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INTRODUCTION

One of the main problems of surface and 
groundwater pollution alike is domestic and in-
dustrial wastewater that is thrown directly into 
rivers because it is often untreated or partially 
treated as a result of the lack of treatment plants 
or their inefficiency. This problem exists in many 
countries, especially Iraq (United Nations Edu-
cational, 2015). Liquid wastes that are thrown 

directly or indirectly into water bodies often 
cause serious problems for living organisms be-
cause they are not treated or treated insufficiently 
(Mohamad et al., 2017). There are many pollut-
ants in wastewater, most of which are minerals, 
nutrients, hydrocarbons, heavy elements, pesti-
cides, and others (Emparan et al., 2019). Hydro-
carbons are among the most important sources 
of energy in the current era and because of In-
creasing industrial activities and the world’s need 
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ABSTRACT
The current study aimed to use the biological treatment (Phycoremediation) for sewage water, where the green 
alga Chlorella vulgaris was used in the treatment process and to improve water quality by removing some of 
the pollutants contained in the water, the most important of which are hydrocarbon pollutants, and to note the 
changes in the biochemical properties of the algae, such as the SOD enzyme and CAT enzyme and total chlo-
rophyll before and after the treatment process. The treatment process took place between wastewater and green 
algae when the latter reached a stable stage to ensure its high treatment capacity and the best possible life span. 
Where the measurements were made for the characteristics of the treated water in addition to the biochemical 
measurements of the algae on the 4th and 8th day of the biological treatment. A study of the growth curve of C. 
vulgaris showed that the growth phase started on day 6, reached stability on day 12, then reached the death phase 
on day 19, and continued to decline until the death of the alga. The results of the study showed the value of what 
was contained in the wastewater before the treatment process, as it was as follows: total hydrocarbons (5.38 
mg/l), as for the biochemical properties of algae before exposure to wastewater, they were as follows: superoxide 
dismutase enzyme (1.2197 U/mg), catalase enzyme (0.6023 U/mg), total chlorophyll (6.1503 mg/g). After the 
wastewater treatment process was completed, the high ability of green algae to remove hydrocarbon pollutants 
from the water was shown, at a rate of 72.3–64.5%, respectively. The results of the study showed the effect of 
sewage water on some physiological characteristics of algae, as it showed an increase in the activity of SOD after 
4 days of treatment to reach 1.33 U/mg, while the activity decreased on the 8th day to reach 1.289 U/mg, as for 
the CAT enzyme It appeared in the same way as the previous enzyme, as its effectiveness increased after 4 days 
of treatment to reach 0.6916 U/mg, and decreased on the last day to reach 0.5476 U/mg, while with regard to 
the value of chlorophyll, the value of chlorophyll a decreased to reach 1.9473 mg/g in the last day, while on the 
contrary, the value of chlorophyll b increased to reach 4.5369 mg/g in the last day, while for total chlorophyll its 
value increased to reach 6.4842 mg/g in the last day.
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for energy, the great need for the use of crude oil 
emerged, and thus the problems of global pollu-
tion with hydrocarbons increased, bearing in mind 
that crude oil is a complex compound that often 
consists of hydrocarbons, which constitute 95% 
of its components, in addition to other elements 
(Catania et al., 2020). Thus, with the increase in 
human activities, the complexity of liquid waste 
increased, so the need to find ways to treat waste-
water increased, which must be environmentally 
friendly, applicable, easy, inexpensive, and effec-
tive at all times. Recently, the technologies used 
in wastewater treatment have increased, some 
of which depend on physical processes, some 
of which depend on chemical processes, or that 
use both methods with us (Bes-Piá et al., 2002). 
Others depend on biological methods. One of the 
best technologies used to treat wastewater at the 
present time is the methods that depend on bio-
logical treatment, as it is characterized by being 
hygienically safe and available in nature, in ad-
dition to being easy to apply and low cost, as it 
depends in its work on microorganisms such as 
bacteria and fungi and algae (Wang et al., 2016). 
Biological processes that rely on algae in bio-
remediation have advantages that exceed their 
peers from other biological processes that depend 
on different microorganisms, because they have a 
high potential to remove and treat water polluted 
with nitrogen, carbon and phosphorus, in addi-
tion to the fact that they do not need chemicals 
and do not need energy. (Emparan et al., 2019). 
The best types of algae that have a high capacity 
for processing are the green algae that belong to 
Chlorophyta, being cheap, renewable and avail-
able in all parts of the world. These advantages 
made them superior to many other types of algae 
in bioremediation processes (Gharbani, 2018).

MATERIALS AND METHOD

Algae isolates used in the study

 The green alga Chlorella vulgaris used in the 
treatment was obtained from the College of Sci-
ence / University of Babylon in the form of pure 
algae isolates and classified by using microscopy. 
Which were then incubated under optimal con-
ditions of light intensity of 50 μE/cm2/sec, light/
dark time 16:8, and temperature 2 ± 25 °C using 
an incubator dedicated to the growth of algae in-
side the laboratory (Chia et al., 2013).

Preparation and Sterilization of 
C. vulgaris Growth Media

 For the purpose of developing and propagat-
ing green algae farms, the culture medium known 
as chu-10 was prepared, which was modified by 
Kassim et al. (1999) Table 1. The medium was 
prepared in the form of stock solutions and kept in 
the refrigerator at a temperature of 4 °C upon com-
pletion of its preparation. Without sterilization un-
til use. 2.5 ml of all stock solutions are taken and 
collected in a 1 L beaker, after which the volume 
is completed using distilled water, after which the 
sterilization process is carried out using the auto-
clave. except for the stock solution (k2HPO4) that 
was added alone then. By adding a few drops of 
either 0.01 standard hydrochloric acid (HCl) or 
0.01 standard sodium hydroxide solution, the pH 
was changed from 6.8 to 7, using a pH meter after 
calibrating it with standard solutions.

Biological wastewater treatment

The wastewater treatment process was 
started by combining polluted water with algae 
grown in specific proportions after the green al-
gae reached the stationary phase, by filling glass 
beakers with a capacity of 1 liter and placing 
in it 850 ml of waste water and adding 150 ml 
of waste water to it. This process was done by 
three replications in addition to the control co-
efficient that contains waste water only without 

Table 1. Chemicals used in the preparation of media 
chu-10 modified by (Kassim et al., 1999)

g/lChemicalItem

10MgSO4.7H2O1

30NaCl2

0.004CoCl2.6H2O3

8Na2CO34

4Na2-EDTA5

0.02MnCl2.4H2O6

0.028(NH4)6MO7O24.4H2O7

8NaNO38

0.224ZNSO4. 7H2O9

16CaCl210

0.08CUSO4.5H2O11

0.288H3BO312

0.32FeCl313

4K2Hpo414

1LDemineralized water15
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the addition of algae. After that, these treatments 
were preserved in the container designated for 
cultivation. Samples were taken from the farms 
during specified periods after 4 and 8 days to 
conduct physical, chemical and biological tests 
and measure concentrations of heavy metals and 
total hydrocarbons (Al-Rubaie, 2003).

Estimation of total hydrocarbons

In order to extract the total hydrocarbons 
from the water, the fluorescence method was 
used by the spectrofluorometer (UNEP, 1989). 
Where 1 liter of waste water was taken and 10 
ml of carbon tetrachloride was added to it, then 
an electric mixer was used until the sample was 
well mixed and blended for 30 minutes, after 
which the organic layer was separated by a sepa-
ration funnel, then the sample was passed on a 
column containing wool to remove the remain-
der then the concentration of hydrocarbons was 
measured by a spectrofluorometer and the con-
centration was determined according to the fol-
lowing equations: 

 
𝐶𝐶 = 𝑋𝑋 × 𝐷𝐷 × 1000

𝑄𝑄 × 𝐿𝐿  
 

𝑋𝑋 = 𝑌𝑌 − 1.37838
28.14496  

 
(1) 

 
Chlorophyll a (mg/gm) = 

12.7 A633 −2.69 A645 
𝑎𝑎·1000·𝑤𝑤  ×V 

 
(2) 

 
Chlorophyll b (mg/gm) = 

22.9 A645 −4.68 A663 
𝑎𝑎·1000·𝑤𝑤  ×V 

 
(3) 

 
Chlorophyll (mg/gm) = 

20.2 A645 −8.02 A633 
𝑎𝑎 ·1000·𝑤𝑤  ×V Total 

        
(4) 

 
 

SOD activity (units) = 

periodtesttotal
volumereactioninhibition %50/%
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% I = 𝑠𝑠𝑎𝑎𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠 (𝐴𝐴−𝐵𝐵)×100
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where: C – concentration of total hydrocarbons; 
Y – sample reading – solvent reading; D – 
dilution factor; Q – the amount of sample 
injected into the device

Estimation of physiological and 
biochemical indicators

Total Chlorophyll estimation

The method described by (Parry et al., 2014) 
was used by taking 1 g of the algae extract and 
mixing it with 10 ml of acetone 80% in a glass 
test tube and keeping it for twenty hours at a tem-
perature of 4 degrees Celsius in the dark, then it 
was shaken again and left as well. For a period 
ranging between 1–2 hours under the same con-
ditions, then it is centrifuged at a speed of 3000 
revolutions per minute for ten minutes, then the 
filter is taken and 1–2 drops of hydrochloric acid 
(0.1N) are added to it, and the filter is taken to 
measure the absorbance by a spectrophotometer 
at a wavelength of 663, 645 nm, and the chloro-
phyll concentration was calculated through the 
following equations:
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where: A645 – absorbance at wavelength 645; A663 
– absorbance at wavelength 663; V – final 
volume of extract in milliliters; W – weight 
of plant tissue in grams; a – the length of the 
light path in the cell (1cm).

Determination of enzyme activity 
Superoxide dismutase (SOD) 

 Based on the method adopted by Marklund 
& Marklund (1974), 50 μl of algae extract was 
taken, added to it 1000 μl of Tris-buffer solution 
and 1000 μl of parallel solution, and compared 
with the change in the absorbance of the control 
solution containing distilled water instead of the 
extract using a spectrophotometer on 420 nm 
wavelength, filtered with distilled water only rep-
resenting blank, and the efficiency is calculated 
according to:
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where: Inhibition % – the percentage inhibition of 
pyrogallol reductase which is calculated 
from the Equation 6 below: 

 

𝐶𝐶 = 𝑋𝑋 × 𝐷𝐷 × 1000
𝑄𝑄 × 𝐿𝐿  
 

𝑋𝑋 = 𝑌𝑌 − 1.37838
28.14496  

 
(1) 

 
Chlorophyll a (mg/gm) = 

12.7 A633 −2.69 A645 
𝑎𝑎·1000·𝑤𝑤  ×V 

 
(2) 

 
Chlorophyll b (mg/gm) = 

22.9 A645 −4.68 A663 
𝑎𝑎·1000·𝑤𝑤  ×V 

 
(3) 

 
Chlorophyll (mg/gm) = 

20.2 A645 −8.02 A633 
𝑎𝑎 ·1000·𝑤𝑤  ×V Total 

        
(4) 

 
 

SOD activity (units) = 

periodtesttotal
volumereactioninhibition %50/%

 

 
(5) 

 
% I = 𝑠𝑠𝑎𝑎𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠 (𝐴𝐴−𝐵𝐵)×100

𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑠𝑠 (𝐴𝐴−𝐵𝐵 )      (6) 
  

(7) 

 

)1(
S
Sºl

t
2.303kU test ofActivity  Catalase −−−= og

 (6)

A and B represent the difference between the 
first and second absorbances after 2 minutes

Determination of activity of the enzyme catalase

 The method described by Hadwan & Kadhum 
Ali (2018) was used to estimate the activity of the 
CAT enzyme, where 100 μl of algae extract was 
mixed with 900 μl of phosphate buffer and 2000 
μl of hydrogen peroxide, the sample was mixed 
well and then left in a water bath at a temperature 
of 37 °C. After that, 2000 μl of ammonium vana-
date reagent was added, The spectrophotometer 
was used to calculate the activity of the catalase 
enzyme at a wavelength of 420 nm through:
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where: Sº is the absorbance of the standard tube-
and S is the absorbance of the model test 
tube;  t represents time.

RESULTS AND DISCUSSION

Stages of cultivation of Chlorella vulgaris

The growth ability of C. vulgaris was studied 
throughout the current experiment. The moss was 
grown in a laboratory under optimal conditions of 
temperature, light intensity, and ideal ventilation, 
and the moss was grown using the Chu-10 culture 
medium modified by (Kassim et al., 1999), whose 
components are shown in Table 1. The results 
showed that the growth period of the alga con-
tinued for 19 days, which was divided into sev-
eral phases, starting with the introductory phase, 
which lasted from day 1 to day 5, then the expo-
nential increase phase, which began on day 6 and 
ended on day 11, then followed by the stabiliza-
tion phase, which began on day 12 to day 18, after 
which the algae reached the stage of death, which 
started from day 19. Based on a spectrophotom-
eter’s measurement of the density of algal cells 
at a wavelength of 540 nm, several phases were 
identified. The growth curve of algae during the 
course of the investigation is shown in Figure 1.

Total hydrocarbons

C. vulgaris recorded high removal rates for 
total hydrocarbons from wastewater (Fig. 2). The 
moss had a clearance rate of 64.5% on day 4 of the 
biological treatment, with a value of 1.908 mg/l, 
and this percentage increased to 72.3% on day 8 
of the biological therapy, with a value of 1.493 
mg/l. No elimination percentage was noted for 
the duration of the biological treatment period for 

the control treatment. Numerous earlier research 
that examined the efficiency of microalgae in the 
degradation of total hydrocarbons shown their ef-
ficacy in the remediation of hydrocarbon contami-
nants (Ghosal et al., 2016). In contrast, a separate 
study found that Chlorella vulgaris has a lot of 
promise for purifying water contaminated with 
crude oil. The elimination rate was between 88% 
and 94% effective (Xaaldi Kalhor et al, 2017). De-
spite the fact that it has been shown that on day 
14 of therapy, Chlorella vulgaris is capable of de-
grading 98% of petroleum hydrocarbon contami-
nants from the water (Das & Deka, 2019).

Effects of wastewater on the physiological 
parameters of C. vulgaris

Total chlorophyll

Chlorophyll is the green molecule that is 
the main component of the photosynthesis pro-
cess carried out by green algae, as it absorbs 
light in addition to using carbon dioxide and 
water to form energy for photosynthetic organ-
isms (Khaleghi et al., 2012). There are two types 
of chlorophyll, chlorophyll a and chlorophyll b, 
and both act as photoreceptors in photosynthesis 
(Falk et al., 1996). The case study showed a slight 
increase in total chlorophyll content of C. vul-
garis after treating the wastewater on the 8th day 
of treatment, which is an expected result due to 
the availability of the necessary elements for the 
formation of chlorophyll. According to research 
by Kazem (2017), treating two different kinds of 
household and industrial wastewater increased 
the amount of total chlorophyll in Oscillatoria 
sp. Dash et al. (1999) indicated that the chloro-
phyll content was increased when Westiellopsis 
prolifica was exposed to a mixture of domestic 
and industrial wastewater with a clear increase in 

Fig. 1. Optical density of algae Chlorella vulgaris during the days of growth
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the growth rate. However, a decrease in the total 
chlorophyll values of algae was observed in the 
first days of treatment, on day 4 specifically. The 
high concentrations of the pollutants may have 
inhibited the production of chlorophyll in the 
first days of the treatment, but after its decline, 
the pigment returned to rise, as we noticed on the 
8th day of the biological treatment. Saikia et al. 
(2011) indicated that high concentrations of pol-
lutants inhibit the production of pigments in Os-
cillatoria chlorina algae, where it was observed 
that the chlorophyll content decreased in the alga 
when exposed to high concentrations of paper 
mill waste. Brahmbhatt et al. (2013) confirmed 
that Oscillatoria sp. showed a high efficiency in 
removing heavy metals, but this was offset by a 
low total chlorophyll content.

Catalase (CAT) enzyme

CAT is present in all living organisms, as it has 
been found in many cells of animals, plants, fungi, 
bacteria, and algae (Costa, 2020). This enzyme 
provides protection for living organisms because 

it is responsible for breaking down hydrogen per-
oxide and changing it into two harmless elements, 
water and oxygen. as it is known that peroxide is 
toxic to cells due to its ability to oxidize mem-
brane proteins and lipids (Goyal & Basak, 2010; 
Nicholls et al., 2000). Specific plant locations, in-
cluding the cytoplasm, mitochondria, plastids, and 
peroxisomes, contain the CAT enzyme. (Wille-
kens et al., 1995). The results of the case study 
showed a change in the activity of the enzyme 
CAT during the treatment period of wastewater by 
C. vulgaris algae, where the alga recorded a sig-
nificant increase in the activity of the enzyme on 
the 4th day of treatment, which is the highest value 
of the activity of the enzyme obtained throughout 
the treatment period. Previous studies showed this 
increase, as the increased activity of the CAT en-
zyme in algae is evidence of its high efficiency in 
removing H2O2 and its high tolerance to various 
pollutants (Chakraborty et al., 2010). El-Naggar 
et al. (2014) showed that algae exposed to heavy 
metals such as copper and cadmium lead to an 
increase in the activity of CAT enzyme. Another 

Fig. 2. Total hydrocarbons before and after treatment

Fig. 3. Chlorophyll content after exposure to pollutants
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study showed an increase in the activity of enzy-
matic antioxidants, including CAT, when Chlo-
rella vulgaris was treated with heavy metals such 
as copper (Kebeish et al., 2014). While a decrease 
in activity was observed on the 8th day of treat-
ment, where Qureshi (2007) demonstrated that a 
reduction in the activity of the CAT enzyme occurs 
when oxidative damage is increased and exposure 
duration is prolonged. Another study found that 
heavy metal treatment boosted the CAT enzyme’s 
activity in Anabaena sp, but that this activity of the 
enzyme reduced as the quantity of heavy metals 
rose (Sultan et al., 2007).

Superoxide dismutase (SOD)

SOD is one of the most important antioxi-
dant enzymes found in all different living organ-
isms. It serves as ROS’s primary line of defense 
(Janknegt et al., 2007). This enzyme provides pro-
tection against reactive oxygen species or reduces 
them by converting them into O2 and H2O2, and 
due to the toxic effect of hydrogen peroxide on the 
cell, here comes the role of the catalase enzyme, 

which removes toxicity by converting it into oxy-
gen and water (Kachout et al., 2009). According 
to the study’s findings, C. vulgaris’ SOD enzyme 
activity has somewhat increased, where the maxi-
mum activity was observed on the 4th day of treat-
ment. Where Blokhina et al. (2003) showed that 
the stronger the oxidative damage, the greater the 
activity of the SOD enzyme, which is between the 
high activity in the first days of treatment evidence 
of the presence of large quantities of pollutants, 
as Kazem (2017) confirmed that the values of the 
SOD enzyme for algae used in the treatment. Do-
mestic and industrial wastewater did not decrease 
during the treatment period. Chen et al. (2019) 
also noted that Chlorella vulgaris was superior to 
all species in SOD enzyme activity throughout the 
wastewater treatment period.

CONCLUSIONS

 The current study demonstrated the efficiency 
of C. vulgaris to grow excellently in wastewater 

Fig. 4. Enzyme catalase activity after exposure to pollutants

Fig. 5. Enzyme superoxide dismutase activity after exposure to pollutants
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and not to have any undesirable effects despite the 
presence of different levels of pollutants in the 
wastewater. The study also showed the efficiency 
of biological treatment using C. vulgaris in im-
proving the physical and chemical properties of 
wastewater within a short period of time. The 
study also confirmed the efficiency of C. vulgaris 
in removing total hydrocarbon pollutants from 
wastewater. In addition, the case study showed 
the role of biochemical characteristics of algae, 
such as SOD, CAT, and chlorophyll, in helping 
algae to resist and remove various pollutants.

REFERENCES

1. United Nations Educational. 2015. Scientific and 
Cultural Organization. International Initiative on 
Water Quality: Paris, France. 

2. Mohamad, S., Fares, A., Judd, S., Bhosale, R., Ku-
mar, A., Gosh, U., Khreisheh, M. 2017. Advanced 
wastewater treatment using microalgae: effect of 
temperature on removal of nutrients and organic 
carbon. IOP Conference Series: Earth and Envi-
ronmental Science, 67(1), 012032.

3. Catania, V., Lopresti, F., Cappello, S., Scaffaro, R., 
Quatrini, P. 2020. Innovative, ecofriendly biosorbent-
biodegrading biofilms for bioremediation of oil-con-
taminated water. New Biotechnology, 58, 25–31.

4. Emparan, Q., Harun, R., Danquah, M.K. 2019. Role 
of phycoremediation for nutrient removal from 
wastewaters: a review. Appl. Ecol. Environ. Res, 
17(1), 889–915.

5. Gharbani, P. 2018. Modeling and optimization of 
reactive yellow 145 dye removal process onto syn-
thesized MnOX-CeO2 using response surface meth-
odology. Colloids and Surfaces A: Physicochemical 
and Engineering Aspects, 548, 191–197.

6. Wang, Y., Ho, S.-H., Cheng, C.-L., Guo, W.-Q., 
Nagarajan, D., Ren, N.-Q., Lee, D.-J., Chang, J.-
S. (2016). Perspectives on the feasibility of using 
microalgae for industrial wastewater treatment. Bio-
resource Technology, 222, 485–497.

7. Bes-Piá, A., Mendoza-Roca, J.A., Alcaina-Miranda, 
M.I., Iborra-Clar, A., Iborra-Clar, M.I. 2002. Re-
use of wastewater of the textile industry after its 
treatment with a combination of physico-chemical 
treatment and membrane technologies. Desalina-
tion, 149(1–3), 169–174.

8. Chia, M.A., Lombardi, A.T., MELãO, M.D.A. 2013. 
Growth and biochemical composition of Chlorella 
vulgaris in different growth media. Anais Da Aca-
demia Brasileira de Ciências, 85, 1427–1438.

9. Kassim, T.I., Al-Saadi, H., Salman, N.A. 1999. 

Production of some phyto-and zooplankton and their 
use as live food for fish larva. Iraqi J. Agric. Proc, 2, 
188–201.

10. Al-Rubaie, Ghaida Hussein 2003. The use of some 
algae in the treatment of domestic waste water. 
Master Thesis. College of Science - University of 
Baghdad, Baghdad.

11. UNEP. United Nation Environmental program. 1989. 
Comparative toxicity test of water accommodated 
fraction of oils and oil dispersant’s to marine organ-
isms. Reference methods for marine pollution, 4, 21.

12. Parry, C., Blonquist Jr, J.M., Bugbee, B. 2014. In 
situ measurement of leaf chlorophyll concentration: 
analysis of the optical/absolute relationship. Plant, 
Cell & Environment, 37(11), 2508–2520.

13. Marklund, S., Marklund, G. 1974. Involvement of 
the superoxide anion radical in the autoxidation 
of pyrogallol and a convenient assay for superox-
ide dismutase. European Journal of Biochemistry, 
47(3), 469–474.

14. Hadwan, M.H., Kadhum Ali, S. 2018. New spectro-
photometric assay for assessments of catalase activ-
ity in biological samples. Analytical Biochemistry, 
542, 29–33.

15. Ghosal, D., Ghosh, S., Dutta, T.K., Ahn, Y. 2016. 
Current state of knowledge in microbial degrada-
tion of polycyclic aromatic hydrocarbons (PAHs): 
a review. Frontiers in Microbiology, 1369.

16. Xaaldi Kalhor., A., Movafeghi, A., Mohammadi-
Nassab, A.D., Abedi, E., Bahrami, A. 2017. Poten-
tial of the green alga Chlorella vulgaris for biodegra-
dation of crude oil hydrocarbons. Marine Pollution 
Bulletin, 123(1–2), 286–290.

17. Das, B., Deka, S. 2019. A cost-effective and envi-
ronmentally sustainable process for phycoremedia-
tion of oil field formation water for its safe disposal 
and reuse. Scientific Reports, 9(1), 1–15.

18. Khaleghi, E., Arzani, K., Moallemi, N., Barzegar, 
M. 2012. Evaluation of chlorophyll content and 
chlorophyll fluorescence parameters and relation-
ships between chlorophyll a, b and chlorophyll 
content index under water stress in Olea europaea 
cv. Dezful. International Journal of Agricultural and 
Biosystems Engineering, 6(8), 636–639.

19. Falk, S., Maxwell, D.P., Laudenbach, D.E., Huner, 
N.P.A., Baker, N.R. 1996. In Advances in Photosynthe-
sis, V. 5, Photo-synthesis and the Environment. Kluwer 
Academic Publishers, Dordrecht Boston London.

20. Dash, A.K., Mishra, P.C. 1999. Growth response of 
the blue-green alga, Westiellopsis prolifica in sewage 
enriched paper mill waste water. Revista Interna-
cional de Contaminación Ambiental, 15(2), 79–83.

21. Kazem, Noha Faleh 2017. Bioremediation of 
heavy metals using some algae and aquatic plants 
with identification of biochemical and molecular 



103

Ecological Engineering & Environmental Technology 2023, 24(9), 96–103

responses. Doctoral thesis. College of Science - 
University of Kufa, Kufa.

22. Saikia, M.K., Kalita, S., Sarma, G.C. 2011. An ex-
perimental investigation on growth stimulation (+) 
and inhibition (−) of algae (Oscillatoria chlorina and 
Scenedesmus quadricauda) treated with pulp and 
paper mill effluents. Int. J. Appl. Biol. and Pharma-
ceut. Technol., IJABPT, 2(4), 87.

23. Brahmbhatt, N., Patel, R., Jasrai, R.T. 2013. Heavy 
metal accumulation in Oscillatoria sp. induced bio-
chemical response. Advances in Applied Science 
Research, 4(3), 182–185.

24. Janknegt, P.J., Rijstenbil, J.W., van de Poll, W.H., 
Gechev, T.S., Buma, A.G.J. 2007. A comparison of 
quantitative and qualitative superoxide dismutase 
assays for application to low temperature microal-
gae. Journal of Photochemistry and Photobiology 
B: Biology, 87(3), 218–226.

25. Kachout, S.S., Mansoura, A. ben, Leclerc, J.C., 
Jaffel, K., Rejeb, M.N., Ouerghi, Z. 2009. Effects 
of heavy metals on antioxidant activities of Atriplex 
hortensis and Atriplex rosea. Journal of Applied 
Botany and Food Quality, 83(1), 37–43.

26. Blokhina, O., Virolainen, E., Fagerstedt, K. v. 2003. 
Antioxidants, oxidative damage and oxygen depriva-
tion stress: a review. Annals of Botany, 91(2), 179–194.

27. Chen, X., Hu, Z., Qi, Y., Song, C., Chen, G. 2019. The 
interactions of algae-activated sludge symbiotic sys-
tem and its effects on wastewater treatment and lipid 
accumulation. Bioresource Technology, 292, 122017.

28. Costa, R. de. 2020. Determinação da atividade 

enzimática da catalase e tirosinase por eletroforese 
capilar com detecção uv/vis e espectrometria de massas.

29. Goyal, M.M., Basak, A. 2010. Human catalase: looking 
for complete identity. Protein & Cell, 1(10), 888–897.

30. Nicholls, P., Fita, I., Loewen, P.C. 2000. Enzymol-
ogy and structure of catalases.

31. Willekens, H., Inzé, D., van Montagu, M., van 
Camp, W. 1995. Catalases in plants. Molecular 
Breeding, 1(3), 207–228.

32. Chakraborty, S., Santra, S.C., Bhattacharya, T. 
2010. Seasonal variation of enzyme activity and 
stress metabolites in eight benthic macro algae with 
fluctuations in salinity of Sunderban estuary, India.

33. El-Naggar, A.H., Sheikh, H.M. 2014. Response of 
the green microalga Chlorella vulgaris to the oxida-
tive stress caused by some heavy metals. Life Sci J, 
11(10), 1349–1357.

34. Kebeish, R., El-Ayouty, Y., Husain, A. 2014. Effect 
of copper on growth, bioactive metabolites, anti-
oxidant enzymes and photosynthesis-related gene 
transcription in Chlorella vulgaris. World Journal 
of Biology and Biological Sciences, 2(2), 34–43.

35. Qureshi, M.I., Abdin, M.Z., Qadir, S., Iqbal, M. 
2007. Lead-induced oxidative stress and metabolic 
alterations in Cassia angustifolia Vahl. Biologia 
Plantarum, 51(1), 121–128.

36. Sultan, P., Shah, S.M., Williams, P., Jan, A., Ahmad, 
N. 2007. Biochemical basis of heavy metal induced 
stress tolerance in the N2 fixing Cyanobacterium 
Anabaena doliolum. African Journal of Clinical and 
Experimental Microbiology, 8(1), 8–22.


