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ABSTRACT

Sulfate is defined as a chemical pollutant in industrial wastewater. The presence of sulfate ions in wastewaters leads to problems such as
corrosion. The biological method is proposed as an efficient method for sulfate removal. In this study, microalgae were used to remove
sulfate pollutant from industrial wastewaters. The purpose of this study is to evaluate the microalgae performance in sulfate removal
under various concentrations of power plant wastewater. In this study, the batch liquid culture was used. The wastewater of Fars
combined cycle power plant was prepared in four volumetric concentrations (25%, 50%, 75%, and 100%) and used as a microalgae
culture medium. Oocystis sp. was inoculated in the 10-volumetric percentage of the culture system. The amount of sulfate removal was
investigated at certain times over a period of 21 days in different mediums. The results showed that microalgae can remove sulfate at
various concentrations of wastewater. The percentage of sulfate removal was increased over time. On the last day, the percentage of
sulfate removal in concentrations of 100%, 75%, 50%, and 25% was 32%, 34.71%, 36.16% and, 36.44%, respectively. Due to nutrient
reduction, existing in the wastewater, decreasing concentration had not a significant effect on improving the microalgae performance to
remove sulfate. Therefore, the application of the biological method with microalgae is a promising option to remove sulfate pollutant

from power plant wastewater.
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1. INTRODUCTION

The growth of population, development of urban centers,
expansion of industrial activities, and improvement of health
levels increase water intake and production of wastewater. These
factors produce 3 billion tons of wastewater per year [1-2].
Industries, with using over one billion cubic meters of water per
year, play a substantial role in contaminating water resources and
have the most impact on reducing water consumption [3-4].
Industrial wastewater is one of the major pollutants of industrial
activities such as power plants. There are different pollutants in
industrial wastewater. Sulfate is one of the most important
chemical pollutants in industrial wastewater, such as power plants
[5].

The presence of sulfate ions in industrial effluents causes
problems such as corrosion in the wastewater treatment systems
and interfering effects in the anaerobic treatment processes.
Therefore, sulfate removal from wastewater is necessary [6]. Until
now, membrane, chemical, and biological methods have been used
to remove sulfate ions from the wastewater [7].

Advantages such as environmental compatibility and the
reduction of sludge production have led to the use of biological
methods to be more effective for sulfate removal [7]. The use of
microalgae is one of the most desirable biological methods to

remove pollutants [8]. Microalgae are green phototrophic plants
that use sunlight to reduce carbon dioxide, oxidize water,
synthesize carbohydrate, and release oxygen [9-10]. Microalgae
are introduced as an efficient and suitable option for
bioremediation due to their simple structure, high growth rate,
wastewater utilization, and the ability to remove various pollutants
[11-12].

There are many benefits to use algae in the wastewater
treatment systems such as decreasing sludge formation, producing
biomass, omitting carbon dioxide, diminishing greenhouse gas
emissions, and declining energy consumption. Therefore, many
studies have been carried out on the using microalgae to remove
various pollutants such as nitrate, ammonium, phosphate, heavy
metals, radioactive substances, etc., from wastewater [13-16].

Due to the mentioned advantages to using microalgae in
wastewater treatment systems and their ability to remove various
pollutants, the purpose of this study is, therefore, evaluating the
sulfate removal from the wastewater of Fars combined cycle
power plant by using microalgae. To do so, the effect of four-
volumetric concentrations (25%, 50%, 75%, and 100%) was
studied on the microalgae performance to remove sulfate ions.
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2. MATERIALS AND METHODS

2.1 Microalgae.

In this study, Oocystis sp. was used. The species was
prepared from the Pharmaceutical Science Research Center
(PSRC) at Shiraz University of Medical Sciences. Fig. 1 shows the
microscopic image of Oocystis sp. microalgae with a
magnification of 600.

Figure 1. Microscopic image of Oocystis sp. microalgae with a
magnification of 600.

2.2 Inoculation preparation.

Inoculation bank was prepared in BG11 medium [17]. To
do so, liquid culture was used in the batch form and 10-volumetric
percentage of Oocystis sp. was inoculated into a 50 ml flask
containing BG11 medium and kept in the culture conditions for 30
days.

In the cultivating room, the light intensity of 4150 Lux, the
temperature of 25 °C, and a 16:8 light-dark cycle were considered
as the culture conditions.

2.3 Wastewater.
In this study, the wastewater of Fars combined cycle power

plant was used (Fig. 2). The wastewater sample was collected
from the wastewater entrance to a small evaporation lake. Table 1
shows the characteristics of the wastewater.

Figure 2. Sampling region at Fars combined cycle power plant.

To reduce the decomposition of compounds before
analysis, the sample was stored in the refrigerator at 4 °C. The
wastewater was filtered using Whatman 42 filter paper to remove
large particles and reduce turbidity and then sterilized by
autoclave for 15 minutes at 121 °C and 15 psi.

2.4 Experimental setup.

To evaluate the effect of the concentration of power plant
wastewater on microalgae performance in omitting sulfate ions, a
batch liquid culture was used. Four concentrations 25%, 50%,
75%, and 100% of the power plant wastewater were prepared by
using distilled water so that, the concentration of 100% only

contained the wastewater. Different concentrations of wastewater
were used as a microalgae culture medium. 40 ml of the various
culture mediums was added to a 50 ml flask. After that, the
inoculum of microalgae with the concentration of 10-volumetric
percentage was added to the different concentrations of the
wastewater. Flasks were then placed under culture conditions for
21 days.

Carbon dioxide was supplied from the air and the pH of the
samples was not controlled and changed freely. Flasks were stirred
manually twice a day. At a given time, culturing systems were
sampled to evaluate the amount of sulfate removal.

Table 1. Physical and chemical characteristics of power plant

wastewater.
Parameter Unit Value
pH - 8.42
Electrical conductivity (EC) uS/cm 8925.00
Total dissolved solids (TDS) mg/L 7130.67
Carbonate (CO5%) mg/L 24.00
Bicarbonate (HCO53) mg/L 97.60
Chloride (CI") mg/L 106.50
Sulfate (SO,%) mg/L 5231.11
Calcium (Ca*) mg/L 550.00
Magnesium (Mg®") mg/L 180.00
Sodium (Na") mg/L 1857.97
Potassium (K™) mg/L 6.63
Total hardness (T.H) mg/L 2125.00
Total alkalinity (T.A) mg/L 100.00
Nitrate (NOj3) mg/L 42.70
Nitrite (NOy) mg/L 0.01
Phosphate (PO,) mg/L 0.25
Ammonia (NHz) mg/L 0.04
Chemical oxygen demand (COD) mg/L 165.50
Total suspended solids (T.S.S) mg/L 1.00

2.5 Analytical method of concentration of sulfate.
One ml of the sample (wastewater with microalgae) was

removed from the microalgae culture system every five days.
Then, the sample was centrifuged to remove microalgae for 5
minutes at 13,000 rpm. After that, the supernatant was used to
measure sulfate concentration based on water and wastewater
analysis [18]. The concentration of sulfate was determined
according to the turbidity measurement methods by using a
microplate reader (Bio Tek Microplate Reader XS2, USA) at
420nm. The percentage of sulfate removal was determined
according to the equation 1:

The percentage of sulfate

1)

removal= [(Cl-Cz)/Cl] x 100

where C; is the initial concentration of sulfate and C, is the

concentration of sulfate at a defined time. Measuring sulfate
concentration was repeated three times at a given time.
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3. RESULTS AND DISCUSSION
In this study, the concentration of sulfate in different

culture media was determined based on water and wastewater
analysis every five days. Table 2 shows the changes of sulfate
concentration at different times of microalgae culture and at
different concentrations of the culture medium. From Table 2,
microalgae decreased the concentration of sulfate ions in various
media over time. On the 21st day, as an example, the
concentration of sulfate ions in different concentrations of 25%,
50%, 75%, and 100% was 784.54, 1603.8, 2553.67, and 3556.97
mg/L, respectively.

Table 2. Sulfate concentration in different periods of time.
Concentration of sulfate (mg/L)

Concentration

of '?cf/d)ium Days 1 Days 5 Days9  Days13 | Days17
()
250 123+5'73 116f'49 980.45+ | 900.37+ | 820.28+ | 78454+
477 0.00 20.56 0.00 8.40 37.07
251211 | 183533 | 177597 | 1710.73 | 164548 | 1603.80
50% + + + * * +
10.28 20.56 27.21 0.00 16.79 20.57
391317 | 2927.68 | 2915.84 | 2904.00 | 2648.78 | 2553.67
75% + + + + * +
71.24 35.62 0.00 30.84 14.54 30.85
5231.11 | 3830.05 | 3824.18 | 3821.23 | 3818.30 | 3556.97
100% + + + + + +
61.70 10.28 0.00 0.00 16.79 67.43

The change of sulfate concentration of wastewater by algal
cultivation during incubation time is shown in Figures 3 and 4. As
it is clear from Figures, at the diverse concentrations of the culture
medium, the percentage of sulfate removal was increased with the
use of microalgae over time. Therefore, the microalgae
performance was positive for sulfate removal at differing
concentrations and microalgae can omit sulfate ions from the
power plant wastewater at various concentrations of wastewater.
In photosynthetic microorganisms, generally, sulfate is absorbed
as a source of sulfur by cells and in the plastids reduce to form
oligopeptides, vitamins, cofactors, secondary metabolites, and
amino acids. Sulfate is defined as the ninth essential macronutrient
in photosynthetic microorganisms [19-21].

Fig. 3 reveals that the percentage of sulfate removal
decreased with increasing the concentration of power plant
wastewater and increasing the concentration of wastewater, in
turn, has a negative effect on microalgae performance to reduce
sulfate ions. On the other hand, Fig. 4 shows that there is no
significant difference in the percentage of sulfate removal in
different concentrations of wastewater at different times of
microalgae culture and variant media. This is due to the fact that

4. CONCLUSIONS

The sulfate ion is introduced as a significant pollutant in
industrial wastewater, such as power plants. The biological
purification method with using microalgae is an appropriate
approach that, together with the growth of microalgae, removes
sulfate pollutants from wastewater. In this study, results showed
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