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ABSTRACT

This study aims to prove the ability of Chlorella vulgaris to treat some pollutants
such as nitrates, nitrites, phosphates, ammonia, the chemical oxygen requirement
and some heavy metals such as cadmium and copper present in the water of mu-
nicipal wastewater treatment plants. Water samples were taken from Al-Rumaitha
Central Water Treatment Plant, Al-Muthanna Governorate, Irag. Contaminated
water was added to the algal culture after the algae reached the Stationary phase
after 10 days of growth. The tests were performed on the water after two periods,
the first after 4 days of the algae reaching the Stationary phase and the second after
8 days before the arrival of the algae to the Death phase.

The results showed a high efficiency of Chlorella vulgaris in treating polluted
water. The removal percentage after 4 days of exposure period was as follows:
BOD5 86.6%, nitrate 62.9%, nitrite 14.7%, ammonia 94.2%, and phosphate
86.2%. As for the heavy elements, they were as follows: copper 98.9%, cadmium
94.75%. After 8 days of the treatment process, the efficiency of the algae was
better than the previous days, where the results showed the following removal
percentages, BODs 88.4%, nitrate 63.7%, nitrite 23%, ammonia 97.9%, phosphate
87.3%. As for heavy metals, the percentages were as follows: copper 99.2%,
cadmium 97.9%. The results of this study showed the efficiency of Chlorella
vulgaris in the treatment process and its high ability to remove pollutants from
water, especially nutrients and heavy metals, and green algae is a promising,
highly efficient and environmentally friendly biological treatment technology.
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INTRODUCTION

Water quality is one of the main concerns of the current century, given the in-
creasing scarcity of water resources. Water quality deterioration, either due to
human activities (such as pollution and overexploitation of resources) or natural
phenomena (such as global warming and extreme weather events), often severely
impacts ecosystems and public health, affecting society and the environment!. One
of the main problems of surface and groundwater pollution is the domestic and
industrial wastewater thrown directly into rivers because it is often untreated or
partially treated due to the lack or inadequacy of treatment plants. This problem
exists in many countries, especially Iraq (World Water Assessment Programme
(United Nations) & UN-Water., n.d.). Most pollutants come from domestic, in-
dustrial or agricultural effluents, and their physical and chemical composition
varies according to their source 2. The most common pollutants are metals, pesti-
cides and nutrients (such as nitrates and phosphates)®. On the other hand, the de-
terioration of water resources due to pollution with heavy metals and other min-
erals has become a source of concern for organizations concerned with the envi-
ronment and governments around the world, as the accumulation and stability of
heavy metals in the food chain increases the risk of their toxicity even when they
are present in low concentrations in water .

Consequently, the complexity of effluent formation increases with the increase in
human activities, so it is necessary to develop appropriate wastewater treatment
processes that must be easy to apply, efficient and environmentally friendly in
order to prevent water quality deterioration and protect water resources. Treating at
least half the volume of wastewater generated daily will solve the water crisis.
Therefore, it is necessary to focus on treatment technologies and methods to par-
tially remove pollutants from wastewater before it is discharged into waterways.
The techniques used in wastewater treatment vary; some of them are physical or
chemical, some depend on the combination of the two methods, and some of the
processes depend on biological methods °.

The use of algae in the biological treatment of sewage water is considered one of
the best methods used in treatment because it has a great ability to remove carbon,
nitrogen and phosphorous from the water contaminated with it, in addition to the
fact that it does not require energy or the use of chemicals. The use of algae to
remove pollutants from wastewater is called Sanitary or liquid waste before dis-
charging or reusing (phytoremediation)®* Green microalgae (belonging to Chlo-
rophyta) were selected for this study because they are inexpensive, renewable, and
available in many parts of the world, and can be grown in both fresh and saltwater
under a variety of climatic conditions, as they contain a cell wall with different
functional groups ©

MATERIALS AND METHODS
Preparation and Sterilization of Media:

All equipment and media are sterilized in an autoclave at 121 °C for 15 min at 1.5
j. For the algal formation, modified Chu-10 was used ’. The stocks for both macro
and micro components were prepared by dissolving the weight of the salt in 1 liter
of demineralized water; 2.5 ml of each stock solution was taken and bottled up to 1
liter of demineralized water, as shown in Table 1. Then, it was sterilized with an
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autoclave, except stock solution (K2 HPO4), which was sterilized alone and added
finally to get one liter of Chu-10. Its pH was set to 6.4 after sterilizing using
(0.01N) sodium hydroxide or hydrochloric acid.

Treatment of domestic wastewater in algae farms under study:

The algae treatment was carried out by taking 1-liter glass beakers and placing 850
ml of the collected household wastewater in 5-liter polyethylene containers and
150 ml from the demand farm after it reached the Stationary phase  And by three
replicates, taking into account the control treatment that contains 1 liter of
wastewater only, then the treatments were placed in their replicates in the culture
room. A certain size of the farm was taken every four days for testing.

stock solution g/l
1 (MgS0O4.7H20) 10
2 (MnCl2.4H20) 0.02
3 Na2-EDTA 4
4 (Na2CO03) 8
5 NaCl 30
6 CoCl2.6H20 0.004
7 (NH4)6MO7024.4H20 0.028
8 (NaNO3) 8
9 (ZNSO4. 7TH20) 0.224
10 CaCl2 16
11 (CUSO4.5H20) 0.08
12 (H3BO3) 0.288
13 (FeCI3) 0.32
14 K2Hpo4 4
15 Demineralized water 1L

Table 1. The components and concentration of modified Chu-10 medium and the concentration of each component 6.
Analyzes procedure.
Nitrite

The concentration of nitrite in the sample was measured by following the method
described by the American Health Organization ’ by taking 10 ml of the filtered
sample and diluting it to 50 ml with distilled water, adding 1 ml of Sulphanil Amid
solution, then adding 1ml of N-1-naphthylethelen solution diamine dihydrochlo-
ride Then the absorbance was measured at a wavelength of 543 nm using an ab-
sorbance measuring device and the result was expressed as mg/L.

Nitrate

The nitrate concentration was measured using the cadmium column reduction
method described by the American Health Association 8, where the nitrate was
reduced to nitrite. The absorbance was measured at a wavelength of 543 nm after
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adding 2 ml of a color reagent to 50 ml of the sample that was passed through the
cadmium column, and the results were expressed in mg/L.

Phosphate

The method of tin chloride described by the American Public Health Association’
was used to measure the phosphate concentration by adding 4 ml of ammonium
molybdate solution and 10 drops of tin chloride solution to 100 ml of the sample.
Then, the absorbance was measured at a wavelength of 690 nm using an absorb-
ance measuring device and through the where results are expressed in mg/L.

Ammonia:

Ammonia was measured using a multi-meter type HANNA\ 211 after adding each
of the following reagents, 93715A-0 HI and 93715B-0 HI, to the solution. The
sample was placed in the device and waited for three minutes and thirty seconds.
The result was expressed in mg/L.

Determination of heavy metals

The method described in ” was followed, where 50 ml of sample water was taken
and digested by adding (5) ml of concentrated nitric acid HNO3 and the samples
were heated on a hot plate at 80 ° C, then (1) ml of concentrated nitric acid HNO3
was added and left for a while. The plate was completed to complete dissolution.
Then, the final volume was completed to (50) ml with distilled, deionized water.
The samples were kept in plastic containers until measurement. The concentrations
were measured using atomic absorption spectrometry, and the final product was
expressed in mg/liter.

Biological oxygen demand BOD5

BODS5 was measured according to the American Health Organization 7 method.
This was done by measuring the value of dissolved oxygen, as Winkler's (Azide
Modification) method was used to determine the amount of dissolved oxygen after
fixing it in the field and then scaling it with a sodium thiosulfate solution (0.025
N). for the first bottle. Then, the opaque Winkler vial was filled with 250 ml of the
sample to be measured and left for 5 days in the incubator. The dissolved oxygen
was measured as in the previously described method, and then the value of BOD5
was measured according to the following equation:

Biological oxygen demand BOD5 (mg/L) = initial and final dissolved oxygen.
(1)

RESULTS
Characteristics of Municipal Wastewater:

The characteristics of municipal wastewater were measured before treatment, as
listed in Table 2. It was found that there is a high percentage of nutrients in the
water, such as nitrates, nitrites and phosphates, and a high level of heavy elements
without the permissible limits. This is evidence that the water used is completely
polluted and unsuitable for various uses, such as humans or agriculture.
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Type of water Municipal wastewater
Measured
factors

Nitrite mg/I 19.33

Nitrate mg/I 8.83
Phosphate mg/I 11
ammonia mg/| 16.2

Copper ppm 0.401
Cadmium ppm 0.069

BOD5 mg/l 283.6

Table 2. Characteristics of Municipal Wastewater
Algae growth in wastewater:

After Chlorella vulgaris has reached the stage of stability on day 10 of growth in
the Chu-10 culture medium, its components are shown in Table 1. 150 ml of algal
culture was injected into 850 ml of municipal wastewater under ideal temperature,
light intensity and oxygen. The growth of algae was monitored by measuring the
absorbance to identify the density of algal cells using a spectrophotometer at a
wavelength of 540 nm Figure 1.

Growth Rate
0.5
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absorption

0.1

0
0 2 4 6 8 10 12 14 16 18 20 22

the days

Figure 1. The growth rate of algae Chlorella vulgaris

Reduction of the Biological Oxygen Demand (BOD5)

The value of BODS is defined as the amount of oxygen microorganisms consume
in the aerobic oxidation of organic materials. Thus, it is considered a measure of
the amount of organic matter oxidized by microorganisms'l. As oxygen is con-
sumed in the process of organic decomposition, its concentrations decrease, thus
affecting some aquatic organisms that are less efficient in consuming more oxygen
to completely decompose some pollutants!2. The results indicate the efficiency of
Chlorella vulgaris in reducing BOD5 values throughout the experiment period for
municipal wastewater.
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Figure 2. BOD5 before and after treatment

Nutrient removal
Nitrite:

Nitrogen is present in the environment in several oxidative states, and it converts
from one form to another depending on oxygen availability. The nitrification
process biologically oxidizes ammonia to nitrate by autotrophic bacteria. These
types of bacteria are often very sensitive to PH values, heat, heavy metals and
chemical compounds 8. Nitrate is one of the unstable forms of nitrogen, which
converts to ammonia and nitrate, and this means that it is the form that has the
highest oxidation capacity compared to the rest of the nitrogen forms ’. The re-
sults of the current experiment indicated in Figure 3 that the alga Chlorella vulgaris
was inefficient in the treatment process, or rather, the reduction rates were slight,
where the percentage of nitrite reduction on day 4 was 14.7%. This percentage rose
to reach the highest removal level of 23% on day 8, which does not achieve an
efficiency High compared to the removal of other nutrients.
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Figure 3. Nitrite before and after treatment
Nitrate:

The other form of nitrogen is nitrate, which is more stable and is in the oxidized
state. High nitrate values in water are a dangerous phenomenon for aquatic plants
that lead to nutritional enrichment and significant harm to public health if the
percentage exceeds 10 mg/l, causing Methemoglobin anemia and fish poisoning ’.
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The current study showed high efficiency of nitrate reduction in wastewater by the
alga Chlorella vulgaris Figure 4, where the reduction value reached 62.9% on day
4, and the percentage increased slightly on day 8 to 63.7%.
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Figure 4. Nitrate before and after treatment

Ammonia: Ammonia is one of the most common nitrogenous compounds in
wastewater. Domestic wastewater annually contains about 20 million tons of
ammonia, equivalent to 19% of the annual industrial production of ammonia, and it
is expected that the percentage will increase to 35 million tons annually by the
middle of the twenty-first century 2°. High ammonia levels in water sources can
lead to problems such as toxic algal blooms via eutrophication, fish mortality and
decreased drinking water quality?. In particular, ammonia is toxic to fish. It poses
a significant threat to aquatic ecosystems and human health, causing undesirable
odors and severely burning the eyes, skin and respiratory tract at concentrations as
low as 100-50 ppm?2. The current study showed a very high efficiency in removing
ammonia from wastewater using Chlorella vulgaris. Ammonia was removed by
94.2% on day 4 of the treatment process, and this percentage increased to 97.9% in
ammonia reduction on day 8 of the treatment process, as shown in Figure 5.
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Figure 5. Ammonia before and after treatment
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Phosphate removal

Phosphorous is a nutrient necessary for algae's growth processes and cellular
functions, and the preferred form is orthophosphate (Po4-3). Phosphorous is also a
determinant of alga growth because of its easy bonding with other ions such as iron
and carbonates?®. The process of taking phosphorous is active because it is an
important source of energy, as it is used by algal cells to produce phospholipid,
adenosine triphosphate (ATP) and nucleic acids, and it is consumed in the form of
inorganic orthophosphate °. In the current study, the alga Chlorella vulgaris
played a distinctive role in phosphate reduction, as the algae can withdraw phos-
phate quickly and in quantities more than they need for growth and then store it in
cells in the form of polyphosphates 2’. The results in Figure 6 showed a reduction
rate of 86.2% on day 4 after exposure, and the percentage increased after in-
creasing the exposure period to reach 87.3% on day 8 of exposure.
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Figure 6. Phosphate before and after treatment

Reduction of the Heavy Metal

Cadmium is a highly toxic, rare, non-essential heavy metal well known for its
detrimental effect on cellular enzyme systems and its tendency to bioaccumulate in
living organisms 2°. The International Agency for Research on Cancer classified
cadmium and its compounds as carcinogenic to humans 0. The results of the
current study indicated in Figure 7 the high efficiency of Chlorella vulgaris in
reducing heavy metals, including cadmium, with a reduction rate of 94.75% rec-
orded on day 4 of the treatment process. They continued to increase until they
reached 97.9% on day 8 of the experiment, which is evidence of Algae's efficiency
in the treatment of heavy metals in municipal wastewater.
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Figure 7. Cadmium before and after treatment
Copper

Copper is an essential element for living organisms, as it is considered a micro-
nutrient for cellular metabolism as it is an essential component of metabolic en-
zymes 4. Despite its usefulness in many daily operations, excessive exposure to
copper can seriously damage plants, animals and humans. When exposed to high
concentrations that exceed normal levels, copper is highly toxic to the vital pro-
cesses inside the cell. The current study's results indicated the high copper reduc-
tion efficiency of the alga Chlorella vulgaris. Figure 8 shows the reduction values
of copper in municipal wastewater, where the alga reduced by 98.9% on day 4,
where the process of copper reduction continued to increase to 99.2%.
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Figure 8. Copper before and after treatment
DISCUSSION

Water contains high concentrations of nutrients that can inhibit algae growth®. In
addition, toxic heavy metals and organic compounds in wastewater are another
important inhibiting factor for microalgae®®. Chlorella was able to grow perfectly
and maintained a slightly increased rate on days 12 to 18, when it reached its
highest growth rate. On day 19, it started dying and continued to decline until day
22, when its death was fully confirmed.

The reduction of BOD5 values occurs when the dissolved organic compounds and
their derivatives are reduced from the wastewater during treatment 3. The results
in Figure 2 showed that the reduction percentage reached 86.6% on day 4 of the
treatment process, then this percentage increased to 88.4% on day 8. This high
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reduction ratio indicates the efficiency of Chlorella vulgaris in the treatment pro-
cess. These results agree with many other algae treatment studies, as reported by 4,
which indicated the efficiency of blue-green algae such as Spirulina platensis in
reducing BOD?5 values when treating wastewater from a dairy plant. The study of
15 showed that microalgae play a distinguished role in domestic water treatment,
where the percentage of reducing BOD5 values was high.

The insignificant efficacy is due to the possibility of the algae being satisfied with
nitrates and ammonia as major nutrients for growth and nutrition and the absence
of nitrites for its basic operations. The study of 18 indicated the low percentage of
nitrite reduction by algae, and the reason may be due to the high concentration of
ammonia, which leads to the inhibition of nitrite removal. Ammonia is the pre-
ferred form of microalgae.® noted that heavy metals may inhibit the nitrification
and bio-oxidation processes when they are present in the flows more than the
treatment system can handle.

The high efficiency of nitrate reduction percentages agrees with many studies,
where a study of the green algae Chlorella vulgaris indicated the high possibility of
reducing nitrogenous compounds such as nitrite and ammonia from polluted water
18, Green algae such as Scenedesmus sp and Chlorella sp. and blue-green algae
such as Nostoc sp. proved highly efficient in reducing nutrients and organic load
when used in wastewater treatment after primary treatment °.

This high percentage of removal is because Chlorella vulgaris prefers ammonia as
a nitrogen source, which is widely available in wastewater due to the decomposi-
tion of organic materials such as amino acids and urea by microorganisms?®. The
results of this study are consistent with many previous studies that showed the ef-
ficiency of algae in removing ammonia. A study conducted by 2* to treat domestic
sewage water with algae proved a high removal efficiency during the trial period.
A study on the alga Spirulina maxima showed that the percentage of ammonia
removal was 92% on the seventh day after treating the algae with pig litter water %,
As 25 indicated, the amount of removal depends on the density of cells and the
volume of the medium when treating household wastewater with Scenedesmus
bicellular alga, where the removal of ammonia reached 90% within three days.

These results agree with several studies, such as the study of 28, which recorded
high levels of phosphorous reduction when treating industrial, pharmaceutical
water and tanning waste with Chroococcus turgidus. Moreover, ¥ indicated that
microalgae play a distinguished role in domestic water treatment, and the per-
centage of phosphorous reduction was (80-100%) after only three days of treat-
ment.

Previous studies showed the high efficiency of algae in reducing cadmium values
in a study conducted on the alga Chlorella minutissima, where it proved efficient in
removing cadmium by 84% after planting it in wastewater 3. Thirty-two indicated
that Oscillatoria sp was highly efficient in reducing cadmium in return for low
chlorophyll and protein content. Furthermore, * showed the role of Westiellopsis
prolifica in reducing the element cadmium when exposing the alga to different
concentrations of the elements.
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CONCLUSIONS

The previous results show that Chlorella vulgaris has a high ability to reduce heavy
metals. The role of algae in reduction was recorded in many studies, as % rec-
orded the role of algae Oscillatoria quadripunctulata in the reduction of many
heavy elements, and a reduction of copper was recorded by 50%. Researchers ¢
showed the efficiency of blue-green algae such as Nostoc linckia and Oscillatoria
limosa in removing copper from wastewater in Nasiriyah power plant 2* in re-
ducing copper from domestic wastewater. Copper is one of the essential elements
important for the growth of algae, as it enters metabolic reactions such as respira-
tion and photosynthesis when it is present in trace quantities '
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