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Response of meiofauna to petroleum hydrocarbon of three fuel oils
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Abstract

Ol spills are recurtent problem in marme system. Effects
of oil pollution are many. The present paper evaluates the effect
of Petroleum Hydrocarbon of three tuel oils on metazoan meio-
fauna The results suggest significant variations in the toxic
effect of three oils used. The meiofauna responded differently to
crude oil, diesel and kerosene The fauna reduced significantly
(p<0.05) 1n all concentrations after two weeks The reduction in
crude oil was more than 50% in 25g/1, 65% in 50 g/ and 69% in
100g/l. In other cases the reduction was higher. In lower con-
centrations (23g/1) the more sensitive taxa such as harpacticoids,
turbellaria and ostracods were more affected. The meiofauna
exposed to PHC showed recovery in the last week, particularly
the nematodes showing increase in number indicating their
resilient nature Other groups particularly crustacea appeared
more sensitive because they reappeared and recovered much
slowly The abundance of most metofaunal groups remained
low at the end of four weeks exposure to PHC. The effect of o1l
on the fauna was dose dependent. The toxicity was in the order
of kerosene > diesel > crude oil.
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Introduction

Oil is a major pollutant in the marine environ-
ment. Polyaromatic hydrocarbon (PAH) are ubiqui-
tous contaminants in aquatic environment '. The fate
and effect of petroleum hydrocarbons (PHC) in the
marine environment is a major concern for environ-
mentalists and conservationists. The estimated petro-
leum influx in the marine environment from all
sources is about 2 million metric tones per annum®.
Because of their hydrophobicity, PAH accumulate in
the bed sediments and pose a risk to the benthos®. Oil
pollution can cause toxic effects on the marine com-
munity structure and abundance. Marine benthic or-
ganisms are valuable in impact assessment studies
due to their ecological importance, numerical abun-
dance and sessile life style functions as integrators of
ecological processes and disturbances over long time
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scales™”. Effects of PHC on meiofauna have been
little studied under experimental conditions. The short
life cycle and the resilient nature make them ideal
organisms to study the anthropogenic effects. The
high numerical abundance makes melofauna ideal
community for pollution momtormg Demand for
more laboratory-oriented research comes from the
increasing recognition of meiofauna community
structure as a sensitive bioindicator of pollution in the
benthic environment.

In the present communication an effort has been
made to study the effects of PHC on the metazoan
meiofauna under laboratory conditions.

Material and Methods

Sediment samples were collected from a beach.
The sediment was randomly taken by scraping the top
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10 ¢m of surface into a bucket and brought to the
laboratory. Three different sources of petroleum hy-
drocarbon, namely, crude oil, diesel and kerosene
were used to study the toxicity on meiofauna. The
crude oil was obtained from Bombay High (ONGC).
Three concentrations were prepared by mixing 25g/l,
50g/l and 100g/1 of PHC. After addition of appropri-
ate amount of PHC the sediment was thoroughly
mixed and kept in glass tubs. Experiments were set up
in triplicate and a control was maintained. Each tub
was immersed in a bigger tank containing seawater. A
continuous but slow flow of overlying water was
maintained.

The observations were made at weekly intervals
and the experiments lasted for 4 weeks. From each
tub sediment samples were taken with the help of a
disposable syringe of 2 cm diameter and 5 cm length.
All sediment samples were preserved in 5% buffered
Formalin-Rose Bengal solution (1:500). The meio-
fauna was extracted from the sediment by decantation
and sieving’. The organisms retained on a 63-micron
sieve were counted and identified under binocular
microscope. Total petroleum hydrocarbons were es-
timated in the sediment by fluorescence after extract-
ing with spectrograde hexane. One g sedrment sam-
ples were placed in an Erlenmeyer flask (50 cm®) wrt
a glass stopper and 4cm’ of water and 10 cm® n-
hexane were added. The samples were mixed on a
shaking device for half an hour. The mixture obtained
was transferred to a centrifuge tube and spun for 10
mins at 2000 rpm. After centrifugation the n-hexane
phase was transferred to a clean glass tube using a
glass pipette. Extracts were dried by passing them
through a column of Na,SOy (anh.) and evaporated to
5cm’ using a rotatory evaporator. The fluorescence of
the extracts was measured in a lem quartz cell at 290
nm excitation. The emission was recorded at 350 and
390 nm. The concentrations of petroleum hydrocar-
bons measured and calculated after extraction of
sediment samples and drying and concentrated to
appropriate volume. After fluorescence measuring,
the extract is concentrated in a water bath at 313K to
lem®, and applied to 4m i.d. column holding 2 g alu-
mma (neutral, Merck). Elution was performed with 15
cm® 30% (v/V) benzene in n-pentane. The eluate was
then concentrated in a water bath to 5¢cm’® and fluores-
cence was measured again. Fluorescence and concen-
tration of petroleum hydrocarbons was calculated af-
ter alumina cleaning of the extract.

A known volume (most frequently 50% of the
total volume of alumina cleaned extract) is diluted by
the addition of n-hexane until the fluorescence of the

sample extract is similar to the fluorescence of stan-
dard crude oil with a concentration between 1 and
4pg cm” in n-hexane.

The evaluation and correction of any quenching
was possible by using the standard additions method
in which aftet the measurement of fluorescence of the
cleaned extract a known amount of standard crude oil
solution was added to it. The obtained values of
quenching are presented as the correction factor ac-
cording to the relationship:

Correction Factor=Fs (before addition) /FS (after
addition) + FS/[(Fa + S)measurea—F 2]

Where,

Fs = fluorescence of the standard solution of
Kuwait crude oil

_ Fa = fluorescence of the sample after alumina
cleaning

(Fa + S) measurea = fluorescence of the sample af-
ter the addition of a standard solution of crude oil.

Concentrations of petroleum hydrocarbons cal-
culated after the alumina cleaning of extract'™

Results and Discussion

Concentration of Petroleum hydrocarbon in sediment

The total petroleum hydrocarbon concentration
before and after the experiment was monitored. The
estimated concentration of PHC at the beginning of
the experiment in the sediment is given in Table-1.
Highest value of PHC was observed in sediment con-
taining 100g/1 of crude oil (943.55 ug/g sediment) and
the lowest in control tub as expected. Tub containing
diese! had concentration ranging between 22.85 and
69.77ug/g while the tub with kerosene had the PHC
concentration in the range of 8.52 and 15. 89 ug/g. At
the end of experiment (4 weeks) the concentration of
PHC was measured in all tanks and found to be re-
duced by at least 50% Reduction may be due to dilu-
tion and weathermg While the hydrocarbons in the
water column are diluted and dispersed, sediments act
as sink by adsorptron and incorporation of oil onto
particles that they sink®. The benthic organisms from
PHC contaminated sediment are exposed to higher
PHC due to the slow process of removal of PHC from
the sediment'*.
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Table-1 Concentration of total petroleum hydrocarbon in
the wet sediment

Z.A. ANSARI et al

Table 2 Contd .

Fuel oil Sample Initial conc Final conc. PHC
PHC ng/g ng/g
Control 186 102
25 g/l kerosene 852 358
50 g/l kerosene 1127 4.65
100 g/l kerosene 15.89 588
25 g/l diesel 22 85 1259
50 g/l diesel 2931 1133
100 g/1 diesel 69 77 2235
25 g/l crude oil 9501 56.82
50 g/l crude o1l 314.13 11595
100 g/1 crude oil 943.55 462 76

Effect of PHC on meiofauna

The meiofaunal density of the control tank is
given in Table-2. The numerical density during the
perjod of observation ranged between 300 and 342/10
cm”. The metazoa was dominated by nematoda, har-
pacticoida, turbellaria, polychaeta and foraminifera.
The other groups included the minor phyla such as
kinorhyncha, tardigrada, gastrotricha and crustacean
nauplii. No significant change was observed in the
numerical abundance of major taxa in the 4 week pe-
riod. The changes in the density of meiofauna in the
controlled tank could be related to the short genera-
tion time in which they multiply and grow.

Table-2 Meiofaunal density (no./10cm?) in experimental
tubs after 4 weeks of exposure to PHC.

Faunal Groups Kerosene
Control  25g/l  50g/l  100g/1

Nematoda 186 64 46 45
Harpacticoida 64 4 0 0
Turbellaria 15 6 4 2
Polychaeta 20 10 7 4
Foraminifera 16 8 8 7
Ostracoda 11 2 0 0
Others 30 16 12 16
Total 342 110 77 74

Faunal Groups Diesel

Control 25g/1  50g/1 100g/1
Nematoda 180 70 58 55
Harpacticoida 70 6 0 0
Turbellana 18 8 12 8
Polychaeta 16 10 8 6
Foraminifera 20 12 8 10
Ostracoda 8 2 0 0
Others 30 10 11 18
Total 342 118 97 90
Faunal Groups Crude O1l

Control 25g/1  50g/!1 100g/1
Nematoda 174 83 67 62
Harpacticoida 58 6 0 0
Turbellaria 18 10 8 6
Polychaeta 23 8 8 4
Foraminifera 22 6 6 8
Ostracoda 17 4 0 0
Others 30 15 17 21
Total 342 132 106 101

The meiofaunal response to different concentra-
tions of PHC is shown in Fig.-1. The response of
metazoans was different to the three fuel oils used.
The response appeared to be dose dependent and the
toxicity increased with increasing concentration of
PHC. Reduction in the total number of meiofauna was
significant (p<0.05) particularly in the first two
weeks, as could be seen in the Figure 1. Maximum
reduction of 61% was observed in kerosene, 54% in
diesel and 52% in crude oil exposure at a concentra-
tion of 100g/1 in the first week. The density of meio-
fauna further reduced in the second and third week
but the changes were much slower. No significant
changes were discernible in the fourth week by which
time reduction in the concentration of PHC was also
observed. The toxic effect of PHC was less in the
lower (25g/1, 50g/1) concentrations used. The toxicity
was in the order of kerosene>diesel>crude oil.
The refined products having high aromatic and vola-
tile hydrocarbons act faster. The effect reduces fast
due to the evaporation, as can be seen in the present
study’. Another study'® reported that kerosene was
more toxic than diesel and crude oil to the phyto-
plankton.
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Fig.1. Effect of petroleum hydrocarbon on meiofauna

A reduction in the total number and species
abundance of meiofauna after contamination with
hydrocarbons has been demonstrated both in the natu-
ral habitat and in the laboratory experiments™ e
The response of different taxa varied and was species
specific. Of all the metazoans, the nematodes ap-
peared to be more resilient and showed sign of quick
recovery after initial exposure to PHC. The crusta-
ceans were more sensitive and no sign of recovery
was noticed after four weeks. The recovery response
of other groups was also slow. Effects of PHC on
benthic communities have been shown to depend
strongly on the proportion of hydrocarbon-sensitive
species™ ©". Nematodes have previously been shown

to be tolerant to PHC, so their high abundance could
explain the lack of response to treatments . Similar
observations have been made earlier” in the studies
on colonization of meiobenthos in oil contaminated
subtidal sands in the lower Chesapeake Bay. In an
experimental study~4 low abundance of metazoa was
recorded in oiled tubs than in the control. They sug-
gested that the addition of marine diesel can alter
dramatically the structure and dynamics of benthic
meiofaunal communities.

The meiofaunal density at the end of the experi-
ment (4 weeks) was recorded and is presented in Ta-
ble-3. Changes in nematode abundance were far more
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pronounced than other groups. The polychaetes, tur-
bellaria and foraminifera showed lesser change. Sev-
eral investigations have also documented the initial
reduction in meiofauna and their recovery within one
year after an oil spill, depending on the type of the
oil" 182! Some other studies showed that while high
concentrations of petroleum hydrocarbons initially
reduce infaunal densities due to toxic effects, inter-
mediate hydrocarbon concentrations stimulate infau-
nal densities due to organic enrichment®™ ** Many of
the meiofaunal groups affected by PHC do not re-
cover to normal abundance after a short recovery pe-
riod as the concentration of PHC declines slowly in
the sediment. The delayed recovery may be caused
due to sublethal effect of PHCs and its byproducts on
the fauna. It was observed from these laboratory ex-
periments that many of the meiofaunal groups af-
fected by PHC do not recover to normal conditions
(abundance) after a short recovery period and the
concentration of PHC in the sediment declines
slowly. '

Conclusions

Exposure to PHC generally has only temporary
effect on metazoan meiofauna. Different PHC from
fuel oils have different effects on different groups of
meiofauna. The toxic effect can be seen initially
within minutes or hours. The recovery back to equi-
librium or normal condition is quite rapid among me-
iofauna in the subtidal region of natural environ-
ment”’. This is attributed to the resilient nature of
meiobenthos. The nematodes appeared to be more
resistant to PHC compared to other groups.
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