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ABSTRACT

Hydrocarbons have been analyzed in specimens from six coral reefs
in the Capricorn Group in the southern Great Barrier Reef area,
from Arlington Reef near Cairns, from reefs near Lizard Island 1in
the northern Great Barrier Reef area, and from Northwest Reef
near Thursday Island in Torres Strait. Sediments and the same
suite of seven species were analyzed from each site. Water

samples were analyzed in the region of Heron Island.

Silica gel chromotography was used to partition the hydrocarbons
into two Fractions_(fl and fz). The fl fraction, eluted from the
silica gel column with one column volume of double distilled
hexane, contained alkanes, monoolefins and unknowns, which are
perhaps cyclo-alkenes or alkanes. The fz fraction contained
alkenes and in some cases PAHs (polycyclic aromatic
hydrocarbons). A total of 288 individual samples from the above
areas have been analyzed by gas chromatography. The data are
reported as concentration per tissue weight and concentration per
lipid weight. After analysis of the individual samples by quant-
itative gas chromotography, fl and FZ fractions of each sample
type were pooled for examination, by gas chromotography/mass
spectrometry (GC/MS) in order to identify the components of each
sample type.

This report consists of two parts. Part one;comprises the results
of analysis of the fl fractions from the Capricorn Group. Part
two comprises the results of analysis of f, fractions from the

1
northern Great Barrier Reef (NGBR) including Torres Strait.

In the vast majority of samples, the level of hydrocarbons 1is
very low and probably of biogenic origin. Indeed, in comparison
with baseline studies of hydrocarbons in Arctic, Antartic and
northern hemisphere temperate and tropical regions, it appears
that the Great Barrier Reef area may be one of the most pristine
areas yet studied on the planet, in terms of hydrocarbon
pollution. Evidence of localized petroleum pollution was
obtained from Heron Island boat harbour and from Freshwater Beach
on Lizard Island. The possibilty of airborne pollution from the

coal burning power station at Gladstone, Queensland as the source
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of possible nonbiogenic hydrocarbons (the wunresolved complex
mixture or UCM) in some organisms and sediments of the Capricorn
Group is discussed. The evidence for bacterial production of UCHM

is also considered.

The different organisms, and the sediments, have characteristic
patterns of biogenic hydrocarbons which were, for the most part,
constant throughout the area at the time of sampling. Since the
levels of biogenic hydrocarbons are very low, these character-
istic patterns would be expected to be swamped by even a very
small input of petroleum hydrocarbons. Thus the presence of
petroleum pollution could be easily detected.

C

The concentrations of each n-alkane, as well as total

ClS‘ 327
hydrocarbons, at each site in the Capricorn Group are compared,
by regression and correlation analysis, for each pairwise
combination of species vs. species and species vs. sediments.
Few correlations were found. These results and the specific
hydrocarbons in each sample type are the basis of discussion of
the causes of the distributions of hydrocarbons in' the reef

ecosystem.

The relationship of 1lipid concentration to hydrocarbon concen-
tration in tissue is examined. In general, the concentration of
hydrocarbons in these unpolluted reef organisms is not signif-

icantly correlated with lipid content of the tissues.

No relationship between length (or weight) and hydrocarbon
content was found for the fishes sampled in this study. This
suggests that hydrocarbons are not "bioaccumulating" 1in these

fishes.

These negative results: no spacial correlation in concentrations
of hydrocarbons, no correlation between lipid content and hydro-
carbon concentration and no biocaccumulation of hydrocarbons, are
consistent with an unpolluted environment in which factors other
than passive accumulation of excess amounts of pollutant hydro-
carbons are responsible for the concentrations of hydrocarbons 1in

the tissues.
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Part 1: the Capricorn Group

INTRODUCTION

Petroleum is a major pollutant in the oceans. Petroleum wastes
arise from land based sources, such as urban run-off, sewage and
industrial wastes as well as water based sources such as tankers
and oil fields. Estimates place the total quantity involved per
year as between 1.9 and 11.08 x 106 tonnes (see Connell and
Miller, 1981). Much of this exists in the marine environment 1in
sublethal concentrations which can be absorbed by living organ-
isms and have detrimental effects (see Connell and Miller,

1981 ).

The Capricorn Group of coral reefs and cays lies within the newly
established Capricornia Section of the Great Barrier Reef Marine
Park. In the interests of conservation, and management, of the
park it is important to have knowledge of the present, baseline
levels of hydrocarbons in the reef ecosystems. This study of\ghe
Capricorn Group is part of a larger baseline study of hydro-
carbons in the Great Barrier Reef region, the first to be

undertaken.

Located at some distance from major shipping lanes and population
centres, the Capricorn Group makes a good starting point for the
larger study. It was expected that this region would be fairly
pristine in terms of petroleum pollution and the hydrocarbons
present would be primarily of biogenic origin. However 1t 1is
noteworthy that there have been plans to develop large oil shale
deposits at Rundle, near Gladstone. Should this occur substantial
quantities of hydrocarbons and related compounds will be handled

in this vicinity.

We here concentrated on the so called 'saturated" or "alkane"
fraction (fl) resulting from silica gel chromatography of the
total hydrocarbon extract. This fraction contains alkanes, mono-
olefins and unknowns whose mass spectra are consistent with
cyclo-alkanes or alkenes. These are quantified primarily by gas
chromotography. This fraction is convenient to work with and has
the advantage that there exist many other studies of it from both
petroleum polluted and unpolluted environments in other parts of
the world.
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We report fully on the quantitative analysis of the fl fraction
of hydrocarbons from seven different organisms as well as sedi-
ments from seven sites in the Capricorn Group, and from water
sampled near Heron Island. These data have been explored for
evidence of petroleum pollution and the individual components 1in
each sample type are discussed. The relationships between lipid
content of tissues or sediments and hydrocarbon content, has been
analysed for all sample types. In this analysis the data from the
NGBR is combined with that of the Capricorn Group.

Finally, we speculate on the possible mechanisms responsible for

the distributions of hydrocarbons observed.

MATERIAL AND METHODS

Sample collection

Samples were collected in December, 1980 from seven sites in the
Capricorn Group of coral reefs and cays located near the southern
extreme of the Great Barrier Reef of Australia (see Fig. 1).
Only two of the sites were on the same reef. On Heron Reef it was
decided to make an additional collection in the area of the small
boat harbour because, of all the sites, this area 1s the most

likely to be polluted with petroleum products.

The sediments and organisms were collected by divers. To avoid
contamination of samples the following precautions were taken:
divers wore freshly laundered cotton gloves; collecting was done
well away from boats with collection stations upcurrent from the
boat location; all collecting equipment (spearguns, pry bars,
etc.) were carefully washed in n-hexane which was analysed later
to check against analysis of collected samples; and the samples
were wrapped in aluminium foil and placed in plastic bags as they
were collected. Further, the aluminium foil used to wrap the
samples was prewashed in n-hexane (although this was an unnecess-
ary precaution as it was later shown that no contaminants could
be extracted from the aluminium foil which were not removed by

our clean-up proceedure).



The organisms sampled were: Plectropoma maculatum (Coral Trout);

Scarus sp. (Parrot Fish); Tridacna maxima and crocea (clam);

Holothuria atra (sea-cucumber); Acropora sp. (staqhérn coral);

Fungia sp. (mushroom coral); and Chlorodesmis fastigiata (lurtle
Weed). Surface sediments, to a depth of about 1l5cm, were coll-
ected by hand from several locations on the reef flat at each
site. In addition a special collection, in which the top Z2cm of
surface sediments were scooped up, was made at Heron Reef. Water
samples were taken in the vicinity of Heron Island over the reef

flat at high tide and outside the reef crest at high tide.

General description of organisms and sediment

Scarus sp. (Parrot Fish) are herbivorous feeders which use their
beak-like teeth to scrape off algae growing on dead coral and

consolidated material on the reef (Choat, 1966).

Plectropoma maculatum (Coral Trout) are carnivorous predatory

fish feeding mainly on small fish (Choat, 1968).

Tridacna sp. (clam) are conspicuous bivalves on the reef flat.
They are attached to coralline rock, and are usually partially
imbedded in the substrate. They are filter feeders; however, some
of their nourishment, 1if not most, are the photosynthetic
products of symbiotic, single celled algae (zooanthellae) living
in the mantle (Barnes, 1974).

Holothuria atra (sea cucumbers) are deposit feeders which are

very abundant in the '"sandy" areas of most reefs in the Great
Barrier Reef Province. We were unable to locate them in Torres
Strait, however, although we searched on a number of reefs in the
vicinity of Thursday Island. H. atra appear to obtain their nour-
ishment from bacteria, detritus and algae in the very surface

layers of the sediments (Bakus, 1973; Moriarty, 1982).



Acropora sp. (staghorn coral) are large, abundant, branching,
colonial stony corals. They occur on the reef flat, crest and
slope. They feed by capturing plankton and organic detritus.
They also abtain organic carbon from symbiotic zooanthellae

(Barnes, 1974).

Fungia sp. (mushroom coral) are solitary, stony coral. They
represent a much smaller fraction of the living corals on the
reef than Acropora. They occur on the reef flat and slope. They
obtain food in the same way as Acropora.

Chlorodesmis fastigiata (Turtle Weed) is a filamentous green alga

which grows as bright green tufts firmly attached to coralline
rock. This species occurs on the outer reef flat and on the reef

slope.

The surface sediments are primarily composed of coral and corall-
ine algae rubble (Maxwell, 1973). Living algae, both red and
green, are often conspicuous to the naked eye within the sedi-
ment. The top 4cm of sediment collected at Heron Reef, where a

large concentration of Holothuria atra were feeding, was covered

with a thin mat of algae and detritus.

Sample Preparation

Tissue sampling from each type of brganism was as follows: Fish,
muscle tissue was removed from the inside of fillets, fish were
analysed individually, or in some cases, tissue from 2-3 fish was
pooled, three to four samples were analyzed from each site;
Tridacna, abductor muscle and kidney tissue were analyzed separ-
ately, 3-4 individuals were pooled, 2-4 poolings were analyzed

for each sitej; Holothuria, muscle tissue was scraped from the

inside of the outer test, 3-4 individuals were pooled, 2-4
poolings were analyzed for each site; Acropora, parts of branches
about 3-4cm from the tips of 7-10 colonies from each site were
crushed together, two replicate samples were drawn from each
mixture; Fungia, pie-shaped wedges were broken from 7-10 individ-
uals from each site and crushed together, two replicates were

drawn from each mixture; Chlorodesmis, portions from 7-10 growths

from each site were pooled, two replicates were drawn from each

mixture.



Samples of sediments, top lbcm, from 8-12 locations at each site

were pooled and replicates drawn for analysis from each mixture.

On Heron Reef a small metal dredge was used to scoop up the top

2cm of sediments in an area where many Holothuria atra were

feeding. H. atra were also collected from this area. The purpose
was to determine to what extent hydrocarbons in the sediments
upon which H. atra feed are transferred directly to the holothur-
ian. The sediment samples were pooled and 5 replicates drawn.
Five poolings of 3 H. atra each from this area were analyzed.
Since no consistent differences were observed between these H.
atra and the others, their analyses are included with the Heron

Island collection.

Three filtered and three unfiltered water samples of about 10
litres each were taken at Heron Reef at the top of the tide over

the reef flat and on the outer edge of the reef.

Analysis
In the case of all organisms, except the corals, 10-15 grams of

tissue, plus 30-45 grams of anhydrous sodium sulphate (heat
treated at 400°C for 3 hours) were homogenized with 80ml of n-
hexane using an IKA Ultra-Turex T.P. 18/10. This was.repeated
twice and the decanted hexane solutions bulked, filtered and
poured through 3x20 cm heat treated anhydrous sodium sulphate
columns. At the start of homogenation the sample was spiked with
an internal standard consisting of 2 pg each of flourene, 2,3-
benzo-fluorene, C16n~alkane and Czén—alkane.

In the case of the corals 10-15 grams of crushed coral was
treated for four hours with 5NHC1 to dissolve the calcium carbon-
ate skeleton and the internal standard introduced at the beginn-
ing of acid treatment. The solution was then neutralized with
3NNaOH and homogenized with the Ultra-Turex. The 80-100 ml of
solution was then twice extracted with 150 ml of n-hexane by
shaking in a separatory funnel. The two organic phases were
pooled, filtered and poured through an anhydrous sodium sulphate

column as above.
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With sediments two replicates of about 100g were combined with
200g of anhydrous sodium sulphate and 200 ml of n-hexane.
Internal standard was added and the mixture was shaken for four
hours at room temperature. The n-hexane extract was then
collected and the sediments washed with an additional 200 ml of
n-hexane. The two lots of n-hexane were then combined, filtered
and poured through an anhydrous sodium sulphate columan as

above.

The water samples were extracted at the site of collection by
consecutively shaking aliquots of about one litre with the same
400 ml of n-hexane, which had been spiked with internal standard,
in a separatory funnel. The n-hexane extracts were later poured

through anhydrous sodium sulphate columns as above.

The n-hexane extracts from all samples except water were concen-
trated on a steam bath then air dried at room temperature and the
weight of the n-hexane soluble residue ("lipid weight") deter-
mined. In the case of water samples it was found that drying
resulted in an wunacceptable 1loss of hydrocarbon and therefore

lipid weight was not determined.

The hexane soluble residue was dissolved in 2-3 ml of n-hexane
(or concentrated to that volume in the case of water samples) and
applied to a 3x10 cm column of silica gel (70-230 mesh Keisel
Gel; heat treated at 600°C for 3 hours and then deactivated with
% water). The "n-alkane" fraction (fl) was eluted with one
column volume of n-hexane. An additional fraction (fz) was eluted
with 1.5 column volumes of 5% redistilled diethyl ether in n-
hexane. This procedure gave a clean separation of the n-alkane
internal standards (fl) from the aromatic internal standards
(fz). However, (fl) was shown to contain some wunsaturated
hydrocarbons. Squalene was distributed about 5% in fl and 95% 1in
f2‘
The fl and fz fractions were concentrated with a stream of pure
nitrogen and analysed by a combination of gas chromotography and
gravimetry. Further analysis by gas chromotography/mass spec-
trometry was carried out for each sample type on pooled

fractions.



The gas chromatographic technique was as described by Miller and
Connell (1980). A Shimadzu Gas Chromotograph GC-6A instrument was
utilized with two metre packed columns (2% SP-2100 liquid phase
on Gas-Chrom Q 80/100 mesh solid phase), temperature programmed
from B80-280°C. For quantification, a Hewlett Packard Reporting
Integrator 3390A was fitted to the instrument. The n-alkanes and
squalene were identified by their recovery times. The integrator
was calibrated with an external standard mixture of n-alkanes,
C12_C32 and with the internal standard mixture described above.

Initial recovery experiments with the standard mixture of ClZ_CBZ
n-alkanes showed that in the analytical procedures used
recoveries of C and above were equal for particular runs but

20

varied between runs. Below C however, recovery, in particular

’
runs, dropped away more oOT figs linearly. Therefore the results
for hydrocarbons in the Fl fraction with retention times greater
than CZO were corrected for the recovery of the C26 n-alkane
internal standard. Results for squalene in the fz portion were
corrected for —recovery of 2,3-benzofluorene (retention time

slightly less than C n-alkane). Results for hydrocarbons of the

26
fl fraction with retention times between Clé and CZU were

corrected according to the formula (Chesler, et al., 1976):

C, = (1-k)016(AC/A16) + kczé(AC/Azé)

where: CC = the concentration in the original sample of the

compound of interest.

C16 and C26 = the concentrations in the original samples
of the internal standards Clé and C26 n-alkanes.
AC = peak area of compound of interest.
Alé and A26 = peak areas of internal standards Clé and
C26 n-alkanes.
t -t
K = Rc R16
tr20 = trie
where: tRC = the retention time of the compound of interest.
tR16 and tRZO = the retention times of the n—C16 and n-

CZO'
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Results for C15 n-alkane were corrected for the recovery of n-

Clé' Use of Clé and C26 n-alkanes as internal standards of course
prevented quantification of these two compunds in the samples.
Analysis of samples free of 1internal standards showed thal the
concentrations of these n-alkanes were always less than 2% of the
internal standard concentrations. The over-estimate of recovery

of the internal standards was thus minor.

When the gas chromotographs revealed an wunresolved complex
mixtures (UCM) of hydrocarbons the combined weight of the UCM was
determined by subtracting the combined weight of the resolved
hydrocarbons, measured by GC analysis, from the total weight of
hydrocarbons in the fraction, determined gravimetrically by air
drying aliquots of the fraction and weighing the residues on a
Kann microbalance. The total weight of hydrocarbons was corrected

for the recovery of C26 n-alkane.

Detection 1limits for individual hydrocarbons were about 0.001
wg/l for water, 0.01 pg/g (lipid weight) and 0.1 ug/kg (wet
weight) for tissue and 0.1 pg/g (lipid weight) and 0.01 pg/kg
(dry weight) for sediments. Detection limit for UCM was about 20
ng/kg (wet or dry weight), but a measurable amount of UCM was at
least >200 pg/kg (wet or dry weight).

Purification of Reagents and Contamination Checks

In order to avoid laboratory contamination of the samples all
glassware and instruments were heat treated at 100°C for at least
48 hours and/or rinsed twice with n-hexane before use. Other
precautions appropriate to analysis of trace 1levels of hydro-
carbons were employed in a laboratory reserved for this purpose.
Blanks were run with every group of ten samples. 0On the rare
occasions when evidence of contamination was obtained the group
of samples were discarded. The n-hexane referred to throughout
the paper has been twice redistilled through an all glass fract-
ional distillation column having about 10 theoretical plates

efficiency.

Gas Chromotography/Mass Spectrometry Examination

Gas chromotography/mass spectrometry examinations were carried

out on pooled fractions in order to confirm the identification of
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n-alkanes  -and. . to partially characterize imporltant unknowns .
Because Lhe unknowns scen in Lhis sludy occur abt Lrace levels
their characterization necessarily stops with their mass spectra
from the GC/MS runs. These spectra are weak and contaminated with
background which further interferes with characterization. How-
ever, these spectra serve as '"fingerprints" of the compounds so
that their presence in different samples can be confirmed.The
total hydrocarbons from 10 to 15 samples were pooled for each
GC/MS run. A Kratos MS25 instrument was wused with a 0V-1

capillary column.

GC/MS was also used to determine the mean percentage of different
compounds combined in one peak in the packed column gas chromo-
tography (see below). To do this a standard curve was constructed
by analyzing a series of mixtures of the compounds by GC/MS,
performing single ion plots of the molecular ions of the
compounds, and comparing the relative height of the peaks of the
molecular ions with the relative amount of each compound

present.

RESULTS AND DISCUSSION

The results for each sample type from the different collecting
sites in the Capricorn Group are summarized in Tables 1-11. The
means and standard deviations are given for each n-alkane,
important unknowns, and for the totals listed. N values are as
indicated in the materials and methods section. The Cl6 and C26
n-alkanes are not quantified because these were used as internal
standards. The concentrations of n—Cl7 and pristane are given as
combined wvalues in the tables as these compounds were not
separated by the packed columns used in most quantitative GC
analyses. Futhermore, GC/MS revealed a Cl7 monoolefin (n—Cl7:l)
combined with n—Cl7 and pristane in some sample types. An n_C15:l
compound cochromatographed, in packed column gas chromatography,
with n—C15 in isolates from the top 4cm sediments from Heron Reef
and an ”‘Clg:l was unseparated as a shoulder on the n—Cl9 peak in
Acropora and Tridacna kidney. A C25H48 unknown (possibly a
cycloalkane) was combined with n-C in isolates from sediments

2-]

(see below). Similarly n-C was not separated from squalene, so

28
these are combined. The squalene + n—C28 values are not accurate
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for Holothuria, Chlorodesmis and Acropora due to interference by

lipid in the GC analysis of the f2 fraction. The unknowns and
identified monoolefins were quantified separately if they were
present in most samples of one type (organism, sediment or water)
and represented at least two percent of resolved hydrocarbons in
more than half of the samples. Total "alkanes" are the sums of
the n-alkanes n—Cl5 through n—CBZ’ the n—ClS/n_ClS:l’ n-
C17/pristane/n—Cl7:l, n—Cl9/n—Cl9:l and n—CZI/CZSHQB combined
peaks and certain other unknowns. Total resolved hydrocarbons are
the sums of all peaks resolved in the GC analyses of the Fl
fractions plus squalene from the f fraction. Total resolved

hydrocarbons-squalene 1is all resolvgd hydrocarbons 1in the fl
fraction less the squalene/n~C28 pair. UCM 1is the wunresolved
complex mixture of the Fl fraction determined gravimetrically as
described in materials and methods. Total hydrocarbons are the
sums of resolved hydrocarbons plus UCM (Total hydrocarbons =

resolved hydrocarbons where no UCM was detected).

Tables 12 and 13 give means and standard deviations, over all
samples of a type from all sites, of the most relevant totals
from Tables 1-11 in pg/kg for wet and dry weights (Table 12) and
wg/gm for lipid weight (Table 13). Squalene was subtracted from
these totals because it 1is not included in the values given by
other workers to which we wish to compare our data, and, as

stated above, it was not accurately measured by us in Holothuria,

Chlorodesmis and Acropora.

Graphs in Figures 2-4 are histograms of the mean percentage of
total resolved hydrocarbons minus squalene, in the f. fraction,

1
of n-alkanes ClS through C32 (n-C n=C and n-C not

16” 26 28

included), plus pristane and significant unknowns. Phytane was
not detected in any of the sample types in Tables 1-11. Carbon
numbers along the X axis refer to n-alkanes, bars representing
unknowns are positioned according to their retention times
relative "tov'the ' h-alkanesi® Inm' the’' graphs . in ‘Figures 2-4 mean
values are for all sites in Tables 1-11. Standard deviations are
represented by lines extending from the bars. Where compounds are
combined in one peak in packed column gas chromatography the mean

percentage of each' compound in the peak, as revealed by GC/MS

analysis of pooled samples, is given.



Hydrocarbon components of the sample types : biogenic or

pollutant 7

It ¥s. of ‘major' importance to“decide if' there is . -any ewvidence: of
petroleum, or other types of hydrocarbon, pollution among these
baseline data. Therefore, the possibility of hydrocarbon pollut-
ion will be considered as the hydrocarbons of each sample type

are discussed.

There are four generally recognized criteria for the presence of
petroleum hydrocarbons in the "alkane" fraction:

1. a wide range of molecular weights and structures;

2. a homologous series of n-alkanes with no odd/even

predominance, usually in the C range;

127625
3. the presence of a large UCM component;
4. a relatively high total of hydrocarbon in the
fraction; and
5. a significant amount of phytane (some pollution
sources).
(Thompson and Eglinton, 1976; Farrington, et al., 1976; Mironov
and Shchekaturina, 1976; Hardy, et al., 1977; Miller and Connell,

1980; Connell and Miller, 1981).

Using the same clean up and chromatographic techniques as used
for the biological samples, we have analyzed certain possible
sources of petroleum pollution in the Great Barrier Reef area.
From the Ampol refinery at Litton, on the Brisbane River, we
obtained the three major components of fuel o0il, which is shipped
north, inside the reef, as far as Torres Strait. The refinery
names for these components are straight run diesel (SRD), light
cycle o0il (LCO) and decarbonized bottoms (DCB). LCO and DCB make
up 20 and 80 percent, respectively, of furnace oil. SRD and LCO

make up 2/3 and 1/3, respectively, of automotive diesel. The fl
fractions of SRD has a large UCM and a homologous series of n-
alkanes from n~C15 to n—CZZ. Both the homologous series and the

UCM are maximum at n-C LCO has a UCM and homologous series

17°

from n—ClZ to n—Cza, with a maximum at n—C17. DCB has a UCM and

homologous series from n—ClZ to n_CZA’ 14

Cl7 (graphs 1-3, fig. 2). With weathering, involving the loss of

the 1lighter components of these petroleum products, it is

with a maximum at n-C n-
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expected that their peaks will shift towards high carbon

numbers.

Outboard motor fuel had very few resolved peaks but chromato-
graphed as a large UCM extending from about n—C21 to n—C34 with a
maximum at n_CBI' The marine grease used on boats at Heron Island
is essentially all UCM extending from n—C17 to n—C34 with a
maximum at n—C29. The outside of motor boats at Heron Island were
swabbed with hexane soaked cotton to collect residual
hydrocarbons. These chromatographed as large UCMs extending from

n—CZZ to n—C34 with a maximum at about n_CBl'

The presence in continental margin sediments from the north-
western Atlantic of a significant UCM, with a maximum at about n-
C28 to n—C29, but without an accompanying homologous series of n-
alkanes, has been proposed to be of pyrolytic origin by
Farrington, et al. (1977). There is a UCM of this nature in urban
air, resulting from the burning of fossil fuel (Farrington, et
aliy 1917]).
Comparisons of the total quantities of hydrocarbons in samples
reported by different workers in different parts of the world are
difficult for at least four important reasons:
1. the efficiency of extraction techniques used by different
workers may vary tremendously (Hilpert et al., 1978). This is
more important in a comparison of concentrations of hydro-
carbons than in comparison of relative amounts of components
within a sample.
2. the same components are not included in the totals by diff-
erent workers;
3. different species are analysed in different parts of the
world, thus we are uncertain as to how much of any difference
is due to pollution effects and how much to species differ-
ences; and
4, differences in climate may result in differences in envir-
onmental modification and/or metabolism of hydrocarbons.
This 1last point 1is particularly relevant in the case of the
present study because little other work has been done 1in the
tropics. However, some comparisons may be made between our data
and those from polluted and wunpolluted samples analysed by

others.



Water

Brown and Huffman (1976) give 4 pg/kg as the mean concentration
of hydrocarbons 1in water from the Atlantic, Arctic and Indian
Oceans, the Mediterranean Sea and the Persian Gulf. They con-
cluded that the hydrocarbons found were petroleum derived. Shaw
and Baker (1978) report values of <0.01 to 1.9 pg/kg saturates in
water from unpolluted Port Valdez, Alaska. Middlediteh,..et alj.

(1979) determined total alkanes (n-C through n—C36 + pristane

and phytane) in water samples in théBVicinity of the Buccaneer
oilfield in the Gulf of Mexico which chronically discharges low
levels of hydrocarbons (about 200 g/day/platform). They report
total alkanes in unpolluted water samples to be in'the range of O
to perhaps 5 pg/kg. Petroleum polluted samples were as high as
42 pg/kg. However, based on the presence of homologous series of
n-alkanes in the Cla_CZl range, there was evidence of pollution
in samples of about 1-5 pg/kg. Table 12 gives 0.19 pg/kg total
"alkanes" (similar to the alkanes of Middleditch, et al., 1979)
and -« i0.29 - ‘ug/kg ;tiotal .resolved hydrocarbons minus squalene
(similar to the '"saturates" of Shaw and Baker) for Heron Reef.
Thus, water in the vicinity of Heron Reef, presumably
representative of the Capricorn Group waters, contains very low

levels of total hydrocarbons compared to other areas of ocean.

In some of Middleditch, et al's samples, n—C17 was the predom-
inant biogenic alkane. Others contained n-alkanes in the C26 to
C36 range, with maximum about CBO—C}Z. It was concluded that

these were of bacterial origin (see Davis, 1968).

The four sets of mean values in Table 1 are not significantly
different. This probably reflects the relatively small load of
phytoplankton and fine organic particles in the southern Great
Barrier Reef waters at the time of sampling. It should be noted
that during water sampling large pieces of algae and salps were
avoided. Graph 4 in figure 2 shows that water from Heron Reef is
relatively low in n—Cl7 compared to the sediments and organisms
of the Capricorn Group. There is, however, a significant amount

of this compound, as well as a relatively large percentage of n-
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ClS' n~Cl7 is characteristic of phytoplankton (Brassell, et al.,

1977) and both n—C17 and n—CIS are found in some benthic algae

(Blumer, et al., 1971; Youngblood, et al., 19713 Youngblood and
Blumer, 1973).

No UCM was detected in the anlaysis of f, hydrocarbons from 10

1

litres of water. However, when the fl hydrocarbons of 401 were
analyzed by GC/MS a barely detectable UCM, with a peak at about
n—C26 was seen. We were unable to measure this small amount of

UCM but it is estimated to be <0.5 pg/kg.

Judging from our samples of water in the wvicinity of Heron
Island, the background levels of hydrocarbons in southern Great
Barrier Reef waters are very low. For this reason we conclude
that they are wunpolluted. However, the sources of the hydro-
carbons in the water are probably varied and may include petrol-

eum and airborne fallout as well as biogenic origins.

Sediments

The hydrocarbon contents of the top 15cm sediments, taken from
all stations in the Capricorn Group, and the top 2cm sediments,
taken at Heron Reef only, differ considerably and are therefore

considered separately.

The U.S. National Academy of Sciences (1975) gives a value of <70
wg/g (dry weight) of alkanes for surface sediments of unpolluted
coastal areas and deep marginal seas and basins. Botello and
Mandelli (1978) found values for total "n-paraffins" (C14 to Cs,
+ pristane and phytane) in the range of 12 to 56 wug/g dry weight
in surface sediments from an unpolluted sea water lagoon on the
Gulf of Mexico. The range of wvalues of total alkanes (n—C13
through n—C36 + pristane and phytane) given by Middleditch and
Basile (1978) for mainly unpolluted surface sediments, 0.7 to
11.0 km distance from the Buccaneer o0il field, is 30 pug/kg to 3.0
pg/g -(dry ‘weight Jius:Shaw cand ‘Baker 1'(1978) ‘peport 0.42 to 25" ud/fg
(dry weight) for total saturates in sediments from unpolluted
Port Valdez, Alaska. The mean values, for Capricorn Group top
15cm sediments, of 248.4 (%£232.2) pg/kg (dry weight) for total
"alkanes!ssdands 904 5L (L7005 4)aig/ky  for! LHEM e« Betalvuresalved

hydrocarbons minus squalene (Table 12) are probably within the
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range of unpolluted sediments, as are the mean values of 290 s

37.2 ug/kg (dry weight) for total "alkanes'" and 658.6 T 90.6
nwg/kg (dry weight) for total resolved hydrocarbons minus squalene

in Heron Reef top 2cm sediments.

Graph 5, figure 2 gives the mean resolved hydrocarbon composition
of the top 15cm sediments. In these sediments, as well as in the
organisms in this study, the pattern of hydrocarbon composition
in all samples from all sites is remarkably constant. In common
with the unpolluted sediments reported on in the three studies
cited above, the pattern is dominated by a few components and

there is a strong odd/even predominance.

Among the resolved hydrocarbons the n—Cl7/pristane/n—Cl7:l group
predominates, as it does 1in all samples, other than water, 1in
this study. There are also large amounts of squalene present in
all samples (Table 2-9). Middleditch and Basile (1978) and Shaw
and Baker (1978) also found relatively large amounts of n—Cl7,
pristane and squalene in their unpolluted sediments. We thus
conclude that the resolved hydrocarbons in top to 15cm sediments

of the Capricorn Group are primarily biogenic in origin.

The unknown between n—CZO and n—CZl in the top 15cm sediments is
primarily polymerized sulfur, indicating that, at least for part

of their depth, these sediments are anaerobic.

Two C25 unknowns were detected in these sediments by GC/MS. One,
21 (graph 5, fig. 2 and Table 2),
has a molecular weight of 348 and is probably C25H48 (designated
C25H48A>' The other, detectable in some samples between n—CZ1 and
n—CZZ (graph 5, fig. 2) has a molecular weight of 350 and thus is
probably CZSHSU (designated CZSHSDA)' The mass spectra of these

which cochromatographs with n-C

compounds are given in Fiqures 5 and 6. The prominent even
numbered ions in these spectra are —consistent with —cyclic
structures. If this 1is true the 350 molecular weight compound
would be a saturated compound with one ring. The 348 compound may
have one ring and one double bond or two rings. Some branching in

these compounds is suspected.
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The pattern of hydrocarbons for the top 2cm sediments from Heron
Island (graph 6, fig. 2) also appears to be biogenic. The ClU:l’
Cl7:l and Clgzl compounds, present in relatively larqge
proportions, are characteristic of some benthic algae (Blumer, et
al., 1971; VYoungblood, et al., 1971; Youngblood and Blumer,
1973). It is noteworthy that the top 15cm sediments contain

pristane, whereas the top 2cm sediments do not.

The CZ5 unknowns seen in the top to 15cm sediments are present in
greater proportion in the top 2cm sediments. Also there 1is a
significant amount of another unknown, perhaps C21H36’ branched

and/or cyclic (see fig. 7 for mass spectra).

Interestingly, both Farrington, et al. (1977) and Boehm and Quinn
(1978) report the presence of C25 cyclic alkenes in sediments
from localities off the northeast coast of the U.S.A. Similar,
if not identical, alkenes in coastal sediments have been reported
from other locations in the Atlantic Ocean and Gulf of Mexico
(Erhardt and Blumer, 19723 Farrington and Quinn, 1973; Farrington
and Tripp, 1975; and Gearing, et al., 1976). One of these has a
molecular weight of 348 in common with the C25H48A unknown found
in the Capricorn Group sediments. However, comparison of the
mass spectra indicate that the compounds are not identical.
Farrington, et al. (1977) and Boehm and Quinn (1978) conclude

that these compounds are biogenic, however, they were not able to

identify their source.

0f the organisms analyzed in this study we found the C25H48A

unknown in the deposit feeding Holothuria only. This fact, and

the observation that the relative concentration of the C25
unknowns decreases with depth in the sediments, suggests to us
that they are produced in situ by organisms, perhaps benthic
algae or bacteria living in the upper aerobic sediment layers and
that the compounds are broken down, perhaps by other bacteria, 1in

the lower anaerobic sediment layers.

All the top to 15cm sediment samples had a UCM (Tables 2, 12)
with a very broad peak between n—CZl and n—C28. The mean
percentages of UCM of the total of UCM + resolved hydrocarbons

minus squalene are given for all sites in Table 14. Although the
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UCM is a substantial percentage of the total in all cases, it is
still a very small amount of material, X of "€30.0°X°684.5 wg/kg
(dry weight)(Table 12). Teal and Farrington (1977) report UCM
values of 3800 to 28000 ug/kg (dry weight) for unpolluted, and
5000 to 60000 pg/kg (dry weight) for slightly polluted sediments.
Shaw and Baker (1978) also found an UCM in three of their

presumably unpolluted samples.

It is the concensus. that the UCM, which consists of isoalkanes,
cycloalkanes and polyaromatic hydrocarbons, is not of biogenic
origin although production of a UCM by bacteria is not ruled out
(see Farrington, et al., 1977 for discussion). Four likely
sources of the UCM in the sediment studied by Farrington, et al.
(1977), given here in descending order of importance, according
to these authors, are: anthropogenic pyrolytic sources (UCM in
air due to burning of fossil fuels), natural pyrolytic sources
(forest fires), chronic o0il pollution, and recent diagenesis of

organic matter.

Farrington, et al. (1977) measured the UCM at a series of depths
in core samples of sediments. They found the highest concen-
tration in sediments from 1-2cm deep, 105 pg/g (dry weight), and
the lowest, 5.2 pg/g (dry weight), in the deepest sediments, 54-
58cm. These deeper samples correspond to the late eighteenth
century, before the industrial revolution. Even given that our
extraction technique may be less efficient (they used the Soxhlet
technique), our values, which ranged from about 0.1 pg/g (dry
weight) (One Tree Island) to 2.0 ug/g (dry weight) (Heron Island
boat harbour)(Table 2), are more comparable to the preindustrial

values of the north east coast of North America.

The source of the UCM in Capricorn Group sediments may, in fact,
be a combination of those listed above, which is consistent with
the broad peak of the UCM. Bacterial activity may also contribute
to the UCM. In the case of the Heron Island boat harbour, where
the percentage of UCM is greater than one standard deviation from
the mean (Table 14), chronic petroleum pollution probably contri-
butes significantly to the UCM.
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A large coal burning power station exists about 70km west of the
Capricorn Group at Gladstone, Queensland. Although the prevailing
winds are from the south east in this region, it 1is conceivable
that airborne UCM could be deposited in Capricorn Group
sediments. This suggestion 1is supported by the fact that the
collecting site closest to Gladstone, Polmaise Reef, contained
the highest UCM concentration, after the Heron Island boat
harbour (Tables 2 and 14).

The UCM in the top 2cm of sediments at Heron Island was present
in trace amounts (<10 pg/kg), unmeasurable by our gravimetric
method, but seen when all samples were pooled for GC/MS analysis.
Farrington, et al. (1977) also observed in some samples a lower
concentration of UCM in surface to lcm than in the sediment layer
just below. Férrington, et al. list two possibilities to account
for: thisk

1. surface sediments are further from the source(s), and

2. dilution of surface sediments by deep sediments, with low

UCM, by bioturbation.

The sediments on Heron Reef where our sampling was done origin-
ated from coralline algae and coral growing on the reef (Maxwell,
1973). Thus any explanation for the lower UCM concentrations in
surface sediments can not involve movement of sediments over
great distances. At this point we can only give the possibilities
which might account for lower UCM in surface sediments:

1. a slower rate of deposition of UCM in recent times - this

argues against the Gladstone power station as the source;

2. dilution of UCM in the upper sediments;

3. removal of UCM from the upper sediments;

4. concentration of UCM in lower sediments;

D produbtion of UCM in lower sediments - this last possibil-

ity needs investigation in coral reef environments.

Investigation of the PAH's in the f2 fractions and in possible

sources of pollution may shed light on the source(s) of UCM in

Capricorn Group sediments and organisms.
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We can not rule out the possibility of a chronic very low level
of hydrocarbon pollution in sediments throughout the Capricorn
Group. It appears certain to occur in the Heron Island boat
harbour. However, the patterns of resolved hydrocarbons are
strongly suggestive of biogenic origin, and the total concen-
tration of hydrocarbons in the sediments is low, suggesting that
hydrocarbon pollution is minimal. We also suggest that airborne
hydrocarbon pollutants, possibly originating from the power
station at Gladstone, may be finding their way intec Capricorn
Group sediments. Although bacterial production of the UCM is not

ruled out.

Chlorodesmis

Although relatively rich in hydrocarbons (Tables 12 and 13),

there is almost no evidence of nonbiogenic hydrocarbons in any of

the Chlorodesmis samples. There is no detectable UCM.

Graph 1, figure 3 shows a pattern of hydrocarbons for

Chlorodesmis which is eminently biogenic in nature. Note the

series of odd carbon number pairs of n-alkanes and monoolefins

from Cl7 to C

absence of compounds above CZS'

s5, as determined by GC/MS. Also there is a virtual

Corals

Meyers (1977) gives values for total saturated hydrocarbons 1in
corals of 1-4968 upg/g (dry weight), X = 325.4(%975.7) ug/g.
Table 12 shows that both Fungia and Acropora are well within this
range, even allowing for a ten fold increase to convert to dry
weight values. Fungia with a mean concentration of total resolved
hydrocarbons minus squalene of about 294.4 (¥ 120.4) pg/kg (wet
weight), is about an order of magnitude lower in concentration
than  Acropora, with X = 4140.4 (¥ 1496.8) ug/kg (wet
weight)(Table 12). Further, a UCM was not detected in any of the
Fungia samples, while all of the Acropora samples had UCM's with
a peak at about n—sz to n_CZB' The percentages of UCM of the
total of UCM + resolved hydrocarbons minus squalene for Acropora

in Table 14 do not show great variation between sites.



- 22 -

Graphs 3 and 4, figure 3, show strong odd/even predominance 1in
the alkanes of Fungia and Acropora. This is at variance with the
conclusions of Koons, et al. (1965) and Meyers (1977). Meyers
(1977) reports. that n—F|7, pristane and squalene are imporlant
constituents in many corals. Cl7 n-alkane 1is the most important
constituent of both Fungia and Acropora fl fractions (graphs 3
and 4, fig. 3). Acropora also contains n—Cl7:1 and pristane,
while Fungia has neither of these compounds. Note the presence in
Acropora of n—Cl9:1 and an unknown between n—CZl and n—CZZ. The
unknown between n—C31 and n—832 in Fungia 1is possibly an C33

alkene with one double bond (molecular ion 462, formula C33H66)'

While the patterns of resolved hydrocarbons in graphs 3 and 4,
figure 3 appear biogenic, the presence of a UCM in Acropora
samples indicates some pollution; if we accept the concensus that
the UCM is nonbiogenic (see above). The position of the UCM peak
is n—CZZ to n—CZ}.

It is interesting that a UCM is present in Acropora while it is

absent in the crganisms other than Holothuria. Holothuria may get

its UCM from the sediments upon which it feeds, but what 1is the
source of the UCM in Acropora?

The UCM hydrocarbons may be accumulating in lipid, known to be
present within the nonliving skeleton of Acropora (Young, et al.,
1971). In our analysis both the polyps and the much greater mass
of the coral skeleton are extracted. Minute amounts of UCM hydro-
carbons may be extracted from the water by the living outer polyp
layer of the coral and these may find their way to the underlying
skeletal material, either actively or passively, and become
entrapped in the lipid material there. The lack of a detectable
UCM in the coral Fungia may be related to lower activity and

growth rate of a solitary coral as opposed to a colonial one.

Tridacna

0f the invertebrates analyzed for hydrocarbons, mussels, oysters
and scallops are at 1least in the same taxonomic class as
Tridacna. These organisms are all filter feeders, however
Tridacna's nourishment 1is subsidized by symbiotic wunicellular

algae (Zooanthellae) living in the mantle of the clam.



Anderson, et al. (1974) give concentrations of paraffins (C15 to

( + pristane and phytane) in oysters of 1-2 pg/g and 10 to 160

R0
ng/g (wet weight) for unpolluted and polluted areas respectively.
Botello and Mandelli (1978) report values of total paraffins <C14
to C32 + pristane and phytane) of 3.3-8.4 pg/g (wet weight) for

the same species in an unpolluted area.

Whittle, et al. (1977) report values for the sum of n-alkanes
ClS_CBB of 1.7 pg/g and 0.3 pg/g (wet weight) for mussels and
scallops respectively. Values reported by Middleditch and Basile
(1980) for total alkanes (n_ClB_n_C36 + pristane and phytane) for
an oyster species in the vicinity of the Buccaneer o0il field were
iry. . Ehe o nange, K001 to:.2.9 JX. . = 0:89). . 0mg/d:. {wek. wedghtd.
Australian mussels from clean sites in Westernport Bay had 0-16.0
(X = 7.4) pg/g (wet weight) of n-alkanes (Cla_CBQ) (Burns and
Smith, 1977). These values compare with X = 105.1 (%¥150.4) upg/kg
(wet weight) and X = 427.9 (%163.7) ug/kg (wet weight) for total

"alkanes" in Tridacna muscle and kidney tissues respectively

(Table 12).

Unpolluted mussels analyzed by Shaw and Baker (1978) had 0.1-2.5
pg/g (wet weight) of saturates. Wise, et al. (1980) report values
of resolved aliphatics, UCM and UCM + resolved aliphatics from
different laboratories for unpolluted Alaskan, and polluted Santa
Barbara mussels. For unpolluted mussels resolved aliphatics were
in the range 1.5-7.1 (X = 4.1) pg/g (wet weight), whereas for
polluted the range was 1.8-10.9 (X = 3.5) upg/g (wet weight).
UCM's for wunpolluted and polluted, respectively, were 14.8-22.0
(X = 17.6) pg/g and 66-99 (X = 82.8) ug/g (wet weight). Totals of
resolved + UCM for unpolluted and polluted, respectively, were
12-23.5 (X = 23.5) ug/g and 42.7-105.5 (X = 99.4) upg/g (wet
weight). Burns and Smith (1977) report values of 0.3 to 1.0 (X =
0.8) pg/g (wet weight) for UCM in Australian mussels. -Anderlini,
et al. (1981) give values for resolved and unresolved hydro-
carbons in saturate fractions from oysters on the Kuwait Coast.
These animals can be expected to suffer from some chronic oil
pollution. Values for resolved and unresolved, respectively, are
9.6-18.8 (X = 13.4) pg/g and 6.9-212 (X = 47.1) pg/g (dry
weight)ﬂ
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These values are compared with X = 277.1 (¥*s76.4) pg/kg and X =
S5Y6%6 (£203.2) {(1g7/KRg Cwet 'weight) for total resolvediihydrocarbons
minus squalene in Tridacna muscle and kidney tissues respectively
(Table 12). Allowing a tenfold increase in concentration 1in
Tridacna, to account for the dry weight/wet weight difference,
the Tridacna values are closer to the wvalues for wunpolluted
oysters from Kuwait. One of the three Tridacna muscle tissue
samples, consisting of three pooled individuals, from Wreck
Island had unusually large amounts of alkanes and a sizeable UCM
(6000 pg/kg wet weight) (Table 6). All other Tridacna samples,
including those from Wreck Island, the UCM was below the level of
detection in the analysis of individual samples. When samples
were pooled for GC/MS analysis small UCMs (<10.0 ug/kg), with
peaks between n-C and n-C were detected in both muscle and

22 23
kidney tissue of Tridacna. The muscle UCM was slightly larger.

The dominant constituent of both muscle. and kidney tissue of
Tridacna 1is n—Cl7. Both contain some n—Cl7:1 but lack pristane.
Both have relatively large percentages of n_CIS’ Kidney tissue
contains a significant percentage of n-Clgzl, while muscle lacks
this component. On the other hand, there are larger percentages
of n—C25, n—C27, n—C29 and n—C31 in muécle than in kidney tissue
Cgraphst 1 and® 2, Figh 4954

The relatively low levels of hydrocarbonsbin Tridacna muscle and
kidney tissue, along with the barely detectable UCM and strongly
biogenic patterns in graphs 1 and 2, fig. 4 lead us to conclude
that if there is any hydrocarbon pollution, petroleum or other-
wise, in Tridacna of the Capricorn Group it exists at the limits

offouriabdl ity tel deteet’ ity

Holothuria

Teal (1976) has analyzed two individual deposit feeding holo-
thurians, of two different species, from abyssal depths; thus
presumably unpolluted. The patterns of hydrocarbons in the

fraction analyzed (nearly equivalent to our f, fraction) showed

1
no relation to the pattern of the sediments upon which the organ-
isms feed. Total hydrocarbons were 7.7 ug/g wet weight and 29.0

wg/g lipid weight for Holothurian #1 and 22.2 pg/g wet weight and
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115.00 pg/g lipid weight for Holothurian #2, which also had a UCM
of 7.9 pg/q wet weight. The mean values for Holothuria for total

resolved hydrocarbons minus squalene are 1033.5 (X" 418, %7 ng/kg
(wet weight)(Table 12) and 125.1 (¥ 45.0) pg/g lipid weight
(Table 13). Mean UCM for this species is 4288.7 pg/kg wet weight

(Table 12). Thus the values for Holothuria are similar to those

of holothurians from abyssal depths.

The alkane concentrations of three echinoderms (not deposit
feeders) in relatively unpolluted areas have been reported. One
starfish species had a mean of 43.1 pg/kg (wet weight) (sum of n-
SISt i
Another starfish species had 100 to 4200 (X = 1700) pg/kg (wet
weight) (sum of ClS—C33 n-alkanes) (Whittle, et al., 1977). A sea
urchin had <10 to 2400 (X = 1195) pg/kg (wet weight) of n-alkanes
(ClB_C36 + pristane and phytane) (Middleditch and Basile, 1980).
The X values of 627.3 pg/kg (¥214.3) (wet weight) for Holothuria

+ pristane and phytane) (Clarke and Law, 1981).

total "alkanes" given in Table 12 is within this range of values.
A deposit feeding clam from Alaska had. 500-6200 pg/kg (wet
weight) of saturates (Shaw and Baker, 1978). The value for the
total of UCM + resolved hydrocarbons minus squalene given for

Holothuria in Table 12 (5322.2 %4164.8 ug/kg, wet weight) 1is

somewhat in excess of this range.

The UCM of Holothuria, present in all but the Wreck Island

samples (Table 8), may be derived from the. UCM of the sediments
upon which the animal feeds. Like the UCM of sediments, that of

Holothuria also has a broad peak from n—C21 to n_CZA' Water may

also be a source of UCM in Holothuria. Holothuria does not burrow

into the sediments but feeds by picking up material from the
surface with its tentacles and placing the particles into its
mouth. As pointed out earlier, the top 2cm has only trace amounts
of UCM, <10 pg/kg. Water has even less UCM, <0.5 pug/kg. Thus the
UCM is greatly concentrated in the Holothuria. This would suggest

that the UCM hydrocarbons are very resistant to breakdown and/or
discharge by these animals. Thus we can not rule out the possib-
ility of chronic, but wvery slight, hydrbcarbon pollution of

Capricorn Group Holothuria. This pollution, if present, does not

seem to effect the resolved hydrocarbon pattern which appears

biogenic.
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n—Cl7 is again the dominant component of the fl fraction in

Holothuria. n—C25 is the next most important alkane. n-C15 and
n—Cl7:l

pristane is missing (graph 2, fig. 3). The unknown between n—CZ[J

are also present 1in significant percentages, while

and n~C21 is predominantly the C25H48A unknown found in sediments
(fig. 5). The peaks between n-C,, and n-C,, and n-C,, and n-C,q
are a mixture of C25H48 and CZSHSO unknowns which are not

identical to those found in sediments.

Coral Trout and Parrot Fish

The means of total n-alkanes (ClS_C33) of fish from the open sea,
thus presumably unpolluted, measured by Whittle, et al. (1977

ranged from 200 to 1500 ug/kg (wet weight) in muscle tissuex

Means of total n-alkanes (C + pristane + phytane)”ggﬁged

b 15733 . :
#rom about 64.9 to 135.5 pug/kg (wet weight) for six fish' muscle
§issues from an unpolluted area in Antarctica (Clarke and Law,
1981). For Parrot Fish and Coral Trout the mean values for total
"alkanes" are 236.7 (¥ 74.3) ug/kg and 291.4 (% 69.1) ug/kg (wet
weight)(Table 12). These values are consistent with the
"unpolluted" values given above. The resolved hydrocarbon

patterns in graphs 3 and 4 in figure 4 are consistent with

biogenic origin.

The fishes have similar patterns with very few n-alkanes present
in significant amount other than n—ClS, n—Cl7 and n—C25.
Pristane is the dominant component in the fl fraction of Coral
Trout, while n—Cl7 is dominant in Parrot Fish. Both have n-
Cl7:l.

Barely detectable UCMs (<10.0 pg/kg) were seen in the pooled fl
fractions of both fishes anlayzed by GC/MS. These were bimodal
with peaks at n—C22 to n_CZQ and n—CZB to n_CBO'

We conclude that any hydrocarbon pollution in Coral Trout and

Parrot Fish is at the 1limit of our ability to detect 1it.
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Possible causes of observed distribution of hydrocarbons in the

Capricorn Group

lhe resulls of our analysis of hydrocarbons 1in organisms and
sediments of the Capricorn Group are now considered in terms of
what they may reveal about the causes of the observed distri-

bution of hydrocarbons 1in this area.

There are basically two ways in which the hydrocarbon results may
be inspected in an attempt to reveal relationships which may
suggest causes of the distribution. One way is to see if there is

a correlation between the concentration of the hydrocarbons and

some other characteristic of the sample types, eg. location,
phylogenetic position, trophic level, 1lipid content, feeding
behaviour, etc. Another way is to compare the relative
proportions of hydrocarbons in different sample types (figs. 2, 3

amd A )5

A search for causes is complicated by the different ways by which
hydrocarbon patterns may be produced in marine organisms, for
instance: passive uptake from water or food; selective accumulat-
ion, and/or loss of specific hydrocarbons; diagenesis of hydro-
carbons and/or other «classes of chemicals and synthesis of

hydrocarbons.

The possible contribution of various known causes of hydrocarbon
distribution in marine organisms will be considered for the

Capricorn Group data under separate headings;

Synthesis
We distinguish synthesis as it occurs in plants from diagenesis,

or production of hydrocarbons from precursors taken in as food,
as occurs 1in animals. Some of the hydrocarbons synthesized by

Chlorodesmis are shown in graph 1, figure 3. This pattern 1is

quite simple and consists of pairs of odd numbered n-alkanes and

monoolefins from C17 to C25'

C18 are also present.

Significant amounts of n—C15 and n-

Unfortunately the extent to which animals synthesize hydrocarbons
is unknown. Here we will follow convention and assume insignif-

icant synthesis of hydrocarbons by animals.
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Passive uptake of pollutant hydrocarbons

It has been abundantly demonstrated that marine organisms will
passively take up hydrocarbons from petroleum, and presumably
other types of hydrocarbon, pollution (Lee, 1977; Connell and
Miller, 1981).

In the previous section we were unable to rule out a very low
level of chronic hydrocarbon pollution in the Capricorn Group
area because of the presence of UCM's. However, the low overall
level of hydrocarbons, the eminently biogenic patterns in all
sample types, the lack of any detectable phytane, whose presence
is considered evidence of petroleum pollution, and the low UCM
component in the samples suggests strongly that possible uptake

of hydrocarbon pollutants is at a very low chronic level.

Further evidence bearing on the possibility of hydrocarbon
pollution in the Capricorn Group comes from the attempt to
correlate the concentration of hydrocarbons in one sample type
with that in another collected at the same site. If there were a
significant amount of passive uptake of hydrocarbon pollutants,
it is likely that varying amounts of pollution at different sites
would be reflected in the hydrocarbon concentrations of sediments
and organisms at different sites and there would thus be a sign-
ificant spatial correlation between hydrocarbon concentrations in
different sample types. Some workers have found hydrocarbon
concentrations 1in organisms to be spatially correlated with

pollution intensity (Burns and Smith, 1977; Jensen, 1981).

Regression/correlation analyses were performed for the individual
alkanes and the totals (both wet or dry weight and lipid weight)
in Tables 2-10, over the sites listed in Tables 2-10 (each site
represents a point), in all pairwise combinations of organisms
versus organisms and organisms versus sediments (top'15cm). In
all 1512 analyses were performed. The positive regression/-
correlations obtained, where the analyses of wvariance showed
significance at the 5% level at least, are listed in Tables 15
and 16. Thirty-one occurred for wet or dry weight and 46 for
lipid weight. Fifteen and 9 significant negative correlations

occurred for wet or dry weight and lipid weight respectively.
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These data show little evidence of significant uptake of hydro-
carbon pollutants. The number of positive correlations is low
compared to the total number of analyses, about what would be
expected by chance. The only suggestive results are the corre-
lations between Parrot Fish and Coral Trout for individual
alkanes and the correlation between Acropora and Holothuria for
ucMs

The correlations between the fish may reflect a similar mode and
rate of uptake, through the gills, from water and perhaps similar
physiologies and the fact that large Coral Trout feed on Scarus
(Choat, 1966). Beyond n—Cl7 the percentages of hydrocarbons of
the fish are similar to water (compare graphs 3 and 4, fig. 4

with graph 4, fig. 2).

The correlation between Acropora and Holothuria for UCM supports

the possibility that UCM hydrocarbons from a chronic low level

source may be accumulating in these organisms.

It might have been expected that there would be significant
correlations between sediments and the deposit feeding

Holothuria. However, the top 15cm sediments sampled do not

adequately represent the surface sediments upon which Holothuria

feed.

Passive uptake and accumulation of biogenic and background

hydrocarbons

The lack of spatial correlations between different sample types
does not rule out the possibility of passive uptake, and accumu-
lation, of <certain hydrocarbons present at 1low levels. For
instance, the immediate source of hydrocarbon may differ for each
organism or a common source of hydrocarbon might exist but its
level of variation may be less than the variation between organ-
isms of the same sample type, caused by active processes such as
selective uptake, concentration, metabolism, etc.

n-C n-C n-C and n-C are all commonly promin-

17° 15° 17°4 25
ent hydrocarbons in the samples from the Capricorn Group (figs.
2-4). It seems, therefore, that the most likely ultimate cause of

their presence 1in the animals 1is passive uptake from similar,



- 30 -

probably food, source(s). All of these components are prominent
in, some benthic algae (Blumer, et al., 1971; Youngblood, et al.,

1971; Youngblood and Blumer, 1973), certainly Chlorodesmis is a

rich. . spures: of i them (graph; Ly figs I)e n—Cl7 is the dominant
alkane in phytoplankton (Brassell, et al., 1977). Phytoplankton
may also contain n_C15’ n—Cl7 and n—Cl7:l (Clark and Blumer,
1967). All of the animals in this study could have some benthic
algae, or 1its detritus, or phytoplankton 1in their diets.
Alternatively, some animals may obtain these compounds secondar-
ily by feeding on animals which feed on benthic algae or phyto-
plankton. For instance, Coral Trout are known to feed on Parrot
Fish .(Choat,. .1968). The contribution of  the.symbiotic K zooan-
thellae of Tridacna and coral to the animals' hydrocarbon

patterns is unknown but deserves investigation.

The lack of pristane in the top 2cm sediments and in Holothuria,

and the presence of the C25H48A unknown in both, supports the
idea that the hydrocarbon patterns of animals reflect uptake from

food:.

Interestingly, the patterns of relative proportions of alkanes

above n—Cl7 in animals, and Sedimeht, but not in Chlorodesmis are
suggestive of those in water where there is a dip between n—Cl8
and n—CZ4 and a broad peak between n—C25 and n—C29 which then
falls away to n—C32 (figs. 2-4). This may indicate a passive

uptake, and accumulation, by animals, of these hydrocarbons from

water.

Selective uptake, concentration, and/or loss of hydrocarbon

For the patterns of hydrocarbons seen in figures 3 and 4, which
are quite similar among the animals, to have been caused by
selective uptake, concentration, and/or loss of hydrocarbons, the
mechanisms for these processes would have to be remarkably
similar in the different animals. We feel this is unlikely given
the great phylogenetic distances between organisms in this study
and given the fact that the resolved hydrocarbon patterns of the
different animals in the Capricorn Group are more similar to one
another than they are to patterns from more closely related
animals fromy other pacts of .thesworld. (see;Koons;: ebiale, 119653
Whittle, et sald, 19745 Meyemnsy: 19775 ! Teali and: Farrimngten; 19774
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Mackie, et al., 1978; Shaw and Baker, 1978; Shaw and Wiggs, 1980;
Clartkeand*Law, 1981 ).

lhus we do not believe the similarities between the . major
features of the patterns of the different animals are primarily
due to similar mechanisms of selective uptake, concentration,
and/or loss, but to passive uptake, and accumulation, from common

source(s), probably food and water.

Nevertheless, some selective uptake, concentration and/or loss
may occur. There is evidence for this in the differences between
Tridacna muscle and kidney tissue (graphs 1 and 2, fig. 4).
However, since we do not know the relative contributions of
hydrocarbons by water and food, and indeed do not know the hydro-

carbon patterns of the food in all cases, except Holothuria, we

can not say to what extent these processes may occur.

Biochemical diagenesis of hydrocarbons or other classes of

compounds _
By the same argument just given for selective uptake, concen-

tration and/or 1loss, we do not believe the similarities 1in
figures 3 and 4 are caused by similarities in the metabolisms of
the different animals in this study. However, biochemical diagen-
esis’ does ‘appdarently ®oceur. "For’iinstance, the relative concen=
trations of n—ClS:l, n—Cl7:l and n—Clgzl in the top 2cm sediments
are much reduced in Holothuria (graph 6, fig. 1 and graph 2, fig.

3). This may be due to oxidation of the alkenes at the double

bond in Holothuria. Further, significant amounts of C25 unknowns

appear” in Holothidria ' whieh® -are ’ not ¢ found in the: top: 2cm

sediments. These may result from biochemical modification of the
CZBHABA and C25H50A unknowns found in sediment or some other
compound.

Phylogenetic position

If hydrocarbon content is related to phylogenetic position we
should expect the members of the Coral Trout/Parrot Fish and

Acropora/Fungia pairs to be more similar to each other than to

other species. Coral Trout and Parrot Fish are quite similar to
one another in terms of mean concentrations of components, while

the corals are not (Tables 12 and 13). The patterns for the fish
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in ‘graphs B3 iand 4, figure 4 are -also very similar, except for the
greater ratio of pristane to n—Cl7 in Coral  Tereode : Jhis.,simids-
arity may be due to the fact that Coral Trout feed on small
herbivorous fish.Although Acropora has components which are not
detected in Fungia, and visa versa, the percentages of alkanes

are quite similar (graphs 3 and 4, fig. 3).

It is doubtful the phylogenetic similarities in hydrocarbons have
any meaning other than similar metabolisms and uptake/excretion
mechanisms in closely related organisms. However, the food of
closely rated species is often quite different. Indeed, the diff-
erent food of Parrot Fish and Coral Trout is probably reflected

in the different pristane/n—C17 ratios of the two fishes.

Trophic (Yevel

The trophic levels of the coral reef organisms in this study are

not clear cut. However, we can say that Chlorodesmis is on the

lowest trophic level, Parrot Fish, being a ‘herbivore, is on the

next, Tridacna, the coral and Holothuria are on the next level,

and Coral Trout is on the highest level.

There is no obvious relationships between the concentrations of
the various hydrocarbon components and trophic level (Tables 12
and 13). Furthermore, the graphs in figures 3 and 4 do not
suggest any relationship between trophic level, as such, and the

relative proportions of hydrocarbon components.

Lipid content and hydrocarbon concentration

Few workers have reported hydrocarbon concentrations as a
fraction of both 1lipid weight and wet or dry tissue weight.
Tables 12 and 13 give quite different impressions of comparative

hydrocarbon concentration among species.

In an attempt to detect any relationships between hydrocarbon
concentration and lipid content three hydrocarbon components were
examined, total hydrocarbons, UCM and resolved hydrocarbons minus
squalene in the different sample types. Spearman's rank corre-
lation analyses were performed for concentration of hydrocarbon
component (wet or dry and lipid weight) versus percentage lipid,

for: individual ‘samples of each wof. the '9 sample; types in this
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stidy. < ‘The'tesults of the' correlationtanalysesaré - 'sunmimarized’ in

Table 17.

In our method the lipid material and hydrocarbons are extracted
together: 'Fherefore; all: of :bhe “hydrocarbonsissdnithe:tlipid. 1We
thus have this relationship for an individual sample:

hydrocarbon/tissue weight = hydrocarbon/lipid weight
X lipid weight/tissue weight

The lack of significant correlations between hydrocarbon concen-
tration (wet or dry weight) versus percentage lipid, for all
animals, suggests that, for most species 1in this study, the
concentration of hydrocarbon in the tissue as a whole 1is not
influenced significantly by lipid content. This is probably true
also for the separate sediment samples. This conclusion is
perhaps unexpected. It would seem likely a priori that the more
lipid an organism contained, the greater its tendency to take up
and store hydrocarbons. Indeed, the work of Stegeman ~and Teal
(1973) on the uptake of petroleum hydrocarbons by oysters

supports this idea.

Perhaps because the hydrocarbon concentrations of animals in the
Capricorn Group are small, and their lipid material is thus far
from being saturated, the lipid content is not a limiting factor
and is therefore unimportant among the many factors affecting the
uptake and accumulation of hydrocarbons. In polluted systems,
where a huge load of hydrocarbon may be forced upon organisms,
more nearly saturating the available 1lipid compartment, 1lipid

content would assume greater importance.

In those animals where there are negative correlations between
hydrocarbon concentration in 1lipid and percentage 1lipid, it
appears that the hydrocarbon content of the tissue is relatively
constant and greater lipid content results in dilution Qf.hydro—

carbon in lipid.

Hydrocarbon content and size in fish

Spearman's rank correlation analyses were performed for total
weight'and for length versus resolved hydrocarbons minus squalene
(wet weight and lipid weight) and for weight and length versus
percentage lipid for both Coral Trout and Parrot Fish from both
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the Capricorn Group and from the northern areas sampled. No
significant correlations were found. Apparently, weight and
length are not important factors in hydrocarbon uptake and accum-

ulation in these species in the Great Barrier Reef Province. Thus
older fish do not appear to have accumulated more hydrocarbon and
the process of "bioaccumulation" 1is not in operation. Although
some biocaccumulation of pollutant hydrocarbons might be expected,
we feel it is less 1likely to occur with naturally occurring
biogenic hydrocarbons because the metabolisms of organisms will
have evolved in the presence of these hydrocarbons and an equil-

ibrium between uptake and metabolism/excretion will exist.

CONCLUSIONS
The conclusions which can be drawn from our study of the hydro-
carbons of the fl fraction in water, sediments and marine

organisms of the Capricorn Group, Great Barrier Reef are:

1. The patterns of resolved fl fraction hydrocarbons are
biogenic in nature for all sample types in this study and
characteristic of the sample type.

2. Although the biogenic nature of the resolved hydrocarbons,
the lack of phytane in any of the samples, and the low
overall levels of hydrocarbons, suggest that there is no
significant hydrocarbon pollution in the Capricorn Group,
there is evidence of low level chronic pollution, perhaps
in part airborne of pyrogenic origin, which is seen as
barely detectable UCMs in most sample types and more

obvious UCMs in Acropora, Holothuria and sediments. Long .

term accumulation of UCM hydrocarbons may occur in lipid
compartments in nonliving parts of Acropora (skeleton) and
sediments. There 1s also evidence of petroleum product
pollution in Heron Island boat harbour sediments.

3. In general the components n-C n-C and n-C

15° 17
prominent in the animals in this study. The cause 1is

l7:1 are

probably passive uptake and accumulation from similar food
source(s). Either benthic algae or plankton are 1likely
Sources.

4. The pattern of alkanes above n—Cl7 in the animals reflects
that of water and is probably due to passive uptake and
accumulation from this source.

5. Further evidence that wuptake of hydrocarbons from food
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occurs 1is the presence of an unusual CZSHQB unknown

hydrocarbon in both Holothuria and the surface sediments

upon which it feeds.
Biochemical diagenesis probably accounts for the presence

of significant amounts of other C25 unknowns in

Holothuria, which are not present in surface sediments,

and the loss of n—ClS:l and n—Cl9

relative percentage of n—Cl7:l in Holothuria, compared to

:1 and reduction of the

surface sediments.

fl fraction hydrocarbons synthesized in the green algae

Chlorodesmis are predominantly odd numbered pairs of n-

alkanes and monoolefins from Cl7 to C25.

Lack of significant spacial correlation in individual
hydrocarbon concentrations between sample types suggests
that the concentration of hydrocarbons in the samples are
not the result of passive uptake of an extrane<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>