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Abstract 

Heavy metals contaminate many bodies of water, posing a health risk to not only organisms that live and use the water in these 

areas, but also to the humans that live nearby. Chlorella vulgaris, a microalga, is one organism whose chlorophyll a fluorescence 

can indicate the presence of these substances, detecting any changes in concentrations using fluorescence microscopy and other 

fluorescence devices. The study explores the sensitivity of C. vulgaris to the heavy metal zinc where the algae was exposed to 

five concentrations of zinc: 0 ppm, 5 ppm, 10 ppm, 50 ppm, and 100 ppm. The fluorescence of the samples was observed with a 

fluorescence microscope on days 0, 4, 7, and 12, where the algal samples were adapted to the dark for 5 minutes, then exposed to 

light for 90 seconds. The values of the minimal and maximal fluorescence of the samples in the dark were noted. There is a 

significant difference in the values of the minimal fluorescence, maximal fluorescence, and maximum quantum yield, a value 

derived from the minimal and maximal fluorescence, at the highest concentration, 100 ppm, from the other treatments for the 

entirety of the experiment. The significantly low values at 100 ppm and the calculated EC50 of 75.70 ppm indicate that C. vulgaris 

is indeed a viable indicator for zinc detection at this and higher concentrations of zinc. 

  
Introduction 

Heavy metals are metallic elements of relatively 

high density. Most are essential in small amounts, but can 

be carcinogenic and can have adverse effects on vital organs 

(Fu & Wang, 2011). As larger amounts accumulate in 

marine animals, such as fish and shellfish, and in crops, 

heavy metals can negatively affect ecological diversity and 

even reach a concentration that can kill off those that 

consume these organisms (Bosch, O'Neill, Sigge, Kerwath, 

& Hoffman, 2015).  

Zinc is a trace element that plays a major role in 

different processes in the body, such as in the synthesis of 

insulin (Lopez-Lopez, Rojas-Sobarzo, Arredondo-Olguin, 

2018). A curious point about the presence of zinc in the body 

is that humans do not naturally have a storage for the metal, 

which means it is necessary to have a daily intake of zinc 

(Emsley, 2011). Despite this, larger amounts of zinc can 

cause harmful damage to the environment and the organisms 

that live in it. A study by Giardina et al. in 2009 showed that 

twenty years after a zinc spill, the water and fish living in 

the stream were still adversely affected.  

Due to Chlorella vulgaris having similar 

photosynthetic and metabolic processes to terrestrial plants, 

it is an ideal microorganism for research involving 

photosynthesis and plant metabolism. Its high growth rate 

and tolerance for temperatures from 15 to 40 °C ensures 

growth in extreme situations, and can battle contamination 

by other microalgae (Masojidek & Torzillo, 2014). The 

chlorophyll a fluorescence of this algae is currently being 

studied as a possible indicator of stress in these organisms 

(Kumar et. al., 2014; Wu et. al., 2012). By analyzing the 

fluorescence emitted by algae, different stressors and their 

amount in their environment could be determined.  

The onset of industrialization and continuous 

urbanization have contributed to the increase of zinc levels 

in aquatic ecosystems (Al Mukaimi et al., 2018). This not 

only affects the organisms living in these environments, but 

also the ecosystem and humans who depend on the 

resources from the affected areas. Because of the danger 

these metals pose, it is important that significant levels of 

and zinc are detected as soon as possible.  

Through this study, efficient and non-invasive 

methods of detecting heavy metals, specifically zinc, could 

be introduced.  It is essential that such methods are studied 

for the possibility of the use of C. vulgaris as a biological 

indicator for high levels of certain toxic substances in an 

aquatic environment.  

Methodology 

Culture of Chlorella vulgaris 

The Chlorella vulgaris algae stored in the school 

research laboratory was revived by first removing the 

culture medium the algae initially lived in. Then, the C. 

vulgaris was placed in a long-necked glass bottle with 750 

mL of fresh BG-11 culture medium (Bartosh & Banks, 

2007). The bottle was continuously illuminated only by a 

white fluorescent bulb. A polyvinyl chloride (PVC) tube 

was connected to an air pump and was placed inside the 

culture to aerate it. To ensure that the air flowed from the 

middle of the culture for uniform distribution, a balloon 

stick was connected to the PVC tube and put into the culture.  

Two holes were made in the cap of the bottle: one to allow 

the tube into the culture, and the other to allow the flow of 

air while minimizing contamination (Oukarroum, Bras, 

Perreault, & Popovic, 2012). The mother culture was 

transferred into a six liter plastic bottle once it was an 

intense green color. Three subcultures were then made from 

this mother cultured, as adapted from “Culturing Algae” by 

James (2012). All four cultures followed the same aeration 

method. In addition, the mother culture and the subcultures 

were refilled with BG-11 culture medium when needed, as 

the culture medium had the tendency to evaporate. 

Preparation of the heavy metal solutions 

Five erlenmeyer flasks were sterilized with an 

autoclave. A 100 mgL solution of ZnNO3 was first created 

which would later be divided in making the heavy metal 

solutions of 5 ppm, 10 ppm, 50 ppm, and 100 ppm (Kumar, 
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Han, Choo, Kong, & Han, 2009). This was done by placing 

0.035 g of ZnNO3 in a 500-mL erlenmeyer flask, and 350 

mL of distilled water was added. For the 5 mgL solution, 7.5 

mL of the 100 mgL solution was measured using a 

graduated cylinder and distilled water was added until there 

was 150 mL of solution. This was then added to an 

Erlenmeyer flask and swirled to evenly mix the solution. 

The same procedure was done for the 10 mgL and 50 mgL 

solutions, with 15 mL and 75 mL of the 100 mgL solution, 

respectively.  

Exposure of C. vulgaris to ZnNO3 

Fifteen 250-mL Florence flasks were filled with 

150-mL of algae. At random, 50 mL of each concentration 

was transferred to each of the set-ups, repeated by having 3 

set-ups for each concentration, 5ppm, 10 ppm, 50 ppm, and 

100 ppm, of ZnNO3. The positive control set-ups contained 

just the algae and the culture medium. The flasks were 

continuously illuminated by a fluorescent bulb for 14 days. 

Chlorophyll a fluorescence imaging of algae 

Fifteen 1.5 mL samples of C. vulgaris were 

collected and were centrifuged at 5000 rpm for 15 minutes 

with a temperature of 25°C to separate the algae from the 

culture medium, which was then decanted (Bagjuz, 2002; 

Converti, et al, 2009). For every sample, 15 μL of the 

separated algae was wet mounted onto glass slides, covered 

with a cover slip, and then sealed with clear nail polish to 

prevent the samples from leaking out. Samples were chosen 

at random using an unbiased random number generator. The 

algae was dark adapted for five minutes, before being 

observed under a fluorescence microscope with the 

excitation wavelength set at 630 nm - 640 nm to record the 

maximal fluorescence (Fm) (Šetlíková, Šetlík, Küpper, 

Kasalický, & Prášil, 2005; Kumar et al., 2009). The samples 

were then exposed to light for 90 seconds and observed 

under the same excitation wavelength to record the minimal 

fluorescence (Fo).  For the Fm and Fo values, the maximum, 

minimum, and mean values of the fluorescence of the algae 

were recorded. A microscopy camera was used to to take 

pictures of the samples for analysis with the software 

ImageJ. This whole procedure was done on days 0, 4, 7, and 

12 of the exposure of the algae set-ups to the heavy metal 

solutions. 

Analysis of data 

The software ImageJ was used to analyze the 

chlorophyll a fluorescence yield; namely, the maximum 

fluorescence of the algal samples during maximal 

fluorescence (Fm) and minimal fluorescence (F0). The 

Shapiro-Wilk test was used to check for normality. Since the 

data was found to be normally distributed, the two-way 

repeated measures ANOVA was used to compare the results 

of the algae samples with a p-value of p < 0.05.  In addition, 

since the results were statistically significant, the Tukey test 

was used to determine which of the groups were statistically 

different. 

Results 

Results of Two-way Repeated Measures ANOVA 

Over the course of twelve days, the chlorophyll a 

fluorescence of the C. vulgaris cells exposed to the 

different concentrations of zinc decreased over time. The 

tests, however, show that only the highest concentration of 

zinc showed a significant difference on the last day of the 

experiment for minimal (Fo), maximal (Fm) fluorescence, 

and maximum quantum yield. 

 

 
Figure 1. Minimal fluorescence of C. vulgaris after different 

periods of exposure to zinc. 

 

 
Figure 2. Maximal fluorescence of C. vulgaris after 

different periods of exposure to zinc. 
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Figure 3. Maximum quantum yield of C. vulgaris after 

different periods of exposure to zinc. 

 
Table 1 

P values of the maximal fluorescence, minimal fluorescence, and 

maximum quantum yield.  

Parameter P value 

Fm 0.003 

F0 < 0.001 

Maximum quantum yield < 0.001 

 

 

Results of  Tukey Post-Hoc Test 

In the Tukey test, a significant difference in the 

algae exposed to the zinc concentration of 100 ppm  was 

observed for Fm and F0. 

 

The same trend can be observed from the p-values 

from the Tukey test for the F0 and maximum quantum yield 

of C. vulgaris. 

 

Discussion 

 These findings could be attributed to the low values of 

100 ppm recorded in the parameters measured in this 

concentration, which could suggest that 100 ppm of zinc is 

toxic for the algae. This is further supported by the 

calculated EC50, 75.70 ppm, which suggests that at this 

concentration, 50% of the Chlorella cells were inhibited by 

the zinc metal, and that concentrations lower than this 

cannot inhibit growth. Moreover, the concentrations below 

EC50 might even serve as a micronutrient for C. vulgaris, as 

zinc is present in trace amounts in the BG-11 culture 

medium used for culturing the algae (Bartosh & Banks, 

2007). The decrease in Fv/Fm over the twelve days suggest, 

however, that prolonged exposure to such levels may be 

detrimental to the algae. 

Summary and Conclusion 

Chlorella vulgaris was shown to have a weaker 

fluorescence yield as zinc concentration increased and as the 

algae was exposed for longer; moreover, the highest 

concentration of 100 ppm was shown to significantly affect 

the algae’s fluorescence. The significantly low values at 

100ppm and the calculated EC50 of 75.70 ppm indicate that 

C. vulgaris is indeed a viable indicator for zinc detection at 

this and higher concentrations of zinc. 

 

The exposure of the algae to the heavy metals was in a 

ratio of 3 : 1, specifically 150 mL of the algae to 50 mL of 

the heavy metal solution. Should this study be replicated, the 

ratio of 1 : 1 could be used, or the concentrations of the 

heavy metal solutions could be altered. In addition, 

Chlorella vulgaris may be tested on other heavy metals, 

such as methylmercury, arsenic, and nickel to compare and 

contrast the sensitivity of the algae to the other metals. Other 

species of algae may also be tested as a biomarker for zinc 

to also compare how these algae react to the metal. 

Acknowledgement 

We thank our research adviser, Mr. Mc Jervis S. 

Villaruel, and our research teacher, Mrs. Donna Salve C. 

Hipolito, for advising and guiding us through this project. 

We also thank all the teachers and adults who helped us 

during the experimentation and culturing processes. We also 

thank our school for providing the funding needed to use the 

necessary equipment for examining the C. vulgaris samples. 

Lastly, we thank the Multidimensional Imaging Center of 

the University of the Philippines - National Institute of 

Molecular Biology and Biotechnology for allowing us to use 

their equipment and facilities for examining the C. vulgaris 

samples. 

References 

Al Mukaimi, M. E., Kaiser, K., Williams, J. R., Dellapenna, 

T. M., & Santschi, P. H. (2018) Centennial record of 

anthropogenic impacts in Galveston Bay: Evidence 

from trace metals (Hg, Pb, Ni, Zn) and lignin oxidation 

products. Environmental Pollution, 1-13. doi: 

10.1016/j.envpol.2018.01.027. 

Bartosh, Y. Banks, C. J. (2007) Algal growth response and 

survival in a range of light and temperature conditions: 

Implications for non-steady-state conditions in waste 

stabilisation ponds. Water Science and Technology, 

55(11), 211-218. doi: 10.2166/wst.2007.365 

Baumann, H. A., Morrison, L., Stengel, D. B. (2009). Metal 

accumulation and toxicity measured by PAM — 



4 

 

Chlorophyll Fluorescence in seven species of marine 

macroalgae. Ecotoxicology and Environmental Safety 

72, 1063–1075 

Beale, S. I. (2009). Biosynthesis of Chlorophylls and Hemes. 

The Chlamydomonas Sourcebook, 731–798. 

doi:10.1016/b978-0-12-370873-1.00028-9 

Bosch, A. C., O'Neill, B., Sigge, G. O., Kerwath, S. E., & 

Hoffman, L. C. (2015). Heavy metals in marine fish 

meat and consumer health: A review. Journal of the 

Science of Food Agriculture, 96(1), 32-48. 

Buonasera, K., Lambreva, M., Rea, G., Touloupakis, E., & 

Giardi, M. T. (2011). Technological applications of 

chlorophyll a fluorescence for the assessment of 

environmental pollutants. Analytical and Bioanalytical 

Chemistry, 401(4), 1139–1151. doi:10.1007/s00216-

011-5166-1 

Converti, A., Casazza, A. A., Ortiz, E. Y., Perego, P., Del 

Borghi, M. (2009). Effect of temperature and nitrogen 

concentration on the growth and lipid content of 

Nannochloropsis oculata and Chlorella vulgaris for 

biodiesel production. Chemical Engineering and 

Processing 48, 1146–1151. doi: 

10.1016/j.cep.2009.03.006 

Emsley, J. (2011). Nature’s Building Blocks : An A-Z Guide 

to the Elements (2nd ed.). New York, NY: Oxford 

University Press. 

Fu, F., & Wang, Q. (2011). Removal of heavy metal ions 

from wastewaters: A review. Journal of Environmental 

Management, 92, 407-418. 

Giardina A, Larson, S. F., Wisner, B., Wheeler, J., & Chao, 

M. (2009). Long-term and acute effects of  zinc 

contamination  of  a  stream  on fish  mortality and 

physiology. Environmental Toxicology and Chemistry, 

28(2), 287-295. 

 

 

 

 

 

 

 

 

 

James, D. E. (2012). Culturing Algae (2nd ed.). Burlington, 

NC: Carolina Biological Supply Company. 

Kumar, K. S., Han, Y., Choo, K., Kong, J., & Han, T. 

(2009). Chlorophyll fluorescence based copper 

toxicity assessment of two algal species. Toxicology 

and Environmental Health Sciences, 1(1), 17–23. 

López-López, P., Rojas-Sobarzo, L., & Arredondo-Olguín, 

M. (2018). Benefits of selenium, magnesium, and zin 

c in obesity and metabolic syndrome. In Obesity (pp. 

197-211). Academic Press. 

Masojidek, J., & Torzillo, G. (2014). Mass cultivation of 

freshwater algae. Reference Module in Earth Systems 

and Environmental Sciences. doi: 10.1016/B978-0-12-

409548-9.09373-8. 

Oukarroum, A., Bras, S., Perreault, F., & Popovic, R. (2012). 

Inhibitory effects of silver nanoparticles in two green 

algae, Chlorella vulgaris and Dunaliella tertiolecta. 

Ecotoxicology and Environmental Safety, 78, 80–85. 

doi:10.1016/j.ecoenv.2011.11.012 

Šetlíková, E., Šetlík, I., Küpper, H., Kasalický, V., & Prášil, 

O. (2005). The photosynthesis of individual algal cells 

during the cell cycle of Scenedesmus quadricauda 

studied by chlorophyll fluorescence kinetic microscopy. 

Photosynthesis Research, 84(1-3), 113-120. 

Wu, Y., Zeng, Y., Qub, J. Y., Yang, & W. X. (2012). 

Mercury effects on Thalassiosira weissflogii: 

Applications of two-photon excitation chlorophyll 

fluorescence lifetime imaging and flow cytometry. 

Aquatic Toxicology, 110-111, 133-140. 

 

 

 

 



【評語】180014 

Heavy metals contamination in water bodies is a major 

concern for public health and environmental safety. This study 

provides a feasible and quick solution for detecting the zinc and 

nickel concentrations in natural waters. It is a good research 

topic. The authors took the chlorophyll of a microalgae 

(Chlorella vulgaris) as the indicator for zinc and nickel 

concentrations and observed the sensitivity and performance of 

C.Vulgaris to the different concentration solutions of heavy 

metal solutions and proved their study is viable in detecting the 

high concentrations heavy metals. Their study method is sound 

but can be improved for a better efficiency in terms of detection 

days and lab solution preparation. The limitation of 

concentration detection for zinc (76 ppm) and nickel (723 ppm) 

can be refined in a future pursue. There’s a lot of literature on 

this type of research, this study should be compared with them 

and highlight their strengths. 


	180014-封面
	180014-作者照片
	180014-本文
	Abstract
	Introduction
	Methodology
	Results
	Discussion
	Acknowledgement
	References

	180014-評語



