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- Summary

Blue Mussels (Mytilus‘edulis) from a location east\of the
entrance to the Kiel Fjord have been analyzed for recent
biogenic and for petroleum derived hydrocarbons. The freeze-
dried animals were Soxhlet-extracted with n-pentane. Hydro-
carbon fractions were obtained by column chromatography

on a bed of silicagel covered by alumina. In addition, this
procedure separated the hydrocarbon fractions from the lipids.
Both adsorbents were deactivated to prevent the formation

of artifacts from sensitive components of the lipid fraction.
IR~ and UV—spectroscopy-were used to monitor the cOmposition
of fractions eluted from the column. Preparative TLC on acti-
vated silicagél resolved the column effluents into aliphatic,
olifinic, mono~-, and di- + tri-aromatic hydrocarbons. Indi-
vidual components and compound types were identified from
their gas chromatographic retention indices, UV-spectra, and

' mass spectra.

‘ The composition of hydrocarbons extracted from the Mussels
depended upon the time of sampling. Mussels sampled after
the spring phytoplankton bloom contained hydrocarbons presum-
ably derived from phytoplankton over a background of hydro-
carbons whose composition is indicative of fossil origin.:
Mussels sampled in January before the spring phytoplankton
bloom contained vay little recent biogedic hydrocarbons.

The altered composition of extracted hydrocarbons may be ex-
plained by the fdllowing assumptions: '

§ | :
aliphatic and olefinic hydrocarbons are metabolized
within the mussels, but the animals lack the ability
to degrade aromatics and/or

the Blue Mussels exchange hydrocarbons with the
surrounding Water which carries a permanent burden
of aromatics, but whose content of aliphatic and
olefinic hydrocarbons'varies.



Introduction

Hydrocarbons in the marine environment are mainly derived
from four different sources: bibsynthesis by living or-
ganisms in the watef, on the sea floor, and in sediments,
advection through land run-offs, precipation from the
atmosphere, and accidental and intentional release of
fossil fuel during producﬁion, transportation, und use.
Estimations of inputs of fossil hydrocarbons into the sea
based on figures of production and transportation of crude
0il run'as high as 10 million metric tons annﬁally
(Blumer, 1970; 1972). These figures were calculated with-
out taking into consideration atmdSpheric transport and
precipitation and may thus well be on the low side. There-
fore, the assumption does not seem to be unjustified that
sea areas likely to be exposed to hydrocarbon pollution
such as coastal waters and busy shipping lanes will carry
a more or less permanent burden of fossil hydrocarbons.

In a previous publication (Ehrhardt, M., 1972) one of the
authors has described the hydroéarbon content of oysters
taken from a permanently polluted water way in the southern
United States. Severe oil contamination was evident from .
the unusually high concentrations of alicyclic and aromatic
hydrocarbons in the oysters and from the very large number

of individual hydrocarbons characteristic of crude oil and

many of its products.

The water of the Kiel Bight receives relatively little

obvious pollution by fossil fuels. Occasional minor spills
are not deemed a serious problem. On the other hand, the |
Baltic Sea is regarded as one of the most heavily polluted
water bodies though mainly by excessive eutrophication. It
was an interesting question, therefore, whether or not

local shellfish contained measurable amounts of petroleum

hydrocarbons.



Experimental

Blue Mussels (Mytilus edulis) were used as test organisms

in this investigation. Selected animals with shells
approximately 7 cm long were collected by Scuba divers in
April 1973 after and in January 1974 before the spring
phytoplankton bloom, The mussels were sampled from a depth
of 4 - 5m (13 - 16 ft.) at a location east of the entrance
to the Kiel Fjord, The place is a recreation area devoid

of any industry. The animals were returned alive within a few
hours after sampling and were deep-frozen immediately after
arrival at the laboratory. Work-up began less than two weeks
aftercollection of the mussels, The animals are weighed and
freeze-dried without their shells. The method has been com-
pared experimentally with the procedure described earlier
(Blumer et al., 19703 Ehrhardt, 1972; Ydungb]ood et al., 1970).
Results are the same both in terms of weight and of the
chemical nature of hydrocarbons extracted from the mussels.

Freeze-dried mussel tissue is extracted in purified Soxhlet
thimbles for 24 hrs with n-pentane and for an additional
12 hrs with n-pentane + 25 % benzene.

Column Chromatography

A column 30 mm wide is filled under n-pentane with
approximately 100 q of deactivated silicagel (5 % H,0) with
a bed of deactivated alumina (appro. 3 cm, 6 % HZO)‘on top.
The column is washed with a least one column volume of
n-pentane. The first fraction of hydrocarbons is eluted with
appro. 400 m1 of n-pentane., The first fraction is ended
immediately prior to the appearance of a yellow band of

carotinoids in the eluate. The second fraction is eluted

with 200 m1 of n-pentane. Fraction No. 3 is eluted with
200 m1 of n-pentane + 10 % benzene, For a detailed analysis,
fractions No. 2+3 (column chromatography) have been separated
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on an activated silicagel TLC-plate. Increasing percentages
of benzene in the n-pentane and finally pure methanol elute
polar fractions from the column which contain the saponi- ‘
fiable Tipids. IR- and UV-spectra are recorded of each
‘fractibn. Each fraction or an éliqudt is weighed on the
micro-balance, ‘ |

»

Thin Layer Chromatography

Solvent: redistilled .isooctane. TLC-plate: Kieselgel

60 F 254, Merck, 20 x 20 cm, After an initial purification

run the plate is activated at 220°C for 30 minutes.
Immediately after cooling the mixture of substances is applied
dissolved in n-pentane. The separated substances are visual-
ized under Uv-light.

Gas Chromatography

Gas chromatographic separatibns without subsequent mass
spectral analyses were cérried out on a Varian Model 2740

gas chromatograph with FID connected with a Varian A 25 strip
" chart recorder. The column was 2 m x 1/16" i.d, stainless
steel packed with 3 % Apiezon L on Chromosorb W-HP, 80-100
mesh, The carrier gaé was Helium. GC operating conditions
were the followinu: The injector temperature was 200 - 210 °c,
The column temperature was programmed from 80 - 290 °C at
6°/min. Samples are dissolved 1in redist1l]ed carbon disulfide,

Mass Spectrometry

For GC-MS analyses the same gas chromatograph was operated
under identical conditions except for the column packing and
the carrier gas flow rate. The column was 2 m x 1/16" 1i.d.
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_packed with 2 % OV 101 on Chromosorb W-HP, 80 - 100 mesh.
The Helium flow rate was 10.3 m1/min. The mass spectrometer
was an Atlas Varian CH-7 with two stage Biemann-Watson sepa-
rator and differential pump systemi; Mass spectra were
obtained under the following conditions:

electron enerqy: 70 eV
acceleration hotentia]: 3000 V
beam current: 30 and 100 uA
Source temperature: 250 oc -
Scan: 19 linear v
Amplifier: 0.1 - 1V

Filter 3000 hz

Chart speed: 10 cm/sec

Results

The first batch of Mytilus was collected April 6, 1973.

Upon freeze drying'the mussel tissue lost 87,02 % of water. .
The Soxhlet-extract of the dry tissue was column chromato-k
graphed. Three fractions were obtained, the latter two of |
which were recombined to yield fract1on No. 2.

_Fract1on No. 1 ~ 3 mg/kg of wet tissue
» 23 mg/kg of dry "
Fraction No, 2 11.7 mqg/kg of wet tissue
90.2 mg/kg of dry "

Gas chromatdqrams of fractions No. 1 and 2‘are’shown'in
Figure 1. n-Heptadecane (n-C 7), commonly found in many
phytoplankton species (Clark -and Blumer, 1967) in benthic
algae (Youngblood et al., 1971 lox. cit.) and in mineral oil,
causes an intense peak in the gas chromatogram of fraction

" No, 1, It is one of a series of normal aliphétics beginning
with n-tridecane and extending as far as n-heneicosane towards
the end of the gas chromatogram, Pristane -2,6,10,14~



. tetramethylpentadecane - (Pr)‘is visible c1ose1y neigh-
boring the n- heptadecane peak, This branced a11phat1c hydro-"
carbon.is a common const1tuent of mineral 0115, but is alsoe‘
found quite frequently in mar1ne organisms (AV1gan and
Blumer, 1968) On the other hand phytane,’Z 6,10,14-
tetramethy]hexadecane.iwhich produces a shoulder at the
trailing edge of the n-octadecane peak (Ph and n- C18) has

not been found so far as a natura] component of marine
organisms,. The minor s1gnals between the peaks of normal
aliphatics have been identidied by mass spectrometry as the>
traces of branched a11phat1cs Mass spectronetry also *
reveals the presence of a]kyl subst1tuted monoaromat1cs by
1ntense s1gnals at m/e 91, 105 119, 133 147 etc. (1.11 in
quure 2). In comb1nat1on, these f1nd1ngs confirm the
suspicion that fract1on No. 1 (Column chromatoqraphy) of the
‘Blue Musse]s collected in Apr11 1973 is composed ma1n1y of
petro]eum hydrocarbons with a contr1but1on of recent b1ogen1c
hydrocarbons (e.g. n- heptadecane)

The gas‘chromatogram of fraction No.2a(1ower of Fig.l).appears
quite different, A number:of very intense signals rise over

a moderately e1evated background Mass spectra 1nd1cate

621 024 mono, d1— tr1-, and tetrapnps,

The background of fract1on No. 2 is composed of cyc]oa11phat1cs,"
alkylated benzenes, tetralenes, and naphthalenes. A character-
istic spectrum taken from the bacquound.1s shown in Fig.2.

'The second batch of Blue Musse1s coI]ected in January 1974 at
the same location has been analyzed in more deta1l Upon
freeze- -drying the animal tissue lost 91,8 % of water. Column
chromatoqraphy of the Soxhlet-extract resulted in 7 fractions
wbose'IR-spectra are-depicted'in Fig.3, From the IR-spectra

it is evident that fraction No. 1 and 2 consist entirely of

. hydrocarbons, Fraction“No;3'contains_tracessof carbonyl_,
compounds causing a small peak at 1740 cmfl._For'further

analyses fractions No. 2 and 3 were recombined,



Column chromatbqraphic fractions No. 1 - 7

mg/kg  mg/kg
of wet tissue of dry tissue

No. 1 6.16 mg 13.8 170
No. 2 4,16 mq -
No. 3 0.66 mg 10.8 (No.2+3) 133 (No. 2+3)
No. 4 29.06 mg 65.2 803"
No. 5 1397,0 mg 3135 38591
No. 6  693.8 mg 1557 19166

No. 7 49.9 mq 112 | 1278
total 2180.74 mg ‘ -
recovery: 83,2 %

TLC-fractions No. 2,1 - 2.4

mg/ kg - mg/kg

of wet tissue - of dry tissue
No. 2.1 . 1.662 mg 5.6 68.9
No. 2.2  0.845 mg 2.8 35.1
No. 2.3 0,297 mg : 1.0 12,3
Nr.:2.4 0.086 mgqg ‘

The gas chromatograms.of fractions No. 1, 2,1, 2,2, and 2.3
are shown in Fiq. 4, The numbered vertical bars mark the _
positions of mass spectra. A comparison of fractions No. 1
of the batch of mussels collected in January 1974 (Fig. 4)
reveals striking differences, In fraction No. 1 of the
mussels collected in January 1974 the peak intensities of norma]
hydrocarbons are much diminished relative to the background
and relative to pristane (Pr) and Phytane (Ph). The peaks

ot these branced aliphatics have approximately equal inten-
sities relative to the background in both gas chromatograms.
The peak of one presumably recent biogenic hydrocarbon
(fraction No, 1, Fig. 5) rises above all others. The mass
spectrum (2.6 in Fig. 7) indicates a molecular weight of

344 corresponding to the general formula C,cH,,. ’



A mass spectrum of the background pos1t1oned at 5 (2.5 in
~Fig. 7) shows peaks characteristic of a1kanes, cycloalkanes :
~(m/e 83,97 etc.) monoaronat1cs (n/e 119, 133, etc.) ‘

‘ .tetraienes (m/e 145, ‘159, ‘etc. ) (Ehrhardt M., 1972, loc.

cit. and references cited there1n) ' ‘

Some character1st1c mass spectra of fractions No. 2. 1 2.2 and
2.3 are shown in Fig. 8. The mass spectrum 2.1.3 is characterized
mainly by three fragmentation series: monoaromat1cs with frag-
ments at n/e 105, 119, 133 etc,, tetralenes with fragments at
m/e'145, 159, 173 etc., and naphtha]enes with fragments at

m/e 115, 141, 155, Spectrum No. 2.1.4 is character1st1c for
pheny]cycloparaff1ns ' : - \

Spectrum No. 2.1, 6 shows a fraqmentat1on ser1es produced

by hydrocarbons. of the qenera] formula C H2n 14. among them
alkylated b1phenyls. and of the qeneral formula c H2n 12
-denot1ng alky]ated naphta]enes.k

Spectrum HNo, 2.2.5 has 1ntense peaks at m/e 165, 179, 193'and'

-a correSpond1nq no]ecu1ar ion peak at m/e 222, This series 1s in
good agreement with the fragmentat1on pattern of alkylated L
fluorenes, m/e 206 is the m* “~peak of a dimethy]phenanthrene, and
m/e 208 denotes an alkyldihydrophenanthrene. No. 2.3.5 is:
1nterpreted as the mass spectrum of, primarily, a dimethyl-
phenthrene (MG 206).

Conclusions

Blue Mussels (Myt11ns edulis) fron a location in the Kiel Bight,
contain fossil hydrocarbons in concentrations somewhat above'

the natural background of recent b1oqen1c hydrocarbons. The
composition of the hydrocarbon ‘fraction is not constant, Musse]s
»co]]ected after the spring phytop]ankton bloom contain relat1vely
‘large amounts of recent biogenic hydrocarbons whose concentrations
in mussels collected in January are qU1te low. On the other hand,
concentrations of cyc]oa]kanes, mono, di, and tri-aromatics as .
well as mixed. types of . foss11 or1q1n have a tendency to r1se.~

The experxnental results may be 1nterpreted as fo]]ows.



1) The mussels exchange hydrocarbons with the surrounding

water which contains a relatively constant if not rising
concentration of fossil hydrocarbons in addition to recent
biogenic hydrocarbons whose concentrations vary seasonally.

2) The mussels are able to degrade recent biogenic hydrocarbons
which‘they ingest with'tHeir~food and take up from the water,
but are much less efficient in degrading cyclic saturated

- and aromatic hydrocarbons originating from fossil fuels..

3) Some time near the start of the experiment the mussels were
exposed to oil pollution. Subsequently, they exehange'saturated\
and olefinic hydrocarbons much more rapidly with the water
than cyclic and aromatic_hydrocarbons}~’k ' k

Present data are insufficient do decide on one of the'three
intefpketations queh above orba.combination thereof. As a
working hypotheses it is'assumed that hydrocarbons introduced

as pollution and excreted. by phytoplankton are predominantly
injected at or near the sea surface.}SubseqUently, they are
adsorbed onto or diéso]ved-in'particulate matter; because the
partition'coefficient should favour the solution of hydrocarbons

in the 1ipids of detritus, Detritus then carries the adsorbed
or dissolved hydrocarbons to the seafloor where they are

ingested by filter-feeding organisnms.

The authors gratéful]y ackno]edge thelgenefous support by the
Deutsche Forschungsgemeinschaft (Eh/7, Gr., 320/13).
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Fiqure-captions

Fig.

Fig.

Fig.
Fig.
Fig.

Fig.

L:

Gas chromatograms of column chromatographic fractions
No. 1 and 2 of Mytilus sampled in April 1973

: Mass spectra of the unresolved background of column

chromatograpic fractions No. 1 and 2 of Mytilus
sampled in April 1973

IR spectra of 7 column chromatographic fractions of
Mytilus collected in January 1974

: Gas chromatograms of 4 fractions (columns chromatography

and TLC) of Mytilus collected in January 1974

: Mass spectra from fraction No. 1 of Mytilus collected

in January 1974

Characteristic mass spectra of TLC-fractions 2.1, 2,2
and 2,3 of Mytilus collected in January 1974



: 47

s ltd 1IN

2y 84 17028

18N Ao AMIE DY pnelim e 2er
(20 swdru.f w..n o-sa’o“l; w-uP °]

ML Ranh RO it s wee

1Ay kY Jmm L wi- v

] 1 L} L L)
2 3 “ L] .
L] v . s ‘.

V3.3 Rfday, At N [ w2 Yul i)y T

et

e e it L TG REL R W

m

emonoaromatic fragments



12

i
i
1
i
1
1

|
L
b
i H

\
|
3
i
'
D -
DLW 1 Poaaley fmaates |

- VL Opm L T WekP i i
14y v e M n
) , !

PSR PR -

.

“l-1v

. L] ’ L] L
1 ) 3 . [}
'
i
i
P
[} ] y . s

-t

——— o . % s ch . )
B3I R, AT NN W, Tl iy, e T o
LY DA DN PR TR TN 'R ’ ._ '
=

-

emonoaromatic fragments

19.



i

e e




13

=y

k]
H ' B i
[

—d ]

|

3. m .1
H 1 H
L L“ *]L_ H
z ! 1t :
IE < :
H T 4.
i. + ! o
I i Q
R - T
T - ) i B ; T N i
‘ S POU Ll - . —rt — —r
! : o 1 4 ‘ A i
B Hh . T 1 STy TR T
! i) m : oy e g 4t
H H . :
P
i T
. 3. I ‘.-..m..

LR T B

O O S R S S HO

DSOS Sy




14

< vRD

23

» ¢« ® © n_® "

e R S o L —yes %

N i, e B0 ol @21 i CFy

T i T o w7 Gl #7% ¥k Cha Tal I
[ i & = .
B o lat e 2% oo o M= 3. o0 me O0: Lans fnt 2% e it o Wb tu- oo math | B8-208% (Fain ¥ =
Av ot ey : . T L e A Ge, 04~ 3 G Yo v Tamid. T mvian B Woul Feomb soy, 2423000 Lo
T D nes T e s Pl m.-._oﬂ.:, TR e e Lo SO i B, B WY, et -t v, S B 6 e
B0k b Feam A L fopers bee s P Gve mmlh

Rl A RS LE .:..-.zctarn.{.lu,ua
R e e we ity g TSR

'I(].



14

e 118 D)

(ST S S S-S P -4 b
“
LT

D o=
: I Q9 =
’ =
: R
. 0_
|

» 3

N . : : . : i . . T . . . H A .
S I : . )
[ -y N T L .
. ! “ o i ! ! ! ! : » ® % e ® » =

i
Fw,
I
e .
; R
i N N i
. ] ‘ .
. o=
. =
n=
= v
e : =
= : . =
Ml + \ Q==
! D tex=
~= : ! P
o= . Pz
- == ; =
(- o
; v ;
: [
! PR 2
. 1 i i
i I
i H ; i
. 7
: [
' ¥
t
: -
. [ B
. G
i i .
: i

Ld
TN N T g
. YR I T L e i M rront A Vo (e
~—g pia0p M b_t..“».oo.ck... B ,.»m.... _.M.., T ey el .
POAPRY SRR TN S WA L S LI C AR Lt -
- "d...w.tl\o ZI.A. ._Jdﬂx Rt ,“?1.. vt A ih

T RTINS L Ppras oW frabin ® 2T oy 0
xo;..!-..'.‘..r(_pw.u” -m.-”’.r J e -!..ﬂ«p-“..w..l...r lﬂ.ﬂ [ It oy, B8 8%, A
NEo B, 40 00, 125 W0 0 B Gy 00 =1V [iale , P agt Y iiupd- I ara B S N T
e r..l.l.r ; .Jl.w ooy “ .

19,



Czo rel. int
80

60}

40

20

0}

20 50

Fig.

26

34aM+




Fig,

b

# Naphthatenes -
213




