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(Figs. 1—6, Tables 1-4)

Today the pollution due to spilling of crude oil has become serious problem in
the world?V, It was estimated that the oil influx to the ocean was 1 million tons per
year at least?. The petroleum hydrocarbons are found not only in the coastal region,
but also in the oceans such as the Pacific or the Atlantic®. Moreover, it is recognized
that such hydrocarbons are accumulated through the food chain and occasionally the
marine organisms are contaminated by the hydrocarbons® ~®).

Some hydrocarbons are also biosynthesized by marine organisms®~'?, in which
pristane and squalene are contained as major biogenetic hydrocarbons. Therefore, in
order to make clear the fate of lipids and to estimate whether the marine environment
is polluted by oil or not, it is very important to separate the biogenetic hydrocarbons
from the petroleum hydrocarbons. The intent of this paper is to characterize the
hydrocarbons of sediments in Hiuchi Nada, and to evaluate the condition around this
area as of summer of 1973 and winter of 1974.

EXPERIMENTALS

The area investigated: = Hiuchi Nada is located at the central part of the
Seto Inland Sea. This region has been polluted or eutrophicated gradually, and recently
the phytoplankton bloom occurs often during late spring to early autumn. The petro-
chemical industry developed at Niihama and many paper manufactories are located
at Mishima and Kawanoe along the south coast of this area.

Survey: The surveys were carried out during 21st — 23rd, Aug., 1973 and
22nd — 24th, Jan., 1974. Mud samples were collected at 17 stations in Hiuchi Nada as
shown in Fig. 5. The sediments were collected with Eckman-Berge dredge and stored
at —20°C until the laboratory works.
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Extraction of hydrocarbons:  The procedure of extraction and the outline of
the analysis of hydrocarbons are shown in Fig. 1. Lipids were extracted from sediments
with chloroform - methanol (1:1, v/v), then were saponified with 5% KOH alcoholic
solution.  The unsaponifiable materials were extracted with petroleum ether and
diethyl ether. The hydrocarbon fraction was obtained by a preparative thin-layer chro-
matography.

Mud

Extraction of lipids with
chloroform-methanol (1:1, v/v)

Saponification of lipids with 5 %
KOH alcoholic solution

Extraction of unsaponifiable materials

Isolation of hydrocarbon fraction with
the preparative TLC
GLC

Fig. 1. The procedure for the analysis of hydrocarbons
extracted from sediments.

Gas-liquid chromatography: A Hitachi 073 gas chromatograph was used. The
column was 2m in length, 3 mm in internal diameter, packed with 1.5% SE - 30
on chromosorb W (60 — 80 mesh) acid washed and siliconized. The oven temperature
was programmed from 100°C to 250°C at a rate of 3°C per minute. The injector and
detector were at 280°C. The carrier gas (N,) flow rate was 40 ml/min. The detector
was a flame ionization detector. The hydrocarbons was identified by the comparison
of the retention time of standard samples and the relative retention time to pristane, and
by the internal standard method.

RESULTS

The gas chromatogram of authentic hydrocarbons is shown in Fig. 2. The retention
time and relative retention time of these hydrocarbons are shown in Table 1. The
relation between the retention times and the carbon chains of n-alkane is shown in
Fig. 3. Although the retention times of n-tetradecane, n-pentadecane, n-hexadecane,
n-octadecane, n-nonadecane, n-eicosane, n-docosane, pristane and squalene were deter-
mined from the gas chromatogram, the retention times of other n-alkanes were estimated
from Fig. 3. Under these gas chromatographic conditions previously described, the
peaks of n-heptadecane and pristane, and of n-heptacosane and squalene are not separated
completely.
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Fig. 2. The gas chromatogram of the authentic hydrocarbons.
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Fig. 3. The relation between the retention time and the chain
length of n-alkanes.
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Table 1. The retention time and the relative retention time
to pristane (2, 6, 10, 14-tetramethylpentadecane)
of hydrocarbons.

Retention time Relative retention

Hydrocarbon (min.) time
Cia 6.2 0.402
Cis 8.8 0.576
Cis 11.7 0.768
Cyq 14.9 0.980
Pristane 153 1.000
Cis 18.0 1.175
Cio 21.1 1.378
Cao 24.0 1.573
Cay 26.9 1.757
Caz 29.7 1.906
Ca3 329 2.153
Cag 35.8 2.343
Cys 38.9 2.546
Cag 419 2.742
Squalene "44.2 2.893
Caq 449 2,938
Cas 479 3.135

Column: 1.5% SE-30 on Chromosorb W 60-80 mesh (AW, DMCS).
Carrier gas (N,) flow rate: 40 ml/min.

Column temperature: 100-250°C (3°C/min.).

Injector and detector temperature: 280°C.

The gas chromatogram of hydrocarbons extracted from sediments is shown in Fig.4.
The occurrence of pristane, squalene and n-alkanes is confirmed. In these hydro-
carbons, pristane and squalene are main components, on the contrary, n-alkanes are
minor components. .

Pristane and squalene occupy about 40 % in the total hydrocarbons in summer
(Table 2), but in winter the amount of pristane plus squalene decrease relatively (Table
3). The ratios of pristane plus squalene/n-alkane (Table 4) are large at the south
eastern part of this area, and the distribution of this ratio is coincident with that of
the lipid content?>® as shown in Figs. 5 and 6.
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Fig. 5. The distribution of pristane plus squalene/n-alkane ratio (Aug., 1973).
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Table 2. The percentage composition of hydrocarbons extracted from mud. (Aug., 1973)
Station No.

Hydrocarbon 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17
Cia 270 4.11 340 255 3.54 3.89 3.35 364 419 4.84 256 458 311 399 323 105 tr
Cis 540 4.1 340 292 3.14 501 471 302 141 276 239 515 275 399 3.23 4.07 194
Cis 375 393 393 500 324 273 3.77 3.02 3.18 311 491 3.82 250 359 4.03 570 275

Pristane 12.38 14.05 12.52 12.40 14.05 11.13 10.99 10.63 12.71 11.05 14.74 13.60 12.44 14.02 9.68 18.62 13.25
Cis 840 6.34 6.26 1031 531 876 1733 6.14 960 622 7.8 6.82 738 6.99 484 9.60 6.15
Cio 675 471 8.85 510 7.86° 7.30 545 12.28 1430 7.25 11.28 8.68 844 9.79 8.65 8.14 3.61
Cao 360 7.73 6.79 7.97 442 .6.68 3.66 340 2.87 4.84 329 344 428 699 4.03 349 391
Ca1 150 211 362 125 175 trn 1.57 5.29 3.09 4.15 256 3.58 4.89 150 3.03 4.65 3.61
Ca2 1.50 145 201 125 0.79 2.09 126 368 040 1.73 085 191 167 140 173 L75 1.29
Cas 1,70 296 282 333 275 195 209 283 212 1.73 209 172 244 3.00 207 279 1.55
Cas 3.60 3.26 3.22 365 236 250 314 236 218 207 250 344 275 359 222 175 3.61
Cas 8.55 11.81 12,92 844 826 1001 9.53 11.24 953 691 1017 9.30 9.16 11.68 9.51 4.07 9.29
Ca6 450 3.99 358 3.13 6.39 452 471 529 265 829 333 573 4.00 3.00 4.84 6.52 6.19

Squalene 31.52 25.80 23.46 30.63 32.58 31.29 33.30 24.80 25.60 29.02 29.72 24.81 30.32 23.97 36.71 26.06 38.58
Cas 413 363 322 208 354 209 513 236 6.18 604 239 344 389 250 277 175 4.26
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Table 3. The peréentage composition of hydrocarbons extracted from mud. (Jan., 1974)

Hydrocarbon Station No.
1 2 3 N 6 7 8 9 10 11 12 13 14 15 16 17
Cya 10.51 8.86 10.24 14.60 15.94 11.27 14.54 12.36 9.61 11.38 12.99 12.10 14.94 1146 6.12 13.53
Cis 328 295 349 446 6.25 4.02 418 315 3.09 447 743 394 491 342 322 448
Cie 282 295 349 270 551 285 425 321 240 429 469 4.60 487 4.09 451 4.59
Pristane 14.78 12.19 13.10 1941 19.32 10.73 13.61 12.13 12.97 16.25 13.47 16.77 17.54 13.16 16.34 15.08
Cis 845 7.09 6.29 7.0 795 966 9.74 1.35 535 10.84 9.02 11.83 10.80 9.42 9.02 841
Cio 9.15 10.04 5.12 4.26 tr. 10.73 8.66 7.96 6.24 10.11 5.05 6.31 6.82 11.57 '10.95 9.17
Cao 235 266 4.89 331 167 436 162 146 12.08 6.86 2.17 828 4.06 3.80 2.82 1.78
Cay 422 074 192 162 160 483 077 3.15 2.88 3.79 211 3.16 3.9{8 3.27 3.86 285
Ca2 6.19 1.03 093 108 234 724 155 160 041 203 211 506 292 175 217 153
Cas 1.13 222 256 2.03 107 268 271 117 165 147 120 171 0.65 246 2.82 250
Caq 1.88 325 4.54 284 201 185 2.78 245 189 226 253 3.16 2.03 3.16 tr. 2.85
Cas 723 798 9.08 6.63 6.55 5.03 650 531 412 790 7.16 5.52 6.82 552 4.83 6.11
Cae 6.71 517 815 6.63 441 382 4.18 350 11.73 4.88 397 3.29 4.02 329 6.76 6.78
Squalene 15.20 24.00 17.11 18.40 22.16 18.09 21.66 32.97 20.65 11.44 22.74 12.82 13.20 12.82 23.19 16.05
Cas 6.10 886 9.08 4.87 3.21 283 325 224 494 203 337 158 244 158 3.38 4.28

‘[1 s101Ep [EISEO) JO SPIdIT

SUOQIBdOIPAH

157



44

Hisashi YAMADA and Mitsu KAyama

Table 4. Pristane plus squalene/n-alkane ratio at
hydrographic stations.

Station No. Pristane + Squalene / n-Alkane
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Aug., 1973 Jan., 1974
1 0.78 0.43
2 0.66 0.57
3 0.56 0.43
4 0.75 -
5 0.87 0.61
6 0.74 0.71
7 0.80 0.40
8 0.55 0.54
9 0.62 0.82
10 0.67 0.51
11 0.83 0.38
12 0.62 0.57
13 0.75 0.42
14 0.61 0.44
15 0.87 0.43
16 0.84 0.65
17 1.08 0.45
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Fig. 6.

The distribution of pristane plus squalene/n-alkane ratio (Jan., 1974).
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DISCUSSION

The occurrence of pristane in organisms was reported by many researchers. Its
occurrence was reported by INOUE et al.'® in salmon, trout and carp, by SHINMA et al'd
and by KAYAMA et al.'® in shark liver oil, and also reported by SAN0'® in the sperum
whale blubber oil. It was also presented by CLARK JR. et al'” that pristane
was predominant hydrocarbon in the zooplankton samples. Squalene is also a major
constituent of hydrocarbons”). It is recognized from these results that pristane and
squalene are major biogenetic hydrocarbons.

M. BLUMER analyzed some species of phytoplankton and benthic algae, and he
detected that n-alkane occurred in them®'". In these organisms n-pentadecane or
n-heptadecane were predominant. But it is considered that n-alkanes extracted from
the sediments are mainly derived from crude oil or oil products.

Although BLUMER'® has already reported that pristane was found in the sediment,
the authors also found pristane as well as squalene. N-alkanes (C,4— C,5) were also
detected in mud samples as described by OHTA, KAvaMA and Wak1moTO'?.

Observing the hydrocarbon composition, it can be concluded that pristane and
squalene are major components and these hydrocarbons occupy about 40 to 50 %.
Thus the biogenetic hydrocarbons are predominant in the sediments.

The pristane plus squalene/n-alkane ratio ranged from 0.6 to 1.1 in summer and
from 0.4 to 0.8 in winter. It is obvious that this ratio is higher in summer than in
winter (Table 4, Figs. 5 and 6). It can be considered from this result that biogenetic
hydrocarbons are decomposed faster than non-biogenetic hydrocarbons.

As the pristane plus squalene/n-alkane ratio was large at south eastern part of
this area where the lipid content was also high®®, it is thought that the large proportion
of hydrocarbons extracted from sediments in Hiuchi Nada may be derived from
organisms. As the hydrocarbon fraction occupies 30 % of total lipids and n-alkane frac-
tion is 50 % of the total hydrocarbons, it is estimated from these data that n-alkane con-
tent of sediment is about 0.036 %. It was ascertained by NITTA ef al.” that the minimum
concentration of oily substances to give the odour in fish was 0.2 % in bottom mud.
Therefore, it is thought that this area investigated was not too polluted to give the

petroleum odour in fish as of Aug., 1973 and Jan., 1974.

SUMMARY

1. The hydrocarbons of sediments were analyzed with gas-liquid chromatography.
The biogenetic hydrocarbons (pristane and squalene) as well as n-alkanes were detected.
2. Considering the distribution of pristane plus squalene/n-alkanes ratio and the
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fact that this ratio was coincident’ with that of lipid content, it is recognized that the
hydrocarbons of mud were mainly derived from the organisms in this area.

3. It is supposed that this area was not too polluted to give petroleum odour in
fish as of summer of 1973 and winter of 1974,
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