developing solvent system used was chloroform-methanol-water (SO:1 5:2). PIG = Unidentified 
pigment; PS = phosphatidylserine; PC = phosphatidylcholine; PE = phosphatidylethanolamine. Pig- 
ments A, B and C have the same retention time as fucoxanthin, chlorophyll a and chlorophyll c, respec- 
tively. 

rods since 100 pg or more of the sample has to be applied to permit identification of 
non-polar lipids, which comprise only a few percent of the sample. This polar ma- 
terial is poorly soluble in hydrocarbon solvents requiring polar solvent mixtures, such 
as chloroform-methanol, to completely dissolve the sample. Alternatively, if infor- 
mation on the polar lipids is not required then the polar lipids can be removed on 
a short column of silicic acid, or less polar solvent mixtures such as hexane-isopro- 
panol can be used for extraction48. 

The use of polar solvent systems for TLC development of the polar lipids in 
the Ace Lake O-5 cm sediment (Fig. 6) indicated that most of this material was more 
mobile than phosphatidylethanolamine and had similar retention behaviour to pig- 
ments such as chlorophylls a and c and fucoxanthin. Visual inspection of the rods 
showed that most of the peaks in the TLC-FID chromatogram corresponded to 
pigmented material and it seems that the TLC-FID method will be difficult to apply 
to analyses of phospholipids or other polar lipids in sediments unless detectors spe- 
cific for phosphorus become available. 

CONCLUSIONS 

TLC-FID has been shown to be a very valuable technique for the analysis of 
non-polar lipids in samples from the marine environment including phytoplankton, 
marine animals, seawater particulate matter and sediments. [This technique is not as 
easy to apply as it appears at first sight and precisions better than 10% are difficult 
to achieve.] The curvilinear response of the detector, and major differences in the 
detector response of compounds of interest still present difficulties, making the use 
of FTD calibration curves essential for good results. However, the method is much 
more rapid and no less accurate than gravimetric techniques. This situation should 
be assisted by improvements to detector design and sample application techniques. 
The high concentrations of pigments and degraded organic matter in sediments and 
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seawater present some practical problems but the benefits of rapid screening of sam- 
ples combined with high sensitivity and the ability to resolve and quantify most 
non-polar lipids in one or two analyses should result in more widespread use of this 
technique. 
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