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Abstract: Crude oil is a very complicated composition that contains thousands of hydrocarbons. This study
measured LC50 crude oil in water samples with different chemical and physical characteristics. Crude oil
concentrations 5, 10, 20, 30, 40, 50, 75 and 100 mg / l and water samples that each contains ten Daphnia were
used. The numbers of live Daphnia were counted 4, 24 and 48 hours after adding different crude oil
concentration. The results showed that water with low turbidity and TDS that polluted with crude oil can cause
more acute toxic effects on Daphnia and Physical and Chemical Characteristics of Water can effected in crude
oil toxicity in water.
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INTRODUCTION pollutants to fish and other aquatic species [4]. The

The growing demand for crude oil hydrocarbons is a common measure of toxicity [5].
pressing environmental concern throughout the world Entrance of crude oil in freshwater environments
because of toxic effects when crude oil invades aquatic occurs through accidental event and discharge of effluent
ecosystems either from accidental spills or normal containing oil. A sample of accident that caused entrance
commercial activities [1]. of several million liters crude oil in Zayandehrood River in

Crude oil is a complex mixture of hydrocarbons and Isfahan, Iran occurs during 2008 [5]. Study area
organic compounds that consists primarily of aliphatic geographic border (Zayandehrood River in Isfahan, Iran)
and aromatic hydrocarbons that categorized as alkenes, is shown in Figure 1.
alkanes, naphthenes, mono and polycyclic aromatics [2]. Crude oil spills into freshwater environment have
When enters aquatic environment can cause toxicity been reported to reach 2.65 x 10  L quarterly [1] and as
effect. This effect may be organic or biochemical. much as 3.03 × 10  L per year [6]. Estimates have shown
Dissolved petroleum hydrocarbons have been reported to that  waste  oil  enters  the  environment   ranging  from
elicit effects, ranging from reversible, short-term narcosis 2.27 × 10  L to 5.03 × 10  L per [7-10].
to long-term, sublethal reproductive effects [3]. Most toxicological research on crude oil has focused

Adverse effects resulting from exposure to crude oil on the water-soluble fraction because it is the portion that
can range from biochemical to organismal in scope. Acute enters an aquatic environment with the greatest ease and
toxicity tests or bioassays have historically played an that can inflict immediate, acute damage on aquatic
important role in assaying the effects of human activities organisms. Dissolved petroleum hydrocarbons have been
on animals and such tests have wide applicability when elicit effects, ranging from reversible, short-term narcosis
evaluating the toxicities of various types and mixtures of to long-term, sub lethal reproductive effects [1].

parameter of short-term mortality has been the most
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Fig. 1: Study area geographic border The time interval between collection of the water and

In this study several factors that influence the Physicochemical properties of water samples including
toxicity of oils in water were investigated. These include temperature, pH, SS, turbidity and TDS were measured
the concentrations of oil in water and the oil water contact and recorded. For each sample the mortality rate of
time, temperature of environment, selective organism for Daphnia was recorded at 4 and 24 and 48 hours. All tests
test and etc. The results indicated the chemical were carried out in a chamber at 20°C and photoperiod of
characteristics of water as an influencing factor. 16 hours of light to 8 hours of darkness. Finally, the probit

MATERIALS AND METHODS concentration (LC50) [12].

In this study Daphnia magna, were obtained from was measured.
the fisheries farms in Isfahan city. The culture of
genetically homogeneous organisms was reproduced from RESULTS AND DISCUSSIONS
a  single  ancestor  and  was maintained in 5 L aquaria.
The  specimens  were  neonates  (juveniles  <24 hrs old) Physicochemical characteristics of water samples
of the cladoceran D. magna, an internationally measured  at  different  locations  and  summarized in
recognized  reference  species.  The  culture was aerated Table 1 indicate that treatment process at Isfahan Water
in 24 hours. Treatment plant has impressed turbidity, TDS and SS.

Standard cultivation and acute toxicity (48 hours) was However, temperature and pH have not changed
determined as per US EPA protocol [12]. All tests and significantly.
cultivation were carried out in 20°C and a contact period TOC of Initial WSF was 54.3. TOC of deferent water
of 16 hours to light following 8 hours of darkness. All sample with deferent concentration of WSF diluted are
bioassays were done in triplicate. given in Table 2.

Preparation of WSF: The Crude oil was obtained from
Isfahan  refinery (Isfahan, Iran). The water-soluble
fraction was obtained by adding one volume part oil to
nine volume parts water [11]. In this case, 50 mL crude oil
was added to 450 mL deionized water in each
covered1000- mL Erlenmeyer beakers. Diluted crude oil
samples  were  homogenized  with  a magnetic stirrer at
200  rpm for 24 hours. The sample was left at rest for 1
hour for phase separation. The entire procedure was
carried out at 20°C. The water soluble fraction was
recovered in an airtight container and used for toxicity
test process.

Exposure Tests: In acute toxicity experiments crude oil
water soluble fraction concentrations 5, 10, 20, 30, 40, 50,
60, 75,100 mg/L and without crude oil WSF for control
groups were provided in water samples. Each water
sample includes 10 daphnia. Sampling method was
grabbing. Water samples were collected at five different
locations namely, Zayandehrood dam (located 120 km
upstream of Zayandehrood intake) Zayandehrood River
intake (where water is diverted to treatment plant), at the
entrance of treatment plant, after filtration stage (antacite
filter) and after chlorination.

conducting bioassays was about 2 hours.

method was applied to determine the median lethal

TOC test for each water sample with crude oil WSF

Table 1: Physicochemical properties of water samples

Sample Location Turbidity NTU SS mg/l TDSmg/l tc°

Zayndehrood dam 12.2 17.2 252 17 8.8

Zayandehrood

river intake 11.5 17.3 248 16 8.8

Entrance of water

treatment plant. 1.77 2.6 235 21 8.1

After chlorination 0.19 2.8 230 21 8.1

After filtration 0.31 0.46 225 18.8 8.4
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Table 2: TOC of sample with deferent crude oil WSF content 

WSF(mg/1)

TOC of deferent sample 5 20 40 60 75 100

Zayndehrood dam sample 5.1 6.2 7.1 7.95 9.85 10.1

Zayandehrood river intake sample 3.16 3.95 4.42 5.99 6.43 8.34

Entrance of water treatment plant. 3.22 3.95 4.41 5.85 6.46 9.23

After chlorination 3.08 3.82 4.33 5.66 6.25 8.22

After filtration 3.15 3.8 4.42 5.86 6.5 8.11

Table 3: LC50 4, 24 and 48-hour water samples in different areas with crude

oil

Sample Location LC 50 4 LC 50 24 LC 50 48

hr mg/l hr mg/l hr mg/g

Zayndehrood dam 119 118 82.6

Zayandehrood river intake 118 113 60.75

Entrance of water treatment 127 91.8 50.43

After chlorination 139.7 64.5 27.03

After filtration 111.3 57.2 21.41

Table 3 shows that chemical characteristics of water
samples contaminated with crude oil WSF Affects the
intensity  of toxicity 4, 24 and 48 h on Daphnia magna.
For instance LC50 48 h samples that taken at
Zayandehrood Dam, was 82.6 mg/l but for samples taken
after infiltration unit with different chemical
Characteristics, LC50 48 h was 21.41 mg/l. several factors
may could influence the intensity of toxicity include crude
oil type, the form of crude oil in water, the contact time
[13]. Also physicochemical characteristics of water can
effective.

Figure 2 shows the relationship between the crude oil
toxicity and turbidity after 48 h.

The results show that for water samples with low
turbidity, toxicity is higher such that For sample with
turbidity 0.31 NTU, LC50 48 h was 21.41 mg/l while for the
same period of time for water samples with turbidity 12.2
NTU, LC50 was 82.6 mg/l. Substances causing turbidity
provide surfaces to attract insoluble crude oil
hydrocarbons, therefore limited bioavailability absorption
by Daphnia. This is in agreement with other findings [13].
Previous studies concluded that sediment particles and
suspended solids inside a water body have negative
charge and could electro statistically retain contaminants
such as heavy metals having a positive charge [14].This
decreases bioavailability inside a water body and causes
toxicant damage to organisms [15].

Fig. 2: LC50, 48 h as function of water sample turbidity

Fig. 3: LC50, 48 h as function of water sample TDS

Figure 3 shows for TDS, the crude oil were also show
a similar toxicity effect during acute exposures in 48 h. for
sample with TDS 225 mg/l, LC50 48 h was 21.41 mg/l while
for sample with TDS 252 mg/l, LC50 was 82.6 mg/l. higher
TDS may affect solubility of hydrocarbons and causes
less toxicity. Previous studies have shown that solubility
of crude oil hydrocarbons' for samples comprising 5% and
10% NaCl to be 70% and 16% of distilled water,
respectively [16].

For twelve different aromatic hydrocarbons it has
been found that the mean reduction in solubility at 25°C
in  seawater  was 68 ±4.4%, as in comparison to fresh
water [17].

This effect can be explained that when the rates of
solubility of crude oil decrease, its bioavailability by
organisms also decreases and thus reduces the toxicity on
Daphnia. And accumulation of hydrocarbons by
Daphnia's mass is affected by osmotic pressure and thus
the difference in TDS could affect osmotic pressure.

Therefore, it is reasonable to conclude that acute
toxic effects of crude oil on Daphnia Magna are linked
with physical and chemical characteristics of water such
as turbidity And TDS. Therefore in events of crude oil
spills, quality of receiving waters should be considered.
Also in bioassay experiments, physicochemical
characteristics of water Samples are important and should
be considered.
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