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Preliminary Study of the Dissolved H ydrocarbons and 

H ydrocarbons on Particulate Material in the Gotland Deep 

of the Baltic 

von ADAM ZsoLNAY 

Vorläufge Untersuchung des gelösten I{ohlenwasserstoffgehaltes und des I{ohlenwasserstoff­
gehaltes des i;:artikulären Materials im Gotland Tief (Ostsee) Zusammenfassung: Die Kohlen­
wasserstoffLestimmungen in natürlichen Gewässern, entweder mit dem gaschromatischen oder dern 
Infrarot-Verfahren, haben einige schwerwiegende Nachteile. Daher wurde ein spezielles Verfahren 
entwickelt: Das mit organischem Lösungsmittel extrahierte Iviaterial wurde dünnschichtchromato­
graphisch auf einer sehr kurzen Platte getrennt, die mit 10% AgNOa Kieselgel überzogen war. Als 
Laufmittel wurde Hexan benutzt. In der Nähe der Front waren gesättigte und einkernige Kohlen­
wasserstoffe. Ein Versuch, die ungesättigten Kohlenwasserstoffe zu bestimmen, war erfolglos, da 
diese sich nicht von Verbindungen, die nicht Kohlenwasserstoffe ·waren, trennen ließen. Das die 
Kohlenwasserstoffe enthaltende Kieselgel wurde abgekr2.tzt, mit Hexan eluiert, und die Kohlen­
·wasserstoffc in eir:.em CHN-Analysator bestimmt. Es konnten noch Mengen bis zu 1 p,g gemessen
werden. Im Gotland Tief wurden gelöste Kohlenwasserstoffe und ebenfalls in partikulärer Substanz 
bestimmt. Der durchschnittliche vVert für gelöste, nicht olefinische Kohlenwasserstcffe für alle Tiefen 
betrug 57,2±4,2 [Lg C/1, was 1,5% des gesamten, gdcsJ.en organischen Kohlerstoffs entspricht.
Der durchschnittliche v\Tert für nicht-olefinische Kohlemvasserstcffe in partikulärer Substanz für
alle Tiefen betrug 1,1±0,75 p,g C/1; das entspricht 0,8% des gesamten partikulären organischen
Kohlenstoffs. Das Verhältnis von partikulärem, n:cht-olefinischen Kohlenwa�scrstoff-C zu gesamt
partikulärem org2.niscl�em Kohlenstoff h2.tte bei 110 m Tiefe ein IVIaximum und bei 10 m ein Iviini­
mum erreicht. Der Kohlemvasscrstoffgehalt h2.tte keinen Einfluß auf das Corg/N Verhältnis in parti­
kulärer Substanz.

Summary: The quantitative determin2.licn cf hydrccc:rbcns in nature with either gmchrcmato­
graphy or infrared has several major dra,1v·b2.cks. Therefcre a s:r;ecial methcd was develcped. The 
material obtained by extraction with non-polar solveEt was separated on a very short thin layer 
plate of 10% AgN0

3 
silica gel with hexane as the solvent. The saturated ard bcnzyl hydrocarbons 

were found near the front, separated from non-hydrocarbon material. An attempt to separate the 
unsaturated hydrocarbons from non-hydrocarbon materiaJ ·was unsuccessful. The silica gel containing 
the hydrocarbons was eluted with hexane, and the hydrocarbons ,vere determined in a CHN analyzer. 
Amounts as srnall as 1 /J,g could be cletermined. 

Dissolved hydrocarbons and hydrocarbons within particulate matter were cletermined in the 
Gotland Deep, a B2Jtic Basin. An average value of 57.2±4.2 i-J,g C/l as non olefinic, dissolvecl hydro­
carbon was determincd, which is about 1,5% of the total dissolved organic carbon. The average of 
non-olefinic hydrocarbon on particulate material was 1.1±0,75 p.g C/1, which is equivalent to 0.8% 
of the total particulate organic carbon. Tbc ratio of particulate, non-olefinic hydrocarbon to total, 
particulate organic carbon wa.s the highest at 110 m and lowest at 10 m. The hyclrocarbon content 
had no significant influence on the Corg/N ratios of the particulate material. 

Introduct ion: 

There have been numerous studies of the hydrocarbons in sediments (BLUMER et al., 
1970; BRAY and EvANS, 1961; CLARK and BLU:MER, 1967; EvANS et al., 1957; HuNT, 
1961; VAN HoEVEN et al., 1969; KvENVOLDEN, 1966; l\!IEIN3CHEIN, 1961, 1965, 1969; 
ÜRo et al., 1965 ÜRO and NooNER, 1967; ROBINSON et al., 1965; STEVENS et al., 1956; 
ZsoLNAY, this issue), however outside of one or two measurements of the hydrocarbons 
in polluted waters (BLUMER et al., 1970), the author is unfamiliar with any determinations 
of hydrocarbon contents in marine waters. The reason for this probably due to the fact 
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that their concentration is very low, and their inertness makes them relatively hard to 
detect. 

This inertness, however, makes them of interest both in the study of carbon cycles 
in nature (MEINSCHEIN, 1969) and in the fact that they are pollutants (BLUMER, 1969; 
BLUMER et al., 1970). An attempt was made to measure the background values of 
olefinic and of saturated and aromatic; hydrocarbons as a function of depth in a deep 
Baltic basin. Since the amounts were so small and all the hydrocarbons, not just the 
linear ones, were to be determined a new experimental technique had to be developed. 

Method 

The previous methods for the determining of  hydrocarbon content in  the aquatic 
environment have generally been by means of a gas-liquid chromatograph or by the 
use of infrared spectra. In both cases the samples are usually extracted with an unpolar 
solvent and then purified on a column to separate the hydrocarbons from any other 
weakly or non-polar substance that might have been present in the sample. With gas­
liquid chromatography the purified extract containing the hydrocarbons is then injected 
into the gas-liquid chromatograph and as each compound comes through the column 
a peak is created. The heigh of each peak varies proportionally with the amount of 
each compound that was injected. One difficulty is that there are innumerable hydro­
carbons which have about the same retention time and as a result they do not form indi­
vidual peaks but rather a broad buckle. To givc a chromatogramme like this a total 
quantitative value is rather difficult. The second difficulty is that in order to have any 
hope of having all the hydrocarbon come off the column, it is necessary to let the gas­
liquid chromatograph run up to an hour. Even then all the material might still not have 
come off, and any that does come off during the isotherm phase will become less and 
less distinct. In short although gas-liquid chromatography is very good for the study 
of linear hydrocarbon patterns, it is not truely suitable when rapid determinations of 
background hadrocarbon content is desired. 

A rapid method for obtaining total hydrocarbon content is possible with infrared 
spectrometry. Here the extracted and purified sample is studied by an IR spectrometer 
and the values in a specific range are cornpared to a standard (CARLBERG and SKAR­
STEDT, 1970). The first difficulty is that the method has a lower limit of detection of 
0.05 mg/1 which is too low for routine marine studies. The second difficulty is the 
selection of the proper standard. This according to CARLBERG and SKARSTEDT ( 1970) 
results in an accuracy of only ± 26%. 

The method used here was organic solvent extraction, followed by purification with 
thin layer chromatography. Thin layer chromatography was prefered in this phase of 
the research over column chromatography, since it enabled one to observe rnore readily 
the separation of the various compounds. The part of the TLC plate containing the 
hydrocarbons was then scrappecl off, ancl the amount of hydrocarbon on it was deter­
mined by burning in a CNH analyzer. 

In order to measure the dissolved hydrocarbons, one liter of filtered sea water was 
shaken with 15 ml. of hexane (MERCK uvasol grade) for 15 minutes in a separatory 
funnel, which was afterwards allowsed to stand for 10 minutes. The hexane phase including 
a small amount of the top aqueous phase was then run into a centrifuge glass, which 
was then placed under vacuum in a desiccator until the volume was reduced by about 
half. The aqueous phase was then removed by means of a long thin pipette, and the 
solution was further concentrated until the volume was about 0.5 ml. This was then care­
fully applied to a TLC plate 1.5 cm wide with a 0.25 mm thick layer of silica gel with 
10% AgN03 • The solvent used was pure hexane (MERCK uvasol grade), and the front 
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vvas allowecl to advance 5 cm. The top 1.5 cm was then scrappecl off ancl placed into 
a small scinterecl glass filter. The organic material was eluated off with 0.7 ml of pure 
hexane, which was allowecl to drip into a te3t tube containing a glass fiber filter that 
had previously been cleaned by being heated to 500° C overnight. The test tube vvas 
placed briefly in a desiccator under vacuum to evaporate the hexane. The filter was 
then removed ancl burned in a CHN analyzer ancl the results were obtained as hydro­
carbon carbon. Amounts as small as 1 p.g C can be readily determined on the analyzer. 

Repeated cxtraction of the same sea water sample showed that 85% of the dissolvecl 
hydrocarl::ons that were extractable were extractecl with the first 15 ml of hexane. 
Tests with standards showed that saturatecl linear hydrocarbons, isoprenoicl hydrocarbons 
such as pristane, and alkyl benzenes were to be found within 1.5 cm of the front, while 
olefinic hydrocarbons, naphtalene, chlore3terol, and esters of fatty acids remc;1ined 
further than 1.5 cm away from the front. Although chlorinated pesticicles were not 
testecl, one can assume that their concentration is in normal non-polluted water much 
fower (ARLING and jENSEN, 1970) than that of the hydrocarbons. Therefore with this 
test one obtains the concentration of what here will be called the non-olefinic hyclro­
carbons consisting of saturated hydrocarbons and hyclrocarbons with only one aromatic 
ring. lt was also hoped to measure the total hydrocarbons by running an aliquot sample 
on silica gel without silver nitrate. This way the olefinic hyclrocarbons could be deter­
mined by substracting the 11011-olefinic hydrocarbons from the total hydrocarbons. In 
reality however, non hydrocarbon material such as phytol could not be fully separated 
from the hydrocarbons when silver nitrate was acsent from the silica gel. In addition 
highly unsaturated hydrocarbon material such as ß-carotene did not move sufficiently 
rapidly with the hexane solvent. 

The hydrocarbon content of the particulate material was determined as follows. The 
particulate material was filtered out of the sea water with a Whatman GF/C glass 
phase filter that had been cleaned by heating overnight. The filter was dried at room 
temperature in a desiccator. Afterwards it was placed in a centrifuge glass containing 
4 ml of 5 : 3 (v : v) methanol-hexane (all solvents MERCK uvasol grade) and placed 
in an ultrasonic extractor for 15 minutes. The methanol and hexane were then divided 
into two phases by the addition of 0.25 ml of twice clistilled water, and the entire con­
tents were again placed in an ultrasonic field for 15 more minutes. The centrifuge tube 
was then removed and centrifuged. Aftenvards the hexane layer was removed by means 
of a pipette and treated in the same way as the material obtained by liquid-liquid 
extraction above. Repeated extractions of the same particulate material showecl that 
68% of the non-olefinic hydrocarbons were extracted vvith a single extraction. The 
reason that the extraction from particulate material is more difficult than the extraction 
from the sea water is most likely due to the fact that the hyclrocarbons can be absorbed 
within clay matrices (WEiss, 1969). Another reason could be the hydrocarbon absorption 
within humic acid material (ÜGNER and SCHNITZER, 1970). 

The standard deviation of the methods were obtained by making multiple determi­
nations from the same homogeneous sample. 

In addition the particulate organic carbon and Corg
/N ratios were determined by 

means of the CHN analyzer. Here the filters were pretreated with 1 % HCl solution in 
order to remove any carbonate that might have been present. They were then dried 
in a desiccator overnight and burned directly in the analyzer. 

Samples  

It was hoped to  have samples from four different stations in  the Gotland Deep so that 
the general distribution of hyclrocarbons in this basin might be determinecl, however, 
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stormy weather enabled only two stations to be made. They were station 15 A at 
57°20'N, 20°03'E and station S 3 at 57° 13'N and 20°04'E. Both stations had a depth 
of 230 m, and were made during the September cruise 1970 of the R. V. "ALKOR". 
Up to 6 1 of water were collected at each depth and filtered through 2.5 cm diameter 
Whatman GFC glass phase filter pairs. In each case the uppermost filter of the pai� 
was used as the experimental while the bottom filter was used as the control when 
organic particulate carbon or particulate hydrocarbon were cletermined. Since the 
amount of water that could be filtered through any one filter pair was limited, three 
filter pairs were usually used. Through the first one only 1 liter was filtered and, it was 
used to determine organic particulate carbon. Then 2 .5 liters were filtered through 
each of two other filter pairs, however, a maximum of only 1.5 liters of 10 m water 
could be filtered through one filter pair. The filters from any one depth, that were not 
used for the particulate organic carbon determinations, were analyzed together for the 
hydrocarbon content by the method decribed above. The control filters were anylyzed 
in the same way, and their values were substractecl from the experimental ones. One liter 
of the filtered sea water was analyzed for clissolved hyclrocarbons. 

Conclus ions  
The conclusions can all be seen in  Table 1. By  non-olefinic hydrocarbon i s  meant 

saturated hyclrocarbons ancl aromatic hyclrocarbons containing no more than one ring. 
The values after a ± indicate the standard cleviation of the measuerement. 

Depth Total 
Meters Corgf.1-g/l 

Station 15A 

20 229.2 
70 75.9 

110 98.1 
150 72. 7 
200 88.0 

Station S 3 

10 450.1 
90 92.3 

110 103.9 
150 94.8 
200 97.0 

Table 1 

Particul ar M a terial 
Corg/N Non-olefinic hydrocarbon 

(Atoms) Carbon f.1.g/1 

6.92 
10.03 

7.68 
8.06 

10.19 

10. 70 
7.62
6.58
7.05 
6.72 

0.9 ± 0.75 
1.0 ± 0.50 
2.3 ± 1.20 
1.0 ± 1.00 
0.5 � 0.75 

1.0±0,75 
1.0 ± 0.60 
1.7±1.20 
0.8 ± 0.60 
0.8 ± 1.33 

Discuss ion 

D issolved Material 
Non-olefinic hyclrocarbon 

Carbon f.1.g/1 

48.0 ± 4.2 
58.0 ± 4.2 
57.5 ± 4.2 
58.5 ± 4.2 
64.0 ± 4.2 

The particulate hydrocarbon values are most likely on the low siele, since the extraction 
procedure was not capable of readily extracting all the hydrocarbons present. In addition 
the standard deviation was very high when compared to the size of the values. Therefore, 
any conclusions drawn have to be of a rather tentative nature. The average amount 
of particulate non-olefinic hydrocarbon carbon to total particulate organic carbon was 
0.8%. At both stations the highest particulate non-olefinic hydrocarbon/organic carbon 
ratio was to be found at 110 m (Table 2). The lowest ratio was found to be at the 10 m 
level. This at first might be considered to be surprising unless one considers the fact 
that olefinic hydrocarbons were not measured. Organisms are much m01:e likely to have 
olefinic hyclrocarbons than saturated ones, and they have a great many labile organic 
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Depths 1\lleters 

Station 15 A 

10 
70 

110 
150 
200 

Station S 3 

10 
90 

110 
150 
200 

Table 2 

% non-olefinic hydrocarbon carbon of total 
organic c2.rbon in particular material 

0.4 
1.3 
2.3 
1.4 
0.0 

0.2 
1.4 
1.6 
0.8 
0.8 

compounds, which disappear at lower depths and therefore enable the more stable 
hydrocarbons to make up a greater percentage of the total organic carbon as one goes 
below the euphotic zone. 

The dissolved hydrocarbon values are considerably larger than the particulate hydro­
carbon ones. Since dissolved organic carbon was not detennined, it is not possible to 
see how the dissolved, non-olefinic hadrocarbon/organic carbon ratio varies with depth. 
However, if one takes the average dissolved organic carbon value of 3.7 mg/1 that 
EHRHARDT (1968) found in the Gotland Deep one has an average dissolved, non-ole:finic 
hydrocarbon/organic carbon content of 1.5%, One would expect that hydrocarbons, 
being strong waterphobes, would have a larger hydrocarbon/organic carbon ratio for 
particulate material than for dissolved material, but this is here not the case. The 
hydrocarbon content had no signi:ficant influence on the Corg/N ratios of the particulate 
material. 

The method usecl here is felt to be superior to either the gasliquicl chromatographic 
or infrared one for the determination of backgrouncl hydrocarbon values in natural 
waters. One serious weakness is the fact that olefinic hyclrocarbons were not cletectable. 
Another is the fact that stanclard deviation ·was so high. However, at present, research 
is going on in this laboratory in order to overcome these difficulties and to make the 
preparations more rapid and less cumbersome, therefore, this report is to be consiclerecl 
as preliminary, but clue to the lack of information on the hydrocarbon content in natural 
waters, it was dc:cidc:cl to make the results to date known. 

The technical assistance of l\,fr. Jürgen Hc:inernann is hcre gratefully acknowleclgecl. 
This work was financc:d by the German Research Association (Deutsche Forschungs­
gemeinschaft). 
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