
Research Question:
Which algae biomass, Chlorella Vulgaris or 
Spirulina Platensis, is the most effective 
bioremediating agent in removing 
contaminants from primary effluent? 

Results:

Methodology:
1. Cardboard (12 in x 16 in) is painted black on the inside to 

simulate a dark environment for algae
2. 10 mL of wastewater is added to six 15 mL conical tube 
3. 3 mL of Chlorella Vulgaris and Spirulina Platensis are each put 

into 3, 15 mL conical tubes with wastewater.
4. Conical tubes placed on test rack under cardboard box with an 

LED light.
5. Shake the conical tube each time before testing
6. Med Lab 16 in 1 water indicator are dipped into the solution 

for two seconds
7. A water indicator color chart is used to compare to the water 

indicator color on test strip
8. For each algae, 3 tests are recorded and the averages are 

found for each test.
9. The is data has each water indicator being compared between 

A.S. Platensis and C. Vulgaris. Trends are analysed.

Conclusion:

Chlorella Vulgaris was the most efficient 
bioremediation agent as it removed a 
majority of pollutants. It  proved to 
remediate 100% of Aluminum, 66% of 
Cyanuric Acid, 50% of Total Hardness and 
100% of Bromine from the primary effluent. 

Comparison between Effects of Chlorella Vulgaris and Spirulina Platensis on the 
Bioremediation of Wastewater Pollutants



Background Research 

● Total Alkalinity: 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 to the production of conversion of 

ammonia/ammonium to nitrite then to nitrate

● Cyanuric Acid (C
3

H
3

N
3

O
3

): Helps reduce the amount of chlorine loss from UV 

lights but levels over 50 ppm causes overstabilization, reducing the effect of 

chlorine as an oxidizer and a sanitizer in water. 

● Aluminum (Al): Certain concentrations of Aluminum can affect aquatic life, 

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

● Total (water) Hardness: dissolved calcium and magnesium in the water

Wastewater

Contaminants

● Domestic sewages (sanitary sewage) and storm sewage is the common 
effluent in wastewater facilities 

● Domestic sewage- sewage from residential areas
● Storm sewage-  contains agricultural wastewater, petroleum from cars, 

and other grainy materials like rocks and sand
● Hardness levels in primary effluent occur between 300 and 500 mg 

CaCO3/L
● The addition of acidic/basic chemicals, that adjusts pH,  is an important 

part of any wastewater treatment system by removing dissolved waste 
from water.



Background Research: Chlorella Vulgaris 
 Chlorella Vulgaris, part of the Chlorellaceae family, is an interest in the 
bioremediation of wastewater as it is show to reduce chemical oxygen 
demand (COD) by 61–86% (Safi et al.), 100% of ammonium (NH4+) in four 
cycles of 48h, and 83% of phosphorus in one 48h cycle (referenced in 
Hasaballah et al.). Chlorella Vulgaris has been identified as a toxicity 
indicator due to its sensitivity as seen in Oukarroum’s study (Oukarroum et 
al.) of Chlorella Vulgaris react with silver nanoparticles (Ag NP) to identify 
the level of toxicity. It contain chlorophyll a  and b.

Cultivation of Green Microalga, Chlorella vulgaris 
for Biogas Purification - Scientific Figure on 
ResearchGate



 Similar to Chlorella Vulgaris, Spirulina Platensis is inexpensive to scientists. 

Saleh and Ali’s study showed that Spirulina Platensis played a critical role in 

reducing the toxic effect of cadmium, a component of total hardness. 

Arthrospira (Spirulina) Platensis contains the pigment phycocyanin that 

contains N and NH bonds. This algae survives in high levels of pH ranging up 

to 10.5. 

Background Research: Arthrospira (Spirulina) Platensis

Fig 1: Mozafari et al., Nutritional and Medical Applications of Spirulina 
Microalgae - Scientific Figure on ResearchGate, “Chemical structure of 
C-phycocyanin”

Arthrospira (Spirulina) - Scientific Figure 
on ResearchGate



Research Question / Hypothesis / Variables
Research Question: Which algae biomass, Chlorella Vulgaris or Arthrospira 
(Spirulina) Platensis, is the most effective bioremediating agent in removing 
contaminants from primary effluent? 

Hypothesis: Chlorella Vulgaris will be the most effective in decreasing 
contaminant levels of a majority of wastewater indicators compared to 
Spirulina Platensis, due to the algae's ability to decrease COD by 61–86% and 
ammonia by 100%.

Independent Variable:Chlorella Vulgaris and Arthrospira (Spirulina) 
Platensis

Dependent Variable: The change of wastewater contaminants measured in 
ppm (except pH measured on the pH logarithmic scale and lead measured in 
ppb) after the addition of algae. Wastewater contaminants and indicators to 
measure: lead, mercury, nitrate, fluorine, iron, aluminum,  nitrite, bromine, 
total alkalinity, total hardness, free chlorine, pH, and Cyanuric Acid.



Procedure
Cardboard (12 in x 16 in) 
is painted black on the 
inside to simulate a dark, 
constant,  environment 
for algae

10 mL of wastewater is 
added to six 15 mL 
conical tube 

3 mL of Chlorella 
Vulgaris and Spirulina 
Platensis are each put 
into three 15 mL conical 
tubes with wastewater

Conical tubes placed on 
test rack under dark box 
conditions  with an LED 
light

Water tested twice a day 
on weekdays for two 
weeks

Shake the conical tube 
each time before testing

Med Lab 16 in 1 water 
indicators are dipped 
into the solution for two 
seconds

Any excess liquid is 
thoroughly removed and
the strip is held 
horizontally for 60 
seconds

A water indicator color 
chart is used to read the 
water indicator test strip

Trends are analyzed for 
significant changes.

The  data is graphed  with 
each water indicator 
being compared between 
A.S. Platensis and C. 
Vulgaris

For each algae, 3 tests 
are recorded and the 
averages are found for 
each test



Data: A Comparison 
● 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

● Safe Levels: 0 ppm

● 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

● Safe Levels: 0 - 50 ppm



Data: A Comparison 
● 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. 

● Safe Levels: 0-2 ppm. 

● 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. 

● Safe Levels: 0 - 3 ppm



Data: A Comparison 

● 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. 

● Safe Levels: 0-10 ppm

● 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.

● Safe Levels: 0-1 ppm 



Data: A Comparison 
● 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

● Safe Levels: 6.5 - 8.5

● 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. 

● Safe Levels: 0 - 15 ppb



Data: A Comparison
● 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. 

● Safe Levels: 80 - 120 ppm

● 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. 



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 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.  Aluminum is a factor of hardness, sharing a 

positive correlation. 



Significance
● Algae is one of the safest and most cost-effective 

remediation method. 
● 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.

Why is it 
important

Societal 
Impact

● Demand for sustainable methods to purify contaminated 
water.

● 3rd world countries: can use low-cost algae, such as green 
algae and Spirulina Platensis and set goal to meet demand 
for clean water without further inducing climate change 

● 3rd world countries:  improper sewage disposal system. 
Implementing a cost-effective water purification system 
could be the only option to help them reach UN 
Sustainable Development goals. 



● 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. 

● Concentrations for Copper, Total Chlorine and Sulfate were reported 

inconclusive because the colors displayed of the test strip did not correlate 

with colors 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 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. 

FUTURE 
PLANS

Discussion

ERRORS
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