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Abstract

Toxicity effect of the Iraqi crude oil on the growth of two Cyanobacteria strains Microcystis
flos-aquae (Wittr.) Kircher (unicellular) and Nostoc carneum Agardh (filamentous) was studied
basing on it is biomass expressed as chlorophyll-a (ug/ml). Growth rate and doubling time of the
cells were also calculated accordingly in present or absent of the crude oil. Also, Microscopical
examination was observed to detect the morphological changes. Both species appeared different
responses towards oil toxic influences with different concentrations and time of exposure. Growth
was decreased gradually with Microcystis with addition of 10, 30, 50 and 70 mg/1 of the crude oil,
slightly toxic effects were observed with Nostoc in comparison to the control. Different significant
correlations (P < 0.05) were observed between growth of the cyanobacteria and the oil concentra-
tions. Furthermore, results demonstrated that Microcystis was considered to be more sensitive
than Nostoc towards crude oil concentrations.
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1. Introduction

Petroleum is a major anthropogenic contaminant in the aquatic environment and may affect the community
composition of the phytoplankton [1]. At today’s world, consumption level of about 85 million barrels per day
of crude oil [2] which has certainly been accompanied by growing incidence of pollution due to oil spillage. The
annual influx of petroleum into the marine environment is estimated to be between 1.1 - 7.2 million metric tons
[3]. In addition, it was estimated that 28% - 30% of spilled oil enters freshwater environment [4]. Oil pollution
may be derived from various sources, Oil refinery wastes release high levels of hydrocarbons to water, over and
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above these, natural seepage from ground and industrial activities other than petro-chemistry are also considered
sources of dangerous pollutants [5]-[7].

The adverse effects of petroleum pollution on such integral component of aquatic ecosystems may be of great
significance. Since the toxicity of oil to biota is caused by unsaturated hydrocarbons, naphthenic acids and
another compound containing aromatic groups and nitrogen [8], the actual toxic effects dose is closely related to
the amount of dissolved non-volatile material [9]. The inhibition effects of petroleum hydrocarbons on microor-
ganisms, including cyanobacteria, have been studied to address the problem of oil pollution [10]-[13]. However,
the conclusion that many investigators have reached is that petroleum hydrocarbons influence microalgal bio-
mass either negatively or positively [14]. In this connection, there is growing evidence of direct microal-
gal/cyanobacteria consumption of crude oil, but mainly by providing oxygen, and in the case of Cyanobacteria,
fixed nitrogen [15] [16]. It is demonstrated that bacterial growth on adsorbed polycyclic aromatic hydrocarbons
can result in a linear increase in biomass concentration. Furthermore, the rate of metabolism which can take
place sometimes exceeds the rate of mass transfer from the environment to the cell, which leads not only to li-
mitation of growth rate but also to absence of a toxic effect by these hydrocarbons [17].

A possible explanation for the latter is that the mass transfer of molecules to the cells is limited by the small
surface area of the solid particles [18], and the Solid hydrocarbon becomes toxic only after long periods of in-
cubation [19].

Crude oil contamination has caused critical concerns in environment [20]. In the same framework, in Iraq,
with recently accelerating oil projects investments, which are often responsible for causing oil pollution acci-
dents, a little investigation had been attempt to realizing the hazardous influences with respect to oil pollution on
the freshwater ecosystems. Thus, the overall objective of this study was to evaluate the toxicity of the crude oil
on growth of tow Cyanobacteria species Microcystis flos-aquae and Nostoc carneum, with special emphasis for
their role in oil bio-indication and bio-monitoring.

2. Materials and Methods
2.1. Cyanobacteria and Culture Conditions

Axenic cultures of Cyanobacteria Microcystis flos-aquae (Wittr.) Kircher (Chroococcales) and Nostoc carneum
Agardh (Nostocales) were isolated from Tigris River (Baghdad-Iraq), and conducted with all experiments. Chu-
no. 10 culture medium was used as specific growing culture of which components were illustrated by Chu [21].
Both strains were grown at 25°C and 2500 Lux as optimum physical growth conditions were provided by white
fluorescent lamps under light/dark regime of 18/6 hours for the duration of the experiments. Optimal phytonu-
trient concentrations (10 mg/L nitrate, 5 mg/L phosphate and 1:10 mg/L N:P ratio) as optimal chemical condi-
tions were used in order to obtain higher growth rates and lower doubling time of cells. The phosphate-buffered
medium was finally adjusted to pH 7 with NaOH. The medium for preculture was autoclaved in 1000 ml poly-
carbonate flasks. Patterson’s method was used to purify the culture to get an axenic culture [22]. The stock cul-
tures were continuously recultivated and introduced to the experimental systems at logarithmic phase. Triplicate
cultures were run for each treatment.

2.2. Crude 0Oil

Iragi medium crude oil (Basrah type), supplied by Al-Dura oil refinery was used in the present work (Table 1).
Oil-in-water emulsions were prepared by mechanical shaking (3 min. at 1000 vibration/min.) of a McCartney
vial containing 10 ml of sterile deionized water and crude oil [23]. Different concentrations of the emulsified oil
were added to the algae established an actual concentrations of (10, 30, 50 and 75 mg/l) during the exponential
phase of growth. For control, algae were just incubated in culture medium.

2.3. Measurement of Growth

Chlorophyll-a content used as an indicator for algal growth, was measured daily as long as exposure period us-
ing the following formula proposed by Vollenweider [24].

Chlorophyll-a(ugml™)=119x2.43(D, - D, )x(V/L) (1)

where:
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Table 1. Physical characterization of Iraqgi crude oil-Basrah type.

Characteristics values

A.P.I Gravity at observed temp. 321

Temp. °F 57

Temp. at 60 °F 322
Density at observed temp. 0.8620
Temp.’C 14.50
Density at 15°C 0.8617

Water and Sediment content Vol. (%) 0.05
Water content Vol. (%) Traces

Reid Vapor Pressure (R.V.P.) (Kg/cm?) 0.54

“Iragi ministry of oil/Midland refineries co./AL-Dura refinery.

Dy, = Light density for Chl-a extraction before adding 2N HCI at (665 hm).

D, = Light density for Chl-a extraction after adding 2N HCI at (665 nm).

V = solvent volume.

L = photocell (Cuvette) length (cm).

Doubling times (G) was calculated from the formula proposed by Reynolds [25].

Doubling time (G) = In2/u )
where, u is the specific growth rate which was determined by the following equation [26].
ﬂzln(xz/xl)/(tz_t1) 3

where, X; and X, Chlorophyll-a concentration at the beginning (day t;) and at the end (day t,) of the time inter-
val under consideration, respectively.

2.4. Statistics

Growth data was subjected to standard one-way Analysis of Variance (ANOVA) according to [27]. All means
were tested by the least-squares difference (LSD), where the difference of p < 0.05 was significant. Least-
squares linear regression analysis was applied to evaluate the relationship between the variables.

3. Results

The growth data indicated that both tested Cyanobacteria have slightly different behavior in response to crude
oil depending on prepared concentrations and time of exposure, however, Microcystis flos-aquae appear to be
sensitive than Nostoc carneum. Thus, the examined concentrations (10, 30, 50 and 70 mg/l) caused gradual
growth reduction of Microcystis flos-aquae, whereas the biomass of Nostoc carneumas were stimulated as long
as exposure time were took place. Data presented in Figure 1 demonstrated that the growth of Microcystis
flos-aquae expressed as chlorophyll-a content were negatively affected by crude oil (p < 0.05). The maximum
pigment concentration was 0.108 ug/ml for control culture within exposure period, while with oil treated cells
(10, 30, 50 and 70 mg/l) these values gradually fell to 0.046, 0.037, 0.037 and 0.022 pg/ml respectively after 96
hr of exposure.

Furthermore, growth rates of the same species decreased in oil treatments, the reduction was clear with all
examined concentrations and for exposure period. Growth rates depending on chlorophyll-a measurement at 70
mg/l reached to (u = 0.347 + 0.05). On contrary, an increasing in the doubling time of cells was detected with
respect to examined concentrations as well as exposure duration. Doubling time value at 70 mg/I reached to (G =
20.81 £ 0.01) (Table 2).

In the contrast, results showed variance response with Nostoc carneum on the same biomass indicator, which
exposed a positive effects between examined concentrations (10, 30 mg/l) as well as exposure time from hand
and chlorophyll-a from other hand, while, a slightly toxic effects were observed with (50 and 70 mg/l) in respect
to control. Since the control values of chlorophyll-a observed as 0.29 pg/ml, biomass calculations display con-
tinuous increasing in pigment levels during bioassay duration to 0.23, 0.17 for low oil concentrations and de-
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clined to 0.13, 0.12 pg/ml with high concentrations respectively. Although, actual increasing were exhibited in
the Cyanobacteria biomass, but it is still under control level for all examined concentrations in addition to total
experiment time (Figure 2). Similarly, was observed with respect to growth rates and doubling time of cells
within 96 hr. of exposure in all treatments. Calculated values at 70 mg/I reached to (« = 0.388 + 0.02), (G =
17.86 + 0.05) respectively (Table 2).

In the same context, reversed effect relationship was detected between growth rates and doubling time of cells,
growth rates decreased with increasing of doubling time and vice versa when algae exposed to increasing oil
concentrations as well as time of exposure. Although, the crude oil had a different effects in the algal biomass,
The microscopical examination showed, algal cells aggregation in clusters containing oil drops between their
cell comparing with control culture specially with Microcystis flos-aquae, whereas heterocysts separation from
the filament were observed in case of Nostoc carneum (Figure 3).

One-way ANOVA statistical analysis indicated that the effect of crude oil on the algal growth was significant
(p < 0.05). However, significant correlation (positive or negative) has been observed between growth rates and
doubling time of cell in relation to the oil concentrations applied.

4. Discussion

The acute effect of the crude oil in present study was detected by using algal growth inhibition tests. Among
various biological parameters indicated for the measurement of the oil toxicity, chlorophyll-a content was found
to be more sensitive for assessing hydrocarbons toxicity than cell counting [28]. Petroleum compounds in gen-
eral have been shown to either inhibit or stimulate algal growth, depending on the type and level of petroleum
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Figure 1. Growth curve of Microcystis flos-aquae when exposed to di-
fferent concentrations of crude oil during 96 hr.
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Figure 2. Growth curve of Nostoc carneum when exposed to different
concentrations of crude oil during 96 hr.
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Table 2. Growth rates and doubling time of Mycrocystis flos-aquae and Nostoc carneum depending on chlorophyll-a con-
centration with respect to crude oil concentrations (mg/l).

X Microcystis flos-aquae Nostoc carneum
Concentrations L P
mg/l Growth rate Doubling time Growth rate Doubling time
() (G) hours () (G) hours
Control 0.597 + 0.001 11.61+0.01 0.576 + 0.002 12.03 +£0.051
10 0.489 + 0.030 14.17 £0.02 0.505 + 0.04 13.72 £ 0.003
30 0.456 + 0.001 15.20 +£0.03 0.455 + 0.002 15.23+0.01
50 0.438 + 0.001 15.82 +0.04 0.408 + 0.03 16.98 +0.009
70 0.347 £ 0.05 19.97 £0.05 0.388 + 0.02 17.86 +0.05

Microcystis flos-aquae in control culture Microcystis flos-aquae in treated culture

Nostoc carneum in control culture Nostoc carneum in treated culture

Figure 3. Morphological abnormality in Microcystis flos-aquae and Nostoc carneum after 96 hr
of contact to crude oil.

product and the algal species concerned [29] [30]. From this, The inhibitory effects of the crude oil on Micro-
cystis flos-aquae proceeded with a much higher rate compared to the control resulting in death of the treated al-
gae after addition tested concentrations, this is consistent with several studies [31]-[33] where they found that
algal biomass measured by chlorophyll-a, photosynthesis and nitrogen fixation in some phytoplankton like Nitz-
schiapalea, Anabaena doliolum were severely inhibited by crude oil. Likewise, [34] observed decreasing in the
number of cells and dry matter of the green alga Scenedesmus quadricauda when applied various concentrations
of the crude oil and fuel oils. In the same subject, the clear reduction in the growth of Microcystis flos-aquae
could be due to the cellular structure changes as a result to the toxic effects of the crude oil. This suggestion is
agree with references of [35] and [36] who they found that the crude oil and diesel fuel affect membrane fluidity
of many phytoplankton species though membrane disruption and alteration of plasma membrane fatty acid and
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sterol composition. Similarly findings, was observed with the microalgae Chamydomonas angulosa which re-
vealed a significant total protein reduction when grown in batch culture with aqueous crude oil extract [37].
Moreover, The inhibition of DNA synthesis accompanied by slightly delayed cessation of RNA and protein
synthesis as well as reducing in the Starch synthesis in chlorococcal alga Scenedesmus armatus were stated
when exposed to various concentrations of dispersant (DP-105), a fuel oil and their mixtures [38]. The actual
toxic effects of the oil concentrations on Microcystis agrees with the above suggestion and with results found by
Al-Hassan et al. [39] who investigated the effect of oils on pure cultures of fresh water algae which showed that
the growth of Scenedesmus quadricauda reduced by 10% lubricating oil and halted in the presence of diesel oil.
Similar to that, Gamila and Ibrahim [40] stated that the Nitzschia linears revealed extended lag period of the
growth with biomass less than control by 66% when treated with 0.1% crude oil.

On other hand, Present results indicate that the concentrations of crude oil have positive effects on the growth
of Nostoc carneum. However, Dunstan et al. [41] have been reported that low concentrations of low molecular
weight hydrocarbons stimulated the growth of some microalgae, while high concentrations were toxic. They at-
tributed the stimulation of growth by low concentrations to the utilization of oil as a carbon source by the algal
cells. Furthermore, the absence of the toxic influences of the crude oil on the growth of Nostocmight is due to its
ability to accumulate the crude oil. This agrees with the explanation made by Petkov et al. [42], they clarified
that microalgae Chlorella and Scenedesmus have been shown to assimilate petroleum hydrocarbons although the
mechanism was not clearly known. They suggested that the stimulation of growth in the case of Chlorococcum
sp.might be due to its ability to detoxify or metabolize some of the dissolved organic compounds present in the
soil. Also, it was documented by Cerniglia [43] that marine Cyanobacteria have been shown to oxidize aromatic
hydrocarbons under photoautotrophic growth conditions. Likewise, Ibrahim and Gamila [44] indicated that the
treatment of algal culture with 0.1% crude oil led to prolongation the growth phases of the Nitzschia linearis and
Scenedesmus obliquus as well as high algal biomass production. The late toxicity effects of the high tested con-
centrations on Nostoc carneum agree with Karydis [45] who stated that the inhibitory effects of 100 mg/l from
crude oil became quite distinct from the 2™ day after the addition of the oil on the growth of marine alga Skele-
tonemacostatum. However, problems in transportation of the hydrophobic compounds through cytoplasmic
membrane may delay or prevent any potentially toxic impact on microalgae. With regard to the induced changes
in the Cyanobacteria morphology, present observations is in good agreement with the references [46] [47], who
observed that aqueous crude and fuel oil extracts has been shown to induced morphological abnormalities in the
cell of Chlamydomonas angulosa and Scenedemus quadricauda in terms of increasing in cell size. Gaur and
Singh [48] also reported that Assam crude oil had a serious effect on the heterocysts differentiation in Anabaena
doliolum.

By means of statistical analysis, obtained data have highlighted significant growth response of the investi-
gated cyanobacteria, which may be negative or positive. The growth rate of Micorcystis (as chlorophyll-a con-
tent) was negatively correlated with the studied concentrations of the crude oil, while it had a positive correla-
tion in case of doubling time of cells. In contrast, in respect to growth rates and doubling time of Nostoc, these
results are consistent with that documented by the references [49] who reported negative and positive correlation
between growth of freshwater Cyanobacteria Oscillatoria agardhii, Anabaena spharica and marine microlaga
Nannochloropsissalina respectively, and the concentrations of petroleum hydrocarbons. This reflects the poten-
tial efficiency of the tested cyanobacteria in the biomonitoring of crude oil over that for the natural community
of freshwater phytoplankton.

5. Conclusion

Variance in the toxicity of the Iragi crude oil according to the tested concentrations and time of exposure on the
studied cyanobacteria, as well as mode of their sensitivity, suggesting that there sponses of these species to ail
stress indicates their use for bio-monitoring purposes, basing on concept their own abilities to reflects informa-
tion’s on quality and quantitative aspects of the environment. Industries, pollution control boards and other re-
lated foundations should make use of algal criteria, besides physico-chemical parameters which have long been
employed, more costly as well as unfriendly environmental side effects.
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