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Abstract

OIl spills are recurrent problen1 in Inanne system. Effects
of oil pollution are many. The present paper evaluates the effect
of PetroleUlTI Hydrocarbon of three tllel OIls on metazoan IneIO­
fauna The results suggest significant VarIatIons In the toxic
effect of three oils used. The Inelofauna responded dIfferently to
crude oil, dIesel and kerosene The fauna reduced Significantly
(p<O.05) In all concentratIons after two weeks The reductIon In
crude oil ,vas more than 50% in 25g/I'l 650/0 in 50 gil and 69% in
100g/I. In other cases the reductIon was higher. In lower con­
centrations (25g/l) the more sensItive taxa such as harpactlcoids,
turbellaria and ostracods were lnore affected. The meiofauna
exposed to PHC showed recovery in the last week, particularly
the neInatodes sho\ving increase in nUlnber IndicatIng their
resil ient nature Other groups partIcularly crustacea appeared
luore sensitive because they reappeared and recovered much
slo\vly The abundance of 1110st lnelofaunal groups remained
low at the end of four weeks exposure to PHC. The effect of 011

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 Inajor pollutant in the marine environ­
ment Polyaromatic hydrocarbon (PAH) are ubiqui­
tous contal11inants in aquatic environment 1. The fate
and effect of petroleum hydrocarbons (PHC) in the
marine environment is a major concern for environ­
mentalists and conservationists. The estimated petro­
leuln influx in the marine environlnent from all
sources is about 2 million Inetric tones per annum2

•

Because of their hydrophobicity, PAH accumulate in
the bed sediments and pose a risk to the benthos3

. 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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• Effects of PHC on Ineiofauna 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 Inakes meiofauna ideal
comITIunity for pollution tnonitoring8

. Demand for
more laboratory-oriented research comes [raIn the
increasing recognition of lneiofauna 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 tnetazoan
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 cm of surface into a bucket and brought to the
laboratory. Three different sources of petroleum hy­
drocarbon, namely, crude oil, diesel and kerosene
vvere used to study the toxicity on Ineiofauna. The
crude oil was obtained [rOITI Bombay High CONGC).
Three concentrations were prepared by mixing 25g/l,
SOg/1 and 100g/1 of PHC. After addition of appropri­
ate atTIount of PHC the sediment was thoroughly
Inixed and kept in glass tubs. Experiments were set up
in triplicate and a control was Inaintained. Each tub
was nnlnersed in a bigger tank containing seawater. A
continuous but slow flow of overlying water was
Inaintained.

The observations were made at weekly intervals
and the experiments lasted for 4 weeks. FraIn each
tub sediInent samples were taken with the help of a
disposable syringe of 2 Cln diameter and 5 cm length.
All sediment samples were preserved in 5% buffered
Fonnalin-Rose Bengal solution (1 :500). The meio­
fauna was extracted froln the sediment by decantation
and sieving9

• The organisms retained on a 63-micron
sieve were counted and identified under binocular
Inicroscope. Total petroleum hydrocarbons were es­
tin1ated in the sediment by fluorescence after extract­
ing with spectrograde hexane. One g sediment sam­
ples were placed in an Erlenlneyer flask (50 cm3

) with
a glass stopper and 4cm3 of water and 10 cm3 n­
hexane were added. The salnples were mixed on a
shaking device for half an hour. The tnixture obtained
was transferred to a centrifuge tube and spun for 10
l11ins 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 Na2S04 (anh.) and evaporated to
5cm3 using a rotatory evaporator. The fluorescence of
the extracts was measured in a 1cm quartz cell at 290
nlTI excitation. The elnission was recorded at 350 and
390 nm. The concentrations of petroleum hydrocar­
bons Ineasured and calculated after extraction of
sedilnent satnples and drying and concentrated to
appropriate volume. After fluorescence tneasuring,
the extract is concentrated in a water bath at 313K to
1cln3

, and applied to 4m Ld. column holding 2 g alu­
111ina (neutral, Merck). Elution was perforlned with 15
cm3 30% (v/v) benzene in n-pentane. The eluate was
then concentrated in a water bath to Scm3 and fluores­
cence \\tas Ineasured again. Fluorescence and concen­
tration of petroleum hydrocarbons was calculated af...
ter alulnina cleaning of the extract.

A known volume (ITIOst 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
4Jlg cln-3 in n-hexane.

The evaluation and correction of any quenching
was possible by using the standard additions method
in which after 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) IFS (after
addition) + FS/[(Fa + S)measnred-Fa]

Where,

Fs = fluorescence of the standard solution of
Kuwait crude oil

~ Fa = fluorescence of the sample after alumina
cleaning

(Fa + S) measured = 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 extractl

0, 11.

Results and Discussion

Concentration ofPetroleum hydrocarbon in sediment

The total -petPOleum 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-I.
Highest value of PHC was observed in sediment con­
taining 100gl1 of crude oil (943.55 Ilg/g sediment) and
the lowest in control tub as expected. Tub containing
diesel had concentration ranging between 22.85 and
69.77Jlg/g while the tub with kerosene had the PHC
concentration in the range of 8.52 and 15. 89 Jlg/g. At
the end of experiment (4 weeks) the concentration of
PHe was measured in all tanks and found to be re­
duced by at least 50%. Reduction Inay be due to dilu­
tion and weathering11

• While the hydrocarbons in the
water column are diluted and dispersed, sediments act
as sink by adsorption and incorporation of oil onto
particles that they sinkl3

. The benthic organisms from
PHC contaminated sediment are exposed to higher
PHC due to the slow process of removal ofPHC from
the sediment14

•
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Table 2 eontd .

The Ineiofaunal response to different concentra­
tions of PHC is shown in Fig.-1. The response of
Inetazoans 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 ofmeiofauna was
significant (p<O.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/l, SOg/I) 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

d 15 h ",16stu Y . Anot er study reported that kerosene was
more toxic than diesel and crude oil to the phyto­
plankton.

Table... } Concentration of total .... of'.. , ..... I(':l" ....... hydrocarbon In

the vvet sedIment

Fuel oil SaIllplc InItial cone Final cone. PHC
PI-Ie ~lg!g ~lg/g

Control 186 102

25 gIl kerosene 852 3 58

50 gil kerosene 1127 4.65

100 g/1 kerosene 15.89 588

25 gIl diesel 2285 12 59

50 gIl dIesel 2931 11 33

100 gil dIesel 6977 2235

25 gil crude oil 9501 56.82

50 gil crude 011 314.13 11595

100 gil crude oil 943.55 46276

Effect ofPRe on n1eiofauna

The Ineiofaunal density of the control tank is
given in Table-2. The numerical density during the
period of observation ranged between 300 and 342/10
cln2. 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
nUlnericaI 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 tinle in \vhich they multiply and grow.

Table-2 Meiofaunal density (no./10cm2
) in experImental

tubs after 4 weeks of exposure to PHC.

Faunal Groups Kerosene

Control 25 gIl 50 gil 100gil

Nen1utoda 186 64 46 45

Harpactico ida 64 4 0 a
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

Nematoda

Harpactlcolda

Turbellana

Polychaeta

ForamInifera

Ostracoda

Others

Total

Faunal Groups

Nematoda

Harpacticolda

Turbellana

Polychaeta

ForamInifera

Ostracoda

Others

Total

DIesel

Control 25 gil 50 gIl 100g/1

180 70 58 55

70 6 0 0

18 8 12 8

16 10 8 6

20 12 8 10

8 2 0 0

30 10 11 18

342 118 97 90

Crude Ot!

Control 25 gil 50 gil IOOg/l

174 83 67 62

58 6 0 0

18 10 8 6

23 8 8 4

22 6 6 8

17 4 0 0

30 15 17 21

342 132 106 101
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Fig.I. Effect ofpetroleum hydrocarbon on meiofauna

A reduction in the total number and species
abundance of Ineiofauna after contamination with
hydrocarbons has been deITIOnstrated both in the natu...
ral habitat and in the laboratory experiments5t 17-19.

The response of different taxa varied and was species
specific. Of all the metazoans, the nematodes ap­
peared to be tnore resilient and showed sign of quick
recovery after initial exposure to PHe. 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
species20

, 21. Nematodes have previously been shown

to be tolerant to PHC, so their high abundance could
explain the lack of response to treatments22

• Similar
observations have been made earIier23 in the studies
on colonization of meiobenthos in oil contaminated
subtidal sands in the lower Chesapeake Bay. In an
experitnental study24 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 comlTIunities.

The meiofaunaI 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 tur­
bellaria and foralninifera sho\ved lesser change. Sev­
eral investigations have also dOCluuented the initial
reduction in Ineiofauna and theIr recovery within one
year after an oil spill., depending on the type of the
oi1 14, 18,21. SOine other studIes showed that while high
concentrations of petroleLun hydrocarbons initially
reduce infaunal densities due to toxic effects" inter­
Inediate hydrocarbon concentrations stitnulate infau­
nal densities due to organic enrichlnent25

, 26 Many of
the Ineiofaunal groups affected by PHC do not re­
cover to nonna! abundance after a short recovery pe­
riod as the concentration of PHC declines slowly in
the seditnent. The delayed recovery Inay be caused
due to sublethal effect of PHCs and its byproducts on
the fauna. It was observed [roln these laboratory ex­
periInents that lnany of the Ineiofaunal groups af­
fected by PHC do not recover to nonnal conditions
(abundance) after a short recovery period and the
concentration of PHC in the sedin1ent declines
slowly. '

Conclusions

Exposure to PHC generally has only temporary
effect on Inetazoan meiofauna. Different PHC from
fuel oils have different effects on different groups of
Ineiofauna. The toxic effect can be seen initially
within Ininutes or hours. The recovery back to equi­
libriulu or nonnal condition is quite rapid among me­
iofauna: in the subtidal region of natural environ­
tnent27

• This is attributed to the resilient nature of
Ineiobenthos. The nematodes appeared to be more
resistant to PHC compared to other groups.
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