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ABSTRACT

Experiments had been made to study the effects of various Iraqi crude oils (Nahran-Omar, Majnun and
Rumella) on the eggs and young larvae of common carp (C. Carpio), carassin (C. auratus) and grass carp
(C. idella). The eggs and larvae were exposed to different concentrations of dissolved and dispersed
crude oils. The eggs mortality is directly proportional to the concentration of dissolved crude oils and
the exposure duration. The eggs with developed embryos were less sensitive than young eggs. Nahran-
Omar was the most toxic crude oil to eggs. Majnun was the next toxic crude oil, while Rumella crude
oil was almost non toxic. The eggs hatching during the test depended on the concentration of dissolved
crude oil, the sensitivities of embryos, and various toxicities of crude oils. The crude oil had more
obvious effects on young larvae than embryos. The Carassin larvae were less and grass carp larvae
were more resistant to dissolved crude oils than common carp larvae of the same age. Dispersed crude
oil was more toxic to the larvae than floating oil. The Corexit 9500 solution alone was non toxic in all
concentrations used. The chemically dispersed crude oil, however, was more toxic than mechanically
dispersed crude oil. A significant biological and behavioral effects of dissolved and dispersed oils on
the larvae were demonstrated. The affected larvae were not able to avoid the dispersed crude oil due
to destruction of the chemical receptors rapidly at the beginning of contact with the oil.
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INTRODUCTION

Oil spill affecting the aquatic life and their spilled, the season and weather, the type
habitats in many ways [1]. The severity of the shoreline, and the type of wave and tidal ener
impact depends on the type and amount of oil in the area of the spill [2].
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Oils can range from very light to very heavy oils.
Very light oils are highly volatile and evaporate
quickly. They are one of the most acutely toxic
oils to aquatic life. Medium oils are less likely to
be mixed with water and can cause severe and
long-term pollution in tidal areas. Heavy oil do
not mix easily with water and be much less
evaporation and dilution potential. They can
cause severe pollution in the long term of the
tide and sediment areas. Very heavy oils can mix,
sink, or hang in the water. These oils become oil
droplets and mixing in the water, or accumulate
at the bottom, or mixing with sediment and then
sink [3, 4].

Most of the oil has a lower density than water,
so it floats. Oil tends to spread in a thin layer on
the surface of the water [5]. Qil in the water is
subject to weathering, a process that reduces
the most toxic elements in petroleum products
over the time, as exposure to air, sunlight, waves
and tidal action, and certain microorganisms
degrade and/or disperse oil. Weathering rates
depend on factors such as the type of oil,
weather, temperature, and type of the shoreline
and bottom of that occur in the spill area [6].
Some oil components have the ability to persist
in the environment for a long time after the spill
event and have been detected in sediments 30
years after the spill [7].

Oil spill contaminated shores were treated with
huge amounts of oil spill dispersants [8]. Adding
dispersants to the oil does not reduce the total
amount of oil entering the environment. They
simply change the physical and chemical
properties of the oil and allow it to enter the
water column, making the water column and
benthic animals submitted to the toxic effects of
treated oil, and dispersants themselves [9].
Small amounts of oil dispersed naturally in the
water column through the action of waves and
other environmental processes [10]. Dispersant
application to increase the amount of oil that
mixes physically in the water column, and
reduce the possibility that the contamination of
surface slick and the shoreline habitats and

animals, or impact organisms that come into
contact with the surface of the water. However,
by promoting the dispersion of the oil in the
water column, dispersants increase the potential
exposure of the water column and benthic
organisms to the spilled oil. Therefore, the
application of dispersant represents a conscious
decision to increase the load of hydrocarbons in
the water column while reducing the load on the
coastal wetland [11, 12]. This trade-off reflects
the complex interplay of many variables,
including the type of oil spilled, the volume of
the spill, sea state and the weather, the depth of
the water and the degree of mixing and dilution
of oil, and the relative abundance and life stages
of living organisms [13]. Filed observations and
the following tests have shown that most of
these chemicals have been highly toxic to many
aquatic organisms. According to [9] that Corexit
dispersant, for example, can be bioaccumulate
and persist in the sediment and water column
(where it can impact larvae and others plankton)
for decades, especially in deep water, where the
low temperature inhibit biodegradation [14].

In the aquatic environment, the oil spills may
shifts
abundance of species

cause in population structure and
and diversity, and
distribution. Loss of habitat and loss of prey
elements also have the potential to affect living
populations [15, 16]. Oil causes harm to aquatic
life through physical contact, ingestion,
inhalation and absorption. Floating oil can
contaminate plankton, which includes algae, fish
eggs and larvae of various invertebrates. Aquatic
organisms that feed on these objects can
subsequently become contaminated. Large
animals in the food chain, including the largest
fish, birds and terrestrial mammals, and even
humans may then consume contaminated
organisms [2, 17].

The fishes exposed to spilled oil in different
ways. They may come into direct contact and
contaminate their gills. Water may contain toxic
and volatile components of oil that can be

absorbed by their eggs, larvae, and juvenile
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stages and they may eat contaminated food [18,
19]. Fish exposed to oil may suffer from changes
in heart and respiratory rate, enlarged livers,
reduced growth, and fin erosion, a variety of
biochemical and cellular changes and
reproductive and behavioral responses. Qil has
the capacity to

spawning eggs and larvae of many fish species

influence the success of

[20, 21]. Chronic exposure to some chemicals
found in oil may cause genetic abnormalities or
cancer in sensitive species of fish. If chemicals
such as dispersants are used to respond to a spill,
there may be an increased potential for tainting
of fish by increasing the concentration of oil in
the water column. This can affect humans in
areas that have commercial and recreational
fisheries [22, 23].

In recent study, the toxic effects of dissolved and
dispersed forms of different origin and character
of Iraqgi crude oils (Rumella, Nahran-Omar and
Majnun) to eggs and young larvae of some
commercially species of Shatt Al-Arab River
fishes (common carp Cyprinus carpio, carassin

Carassius auratus, and grass carp
Ctenopharyngodon idell) have been
investigated.

MATERIALS AND METHODS

The different stage eggs of common carp C.
carpio (Linnaeus, 1758) and young larvae of
carassin C. auratus (Linnaeus, 1758), common
carp and grass carp C. idella (Valenciennes in
1844) [Phylum:

Cuvier and Valenciennes,

Order:
were

Chordata, Class:

Cypriniformes,

Actinoptergii,
Family:  Cyprinidae]
subjected to oil contamination in the present
experiments. The fishes were obtained from
Shatt Al-Arab River. They had been kept and
reared at laboratory in glass containers that
contained river water. The containers were
vigorously aerated to maintain dissolved oxygen
levels at 90 to 100%. Laboratory temperature
was maintained at 20+ 2 °C. Photo regime was
used to provide a constant 12 hours light and 12
hours dark photoperiod at the water surface of
containers. The animals were fed aquatic plants,
detritus and live nauplii.

The teats were achieved with different origin
and character of Iragi crude oils, Rumella (heavy-
API gravity < 28), Nahran-Omar (light- API gravity
> 34), and Majnun (medium-API gravity 24 - 40)
as dissolved and dispersed forms. The crude oils
were obtained from lIragi South Qil Company
with properties shown in Table 1 according of Ali
et al [24] The crude oils were transferred to the
laboratory by dark glass bottles closed tightly
and stored in laboratory temperature (2042 °C)
in dark place prior to use. The two liter of each
crude oil was stirred for 24 hours by a magnetic
stirrer at laboratory temperature to allow
evaporation. This was done to minimize the
changes in toxicity that would have taken place
during the experimental period due to
evaporation of the more volatile fractions and to
simulate the condition of an actual oil spill at
water.
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Table 1: Properties of Iragi crude oils

Index Value
Rumaila Nahran-Omar Majnun

Sulfur content, % mass in crude oil 1.30 0.73 1.30
fraction (i.b.t.-180 °C) 0.144 0.029 0.17
fraction (180-360 °C) 1.12 0.64 1.67
Content of fractions boiling up to 350 °C, % mass 50.02 59,87 44.27
Content of water, % mass. Ab Ab Ab
Content of mechanical admixtures % mass Ab Ab Ab
Concentration of chlorine salts, mg/dm3 14.06 23.01 19.22
Content of paraffin in crude oil, % mass 3.4 3.0 1.4
Freezing point of kerosene fraction -54°C -59°C -73°C
Pour point of diesel fraction -11°C -12°C -12°C

Ab= Absence

The dissolved crude oils were prepared by the
extraction of oils in 20-liter plastic containers to
avoid the direct application of oils films in the
test containers. Different amounts of crude oils
(100, 1000 and 10000 ppm) were poured on the
water and left for two days. A calm water
circulation in containers were maintained by
means of small pumps to ensure maximum
saturation of soluble compounds. The clear oils
extracts were transferred into the test
containers and renewed every two days [25].
The mount of crude oils used to prepare the
extracts, however, no criterion for the actual
amount and type of dissolved hydrocarbons.
The initial chemical analysis shows that under
the described test conditions the amount of
hydrocarbons dissolved from 10000 ppm of
crude oils are in the range of 10 ppm.

The dispersed crude oils were obtained by
mechanical mean or by additional aid of
chemicals. In mechanical dispersion, 1000 ppm
of the crude oils were stirring for 1 minute at
10000 revolution/minute. Dilutions were then

prepared at once. For chemical dispersion, the
dispersant Corexit 9500 was used for this
purpose. 10 and 100 ppm of Corexit were added
when the crude oil was mixed with the water,
representing 1 and 10 % of the crude oil
dispersed. The dilutions were then prepared.
The experiments were started 1 and 50 hours
later.

The Corexit 9500 (Nalco Energy Services
Company, USA) is contains propylene glycol 1-
5%, w/w; distillates, petroleum, hydrogenated
light 10-30%, w/w; organic sulfonic acid salt
(proprietary) 10-30 %, w/w. This dispersant is
harmful by inhalation on repeated or prolonged
exposure and may cause irritation of respiratory
tract eyes and skin. If swallowed, it may cause
nausea and vomiting and central nervous system
(CNS) depression. The organic portion of this
preparation is expected to be biodegradable and
component substances have a potential to
bioconcentrate. The physical and chemical
properties of Corexit 9500 was shown in Table 2
[26, 27].
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Table 2: The properties of Corexit 9500

Index Value

Physical state liquid

Appearance clear hazy amber

Odor hydrocarbon

Specific gravity 0.95 at 60°F/15.6°C

Density 7.91 Ib/gal

Solubility miscible

in water

pH (100%) 6.2

Viscosity 177 cst at 32°F/0°C, 70 cst
at 60°F/15.6°C, 22.5 cst at
104°F/40°C

Pour point <-71°F/< -57°C

Boiling point 296 °F/147°C

Vapor pressure

15.5 mm Hg at 100°F/37.8°C

The natural river water obtained from Shatt Al-
Arab River which was filtered through 0.45 um
Whatman sterile membrane filter and boiled
was used for the kept and reared the fishes,
achievement tests, and preparation dilutions in
bioassays. The water quality measurements of
river water used in the experiments are
dissolved oxygen (6.4-7.6 mg/l), pH (7.5-7.9),
temperature (28.7-32.8 °C), salinity (4.5-7.3 %),
conductivity (1155-1187 p mos/cm), Hardness
(192-207 mg/l) and alkalinity (196-219 mg/I).

The levels of hydrocarbons were monitored
during the tests by Shimadzu RF-540
spectroflurometer equipped with a DR-data
recorder following the procedure of and
Wattayakorn and Rungsupa [28] with some
modification. At least two sets of samples were
collected from each concentration. Samples
were then extracted with 100 ml of nangrade
carbon tetrachloride (CCl4) in two successive 50
ml extractions, and the extracts were combined.
The mixture was vigorously shaken to disperse
the CCls; thoroughly throughout the water
sample. The shaking was repeated several times
before decanting the CCls. A small amount of
anhydrous sodium sulphate was added to these
extracts to remove excess water. The CCl4
extracts were reduced to volume less than 5 ml
by using a rotary vacuum evaporator. The

reduced extracts were carefully pipette into a
precleaned 10 ml volumetric flask, making sure
that any residual particles of sodium sulphate
were excluded and evaporated to dryness by a
stream of pure nitrogen. The flasks were then
rinsed with a fresh hexane. The rinsing was used
to make the sample volume up to exactly 5 ml.
The basis quantitative measurements were
made by measuring the emission intensity at 360
nm, with excitation set at 310 nm and
monochromatic slits of 10 nm.

The experimental procedure adopted for toxicity
determination was based on the method
established by USEPA [29] with some
modification. The eggs and larvae were
subjected to crude oils into each 20 liter glass
container. The containers were kept without
cover and aerated. Controls were achieved
without the addition of the oils. The eggs and
larvae were monitored and the mortalities were
measured at different time intervals. Recovery
was determined by transferred the organisms to
clean river water after exposure. Dissolved
oxygen and pH were measured at the beginning,
middle, and end of each test. Alkalinity and
hardness were measured at the beginning and
end of each test.

All the data were statistically analyzed. The one
way analysis of variance (ANOVA) were used to
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test for significant difference (p > 0.01) of
obtained values.

RESULTS AND DISCUSSION

The addition of oils to test water caused a
lowering of pH and dissolved oxygen
concentration, but had no effect on hardness or
alkalinity. This was in agreement with conclusion
of Puglisi and Hedtke [30] in their experiments
on the toxicity of five oils on four freshwater
species. The pH in all tests was between 7.0 and
7.1. The dissolved oxygen concentration was
between 5.7 and 5.9 mg/| Table 3.

The eggs mortality in the controls was ranging
from 2 to 15 %. The extract of 10000 ppm of
Nahran-Omar crude oil had caused a high
mortality of 58 % (0.5 day age), 52 % (1 day age)

and 37 % (2.5 days age) than in the control.
Majnun crude oil extract caused a mortality of
about 39 % (0.5 day age), 31 % (1 day age) and
21% (2.5 days age) above the control. While, the
extract from Rumella crude oil had caused the 20
% (0.5 day age), 13% (1 day age) and 8 % (2.5
days age) higher mortality than in the control.
The extract from 100 ppm crude oils still caused
28 % (0.5 day age-Nahran Omar) to 1 % (2.5 days
age-Rumella) higher mortality compared with
the controls Table 4 and Figure 1. Rumella crude
oil was almost non-toxic, perhaps because of the
smaller content of toxic fractions. The toxicities
vary between the crude oils, which is to be
expected because the concentration and
composition of individual hydrocarbons within
the oils vary.

Table 3: Dissolved oxygen, pH, alkalinity and hardness of test solutions measured in toxicity
experiments

Character

Value

Dissolved oxygen (mg/l)

pH
Alkalinity (mg/I)
Hardness (mg/l)

5.7-5.9
7.0-7.1
202-208
199-205

Table 4: The mortality percentage of common carp eggs in dissolved crude oils and control at
different ages

Crude oil Concentration Age of eggs
and control (ppm) (day)
05 1 2.5
Nahran-Omar 100 42 30 19
1000 55 41 34
10000 70 59 40
Majnun 100 35 24 13
1000 43 30 17
10000 51 38 24
Rumella 100 21 9 3
1000 25 16 8
10000 32 20 11
Control 100 14 15 12
1000 6 8 7
10000 2 2 3

J Pharm Chem Biol Sci, March-May 2016; 4(1):88-103



Farid et al 94

m0.5 day age of eggs 1 day age of eggs

02.5 days age of eggs

|

crude oil

(=4
(=}
(=4
(=}
-—

80 -
@70 -
+
S 40 -
230" hlﬁ
220 -
10 -
5 0
= olo|lolo|lo
- =IE=-2E=2k=2K=]
s 2|87 |2

Nahran- | Majnun
Omar [crude oil jcrude oil

[= RN == ]
Qo Qo
- Qe ol
- o - |
- -

Rumella | Control

Concentration (ppm)

Fig. 1: The mortality percentage of different ages eggs of common carp at different

concentrations of dissolved crude oils

The light crude oils are generally considered to
be more toxic than heavy crude oils [31]. The
increased toxicity of light crude oils is primarily
caused by two factors: (1) light crude oils often
have concentrations of aromatic hydrocarbons,
and (2) light crude oils are usually less viscous
than heavy one thus requiring less mixing energy
for toxic concentrations to be mixed into the
water [32, 33]. Neff et al [34] had shown that the
toxicity of heavy oils to be of physical or
mechanical nature and chemical toxicity due to
light oils. The light oils are rich in aromatic
hydrocarbons. These are known to be readily
soluble and toxic.

The young eggs that have been subjected to
crude oils extract after fertilization appeared to
be the most sensitive. Whereas, the 2.5 days
eggs age with developed embryos were less
sensitive to all three concentrations of crude oils
extract and did not appear larger mortality than
the controls. This agrees with work of Venesjarvi
and Karjalainen [35] who found that the newly

fertilized eggs (from fertilization to eyed stage)
were more sensitive to water soluble fraction
(WAF) than eggs in the late embryonic stage
(from eyed stage to hatching). The sensitivities
to oils are different for each life stage of a
species and for the same life stages of different
species [31]. According to Rice [36] the tolerance
of eggs to the effects of oil increases as their
development proceeds. Components of oil can
penetrate the plasma membrane of eggs and
this penetration ability is highest after
fertilization [37].

In the case of transfer a series of eggs from
Majnun crude oil extract to clean river water
after exposure, the mortality of eggs was
obviously lower Table 5 and Figure 2. Whereas,
the eggs with developed embryos contaminated
with Nahran-Omar extract did not recover when
they were transferred to clean river water. It
seems that the harmful impact of Nahran-Omar

crude oil to be manifested much more rabidly.
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Table 5: The mortality percentage of common carp eggs in Majnun crude oil extract, clean river
water and control

Concentration (ppm)

In crude oil extract

In clean river water

100
1000
10000
Control

13
17

24
3

6
11
17

3

—&—In Majnun crude oil extract

=f-In clean river water after exposure

—d—In conrtol

o 30
225
@ 20
15
10
5

A

0

5000

% Mortality of

0

1
10000 15000

Concentration of crude oil (ppm)

Fig. 2: The relationship between mortality percentage of common carp eggs and concentration of
Majnun crude oil extract

In all crude oils extract the mortality of eggs
based on the duration of the exposure and
concentration Table 4 and Figure 1. This was in
agreement with the previous studies on the toxic
effects of oils to a fish eggs [38, 39]. Generally,
Kazlauskiene and Taujanskis [40] reported that
the toxic effect of oil on marine life depends on
the duration of exposure and oil concentration
in the environment.

When the eggs have been kept under test
conditions until hatching, the spectrum of the
hatching success occurred that shown in Table 6
and Figure 3, which show more clearly the
graduated between
concentration and sensitivities of embryos and

correlation crude oil

the various toxicities of the crude oils.
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Fig. 3: The hatching percentage of different ages eggs of common carp at different concentrations

of dissolved crude oils
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Table 6: The hatching percentage of common carp eggs in dissolved crude oils and control at
different ages

Crude oil and control

Concentration (ppm) Age of eggs (day)

05 1 2.5
Nahran-Omar 100 37 49 70
1000 20 34 61
10000 8 17 40
Majnun 100 55 68 83
1000 37 49 67
10000 18 22 40
Rumella 100 10 10 100
0 0
1000 86 90 98
10000 66 74 87
Control 100 10 10 100
0 0
1000 10 10 100
0 0
10000 10 10 100
0 0

The most biological effects on the larvae that
hatched had deformed bodies or abnormal
flexures of the tail so that they could not swim
normally and died and sometime a delay of
development was observed. In some cases
hatching was delayed or did not happen. These
observations corroborated with previous studies
on the effect of crude oils on fish larvae [18, 39].
Shen et al [21] who mention that the hatched
larvae of fish are especially vulnerable to the
toxic effects of crude oil and its refined products.
Carls et al [41] reported that many of fish larvae,
after hatching, was found to be deformed and
incapable of swimming. Karam et al [39] noted
that many oil exposed eggs of orange spotted
grouper hamoor that had appeared to develop
normally ultimately failed to hatch. Whereas,
Venesjarvi and Karjalainen [35] found that the
exposure to WAF caused high mortality among
the hatched larvae of baltic herring and the
newly hatched larvae were the stage most
sensitive to crude oil exposure in all oil WAF
levels.

In crude oils extract, the larvae showed typical
behavioral symptoms include: increased activity

especially in high concentration followed by a
low swimming activity, which finally stopped
with the exception of sporadic spasms. Then, the
larvae showed signs of the beginning narcosis,
which slowly deepened until the critical point
when no responses of larvae were obtained
even by touching or prodding. Such symptoms
had also been reported by Kazlauskiene et al [18]
who showed that the typical fish
responses to toxic concentrations of petroleum

larval

include a brief increase in activity, followed by
reduced activity, sporadic twitching, narcosis,
and ultimately death.

After the critical point had been reached no
recovery from narcosis was observed when the
larvae were placed in clean river water. This
point was regarded as the most important for
the judgement of the toxic effect of the oil tested
[25]. The mean critical time (i.e. the mean time
until reaching the critical point) was plotted
against concentration of oil.

It was noted that the young larvae were much
less resistant to the dissolved crude oils than
embryos. The differences among the tow early
life stages may be due to the different body
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structures and behaviors. The early life history
stages (embryos and larvae) of fish can be
especially sensitive to environmental
contaminants due to the rapid proliferation,
differentiation, and growth of tissues [41].
Similarly to the present study Karam et al [39]
had reported that embryos of orange spotted
grouper hamoor fish were more tolerant to
short-term exposures of WSF of crude oil than
young larvae. The author showed that the
resistance decreased with the advancing
resorption of the yolk sac. The same conclusion
was arrived by Venesjarvi and Karjalainen [35]
for the larvae of baltic herring exposed to WSF of
crude oil. According to Rice [36], fish in the early
stages of development are particularly sensitive

to the impacts of oil because they do not yet

have the necessary structures to process
detrimental substances. In larval stage organs
are still undeveloped and the accumulation
routes of the substances differ from those in
adult fish [42]. Levels of oil that can be resisted
by embryos protected by a chorion can often be
lethal to the larvae, since fish larvae accumulate
harmful substances intensively through their
skin [37]. Common carp larvae had a mean
in the highest
concentration of Majnun crude oil at the age of

critical time of 5.3 days
1 day and 0.4 day at 12 days of age. In less
concentration, the values were 15.1 days and 3.7
days, respectively Table 7. In control the larvae
reach almost the same values because they were
not toxic.

Table 7: Mean critical time of common carp larvae in dissolved Majnun crude oil

Larvae age (days)

Crude oil concentration (ppm)

10? 10° 10°
1 15.1 9.4 5.3
3 13.6 8.7 4.3
5 6.6 4.5 2.6
12 3.7 1.3 0.4

The difference in toxicity between the crude oils
was also observed on the larvae. Every type of
crude oil had a different density, pour point,
boiling point and different concentration of
hydrocarbons. Therefore, there were different
biological accumulative and persistent effects to
fish larvae stressed by oil, which led to the
different biological toxicity levels of the different
types of oils. The crude oils had a more
pronounced effect on the larvae than embryos.
Carassin larvae were less and grass carp larvae
were more resistant than common carp larvae of
the same age. The difference in sensitivity to
crude oils among the fish larvae may be due to
the difference in the structure of their bodies,
their ability on the metabolism, excretion and
storage of the oils and/or the difference in the
transportation of the oils into the site of action.
This speculation is compatible with other studies
[23, 43]. The difference in sensitivity to varying

environmental conditions between the different
species is well known and had been reported by
many investigators [23, 43].

Dispersants are commonly used for crude oil spill
clean-up because they promote the formation of
small crude oil droplets, enhancing their rate of
natural dispersion, and reducing the risk of oil
slicks arriving to coastal areas and physical
[44].
often counteracted with their

contamination However, the use of
dispersants
toxicity [45].
Table 8 and Figure 3, 4 and 5 show the mean
critical time of 1-day old carassin larvae in
dispersions Majnun crude oil with and without
Corexit 9500 and in dissolved crude oil and pure
Corexit 9500. The pure Corexit 9500 solution of
the mentioned concentrations were non-toxic to
the larvae. This result was in concomitant with
[46].
dispersants have been assessed by standard

previous reports Modern oil spill
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toxicity testing techniques (LC50 testing for 24,
48,72 or 96 hours) and most have been found to
be of relatively low toxicity, or at least less
acutely toxic than the spilled oils that they are
used to disperse [10, 47]. This is in direct

contrast to the first generation dispersants, or
more accurately, detergents used in an attempt
to clean up the oil from the Torrey Canyon in
1967; these were much more acutely toxic than
the spilled crude oil [46].

Table 8: Mean critical time of 1-day old carassin larvae in dispersions Majnun crude oil with and
without Corexit 9500 and in dissolved crude oil and pure solution of Corexit 9500

After 1hour of oil

pollutant

§ preparation

>

= E

o

s &8 o 8

6 2 8 8

A 100 7 8
0

B 100 6 6
0

C 100 2 5.
0 9

D — — —

E — — —

10000

~N

After 50 hours of
oil pollutant
preparation

1000
10000

O O K
(o] o
(O] ~
o o
N O Ww
oN

80 10 4 2

- 10 6 5
0 0 O

- 10 2 8
0 0

A= Dispersion of Majnun crude oil without dispersant

B= Dispersion of Majnun crude oil with 10 ppm Corexit 9500
C= Dispersion of Majnun crude oil with 100 ppm Corexit 9500
D= Dissolved Majnun crude oil

E= Pure solution of Corexit 9500

—4— Dispersion of Majnun crude oil without

dispersant

=@—Dispersion of Majnun crude oil with 10
ppm Corexit 9500
Dispersion of Majnun crude oil with 100
ppm Corexit 9500

120 -
100 -
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40 -
20 -
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Mean critical time (hour)

100
Concentration of oil pollutant (ppm)

1000 10000

Figure 4: The relationship between mean critical time of 1-day old carassin larvae and

concentration of dispersions Majnun crude oil with Corexit 9500
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Figure 5: The relationship between mean critical time of 1-day old carassin larvae and
concentration of dissolved crude oil and pure solution of Corexit 9500
Crude oil dispersions with and without Corexit that chemically dispersed oil was roughly

9500 had caused the means critical times of 2 to
4 hours and 7 to 20 hours in 10000 ppm of
Majnun crude oil respectively and 80 to 100
hours and 100 hours respectively at 10 ppm. This
suggest that the chemically dispersed crude oil is
more toxic than natural crude oil dispersions for
larval fish. After 2 days the pure crude oil water
dispersion had lost a lot of its toxicity, while the
Corexit 9500 crude oil dispersion contains 100
ppm of dispersant had kept or even slightly
increased its toxicity at all dilutions tested. This
was in agreement with the previous studies on
toxicity testing of dispersed oils. According to
Committee [46] 75 % of researchers of the
recent toxicity studies found that chemically
dispersed oil was more toxic than physically
dispersed oil. Most of them found that the cause
for this was the increased polycyclic aromatic
hydrocarbons—PAHs (typically about 5 to 10
times) in the water column. Others noted the
increased amount of total oil in the water
column and little researchers noted the damage
to fish gills caused by the increased amount of
droplets. Among the numerous examples in
literature related to toxicity testing of dispersed
oil are the researches conducted by Fuller et al
[48], Koyama and Kakuno [49], Couillard et al
[23], Khan and Payne [50], and Farid [46].
However, Less than 25 % of researchers noted

equivalent to physically dispersed oil such as the
works of Long and Holdway [51] and Fuller et al
[49].

The larval integument was damaged especially in
higher concentrations. Typical rows of blisters
formed on the primordial fin and the end tail
looked gnawed. Surprisingly, the larvae did not
avoid well defined milky clouds of even highly
concentrated oil dispersions. The larvae entered
and crossed the clouds though they suffered
typical tissue damage. It seems that the chemical
receptors to be blocked very quickly in the first
contact with the oil components. Similar and
other toxic effects of dispersed oils were also
reported by many researchers, such as Couillard
et al [23], Vosyliene et al [52], and Wise and Wise
[53].

CONCLUSION

Since these tests did not simulate the natural
conditions in the river, the results cannot be
directly applied to aquatic pollution. Although,
there are many additional factors that may
increase or reduce the toxic limits. It can be
shown that the toxic compounds are extracted
from crude oils, injuring larvae and young stages
of eggs, and even if the concentration of
dissolved compounds is sublethal to eggs, has
been infected embryos and the hatched larvae.
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It is important to note that the observed effects
can vary greatly depending on the type of crude
oil. Therefore it must be tested more types of
crude oil, and countermeasures against the oil
spill should be relevant to the possible biological
effect that crude oil may be involved.

obtained without
chemicals gradually lose their toxicity with the

Natural oil dispersions
oil film is being resumed on the surface of the
water. Dispersions oil with dispersants to keep
or increase their adverse effect for several days.
The larvae do not seem able to avoid oil
contaminated water, especially oil dispersions,
as chemical receptors may have prevented or
destroyed fairly quickly in the first contact with
the oil compounds. If the larvae remain in the oil
dispersions they have little chance of survival.

CONFLICT OF INTEREST STATEMENT
The
competing interests.

authors declare that they have no

REFERENCES

1. Birtwell LK, McAllister CD. Hydrocarbons
and their effects on aquatic organisms in
relation to offshore oil and gas exploration
and oil well blowout scenarios in British
Columbia, 1985. Canadian Technical Report
of Fisheries and Aquatic Sciences 2002;
2391: 52.

2. Marti'nez-Go’'mez C, Vethaak AD, Hylland K,
Burgeot T, Ko"hler A, Lyons BP, Thain J,
Gubbins MJ, Davies IM. A guide to toxicity
assessment and monitoring effects at lower
levels of biological organization following
marine oil spills in European waters-ICES. )
Marine Sci 2010; 67: 1105-1118.

3. Stratiev D, Dinkov R, Petkov K, Stanulov K.
Evaluation of crude oil quality. Petro Coal
2010; 52 (1): 35-43.

4. Yasin G, Bhanger, Ansari TM, Naqvi S MSR,
Ashraf M, Ahmad K, Talpur FN. Quality and
chemistry of crude oils. J Petro Technol Alt
Fuels 2013; 4 (3): 53-63.

10.

11.

12.

Wang Z, Fingas MF. Development of oil
hydrocarbon fingerprinting and
identification techniques.Marine Pollut Bull
2003; 47:423-452.

Thiobodeaux LJ, Valsaraj KT, John VT,
Papadopoulos KD, Pratt LR, Pesika NS.
Marine oil fate: knowledge gaps, basic
research, and development needs; a
perspective based on the deepwater
horizon spill. Environ Eng Sci 2011; 28 (2):
87-93.
Venkatachalapathy R, Veerasingam S,
Basavaiah N, Ramkumar T, Deenadayalan K.
Environmental magnetic and petroleum
hydrocarbons records in sediment cores
from the north east coast of Tamilnadu, Bay
of Bengal, India. Marine Pollut Bull 2011,
62: 681-690.

Reed M, Daling P, Lewis A, Ditlevsen MK,
Brgrs B, Clark J, Aurand D. Modelling of
dispersant application to oil spills in shallow
coastal waters. Environ Model Soft 2004;
19: 681-690.

Mitchell FM, Holdway DA. The acute and
chronic toxicity of the dispersants Corexit
9527 and 9500, water accommodated
fraction (WAF) of crude oil and dispersant
enhanced WAF (DEWAF) to Hydra
viridissima (Green Hydra). Water Res 2000;
34: 343-348.

Perkins RA, Rhoton S, Behr-Andres C.
Comparative marine toxicity testing: A cold-
water species and standard warm-water
test species exposed to crude oil and
dispersant. Cold Reg Sci Technol 2005; 42:
226-236.

Page CA, McDonald TJ,
Autenrieth RL. Behaviour of a chemically

Bonner IS,

dispersed oil in a Wetland environment.
Water Res 2002; 36: 3821-3833.

Liu B, Romaire RP, Delaune RD and Lindau
CW. Field investigation on the toxicity of
Alaska North Slope crude oil (ANSC) and
dispersed ANSC crude to Gulf Killifish,

J Pharm Chem Biol Sci, March-May 2016; 4(1):88-103



Farid et al

101

13.

14.

15.

16.

17.

18.

19.

20.

eastern oyster and white
Chemosphere 2006; 62: 520-526.
Scarlett A, Galloway TS, Canty M, Smith EL,
Nilsson J. Comparative Toxicity of two oil

shrimp.

dispersants, Superdispersant-25 and
Corexit 9527, to a range of coastal species.
Environ Toxicol Chem 2005; 24: 1219-1227.

Nyman JA, Klerks PL, Bhattacharyya S.

Effects of Chemical Additives on
Hydrocarbon Disappearance and
Biodegradation in Freshwater Marsh

Microcosms. Environ Pollut 2007; 149: 227-
238.

Agbogidi OM, Okonta BC, Dolor DE. Socio-
economic and environmental impact of
crude oil exploration and production on
agricultural production: a case study of
Edjeba and Kokori communities in Delta in
Nigeria. Global J Environ Sci 2005; 4: 171-
176.

Aguilera F, Méndez J, Pasaro E, Laffon B.
Review on the effects of exposure to spilled
oils on human health. J Appl Toxicol 2010;
10: 1002-1007.

Ko JY, Day JWA. Review of ecological
impacts of oil and gas development on
coastal ecosystems in the Mississippi Delta.
Ocean Coast Manag 2004; 47 (11-12): 597-
623.

Kazlauskiene N, Vosyliene MZ, Ratkelyte E.
The comparative study of the overall effect
of crude oil on fish in early stages of
development. In: Hlavinek P, Bonacci O,
Marsalek J and Mahrikova | eds. Dangerous
pollutants (xenobiotics) in urban water
cycle, Berlin, Springer, 2008; p 307.

George UU, Urom SE, Etanketuk N. Acute
toxic effect of Qua lboe light crude oil on
the gills of Clarias gariepinus juveniles. Int J
Environ Pollut Res 2014; 2 (2): 16-30.
Simonato JD, Guedes CLB, Martinez CBR.
Biochemical, physiological, and histological
changes in the neotropical fish Prochiladus
lineatus exposed to diesel oil. Ecotoxicol
Environ Safety 2008; 69: 112-120.

21.

22.

23.

24.

25.

26.

27.

28.

29.

Shen A, Tang F, Xu W, Shen W. Toxicity
testing of crude oil and fuel oil using early
the black porgy
(Acanthopagrus schlegelii), Biology and

life stages of

Environment. Proceedings of the Royal Irish
Academy 2012; 112B: 1-7.

Otitoloju AA, Adeoye OA. Tainting and
weight changes in Tilapia guinensis exposed
to sub lethal doses of crude oil.
Biosci Biotechnol Res Comm 2003; 15: 91-
99.

Couillard CM, Lee K, Legare K, King TL. Effect
of dispersant on the composition of the
water accommodation fraction of crude
and its toxicity to larval marine fish. Environ
Toxicol Chem 2005; 24: 1496-1504.

Ali IA, Kochirko B, Boichenko S.
Technological calculation of innovative
scheme for Iraq oils processing. Sci Based
Technol 2013; 2 (18):157-161.

United Nation Environment Programme
(UNEP). Comparative toxicity test of water
accommodated fraction of oils and oil
dispersant to marine organisms. Reference
Methods for Marine Pollution 1989; 45: 1-
21.

United States Environment Protection
Agency (USEPA). Oil Program Center,
COREXIT EC9500A Safety, Material and Data
Sheet. Technical Product Bulletin #D-
4USEPA, Original Listing Date: April 13,1994
Revised listing date: December 18, 1995
"COREXIT® EC9500A" (formerly COREXIT
9500); 1994.

Nalco EC9500A, Material Safety Data Sheet
NALCO EUROPE BV Post. Bus 627, 2300 AP
Leiden, the Netherlands; 2005.
Wattayakorn G and Rungsupa S. Petroleum
the
environment of Koh Sichang-Sriracha,
Thailand. Coast Marine Sci 2012; 35 (1):
122-128.

US Environmental Protection Agency
(USEPA). Methods for measuring the acute
toxicity of effluent and receiving waters to

hydrocarbon residues in marine

J Pharm Chem Biol Sci, March-May 2016; 4(1):88-103



Farid et al

102

30.

31.

32.

33.

34.

35.

36.

37.

freshwater and marine organisms. 5th
Edition, October 2002. EPA-821-R-02-012.
US Environmental Protection
Washington, DC; 2002.

Puglisi FA, Hedtke SF. Short-term toxicity of
five oils to four freshwater species. Arch
Environ Contamin Toxicol 1982; 11: 425-
430.

Dupuis A, Ucan-Marin FA. Literature review

Agency,

on the aquatic toxicology of petroleum oil:
An overview of oil properties and effects to
aquatic biota.
Advisory Secretariat Research Documents
2015; 2015/007. p 52.

National Research Council (NRC). Qil in the
sea lll. Input, fates and effects. Washington.
DC: National Academic Press; 2003.
Murakami Y, Kitamura SI, Nakayama K,

DFO Canadian Science

Matsuoka L, Sakaguchi H. Effects of heavy
oil in the developing spotted halibut,
Verasper variegates. Marine Pollut Bull
2008; 57:524-528.

Neff JM, Ostazeski S, Gardiner W, Stejskal .
Effects of weathering on the toxicity of
three offshore Australian crude oils and a
diesel fuel to marine animals. Environ
Toxicol Chem 2000; 19: 1809-1821.
Venesjarvi R, Karjalainen J. Sensitivity of
different early developmental periods of
baltic herring (Clupea harengus) to water-
accommodated fraction of crude oil. The
Open Environ Pollut Toxicol J 2013; 4: 1-5.
Rice S. Effects of oil on fish. In: Engelhardt
FR eds.
environment, London,
Science, 1985; p 157.
Hudd R, Urho L, Lehtonen H. Selvitys
Merenkurkussa

Petroleum effects in the Arctic

Elsevier Applied

tapahtuneen m/s
Eirandljypdaston vaikutuksista kaloihin ja
kalastukseen. In: Koivulahti J. eds. m/s Eiran
oOljyvahingon ymparistovaikutukset

1984.

ympariston-  ja

Merenkurkussa
Ymparistoministerion
luonnonsuojeluosaston sarja A 1987; 61:
123-353.

38.

39.

40.

41.

42.

43.

44,

45.

46.

McGurk MD, Brown ED. Egg-larval mortality
of Pacificherring in Prince William Sound,
Alaska, after the Exxon Valdezoil spill.
Canadian J Fisher Aquat Sci 1996; 53: 2343—
2354,

Karam Q, Beg MU, Al-Khabbaz A, Al-Ballam
Z, Dakour S, Al-Abdul Elah K. Effect of water-
accommodated fraction of Kuwait crude oil
on developmental stages of orange-spotted
grouper hamoor (Epinephelus coicoides).
Int J Adv Agri Environ Eng 2014; 1 (1): 105-
112.

Kazlauskiene N, Taujanskis. Effects of crude
oil and cleaner mixture on rainbow trout in
early ontogenesis. Polish J Environ Stud
2010; 20 (2): 509-511.

Carls MG, Rice SD, Hose JE. Sensitivity of fish
embryos to weathered crude oil: Part |I.
Low-level exposure during incubation
causes malformations, genetic damage, and
mortality in larval Pacific herring (Clupea
pallasi). Environ Toxicol Chem 1999; 18:
481-493.

Vosyliene MZ, Kazlauskiene N, Joksas K.
Toxic effects of crude oil combined with oil
cleaner simple green on yolk-sac larvae and
adult rainbow trout Oncorhynchus mykiss.
Environ Sci Pollut Res Int 2005; 12: 136—
139.
Kemadjou J. Effects of crude oil on
zebrafish embryos. Eawag News 2008; 64:
24-26.

Hoffman DJ, Rattner BA, Burton GA, Jr, Jr JC.
Handbook of Ecotoxicology. Washington,
D.C.: CRC press; 2003, p1.

Chapman H, Purnell K, Law R J, Kirby MF.
The use of chemical dispersants to combat
oil spills at sea: A review of practice and
research needs in Europe. Marine Pollut
Bull 2007; 54: 827-838.

Farid WAA. Toxicity of crude oil and
chemically dispersed crude oil on Shatt Al-
Arab River Melanoides tuberculata and

Corbicula fluminalis under laboratory tidal

J Pharm Chem Biol Sci, March-May 2016; 4(1):88-103



Farid et al

103

47.

48.

49.

regime at two controlled temperatures. AES
Bioflux 2015; 7 (3): 395-408.
Committee on Understanding Oil
dispersants: efficacy and effects (National
the
Academies) Introduction, Chapter 1, in Qil
spill dispersants: efficacy and effects.
Washington, DC: The National Academies
Press; 2006: p 9.

Kirby MF, Lyons BP, Barry J, Law RJ. The
toxicological impacts of oil and chemically
dispersed oil: UV mediated phototoxicity
and implications for environmental effects,

spill

Research Council of National

statutory testing and response strategies.
Marine Pollut Bull 2007; 54: 464-488.

Fuller C, Bonner J, Page C, Ernest A,
McDonald T, McDonald S. Comparative
toxicity of oil, dispersant, and oil-plus-
dispersant to several marine species.
Environ Toxicol Chem 2004; 23: 2941-2949.

50.

51.

52.

53.

Koyama J, Kakuno A. Toxicity of heavy fuel
oil, dispersant and oil-dispersant mixtures
to a marine fish, Pagrus major. Fisheries Sci
2004; 70: 587-594.

Khan RA, Payne JF. Influence of a crude oil
dispersant, Corexit 9527, and dispersed oil
on capelin (Mallotus villosus), atlantic cod
(Gadus
(Myoxocephalus octodecemspinosus) and

morhua), longhorn  sculpin
cunner (Tautogolabrus adspersus). The Bull
Environ Contamin Toxicol 2005; 75: 50-56.
Long SM, Holdway DA. Acute toxicity of
crude and dispersed oil to Octopus pallidus
(Hoyle, 1885) hatchlings. Water Res 2002;
36:2769-2776.

Wise J, Wise JPSr. A review of the toxicity of
chemical dispersants. Rev
Health 2011; 26 (4):281-300.

Environ

Cite this article as:

WA Farid, AN Al-Salman, DS Hammad, HT Al-Saad, SM Salih, AZ AlHello. Toxic Effects of
Dissolved and Dispersed Crude Qils on Eggs and Larvae of Some Fishes from Shatt Al-Arab

River. J Pharm Chem Biol Sci 2016; 4(1):88-103

J Pharm Chem Biol Sci, March-May 2016; 4(1):88-103



