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Abstr act
The present study includes toxicity experiments carried out under laboratory conditions for 24 - and 48 -
hours periods by using renewal toxicity test system to determine the comparative toxicities of crude oil ( Basrah
regular crude oil ) and refined oil products ( diesd oil , gasail , gasoline , grease oil , kerosene , motor oil ,
paraffin wax and automatic transmission oil ) to several species of molluscs collected from Shatt Al — Arab river
. These species of molluscs are snails, Lymnaea auricularia , Theodoxus jordani , Physa acuta , Melanopsis
nodosa , and Melanoides tuberculata , and bivalves, Corbicula fluminea and Corbicula fluminalis . Thetoxicity
experiments showed that the different types of oils vary widely in their toxicities to the species tested . The
gasoline is clearly the most toxic fraction , while Kerosene is the next most toxic fraction , and is dightly less
toxic than Basrah regular crude oil .The remaining fractions diesel oil and gas oil are relatively lesstoxic to the
species tested , while the grease il is amost non — toxic . Paraffin wax is non — toxic to all species, while the
motor oil and automatic transmission oil are toxic to different species in varying degrees . There are some
variation in the pattern of recovery rates of each species of snails from exposure to the ails .
The order of sengitivity of molluscs species tested were: L . auricularia > P . acuta > M . nodosa > T .
jordani > M . tuberculata > C . fluminalis> C . fluminea . The overall acute effects of hydrocarbons on the
species of molluscs tested are abnormal activities , narcosis and anesthesia , the loss of ahility to react to the

external cue, rapture the tissues and die.
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1-Introduction

Man's technological and scientific
advances have caused environmental changes
that are impossible to evaluate and fully
comprehend. NRC (2003) reported that our
ability to change the environment has increased
faster than the ability to predict the effect of
that change .

Rapid increase in the use of crude oil
and its by-products has increased the levels of
oil contamination in the marine environment
( SenGupta et al., 1993 ; API, 2001 ; Mai et
al., 2003). Dicks (1998) estimate that the influx
of ol into the marine environment is
approximately three million tons'years . The
majority of this oil pollution is occurring in
estuaries and near — shore water's .

The water of Shatt Al-Arab river
receives the oil contaminants from varying
origin including; accidental spills, normal
operations of boating activities, runoff from
land and introduction via sewage outfalls and
disposal of oil waste material. In addition, some
oil originates from atmospheric transport which
includes  hydrocarbons from  combustion
engines (Al-Saad, 1995). Oil pollution causes
a serious thresat to the river environment . High
concentrations of oil kill the river plants and
animals , even at very low levels, thereis low
accumulation of oil by the river organisms
(Farid, 1998).

Crude oils and refined oil products vary
widdy in chemical composition and physical
properties . The toxicity of different types of

oils has found to vary in experiments carried
out on several species of organisms, as reported
in a previous papers ( Pace et al., 1995 ; Singer
e al., 2001 ; NRC, 2003 ). From these and
other experiments it is, evident that the light
oils were more toxic than heavy ones . The
most volatile fractions of oils are the most toxic
, and that fresh oils are more toxic than residue .

This paper describes toxicity tests
carried out in the laboratory to determine the
comparative toxicities of crude oil (Basrah
regular crude oil) and refined oil products
(diesd oil, gas oail, gasoline, grease ail,
kerosene, motor oil, paraffin wax, and
automatic transmission oil) to several species of
molluscs common in Shatt Al-Arab river. These
ware Corbicula fluminea, Corbicula fluminalis
(bivalves) , Lymnae aurticularia , Theodoxus
jordani , Physa acuta , Meanopsis nodosa and
Melanoides tuberculata

(gastropods).

2- Materialsand Methods
Chemicals:

Crude oil ( Basrah regular - medium -
APl gravity between 28 — 34 ) and refined ail
products ( diesd ail , gasail , gasoline, grease
oil , kerosene , motor oil , paraffin wax ) were
supplied by Iragi South Oil Company . They
were transferred to laboratory by dark glass
bottle closed tightly and kept in a cold and dark
place prior to use. Table (1) represents the
specifications of the refined oil products .
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Automatic transmission oil (Fuchs Titan
ATF) was supplied from Alhamrani-Fuchs
petroleum Ltd . , Saudi Arabia.

Apparatus:
Thermometer

A simple thermometer with range from O to
100 °C graduated at 0.2 °C made by Hanna
company was used to measure water
temperature .
Dissolved oxygen meter

A dissolved oxygen meter type YSI 556
MPS (USA) was used to determine dissolved
oxygen in water .
pH - meter

A pH-meter type HI 8915 made by Hanna
company was used to determine pH of water .
Salinometer

A digital salinometer E-202 type Tsurumi
Seki (Japan) was used to determine salinity of
water .
Collection of molluscs samples:

The specimens of molluscs , Lymnaea
auricularia , Theodoxus jordani , Physa acuta ,
Meanopsis nodosa , Meanoides tuberculata
(gastropods), Corbicula fluminea and Corbicula
fluminalis (bivalves) were collected from Shatt
Al-Arab river (along the region extended from
Abu — Al - Khasib to Garmat - Ali ) during low
tide in 2004 and 2005 (Figure 1) . Each species
consisted of at least 350 adult and of uniform
sizeindividuals .

Acclimation of the test species ( molluscs) :

The species of molluscs were transferred
to an aguarium for acclimation period of ten
days prior to the toxicity experiments , under
l[aboratory temperature of 20 + 2 °C with light /
dark cycle (12 : 12 ) under aerated conditions .
Toxicity experiments :

Experiments were carried out to
determine the toxicity of several types of
refined oil products compared with Basrah
regular crude oil. The refined oil products
investigated were diesd oil, gas ail, gasoline,
grease oil and kerosene.

The three types of oil products were also
investigated. They are motor oil , paraffin wax,
and  high
transmission oil (Fuchs Titan ATF). The

quality  paraffin  automatic
toxicity of all these fractions was tested
simultaneously with that of Basrah regular
crude ail for comparison .

The experimental procedure adopted for
toxicity determination was based on the method
established by Pace et al . (1995). Batches of 50
animals of each species were exposed to each
type of oil for a period of 24 - and 48 - hoursin
aquariums ( 40 x 22 x 15 cm? in size ),
followed by the 5-days recovery period in clean
aerated river wate . The aguariums were
covered with glass lids to reduce evaporation of
hydrocarbons. The concentration of test
solution of each type of oil consists of manually
mixing 20 ml of oil with each liter of river

water. The animals were left without food
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during the exposure period . The recovery rate
of each species of gastropod was recorded by
noting the number of animals which crawled
out of the water and stick to the sides of glass
aguariums. Mortalities in species of gastropods
were taken as the number of animals il
immobile and remaining in the water after 5 —
days , in the case of bivalves , mortalities were

taken as the number of individuals showed no
signs of life and with permanently gaping
shells. These tests were sat up in three
replicates  together  with  three  control
(untreated). All experiments were carried out in
the renewal toxicity system for test from

January to March , 2004 .

Table (1) : Specifications of Iragi Refined Oil Products ( Reference, Iragi South Oil Company )

Refined oil

Property

Lubricatin Kerosen Paraffin

Gasoline

0.7310
0.8398 (Premium)

Diesel oil Gasail X
g oil e wax

0.8017 ---

Specific gravity @

15.6 °C maximum 0.8398

Viscosity CST. @ 125 -
37.8 °C maximum 18.5
Aromatic Content
volume % maximum
Lead content gm/ I.
maximum
Sulpher % weight
maximum
Oil content %
maximum

Melting point °C

0.2-0.9
60 - 68
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Fig.(1) : Map of Sampling L ocation .

Acute effects of oils on test species (molluscs)

Some acute effects of oils on species of
molluscs tested are observed by monitoring the
animals closdy during the exposure periods .
Test solutions:

The tests solutions of all experiments
were monitored for temperature, dissolved
oxygen, pH and salinity at regular intervals .
The temperature was at 20 £ 2°C . The
dissolved oxygen ranged from 8.5 to 10.1 mg / |

. As to the other characteristics of tests
solutions , pH from 7.1 to 7.8 and salinity from
16to1.8ppt.

3- Resultsand Discussion

Tables ( 2 and 3 ) represent the mortalities
percentage of the tested species after exposure
to different types of oils for 24 - and 48 - hours
followed by the 5 - days recovery period in the

river water . It can be seen that the different
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types of cils vary widely in their toxicity to the
Species tested . The order of toxicity of the oils
tested is not exactly the same for all species .
Considering Basrah regular crude cil and the
refined oil products (diesd ail, gas ail, gasoline,
grease il and kerosene), gasoline is clearly the
most toxic fraction. This particular gasoline was
leaded, however, which may have contributed
to its high toxicity. Kerosene is the next most
toxic fraction, and is dightly less toxic than
Basrah regular crude oil . The remaining
fractions diesd oil and gas ail are reatively less
toxic to the species tested , while the grease oil
is almaost non — toxic .

The three ail
similarly vary in ther toxicity to different

fractions investigated

species. Paraffin wax , as one might expect , is
non — toxic to all species , while the motor ail
and automatic transmission oil are toxic to
different species to various degrees . Both
motor oil and automatic transmission oil
undoubtedly contain various additives , while
the latter is distilled to remove the magjority of
the more toxic aromatic components which
occur in commercial kerosene .

Figures ( 2 — 6) illustrated recovery rates
of L . auricularia, T . jordani , P. acuta, M .
nodosa and M . tuberculata during the 5 — days
recovery period following exposure for 48 -
hours to crude oil and various ail fractions .
The variation in the pattern of the recovery rates
of each species of the snails following exposure
to the ails, can be seen .

The toxicities vary between oils , which is to be
expected because the concentration and
composition of individual hydrocarbons within
the oil vary. The refined oils are generally
considered to be more toxic than crude ails ,
since smaller volumes of refined oils are needed
to kill 50 % of the test animals in a given time .
The increased toxicity of refined oils , as
measured on a volume added basis , is primarily
caused by two factors: (1) refined oils often
have concentrations of aromatic hydrocarbons ,
(2) refined oils are usually less viscous than
crude ails thus requiring less mixing energy for
toxic concentrations to be mixed into the water
( Bodsterli , 2000 ; NRC, 2003) .

The order of toxicity of oils tested in the present
study is similar to that found by other studies
carried out using some or all of these fractions
to different species of organisms . McDonald et
al. (1991) tested the toxicity of petroleum
products to fishes, and found that the fractions
of tested gasoline were the most toxic , fud ail
somewhat the less toxic and bunker oil the least
toxic . Pees and Scheuerman (1992)
investigated the effects of oil mixed with sand
on aguatic animals, and found in experiments
on the hydrozoa and fish that crude oil was the
most toxic and the lubricating cil the least toxic
, while fud ol and diesd oil were of
intermediate toxicity . In their experiments on
the oyster they showed that diesd oil to be
dlightly less toxic than Russian crude ail, while
heavy fud oil was non — toxic to the intertidal
gastropads of the Black sea. SenGupta et al .
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(1993) found Kuwait residue to be less toxic
than Kuwait crude oil to a number of intertidal
species of molluscs. Al-Aabbawy (1999) found
in her study on the acute toxicity of kerosene,
gas oil and lubricating oil on two species of
gastropods from Shatt Al — Arab river (M .
nodosa and T . jordani ) that kerosene was more
toxic to snails followed by gas oil and
respectively. Farid (2002)
investigated the lethal toxicity of kerosene and

[ubricating il

gasoline on three species of snails from Shatt Al
— Arab river , T. jordani , M . nodosa, and M .
tuberculata . It is found that the gasoline was
more toxic than kerosene . Altte (1988 ) studied
the effect of kerosene and crude oils on the
survival of crab and found that the kerosene
was more toxic than crude oils .

The ail products , with low bailing points ,
thus appear to be considerably more toxic than
the heavier fud oils and bunker oils , while
crude oils are intermediate with respect to
toxicity (Talley , 2000). Pearson et al. (1995)
found that the damaging influence of
petroleum fractions on the marine organisms
decreased with increasing boiling points of
these fractions, while the phenomenon was
partially inverted when the fraction had been
emulsified. The low-boiling hydrocarbons
present in oil include aromatics such as
benzene, toluene, xylene, naphthalene and
phenanthrene , al of which are water — soluble
to some extent, and which are known to be
toxic to a wide variety of marine organisms

(Baussant et al., 2001). Among the higher-
bailing crude ail fractions, Sterling et al. (2004)
considered the polycyclic aromatic hydroca-
rbons to be seriously damaging long-term
poisons, inducing carcinogenic  activity,
athough the significance of this in the marine
environment is still disputed. These polynuclear
aromatic hydrocarbons, however, are present at
least in minute concentrations in al marine
waters because they are formed by agueous
flora(Ma et al., 2003), and it is unlikely that
they would be present in sufficient
concentration in marine waters to cause very
much biological damage , except in the event of
an oil spill in a very confined body of water .

In addition to toxicity , the physical properties
of refined il products may cause biological
damage. The degree of persistence of an ail
depend on the physical nature of the ail . "
Persistent " oils were defined by the API (2001)
as crude, residual fue and lubricating oils, also
tar oils and creosote etc., while non persistent
oils include all other distilled hydrocarbon ails,
such as motor spirit, kerosene and gas oil , and
also animal and vegetable oils . The persistent
type of oils are more likely to cause biological
damage by virtue of their physical properties,
possibly for a considerable length of time, while
the non-persistent types of cils are more likely
to cause biological damage by virtue of ther
toxic nature for a relatively short period of time.
Exposure of oil by spillage at sea results in

fairly rapid disappearance of non-persistent oils
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by evaporation, while persistent oils become
weathered in characteristic ways . The physical
and chemical changes undergone by crude ail
when exposed to weathering include an increase
in asphaltene content, a slight increase in wax
meting point, a decrease in sulphur content and
increase in both viscosity and specific gravity
( Crawford et al., 2002 ; NRC, 2003 ). Ghio et
al. (2002) investigated the biological effects of
Kuwait atmospheric residue and certain residue
blend, similar in physica properties to
weathered crude oils. These residues were
found to be effectivdly non-toxic, but ther
relatively  high
physically dangerous to marine life . The more

viscosity renders  them
persistent types of oils may also be toxic to
marine animals, especially when in the form of
an emulsion. Dicks (1998) found that large
guantities of Bunker C qil are taken up by a
variety of invertebrates and distributed through
their tissues and spectrofluorometric methods
revealed the initial accumulation of this ail in
the guts of flounders and lobsters .

Refined oil products thus vary widdy in
toxicity . In general , the low — boiling fractions
are more toxic than crude oil , which in turn
more toxic than the heavier , high — boiling
residual fractions , some degree of reversal of
this order of toxicity is apparent , however ,
when the ail is in the form of an emulsion .
From the review of some of the mgjor spillages
in recent years it appears that the biological
damage resulting from spillages of refined ail
products is determined more by the degree of

persistence of the oil concerned than the
absolute toxicity of the oil when fresh .

When assessing the potential impact of spill oil
, it is crucia to know if some species or life
stages are more sensitive than other to ail
toxicity (Zakaria et al., 2000 ; Vernberg and
Vernberg, 2001) .

In the present study, the order of sensitivity
of species of molluscs tested are not exactly the
same for all peroleum toxicants, but some
trends are clearly evident that the sensitivity of
animals are as the following trend ; L.
auricularia > P . acuta > M . nodosa > T .
jordani > M . tuberculata> C . fluminalis>C.
fluminea (Tablesland?2) .

The difference in sensitivity to petroleum
toxicants among the species of molluscs may be
due to the difference in the membrane structure
of their bodies, their ability on the metabolism,
excretion and storage of the toxicants and/ or
the difference in the transportation of the
toxicants into the site of action .

The difference in sensitivity to varying
environmental  conditions between different
species is wel known . Zakaria et al . ( 2000 )
reported that the tolerance of marine fauna
exposed to ail pollutants increases in the series
from fish , to higher vertebrates then to lower
invertebrates . Tolerance aso increases in the
marine habitat series from pelagic animals to
subtidal benthic animals and intertidal animals .
Rice etal.(1976) tested 27 species of marine
fish and invertebrates , and permitted the best
comparisons of species sensitivities since
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methods , temperature , ect. , were all similar .
Fish and shrimp were usually among the more
sensitive species tested, while intertidal animals
Intertidal
animals are probably more tolerant to static

were generally more  tolerant
exposure because they can temporarily insulate
themselves from the exposures, at least until the
concentration in the static exposure declined to
sublethal levels. The intertidal limpets and
chitons were sensitive than the other intertidal
animals, but this might be due to damage
occurring when they were collected. Vernberg
and Venberg (2001) reported that the
sensitivities of cold-water species appear
greater than sensitivities of similar species from
warmer climates . Talley (2000) speculated that
the cold — water species may appear more
sensitive because lower temperatures increase
the persistence of toxic aromatic hydrocarbons ,
even though there are differences in oils and
species between the studies . Jaweir and Habash
(1987) in their experiments on the toxicity of
water-soluble hydrocarbons (WSF ) of kerosene
to two species of polychaetes from Shatt Al —
Arab river  (Namalycagtic indica and
Dendronereides heteropoda ) , found that D .
heteropoda was dlightly more sensitive to WSF
of kerosene than N . indica . The 96 - hours
LCsy values recorded were 1.5 ml / | for D .
heteropoda and 4 ml/l for N
Laboratory studies on the snails (M . nodosa, T

indica .

.jordani , L . aurculariaand M . tuberculata)

and the bivalves (C . fluminalis and C .

fluminea), a common inhabitant in the Shatt Al-
Arab river estuary area , were made with crude
oils refined products and oil fractions
(Farid, 1998, Al-Aabbawy 1999, Farid, 2002,
Farid and Farid, 2002, Farid et al., 2002 ; Farid,
2003). These studies showed that the sensitivity
of molluscs to ail pollutants were very different
as following trends ; L . aurcularia> M .
nodosa> T . jordani > M . tuberculata > C .
fluminalis> C.fluminea .

In the present study , some acute effects of
oil hydrocarbons on the species of molluscs
were observed by monitoring the animals
closdly during exposure periods . These effects
are ; restrict ther normal activities, prevent
their adhering ability to test vessds (including
the snails only), bring narcosis and anesthesia ,
loss their ability to reach the external cue,
rapture ther tissues, leave their shels and
finally die . Such effects are due to physical and
/or chemical toxic effects of hydrocarbons
which produce the abnormal activities in
molluscs and die .

Bodsterli, (2000) reported the toxicity
significance of the various fractions of
hydrocarbons , the low boiling saturated
hydrocarbons have been showed to produce
anesthesia and narcosis at low concentrations ,
and at higher concentrations caused cdl
damage to a wide variety of animals . Higher —
bailing saturated hydrocarbons may not be
directly toxic , athough it is suggested that they

may interfere with nutrition . The aromatic
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hydrocarbons are the most dangerous fractions.
The low — boiling aromatics represent the acute
toxic hazard , while the higher molecular
weight polynuclear species may wel be of
significance in their long-term effects. Similar
toxic effects of hydrocarbons on other species
of aguatic organisms were also reported by
( Kenchington , 1996 ; Dicks, 1998 ; Singer et
al., 2001 ; Birwdl and McAllister, 2000 ; Farid
,2005) .

The tests of the this study were performed
under laboratory conditions and therefore

inevitably did not
description of the undoubtedly more complex

provide a complete

processes which took place in the natural
environment . The results indicate , however , a
number of toxic effects on an ecologically
important species and that these may occur at
comparatively high levels of ail pollution in the
waters of Shatt Al — Arab river .

Table (1) : Specifications of Iraqi Refined Oil Products( Reference, Iragi South Oil Company )

Refined oil

Property

. . , Lubricating Paraffin

Diesd ail Gasoline il Kerosene wax
0.7310

0.8398 (Premium)

Gas il

Specific gravity @

15.6 °C maximum 0.8398 0.8017

Viscosity CST. @ 125 -
37.8 °C maximum 18.5
Aromatic Content
volume % maximum
Lead content gm/ I.
maximum
Sulpher % weight
maximum
Oil content %
maximum

Melting point °C

0.2-0.9
60 - 68
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Table ( 2) : Mortalities percentage of several species of intertidal molluscs from the Shatt Al —
Arab river after 24 - hours exposure to different types of oils, followed by the 5 — days
recovery period in theriver water .

Tpe weloil

Spoeics Puwsrubzesnlar Dicsel  Gas o Loz Moler  Punullin Mool

Mumbor " ) . Lraznline ) Karmsane ) ) )

I,TI,I;_E{ i,'\'ll I_III (%l [1]] i,'\'ll [ H N Ll nnssign ..,'\III
L. inreiniavia il ik L3 |l 73 5 57 33 3 b
T nalond EiL 14 3 5 " i) I i it Ml
It i Al 7 T 5 3 Lk Il K 7
A ancdass 31! 14 7 i 52 i 21 1 i 17
A4 b il 14 3 Gl 23 u 3 - 1l 2l
[ ] sl 4 1} H R 1} 1] il 1 [
0L floadenliv i fi i 5 I N K] 0 i K]

Table ( 3) : Mortalities percentage of several species of intertidal molluscs from the Shatt Al —
Arab river after 48 - hours exposure to different types of oils, followed by the 5 — days
recovery period in theriver water .

Tepewluil

Mooy Basrah regular Ihesel (ray . {irease Wk Marallin ALl
umler ) ) . Uiasaling . Ferseng ) o .
vrunde ol vl u ol ol WL Inosngse1 il
Lo aowrwdtnia ki i3 1% 149 TH a9 s il b AT
VL fardami Sk 2 b 1% 34 & 14 10 i 21
M e A EX 10 1z i} 1 M 17 i Ly
A aaarleoin Al A o 11 A7 i W 14 i i)
A _ .
ki 20 iy 5 20 4 n f 3 il
rodfenT i
O lansioe Al # 7 T 3 : | £ i 11
o ] il # I i B 7 4 16
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Fig. (2): Recovery of L . auricularia (n =50) during the 5 - days recovery period
following exposur e of 48 - hoursto crude oil and various fractions

PDF created with pdfFactory Pro trial version www.pdffactory.com



http://www.pdffactory.com
http://www.pdffactory.com

13

80

W.A Farid et al./ Marsh Bulletin 4(1)(2009)1-20

70

60

50

40

% Recovery

30

20

10

120

100

80

60

% Recovery

40

20

20 40 60 80 100 120 140
Recovery time (hours )
—o— Diesel oil —&— Gas oil —&— Gasoline
20 40 60 80 100 120 140

Recovery time (hours )

—&— Basrah regular crude oil ——Kerosene —&— Grease oil

Fig. (3): Recovery of T . jordani (n=50) during the5 — daysrecovery period following

exposur e of 48 - hoursto crude il and various fractions.
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Fig. (4): Recovery of P . acuta (n=50) during the 5 — daysrecovery period following
exposur e of 48 - hoursto crude il and various fractions.
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Fig.(5) : Recovery of M . nodosa ( n=50) during the 5 — daysrecovery period following
exposur e of 48 - hoursto crude il and various fractions.
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Fig. (6) : Recovery of M . tuberculata ( n =50 ) during the 5 — days recovery period following
exposur e of 48 - hoursto crude il and various fractions.
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