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ABSTRACT

This paper embodies the preliminary results of experimental studies
with different hydrocarbons such as crude oil, furnace oil, high speed
diesel oil, benzene, hexane and xylene about their toxicity on phytoplankters.

The studies with these hydrocarbons on natural populations and selected |
species of .phytoplankton cultures showed that there is sometimes enhance- ;
ment of photosynthesis with lesser concentrations of aqueous extract. The

rate of production varies with different hydrocarbons depending on the
species composition and itis tound that the more toxic portions are the
volatile fractions with low ‘boiling point and the response is a function of
species composition.

INTRODUCTION

In recent years, there has been an increasing awareness to the problem
or uncontrolled discharge of oil into both fresh water and marine environ-
ments. Disastrous accidents such as the wreck of the ““Torrey Canyon® off
Cornwall in Britain and the blow out of an oil well off Santa Barbara,
California, have sparked off an interest in oil pollution. OQil spills from
accidental losses in production, utilisation and transportation have been
steadily increasing. :

The world be/troleum production has increased steadily from 278
million tonnes in 1938 to about 2500 million tonnes. The contribution made
by Middle East Oil Fields has grown from 49 in 1937 to 30°,. As a result of
increasing demand for oil, the number and size of oil tankers have greatly
increased and discharge of oil intentionally or due to accidents has been on
the increase. '

It has been estimated that annually 5 to 10 million tonnes of oil reaches
the marine environment (Blumer, 1970). Once the oit reaches the sea certain
damages take place irrespective of any counter measures. At first the oil
spreads rapidly forming a thin homogeneous slick. The volatile fractions
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evaporate within 2 to 3 days. The residue often forms viscous compounds in
which the rates of spreading and evaporation decrease. Dependiag on the
type of oil and roughness of the sea, some emulsification also takes place:
Subsequent changes depend on the properties of the oil converted into water-
in-o0il or oil-in-water suspension. The highest fraction of the n-paraffin in
the oil are those having the greatest solubility. Together with -the aromatic
compounds they are regarded as the most harmful. ‘

Though several authors have worked on the ecological and biological
effects of oil pollution (Mironov, 1968; 1969 and '1970; Blumer, 1969;
Carthy and Arthur, 1968; Mitchel et. al., 1970), almost all of them deal
with the zoological aspects. Recently Hutchinsen er. al., (1972) have shown
the effect of crude oil on selected components of freshwater phytoplankton
both in a field situation and in the laboratory. Menzel ez. al., (1970) have
observed that photosynthesis and growth in cultures of marine phyto-
plankters were affected by chlorinated hydrocarbons to varying extent
ranging from complete insensitivity to toxicity. The purpose of this study
was to determine the effect of various hydrocarbons on the rate of photo-
synthesis measured by 14C uptake on different populations of phytoplankton.
The experiments were designed to measure the immediate response of the
pollutant on the natural plankton and cultures. Long-term effects of the
pollutant were not studied.

METHODOLOGY

In vitro experiments were conducted using aqueous extracts of 6
hydrocarbons - crude oil, diesel oil, furnace oil, benzene, hexane and xylene.

25/10 ml of the oil was shaken with 500 ml of the medium for 12 to 24 hours.

The aqueous extracts were separated and diluted with the medium to various

concentrations. After incubation of the natural plankton (predominantly -

with Coscinodiscus spp.) or culture (Tetraselmis gracilis) with 5pc of
Na H14COg, the samples were filtered on Millipore HA filters and the acti-
vity (cps) was plotted against the percentage concentration (Fig. 1).

RESULTS AND DISCUSSION

As may be seen from Fig. 1, there is a general reduction in the rate of
photosynthesis with all the hydrocarbons except crude oil. Crude oil
extract at low concentrations seems to enhance the rate of photosynthesis.
It has been observed by Hutchinsen et al., (1972) that certain species are
inhibited in their growth while certain species do not appear to be affected
and a number of species are stimulated. Differences in response therefore
are the effect of the actual planktonic composition of the water body. It is
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" Fig.1. A-L Rate of 14C uptake as a function of hydrocarbon concentration.
" 'A, Hexane; B, Xylene; C, Crude oil; D, Benzene;
" E, Diesel oil; F, Furnace oil residue; G, Furnace oil.
All these are treated with natural population of phytoplankton. Hand I,
Farnace oil residue and oil treated with culture of phytoplankton.

probable that the flagellates are slightly stimulated by oil spills siace
Tetraselmis gracilis, a flagellate in culture showed slightly increased activity
with furnace oil obtained during the grounding of the oil tanker *Trans-
Huron’’ at Kiltan Island (Fig. ]| Hand I). In higher concentrations of
crude oil and furnace oil there is a significant deterioration in photosynthetic
activity. The water soluble components of the crude oil generally reduce
. the pH (even in 19 solution by 0.7). The increase in the acidity of the
water by itself could reduce algal growth (Hutchinsen et al., loc. cit).

Experimental work conducted both in the field and in the laboratories
‘glsewhere suggests that the low boiling aromatics have the greater toxncuy
(Kuhnhold, 1969; Griffith, 1972), Besxdes, crude and furnace oil, experiments
were conducted with benzene, hexane and xylene. Of these, hexane and
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xylene showed grestest inhibition at lower concentrations only. The
observations of Hutchinsen et al., (1972) also showed that benzene has
relatively little effect up to concentration of 500 ppm but the higher levels
are inbibitory. Xylene showed the greatest phyto-toxicity of all.

~ The lpng term effect of an oil spill has not been studied. However,
experiments with the residue of the furnace oil spill at Kiltan istand showed
decreased rate of photosynthesis both with culture and natural plankton.
As the volatile fractions have already evaporated, the toxigity is not so
apparent. ; As mentioned before the different phytoplankters. respond
differently with different hydgocarbons, Diatoms such as Dit ylum brightwetli

and Coscinodiscus gramii ate killed in concentration of kerosene less tham. .
0.01% while Melosirg monili formis and Gra@mmatophora marina tolerate

up to 1%. Very low: concenirations (0.1 pl/1) affect more sensitive species.
Mirnov and Lanskdya (1967); Mirnov (1970) sind Lacaze (1967) reported a
depresion in thé growth of dultures of Phaeodactylum tricornutum exposed
to 1% extract of curde oil.| But fér Nitzschia closteriym retardation was
observed dnly when the oil iconcentration’f exceeds 25% while lower levels

have a slight stimulating_ effect. I;

Even higher algac suckas Macracystis gylifera ekhibit decreased rate

of photosynthbsis,,in»,{)resei&'ee of réfinery waste and untreated oil brine

(North et al., 1972). Oil spiltages may affect algae less severally than animals

" but laboratory studies indicate that hydrodarbons can affect both attached
algae and phytoplankton depending upan the composition, degree of refine.

ment, origin.of materials and nature—of. additives. Toxic thresholds of

organic compounds tend to ‘be higher than the inorganic compoynds and the

nature.and degree of response of the pollutionary effects. is 4,gtimg;i:l3‘; a func-

tion of species. composition. = The ‘results presented here may be taken

typically for a natural population of Coscinodiscus spp. and Tetraselmis

gracilis ip culture. .
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