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Abstract

The current study aim to investigate the susceptibility of three types of algae, including
Oscillatoriasp, Westiellopsisprolifica, Stigonemasp, in reducing the values of some pollutants.
These algae were used as unialgal culture and the waste water was used from the final settling
ponds of central wastewater treatment plant (Almamierh) in Hilla city.as an growth culture for
the development of these algae by cultivating each algae alone in waste water under constant

laboratory conditions at 25 £ 20 ° C and in a light system 16: 8 hours Illumination: Darkness.

The results showed slightly increased in pH values, and low removal percent was recorded by
both Oscillatoriasp and Westiellopsisprolifica ,whileStigonemasp record a role by reducing the
values of total soluble solids , electrical conductivity and salinity .The results showed that the
studied Algae have the ability to reduce the biological oxygen demand , total Alkalinity , total
hardness , calcium and magnesium, chlorides , nitrite , nitrate and phosphates . As for the current
algae physiological status, the chlorophyll content did not change in Oscillatoria sp. after
treatment While chlorophyll content increased in W. prolifica, and decrease inStigonema sp. after
treatment. The effectiveness of the (SOD) enzyme did not change in all algae after treatment .

The effectiveness of the catalase enzyme elevated in Oscillatoria sp. and W. prolifica but
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decreased in StigonemaSp after municipal wastewater treatment. The study also showed that

Malondialdehyde (MDA) was increased in three studied species.

Introduction

Phycoremediation is used to express the role of microalgae and macroalgae in the removal or
biological transformation of pollutants in waste water [1] .The accumulation of pollutant and
heavy elements in algae is due to physical-chemical processes occurring in the cell surfaces
where algae can assemble heavy metals in two phases, including the first stage rapid adsorption
on the surface of the cell. The second stage involves slow regular and energy-efficient (efficient
transport) called the Bioaccumulation [2]. At the same time, there are several mechanics to
remove pollutant for example proteins Association of elements such as phytochetatins and
Metallothionein and the process of rejection or exclusion of heavy elements of the cells by
vectors of metals are optional or secreted out process or booked to reduce toxicity [3].Algae also
has a mechanism to reduce the toxicity of certain elements by producing

organic bonds such as carbohydrates and sugary proteins that have the ability to bind and harvest
copper ions in the cytoplasm and reduce their toxicity [4]. Large molecules in the cell wall for
example Caetin and fat play a role in the removal of heavy metals by containing functional
aggregates such as hydroxyl and carboxylic groups that play a role in the formation of complexes
with heavy metals [5]

Material and Methods

Isolation and Culturing of Algae

The stock solutions of the BG11 medium was prepared by dissolving certain weight of salts as
its mentioned in the table (1) with distal water to (1) liter. The pH value was adjusted to
approximately ( 7.1) and then sterilized in autoclave for 15 min at 121 C° [6].Then added10 ml
of pure algae to a flask contained 90ml of BG11 media and incubated at 25 + 20 C° with a photo

period of8 hour darks:16 hour lights for 14 days.
Table 1: BG11 medium Component

Compound Stock Solution ml/liter
NaNO3 150 g/l 10ml
K2HPO4 40 g/i 1ml
MgS04.7H.0 75 g/l 1ml
CaCl..2H.0 36 g/l 1ml
Citric acid 6 g/l 1ml
Ferric ammonium citrate 6 g/l 1ml
EDTA-Na; 149/l 1ml
Na;CO; 20 g/l 1ml
Trace metal mix A5 See blow 1ml

Treatment of Municipal wastewater with algae culture
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The treatment was carried out by taking 1 liter glass flasks and placing 850 ml of municipal
waste water thatCollected from the final settling ponds of central wastewater treatment plant
(Almamierh) and adding 150 ml of the algae culture after it reached the Stationary phase with
control containing 1 liter of municipal waste water only .the all flasksplaced the in the growth
chamber Under previous incubation conditions.

Physical and Chemical analysis

The pH, total dissolved solids, electrical conductivity and salinity were measured using a
HANA\ 211Multi-meter.BODS5 was estimated according to [7].The total Alkalinity,total
Hardness,calcium and magnesium hardness were estimated according to [8].Chloride was
estimated as reported in the [9]method. Nitrite and nitrate were estimated according to (Parson et
al.,1984).Phosphate was estimated according to [10] and as described by [11].

Measurement of physiological and biochemical indicators

Total chlorophyll was estimated according to method [12]The effectiveness of SOD was
measured by its ability to inhibit pyragallol oxidation by [13]. The efficiency of the CAT
enzyme was estimated by [14]. and measured at a wavelength of 240
nanometers.Malondialdehyde content was estimated by [15].

Results and Discussion.

Hydrogen concentration is influenced by many ions such as carbonates, bicarbonates and
dissolved gases such as CO2 and hydrogen sulfide [16].It represents the relationship between the
OH ion produced by bicarbonate degradation and the concentration of hydrogen ion separated
from carbonic acid [17]. The results show that the pH values rose slightly after treatment but
remained within normal limits Figure ( 1 ).This may be due to the balance that occur by algae,
since the CO2 that produced by the respiration of organisms reduces the pH values while the
CO2 and bicarbonate ions that removed by algae increase the pH values [18]. TDS is a
materials that produced by the solubility of compounds that produce positive and negative ions
[19].which represent the total dissolved solids and salts and are an important indicator in water
treatment plants[20]. The current results showed the algae have ability in the reduction of TDS
value Figure( 2 ). The possibility of algae in reducing soluble solids values is related to their

ability to reduce positive and negative ions in treated water.

Electrical conductivity refers to the water's ability to carry electricity and an indicator of water
soluble salts, which is closely associated with total solids and increases in areas under the
influence of agricultural and industrial activity [21]. The current study showed that the algae
recorded a slight reduction in the values of electrical conductivity and salinity Figure(3,4). This

may be due to the release of ions from the outer surfaces of the cell wall by acidic materials that
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released from algae causing increased electrical conductivity [22]. BODs refers to the amount of
oxygen consumed from microorganisms in aerobic oxidation of organic matter [23], And
consider as a measure of the amount of organic matter oxidized by microorganisms [24].The
results indicate the efficiency of the algae under study in the reduction of BODS values
throughout the experiment Figure(5).The reduction of BODS values occurs when the dissolved
organic compounds and their derivatives are reduced from water [25].

Alkalinity is an indicator of the water content of bicarbonate, carbonate, hydroxides and other
ions [8]. The studied algae recorded a role in reducing Alkalinity values with a clear superiority
of W. prolifica Figure(6). This reduction can be attributed to degradation processes ,or may be
related to fact that the CO2 resulting from the breakdown and degradation of organic compounds
by microorganisms is then consumed by algae [24].

Hard water is the water that contains high concentrations of multivalent ions, especially calcium
and magnesium ions, and causes many problems in factories such as cracking boilers and cooling
towers, as well as causing problems in households, as they do not form foam with soap [26].
Algae under study recorded higher efficiency in the total hardness reduction during the
treatment period Figure(7). This reduction can be related to The process of photosynthesis that
leads to high pH values which in turn helps in precipitation of calcium carbonate.

Calcium plays a role in maintaining the functional and structural integration of plant membranes
and cell wall stabilization [27]. Magnesium is incorporated into the synthesis of the chlorophyll
molecule [28]. The blue-green algae recorded a reduction in calcium and magnesiumFigure(8,9).
The reduction of calcium is higher than magnesium, which means the consumption of the this
element by algae. where In the presence of carbon dioxide, the later reacts with calcium ion more
than magnesium ion, which convert large amounts of it into easily digestible bicarbonate [29].
Chloride ion is a negative ion in water that is obtained by saline taste, especially in relation to
sodium ions to form sodium chloride [30]. Algae showed a significant role in reducing chloride
valuesFigure(10) .The efficiency of chloride reduction by algae was recorded in previous studies
such as[31]. Nitrogen is present in the environment in several oxidative states and is transformed
from one form to another depending on the availability of oxygen. Ammonia is biologically
oxidized by nitrification by two types of self-feeding bacteria that are very sensitive to pH,
heat,heavy metals and chemical compounds [32].The results showed that the algae under study
were not efficient in reducing the nitrate values during the treatment period But reduced the
values of nitrite within a specified period of time and then returned values to rise Figure(11,12).
The low nitrate reduction rates of algae may be due to the high concentration of ammonia that
inhibits the removal of nitrates [33]. Ammonia is the preferred form of microscopic algae. Algae

consume nitrates occur only when the ammonia has been carried out from the center[34].
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Phosphorus is an essential nutrient for the growth and cellular functions of algae and its

preferred form is orthophosphate. Phosphorus is a determinant of growth due to its easily

combined with other ions such as carbonate and iron [35].algae showed a significant role in

reducing phosphates Figure(13), where Algae can withdraw phosphates faster and in more

quantities than they need to grow and then store them in cells in polyphosphate compounds [36].

Municipial u control
72 m Oscillatoria sp
: W. prolifica
7 igonema sp
6.8
u
8 6.6
6.4
6.2
“ 3 6 9 12 15
Days
Figure 1: concentrations of PH
Municipial m control Municipial m control
B Oscillatoria sp B Oscillatoria sp
10 1 W. prolifica 2300 - W_profiﬁca
. 8 Stigonema sp %,n S u Stigonema sp
o
E
v b
(o & 2100
oy a
2 2000
0 1900

3 6 9
Days

12 15

-+

6 9 12 15
Days

Figure 2: concentrations and Percent bio removal of TDS

Municipial ®control
W Oscillatoria sp
20 7 W. prolifica
B Stigonema sp
15 -
10 -
5 -
0 |

3 6 9 12 15
Days

4000 1

3000

2000

EC ps/cm

1000

.

m control

M Oscillatoria sp
W. prolifica

WgStigonema sp

Municipial

6 9 12 15

Days

Figure 3: concentrations and Percent bio removal of electrical conductivity

3 6 9 12 15
m .

Municipial = control Municipial ™ control
W Oscillatoria sp W Oscillatoria sp
= 2.2 ,
W. prolifica R : W. prolifica
B Stigonemasp || R Stigonema sp
BQ 10 E.- 2
> =
= =
c =
® ° & 18
v
0 1.6

Days

www.bumej.com

12



Mesopotamia Environmental Journal
Mesopo. environ. j. 2020, Vol.5,No.4:8-20.

ISSN 2410-2598

Figure 4: concentrations and Percent bio removal of Salinity
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Biochemical indicators of organisms under study

Chlorophyll is type of pigments that responsible for photosynthesis and found in the plastids
[37]. These pigments need many essential elements such as calcium and magnesium as well as
iron [38]. The results showed that the values of chlorophyll was increased slightly in
Oscillatoriasp andW. prolifica and decreased in Stigonemasp after treatment of watertable (2).
The high chlorophyll values may be due to the availability of the necessary elements for the
formation of chlorophyll.Either the low values in the Stigonemasp may return to The high
concentrations of pollutants that inhibit the production of pigments as chlorophyll [39].  The
SOD is the first defensive line against ROS, which stimulates the transformation of superoxide
radicals (O7) into HoO.and O», which has a toxic effect on the cell, so catalase removes its
toxicity by converting it to O [40]. The current study indicates that the SOD values recorded in
the algae under study were close to controltable (2). In fact, in the blue-green algae such as
Oscillatoriasp, two important types of SOD [Mn, SOD, Fe, SOD] These forms protect the algae
from oxidative stresses resulting from the identification or restriction of nitrogen in the medium

or the addition of dyes to the feeder medium [41].

Catalase is an enzyme in almost all living organisms whose function is to break down
hydrogen peroxide into water and oxygen [42]. The study showed that the enzyme content were
increased in Oscillatoriasp andW. prolifica after treatment and decrease in Stigonema sp.table
(2). The increased efficacy of Catalase under oxidative stress such as increased salinity indicates
the high efficiency of algae in the removal of H2O- [43]. Lipid peroxidation (LPO) is one of
the vital indicators of oxidative damage that gets to aquatic organisms exposed to stress.
Malondialdehyde (MDA) is a cytotoxic product and is an important indicator of the production
of free radicals that cause lipid peroxidation and thus damage cellular membranes [45]. The
current study showed that the MDA values increased In all Algae studied. The high content of
MDA in the algae found in waste water may be related to damage by free radicals and reflects

the low algal susceptibility to get rid of these roots table (2).. The process of thylakoid
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membrane lesion in algae under the influence of heavy elements means increased free radical

production and high lipid peroxidation [46].

Table (2) Total chlorophyll values and antioxidants in algae under study (mean + standard deviation)

BlochemA::;e markers Chl (mglg) SOD(U/mg) | Cat(U/mg) MDAnmol/mg.
0.25%0.01 2.57+1.22 4.74+1.13 0.27%0.03
control a a a a
Oscillatoriasp
0.26+0.01 2.80+1.21 6.06+0.00 0.29+0.02
wastewater a a a a
0.24+0.01 3.23+1.70 9.09+3.03 0.17£0.02
control a a a a
W. prolifica 0.40%0.10 2.80+1.38 14.14+8.08 0.26+0.02
wastewater c a b c
Control 0.33+0.01 2.67%£1.34 10.77%2.33 0.12+0.02
a a a a
Stigonemasp
0.05+0.01 2.4911.65 7.40+1.16 0.22+0.02
wastewater c a a b

The different letters mean a significant difference

Conclusions

The current study showed the distinctive and effective role of blue-green algae in the reduction
and treatment of the pollutants Especially the nutrients that released from the final settling ponds
of central wastewater treatment plant (Almamierh).As for the biochemical changes The current
study showed a clear variation in the values of chlorophyll, Catalase enzyme activity, and MDA
content between increase and decrease in all the algae under study. While the activity of the SOD

enzyme did not change its value in all the algae under study
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