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Abstract

Algae have been applied to multiple innovations for sustainable developments in recent

years, specifically the addition of algae can remove impurities from wastewater, a process known

as phycoremediation. This project presents a thorough comparison between the effectiveness of

two biomasses, Chlorella Vulgaris and Spirulina Platensis, on the bioremediation of common

wastewater pollutants. Previous works have addressed various aspects of Chlorella Vulgaris in

treatment for wastewater; there is significantly less extensive research and application of

Arthrospira Platensis in the purification of municipal water. We did this by comparing fourteen

wastewater indicators in the attempt to phycoremediate composite samples of primary effluent

from Tres Rios Wastewater Management Facility using algae biomasses: Arthrospira Platensis

and Chlorella Vulgaris. Results showed that Chlorella Vulgaris was the most efficient

bioremediation agent, proving to remediate 100% of Aluminum, 66% of Cyanuric Acid, 50% of

Total Hardness, and 100% of Bromine from the primary effluent. Though, Spirulina Platensis

was effective at completely remediating cyanuric acid and a quicker 50% decrease in total

hardness compared to Chlorella Vulgaris. The world is in dire need of sustainable and

cost-effective methods to purify contaminated water; with this research, 3rd world countries can

use low-cost algae, such as green algae and spirulina platensis, to have access to clean water in

an environmentally sound way.
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Introduction

Question and Variables

Which algae biomass, Chlorella Vulgaris or Spirulina Platensis, is the most effective

bioremediating agent in removing contaminants from primary effluent? The independent variable

is the type of algae Chlorella Vulgaris and Spirulina Platensis. The dependent variable is the

change of wastewater contaminants measured in ppm (with the exception of lead measured in

ppb and pH was measured on the pH logarithmic scale) after the addition of algae: contaminants

are lead, mercury, nitrate, fluorine, iron, aluminum, nitrite, bromine, total alkalinity, total

hardness, free chlorine, pH, and Cyanuric Acid.

Background Research

There are six main water indicators: dissolved oxygen, turbidity, pH, bioindicators,

nitrate chemicals, and water temperature. These basic indicators are referred to as the

physico-chemical indicators. Physico-chemical indicators help to identify the cause of

contamination in the water source. Dissolved oxygen is the amount of O2 dissolved in natural

waters. Turbidity refers to how cloudy the water appears to be and is caused by suspended

particles. pH levels show the acidity of the water. If there are more contaminated materials in the

water, like tailings, the water will be more acidic. Bioindicators are any living organisms or

biological processes that indicate their habitat’s quality. Nitrate chemicals are toxic in high

concentrations. Higher temperatures in water indicate more acidic and toxic water. It also

indicates the rate of photosynthesis for the plants in the water. Another important indicator of



Comparison of Algae on the Bioremediation of Wastewater 5

water is the dissolved calcium and magnesium in the water. This is referred to as water hardness.

Alkalinity represents all the carbonate, bicarbonate, cyanurates, and hydroxide ions present in the

system. Total alkalinity is a measurement of water’s ability to resist changes in pH. Low

Alkalinity (50 mg/L) inhibits the production of conversion of ammonia/ammonium to nitrite then

to nitrate. Cyanuric Acid (C3H3N3O3) helps reduce the amount of chlorine loss from UV lights

but concentration levels over 50 ppm causes overstabilization, reducing the effect of chlorine as

an oxidizer and a sanitizer in water. Certain concentrations of aluminum can affect aquatic life,

about 1.5 mg/L of aluminum can be fatal to a trout.

There are three types of wastewater: industrial, domestic, and storm sewage that all come

from residential areas. Storm sewage is water that is carried from run-off into storm drains.

Industrial sewage is the drain water from factories and manufacturing. Storm sewage can come

from farms which is a nonpoint source of pollution. Contaminants in agricultural wastewater

contain excess phosphorus and nitrogen compounds. Stormwater contains agricultural

wastewater, petroleum from cars, and other grainy materials like rocks and sand. These

dispersed-source pollutants usually end up in aquatic habitats lakes and streams becoming

wastewater. The amount of biomass in the wastewater can be measured by the determinant: BOD

(Biochemical Oxygen Demand). If there is more biomass such as algae in the water, the BOD is

greater.

Eukaryotic algae are one of the most important plants to the world’s natural ecosystem.

They produce ~50% of the world’s oxygen and are able to implement biosynthesis on metallic

nanoparticles. The diversity of algae is also notable because of the excessive amounts of different

species: Cyanobacteria (Cyanophyta), Rhodophyta, Chlorophyta, Bacillariophyta, and
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Phaeophyta. Chlorella Vulgaris, part of the Chlorellaceae family, is an interest in the

bioremediation of wastewater as it reduces the chemical oxygen demand (COD) by 61–86%

(Safi et al.), 100% of ammonium (NH4+) in four cycles of 48 hr, and 83% of phosphorus in one

48 hr cycle (referenced in Hasaballah et al.). Algae are renowned for their capacity to accumulate

heavy metal ions and remodel them into more malleable shapes (Mukherjee et al.). Chlorella

Vulgaris has been identified as a toxicity indicator due to its sensitivity as seen in Oukarroum’s

study (Oukarroum et al.); Chlorella Vulgaris reacts with silver nanoparticles (Ag NP) to identify

the level of toxicity. Arguably the most efficient way to grow Chlorella Vulgaris is through a

closed photo-bioreactor with outside factors like light intensity, pH, temperature, etc are being

controlled by the researcher but comes with expensive sterilization costs (Safi et al.). Other

popular algae for experiments are Spirulina Platensis, similar to Chlorella Vulgaris; it's

inexpensive to scientists. Saleh and Ali’s study found that Spirulina Platensis plays a role in

reducing the toxic effect of cadmium. Arthrospira (Spirulina) Platensis contains the pigment

phycocyanin that contains N and NH bonds. This alga survives in high levels of pH ranging to

10.5.

Harmful pollutants such as lead and aluminum are dangerous carcinogens. Understanding

the way bioreduction works with harmful pollutants, specifically anthropogenic emissions from

industry, can significantly reduce pollutants and make these pollutants into non-toxic

nanoparticles. For example, bioreducing NiO in emissions, according to Lui’s study (referenced

in Kamal et al.), can make Ni (0) nanoparticles which are effective in reducing nitrogen and

phosphorus levels in wastewater. Algae can use bioreduction to produce non-toxic nanoparticles.

Instead of using harmful chemicals for reduction, algae can use bioreduction to produce
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non-toxic nanoparticles even more so it is easy to cultivate and has a high growth rate, making

algae very cost-effective. Looking at  Lakshmanasenthil’s study shows that heavy metals such as

Cd, Cr, and Mn were past acceptable levels found in fish. Making a sustainable process of

reducing heavy metals in water is crucial for wastewater management everywhere.

One of the most prominent problems in third-world countries is wastewater pollution.

More than 1.7 billion people in third-world countries have an inadequate supply of safe drinking

water. In addition, high mortality rates from contaminated water show the effects of cholera,

typhoid, dysentery, and diarrhea. Industrial and domestic wastewater contain heavy metals which

bioaccumulate to create toxic effects for both human and aquatic life. Domestic wastewater also

contains excess amounts of phosphorus and nitrogen which pose detrimental effects to

biogeochemical cycles over time. If by using a natural resource, like algae, the concentration of

contaminants like phosphorus, nitrogen, and heavy metals can be decreased (refer to Paragraph

3), then problems posed by wastewater can be resolved. Using cheaper algae, like Chlorella

Vulgaris, can also be a cost-effective way over time, to reduce wastewater. With environmental

problems becoming a global issue in this generation, it is important to be able to bring

third-world countries into sustainable developments in the most cost-effective way. New research

and scientific developments can change the way wastewater is managed in different

environments.

Materials

For each alga, 15 mL were needed to bioremediate contaminants in wastewater, algae

were bought on the Algae Research Supply website. A cardboard box (12 in x 16 in) was needed

to store the solution of algae and wastewater and one bottle of black spray paint to simulate a
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light-controlled environment by painting it in the cardboard box. 60 mL of Wastewater was

needed to undergo bioremediation; this was taken from the Tres Rios Wastewater Treatment

facility. Six conical tubes with caps were used to store the wastewater and algae mixture. Med

Lab 16 in 1 water indicator kit was used to test the ppm of different toxic chemicals like lead

which helped create trends for algae effectiveness to decrease levels of toxic chemicals. A test

tube rack was used to hold conical tubes when not testing the water. Pipettes were used to

transfer wastewater and algae to conical tubes. Google sheets was a program used to input data

to create graphs.

Method

Procedure

Cardboard (12 in x 16 in) was painted black on the inside to simulate a dark environment

for algae. 10 mL of wastewater is added to six 15 mL conical tubes. Then, the wastewater was

tested with Med Lab 16 in 1 water indicator kit to get a PPM reading before the introduction of

algae. 3 mL of Chlorella Vulgaris and Spirulina Platensis was put into each of the three 15 mL

conical tubes with wastewater. Conical tubes with algae and wastewater mixture were placed on

a test rack under the black cardboard box with an LED light. Before each test, the conical tube

was shaken for 1 to 2 seconds, then used Med Lab 16 in 1 water indicator that was dipped into

the solution for two seconds. A water indicator color chart was used to compare to the water

indicator color on the test strip. For each alga, 3 tests were recorded and the averages were found

for each test. Graphs was created to show a comparison of Arthropira (Spirulina) Platensis and

Chlorella Vulgaris in every contaminant and indicator.
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Data Analysis

In Figure 1, the initial concentration of Aluminum in the wastewater was 5 ppm. After a

spike, Spirulina Platensis reached a stable concentration of 5 ppm by Test 5. Chlorella Vulgaris

was assumed a more effective bioremediator as it decreased the initial concentrations to 0 ppm

by Test 2.

In Figure 2, the initial concentration of Cyanuric Acid in the wastewater was 150 ppm.

Spirulina Platensis was a better bioremediator of the contaminant as it reached 0 ppm by Test 1.

Chlorella Vulgaris decreased the initial concentrations to 30 ppm by Test 19.

In Figure 3, The initial concentration of Fluoride in wastewater was 0 ppm. The

concentration of fluoride in the conical tube with Spirulina reached a peak of 2.0 ppm before

reaching 0 ppm by Test 6. Chlorella Vulgaris maintained a constant 0 ppm Fluoride

concentration.

In Figure 4, the initial concentration of free chlorine in the wastewater was 0 ppm. With

Spirulina Platensis, concentrations increased to 1.00 ppm from Tests 7 through Test 13 and

decreased the initial concentrations to 0.50 ppm by Test 14. Chlorella Vulgaris maintained a

stable concentration of 0 ppm.

In Figure 5, the initial concentration of Nitrate in the wastewater was 0 ppm. Spirulina

Platensis increased to 10 ppm at Test 6 and decreased the initial concentrations to 0 ppm by Test

20. After a spike for test 1, Chlorella Vulgaris reached a stable concentration of 0 ppm by Test 2.
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In Figure 6, The initial concentration of Nitrite in the wastewater was 0 ppm. Spirulina

Platensis maintained a stable concentration of 0 ppm. After a spike for test 1, Chlorella Vulgaris

reached a stable concentration of 0 ppm by Test 2.

In Figure 7, The initial pH in the wastewater was ~ 8.35. With Spirulina Platensis, pH

increased to 9 at Test 1 and decreased the initial concentrations to ~8.75 by Test 19. By Test 1,

Chlorella Vulgaris reached a stable pH level of 8.5.

In Figure 8, The initial concentration of lead in the wastewater was 0 ppm. With Spirulina

Platensis, concentrations peaked at 50 ppb and gradually decreased to 30 ppm by Test 8. With

Chlorella Vulgaris, there was a stable concentration of 0 ppb for lead.

In Figure 9, Total Alkalinity started at an initial concentration of 180 ppm. With Spirulina

Platensis, it increased to 400 and stayed there. With Chlorella Vulgaris, concentrations gradually

decreased back to 180.

In Figure 10, Total Hardness started at an initial concentration of 180 ppm. With

Spirulina Platensis, It increased to 400 and stayed constant. With Chlorella Vulgaris,

concentrations gradually decreased back to 180.

Other indicators like Iron and Mercury were tested but indicated no change in any test, so

these metals weren’t indicated on the final graphs and conclusion.

Conclusion

The results showed that Chlorella Vulgaris was the most efficient bioremediation agent,

proving to remediate 100% of Aluminum, 66% of Cyanuric Acid, 50% of Total Hardness and

100% of Bromine from the primary effluent. 8 contaminants reached different ending

concentrations between Spirulina Platensis and Chlorella Vulgaris after the 2-week testing. 6 of
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those contaminants: aluminum, free chlorine, nitrate, pH, total alkalinity, and lead had lower

concentrations when treated using Chlorella Vulgaris than Spirulina Platensis. Spirulina better

remediated cyanuric acid and nitrite than Chlorella Vulgaris. Cyanuric acid is suited to be

between 30 ppm to 50 ppm as it increases efficiency of decontamination chemicals like chlorine.

In addition, aluminum is a factor of hardness, sharing a positive correlation. Since Chlorella

Vulgaris better remediated the majority of contaminants, it was a better bioremediator.

Significance

Algae is one of the safest and most cost-effective remediation methods. Algae has very

high growth rates in less than normally suitable environments. Additionally, it’s a safer option

compared to harmful chemicals like ammonia, chlorine, chlorine dioxide, and ozone that are

used in the decontamination of wastewater. The world is in need of sustainable methods to purify

contaminated water. With this research, 3rd world countries can use low-cost algae, such as

green algae and Spirulina Platensis, to have access to clean water in an environmentally sound

way. Many 3rd world countries don’t have a proper sewage disposal system. Implementing a

cost-effective water purification system could be the only option to help 3rd world countries

reach UN Sustainable Development goals.



Comparison of Algae on the Bioremediation of Wastewater 12

Figures

Fig 1: Comparison of Chlorella Vulgaris and Arthrospira (Spirulina) Platensis in Aluminum PPM

Fig 2: Comparison of Chlorella Vulgaris and Arthrospira (Spirulina) Platensis in Cyanuric Acid

PPM
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Fig 3: Comparison of Chlorella Vulgaris and Arthrospira (Spirulina) Platensis in Free Chlorine

PPM

Fig 4: Comparison of Chlorella Vulgaris and Arthrospira (Spirulina) Platensis in Fluoride PPM
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Fig 5: Comparison of Chlorella Vulgaris and Arthrospira (Spirulina) Platensis in Nitrate PPM

Fig 6: Comparison of Chlorella Vulgaris and Arthrospira (Spirulina) Platensis in Nitrite PPM
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Fig 7: Comparison of Chlorella Vulgaris and Arthrospira (Spirulina) Platensis in pH

Fig 8: Comparison of Chlorella Vulgaris and Arthrospira (Spirulina) Platensis in Lead PPM

Fig 9: Comparison of Chlorella Vulgaris and Arthrospira (Spirulina) Platensis in Total Alkalinity

PPM
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Fig 10: Comparison of Chlorella Vulgaris and Arthrospira (Spirulina) Platensis in Total Hardness

PPM

Discussion

Future Plans

For future research, we hope to study  the effect of algae on the deionization with metal

nanoparticles as a more complex study. Algae has been shown in previous studies to accumulate

metals and reduce metal ions to achieve a biosynthesis of metallic nanoparticles. Specifically, we

want to study algae’s effect on AuNPs, AgNPs, and AlNPs. Another research topic of interest is

to find additives that improve algae effectiveness to remediate toxic metals. In continuation of

our project, we want to conduct an extensive study, using microscopes and other intricate lab

equipment, to research the organic chemistry that caused the decrease of Al, Br, and C.

Errors

During the experiment Copper, Total Chlorine, and Sulfate became inconclusive because

the paper strip displayed colors not indicated on the chart. We had limitations on equipment that

caused the experiment to be less controlled (i.e. use of cheaper UV lighting, replacing algae
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growth chamber with a painted box). Due to the experiment having to be conducted at school,

algae was not monitored on the weekends and 1/17 (MLK Day). More trends might have been

identified if the experiment ran longer than 4 weeks.
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