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ABSTRACT

A technique to purify wastewater based on microalgae is an attractive and promising idea for 
its potential to clean water and as supplementary aquaculture feedstocks. The present study aimed to 
investigate magnesium (Mg), tin (Sn), cadmium (Cd), zinc (Zn), and iron (Fe) effects in the unicellular 
green algae Chlorella vulgaris as a primary producer and the relationship with the growth, the content 
of photosynthetic pigments and protein. The ions effects were evaluated by measuring the effect of 
different ion concentrations on algal growth during a 15-day exposure period. Samples were collected 
every 3 days over 15 days of the cultivation period to estimate the growth of C. vulgaris. Chlorophyll-a 
(Chl-a) and protein contents of samples were determined on the 15th day of cultivation. Statistical analysis 
showed that there were significant differences (P < 0.05) in the growth and Chl-a content of C. vulgaris 
at different ion concentrations. These could be related to the specific differences in cell metabolism. 
The highest protein content was found at 5 ppm concentration of Mg (23.03 ± 0.02 µg/mL), Sn (18.82 
± 0.02 µg/mL), Cd (12.52 ± 0.11 µg/mL), Zn (18.99 ± 0.02 µg/mL), and Fe (17.42 ± 0.02 µg/mL) ions. 
There were significant differences (P < 0.05) between the protein content of Mg, Sn, Cd, Zn, and Fe. 
Growth rate and total Chl-a content (mg/L) were highest at 5 ppm concentration of all ions and the 
specific growth rate (mg/L), Chl-a, and protein content of C. vulgaris were highest at 5 ppm concentration 
of Mg ions. This study can be a good model for the use of microalgae in the bioremediation of water 
contaminated with Mg, Sn, Cd, Zn, and Fe.

Keywords: Microalgae, growth, treatment, ion, protein

INTRODUCTION

Nowadays, heavy metal ions from industrial 
sectors or agriculture are discharged into aquatic 
ecosystems and contaminate the total aquatic 
environment which, not only cause a toxic effect on 
human, via accumulation in aquatic animals, through 
the food chain but also affect biodiversity (Lavajoo  
et al., 2015). Heavy metals such as Cd2+ can toxically 
affect cell physiology. It is frequently considered as 

a nonessential element for living organisms but Zn2+ 
is a micronutrient for cell growth and metabolism 
(Leborans and Novillo, 1996; Tukaj et al., 2007). 
However, Zn2+ is an essential element for cell growth 
but it is also toxic at high concentrations in media 
(Orús et al., 1991; Miao and Wu, 2006). Dias et al. 
(2002) suggested that heavy metals such as lead, 
cadmium, mercury, nickel, zinc, aluminum, arsenic, 
copper, and iron may cause poisoning impacts on 
the aquatic environment. Instances of the effect of 
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heavy metals on microalgae growth are arrested cell 
division, inhibited growth rate, restrained enzyme 
activity, and reduced photosynthesis (Baumann 
et al., 2009; Chen et al., 2009). The response of 
different microalgae species to the presence of 
lethal concentrations of heavy metals is varied. 
Compared to other aquatic organisms in the marine 
environment, unicellular microalgae exhibit the 
highest resistance to heavy metals and are highly 
recommended as bio-indicator for the assessment of 
marine pollution (Rijstenbeil et al., 1994; Kapkov and 
Belenikina, 2003; 2007). The unicellular microalgae 
are photosynthetic organisms with higher efficiency 
in photosynthesis than terrestrial plants. It utilized 
light energy and carbon dioxide to produce biomass 
(Godt et al., 2006; Peters et al., 2013). Various 
element compositions under different conditions 
impacted Chlorella vulgaris growth stages (Oh-Hama 
and Miyachi, 1988; Baumann et al., 2009). Different 
elements such as N, P, K, Mg, Ca, S, Fe, Cu, Mn, 
and Zn are required for the growth of green algae  
(Oh-Hama and Miyachi, 1988). Traditional wastewater 
treatment processes required high operating costs 
to provide the suitable condition for aerobic bacteria 
to effectively consume organic components in 
polluted water. However, microalgae provide an 
efficient low-cost approach to treat wastewater 
(Lananan et al., 2014; Nasir et al., 2015). Thus, 
the current study was carried out to elucidate the 
influence addition of Mg, Sn, Zn, Cd, and Fe on 
the growth rate, protein content, and the formation 
of photosynthetic pigment chlorophyll-a (Chl-a) of 
C. vulgaris. It is an attractive and promising study 
with the potential to clean water and feedstocks.

MATERIALS AND METHODS

Algal Material and Culture Conditions
	 The selection of C. vulgaris for the current 
study was based on several considerations such as 
its existence in most parts of the world, robustness, 
and suitability for many types of experimental trials, 
minimal growth conditions, strong tolerability to 
condition fluctuations, and well-established cross 
references. The C. vulgaris was obtained from 
the Phytoplankton Culture Laboratory, Institution 

Persian Gulf and Omani Sea of Hormozgan in 
Iran. The microalgae were grown in the indoor 
condition in the N-8 medium based on Vonshak  
(1986) maintained pH at 7.5 by using H3PO4. Stock 
cultures were incubated in 250 mL conical flasks 
containing 100 mL of sterilized seawater (35 ppt). 
The growth chamber was illuminated with cool 
white fluorescent tube for a 12:12 hours light and 
dark cycle with the intensity of 100 μmoL s-1m-2. 
The temperature was maintained at 25 ± 2°C.

Analytical Methods
	 A growth inhibition bioassay for C. vulgaris 
was conducted under laboratory conditions for 15 
days. To minimize the metal contamination, all 
laboratory wares which were in contact with the 
culture medium were soaked in 1% HNO3 for 24 
hours and rinsed with Milli-Q water. Mg, Zn, Sn, 
Cd, and Fe solution at a stock concentration of 
1,000 mg/L were prepared using analytical grade 
MgSO4, ZnCl2.2H2O, SnCl2, CdCl2 and FeCl3 (Dinesh 
Kumar et al., 2013). About 4.397 g of each salt was 
dissolved in 1,000 mL of distilled water to make a 
stock solution. From the stock solution, 0.1 mL was 
taken and dissolved in 100 mL of distilled water to 
make 1 ppm of each solution. Culture media with 
various Mg, Zn, Sn, Cd, and Fe concentrations 
such as 5, 50, 250, and 500 ppm were prepared 
by diluting the stock according. The control medium 
was prepared in the same manner without adding 
additional elements. The cell growth of algal cultures 
was monitored carefully at regular intervals such as 
3, 6, 9, 12, and 15 days of incubation by measuring 
the optical density of algal suspension at 540 nm 
(Wetherell, 1961). Triplicates were maintained for 
all the treatments and control. Chl-a and protein 
contents of samples were determined on phase 15th 
day of cultivation. Chl-a content of the C. vulgaris 
culture was estimated by following the method of 
Mantoura and Llewellyn (1983). An aliquot of 10 mL 
of algal culture sample was filtered using a Millipore 
filtering system fitted with a 4.5 cm diameter GF/C 
filter paper by applying low suction. Before filtering 
the sample, a thin bed of magnesium carbonate 
with approximately 2 mL volume was poured over 
the GF/C filter paper for effective filtration. After 
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filtration, the filtrate was removed and filter paper 
with algal cells was ground with 90% acetone using 
a pestle and mortar. The resulting samples were 
transferred to screw-cap test tubes covered with 
black cloth and incubated in the refrigerator for 24 
hours. After 24 hours of incubation, the contents 
were ground with 90% acetone and centrifuged at 
3,000 rpm for 10 minutes. Then, the clear supernatant 
was collected, and optical density was measured at 
different wavelengths such as 630, 645, and 665 nm 
using a UV-visible spectrophotometer (Shimadzu 
UV-1800, Japan) for Chl-a determination. Chlorophyll 
content was calculated according to the extinction  
coefficients (E) described by Porra et al. (1989) as 
follows:

      Chl-a (μg/mL) =   12.25 E630 – E665

                                 Sample volume (mL)

Samples for protein analysis were 
centrifuged at 1,500 rpm for 10 minutes. The pellet 
was kept at -20°C until analysis. Total intracellular 
protein was determined according to the procedure 
of Bradford (1976) using bovine serum albumin 
(BSA) as standard; protein extraction (mg L−1) 
followed the protocol of Rausch (1981).

Statistical Analysis
	 One-way analysis of variance (ANOVA) 
with Tukey’s HSD post hoc test was used to 
test for significant differences among the growth 
parameters, protein, and Chl-a through the different 
concentrations. 

RESULTS AND DISCUSSION

The effect of Mg, Sn, Cd, Zn, and Fe on the 
growth of unicellular marine microalgae C. vulgaris 
was successfully elucidated (Table 1).

Table 1	Efficiency comparison of Mg, Sn, Cd, Zn and Fe concentration (5 ppm) on the growth of  
C. vulgaris

Treatments Relationship Mean ± standard deviation P-value

Zn Mg 0.003 ± 0.0001 0.932
Fe 0.044 ± 0.0005 0.284

Mg Zn -0.003 ± 0.0003 0.932

Fe 0.041 ± 0.0002 0.323

Fe Zn 0.044 ± 0.0002 0.284

Mg -0.041 ± 0.0004 0.323

Effect of Magnesium, Tin, Cadmium, Zinc and 
Iron on Protein and Chl-a Contents

In this study, the protein and Chl-a contents 
of the C. vulgaris culture were determined on the 
final day of the experiment (15th day) for the five 
elements experimental trials. Notably, the highest 
protein content was 23.03 ± 0.02, 18.82 ± 0.02, 
12.52 ± 0.11, 18.99 ± 0.02, and 17.42 ± 0.02 µg/mL, 
respectively at 5 ppm concentration of Mg, Sn, Cd, 
Zn and Fe (P < 0.05; Table 2). Results indicated that 
all five elements significantly affected the content 

of photosynthetic pigments in C. vulgaris (Figure 
1). Among the five elements tested, the treatment 
with Mg showed the highest Chl-a content at 5 ppm 
concentration than other elements. The lowest Chl-a 
content was observed in treatments with Sn and Fe at 
250 ppm concentration. The Chl-a content decreased 
with the increase of Cd and Sn concentration. 
The overall average Chl-a concentration in all 
treatments was found to be higher in treatments 
with Mg followed by Zn treatments as shown in 
Figure 1. Tukey’s range test showed significant 
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differences between the Chl-a content of Mg and 
Zn with Sn and Fe (P < 0.05). Chl-a is the most 
important pigment in algal cells’ photosynthesis to 
collect solar energy (Van Baalen and O’Donnell, 
1978; Takamura et al., 1990). It was also reported 
that photosynthesis is usually inhibited by heavy 
metals (Rai et al., 1991). This may be due to the 
demolition of the photosynthetic membrane, the 
inhibition of key enzymes of the CO2-fixation cycle, 
and the demolition of light-harvesting pigments 
(Rosko and Rachlin, 1977; Sicko-Goad, 1982; 
Mallick and Rai, 1989; De Filippis and Pallaghy, 
1994; De Filippis and Vincenzini, 1998). In the 
present study, Cd (II) stress could damage the 
biosynthesis of chlorophyll in C. vulgaris, which 

is in agreement with the results of Küpper et 
al. (2003), Rai et al. (2013), and Çelekli et al. 
(2016). Results from this study also indicated 
that the increasing growth in the total protein of 
C. vulgaris stimulated by high Mg, Zn, and Fe 
concentrations was mainly attributed to neutral 
protein accumulation and increasing growth at 
5 ppm concentration. Mg addition led to a slight 
improvement in total protein content. Sydney 
et al. (2010) showed that regarding the growth 
stage, cells required constant availability of Mg 
and N. The high steady-state cell density attained 
with the addition of Mg at 5 ppm may be due 
to the fact that this atom plays a major role in 
photosynthetic activity.

Table 2 Effect of magnesium (Mg), tin (Sn), cadmium (Cd), zinc (Zn) and iron (Fe) on protein content 
(µg/mL) of C. vulgaris

Concentration (ppm) Mg Sn Cd Zn Fe

5 23.03 ± 0.02a 18.82 ± 0.02a 12.52 ± 0.11a 18.99 ± 0.02a 17.42 ± 0.02a

50 19.67 ± 0.10b 18.33 ± 0.10a 5.10 ± 0.01b 18.01 ± 0.10a 12.50 ± 0.01b

250 19.55 ± 0.01b 0.85 ± 0.01b 2.20 ± 0.02c 12.31 ± 0.10b 0.20 ± 0.00c 
500 18.45 ± 0.10b - 1.60 ± 0.01c 12.03 ± 0.02b -

Note: Data are mean ± standard deviation. Values with different letters in the same columns showed 
differ statistically among themselves (P < 0.05)

Figure 1	Effect of magnesium (Mg), tin (Sn), cadmium (Cd), zinc (Zn) and iron (Fe) on chlorophyll a 
content of the C. vulgaris. The signs indicate significant differences according to Turkey’s 
range test (P < 0.05)
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Effect of Magnesium, Tin, Cadmium, Zinc and 
Iron on the Growth of the C. vulgaris

In all of the laboratory trials, it was found 
that the highest growth rate of C. vulgaris occurred 
at 5 ppm concentration of Mg (Figure 2A), Zn 
(Figure 2B), and Fe (Figure 2D). One-way ANOVA 
analysis showed that there were no significant 
differences (P > 0.05) in the growth of C. vulgaris 
between these three elements.

	 Effect of magnesium
	 The optical density of C. vulgaris decreased 
in all concentrations of Mg up to 3 days of 
incubation. With the additional concentration of 
Mg and incubation days, the growth of C. vulgaris 
increased drastically (Figure 2A). The highest 
growth rate was showed in control with 6–9 days 
of incubation and treatment in the concentration 
of 5 ppm of Mg with 9–12 days of incubation. 
The average growth rate (mg/L) for control and 
treatment in concentration 5 ppm of Mg was 
respectively 0.44 ± 0.06 and 0.40 ± 0.07 mg/L. 
For the growth requirement of C. vulgaris, the 
presence of Mg is an important co-factor in cell 
division and accumulation of cell material. The 
cell size increased when biomass material was 
synthesized (Webb, 1949). Shaul (2002) suggested 
that Mg is a part of photosynthetic Mg-dependent 
enzymes. The effect of magnesium deficiency on 
photosynthetic physiology in C. vulgaris biomass, 
protein, chlorophyll a, and chlorophyll b contents 
decreased in response to magnesium deficiency 
(Wang et al., 2014). 

Effect of zinc
	 Results showed that C. vulgaris were able 
to tolerate up to 500 ppm concentration of Zn (Figure 
2B). Maximum growth in C. vulgaris was observed 
at 5 ppm of Zn concentration with 12–15 days of 
incubation. The C. vulgaris had a good ability to 

tolerate Zn at the concentration of 250 to 500 ppm. 
The effect of Zn on Tetraselmis sp. showed that it 
could tolerate up to the concentration of 250 ppm 
Zn (Dinesh Kumar et al., 2013). Dinesh Kumar 
et al. (2014) revealed that in the presence of up 
to 250 ppm concentration of Zn, Tetraselmis sp. 
growth increased when the exposure time was 
increased. In this study, the growth of C. vulgaris 
was negatively influenced by the increasing Zn 
concentration. However, this microalga could 
survive at a high Zn concentration of 500 ppm. 
Lim et al. (2006) suggested that in a higher 
concentration of Zn, the element accumulates 
onto algal cells thus availability of Zn and its toxicity 
in culture decreased, resulting in the survival of 
the cells. This is due to the interaction between 
the metal ion and the membrane of microalgae 
cells, and the high-fat layer in the water (Fenchel, 
1988; Darmono, 1995). The surface structure of 
microalgae cells exists of a mosaic of cationic and 
anionic interchange sites acting as ion exchange 
(Davies, 1974). These properties are dependent 
on microalgae species and the concentration of 
elements impacted the microalgae growth (Gao 
et al., 2004). Ion stress is an important factor 
that affects C. vulgaris growth. The existence of 
some algae, such as C. vulgaris, in heavy metal-
polluted aquatic bodies, may lead us to conclude 
that these organisms can resist and tolerate metal 
toxicity. In this study, it was found that C. vulgaris 
was able to survive in high concentrations of Zn. 
The Zn ions inhibited the growths and nitrogen 
activity of two species such as Anabaena sp. and 
Nodularia sp. Even at a low Zn concentration of 
10 ppm, it could completely reduce the growth 
and nitrogenase activities of all cultures due 
to the damaged cell membrane which leads to 
uncontrolled efflux/influx of electrolytes and other 
vital ions which may be responsible for inhibition 
of growth (Stratton et al., 1979).
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Figure 2 Growth rate of C. vulgaris at different magnesium (A), zinc (B), cadmium (C), iron (D) and  
tin (E) concentrations
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Effect of cadmium
The growth rate of C. vulgaris decreased with 

the increase in the concentration of Cd and incubation 
day (Figure 2C). At 5 ppm of Cd concentration, the 
growth of C. vulgaris continued to day 15. However, 
at 50 and 250 ppm of Cd concentration the growth of 
the microalgae decreased (sub-lethal concentration). 
At 500 ppm of Cd concentration, C. vulgaris growth 
stopped and the highest depletion in growth was 
shown in 12–15 days (lethal concentration). In 
this study, time can be an effective parameter in  
C. vulgaris growth in different concentrations of Cd. 
The researcher showed that the growth and the 
amount of chlorophyll a and chlorophyll b gradually 
decreased with increasing Cd over 18 days of 
exposure (Cheng et al., 2016).

Effect of iron
	 The growth rate of the C. vulgaris cultures 
decreased with the increase in Fe concentrations. 
At the concentration of 500 ppm Fe, the growth rate 
of C. vulgaris was zero (lethal concentration). The 
microalgae cell bleached and died (Figure 2D). In 
the experiment, it was found that the highest growth 
of C. vulgaris was in the concentration of 5 ppm Fe. 
It is suggested that the addition of Fe up to 5 ppm 
could contribute to the increase in the growth of  
C. vulgaris. At 250 ppm Fe concentration, the growth 
of C. vulgaris had sustained to day 15 and then 
decreased (sub-lethal concentration). At 500 ppm 
Fe, microalgae cells died. In the absence of Fe, 
retardation of growth, reduction of photosynthetic 
activity, and chlorophyll content were reported 
(Wiesnner, 1962). Estevez et al. (2001) demonstrated 
that with increasing Fe concentration to 200 ppm, the 
growth rate of the cultures of C. vulgaris decreased 
which is coincide with our result. It suggests that 
oxidative stress by the excess of iron may impact 
cellular growth thus it has a negative effect on 
microalgae. However, the low concentration of 
Fe in C. vulgaris medium increased the growth 
rate (Kean et al., 2015). The researcher believed 
that cell division decreased with increasing Fe 
concentration and suggested that it realized free 
radicals by Fe ion (Xiaoling and Jinyao, 2006). 

According to Iriani et al. (2011), protein content 
(8.34 mg/g dry weight) was highest at the lowest 
Fe3+ concentration (0.35 mg/L).

Effect of tin
	 The effect of Sn on the growth of the  
C. vulgaris cultures was demonstrated. The growth 
rate of current microalgae decreased with the 
increase of the concentration of Sn and incubation 
day (Figure 2E). The highest growth rate of C. vulgaris 
was observed at the concentration of 5 ppm Sn on 
day 12–15 of incubation. At 500 ppm concentration 
of Sn, the growth of C. vulgaris stopped and the 
cells died (lethal concentration). A decrease in the 
growth can be relatively easily determined and 
reflects the physiological status of the algal cells 
(Piovár et al., 2011). Heavy metals had adverse 
effects on the growth of Scenedesmus quadricauda 
(Mohammed and Markert, 2006; Stork et al., 2013) 
and Spirogyra setiformis (Çelekli et al., 2016) in 
cultures, the same result was also found in this 
study, the inhibited growth is mainly under high Sn 
concentration, the growth of C. vulgaris decreased 
with the increasing Sn concentration.

This study demonstrates that the effects of 
Mg, Sn, Cd, Zn, and Fe elements on the growth of 
C. vulgaris were dependent on both concentration 
and exposure time. Previous studies on the impact 
of five lethal heavy metals on phytoplankton reported 
that the toxicity elements were in the order of Hg > 
Cu > Cd >  Zn > Pb (Estevez et al., 2001). Hence, 
the toxicity of elements in the present study could 
be arranged in the order of Cd > Sn > Fe > Zn.

CONCLUSION

The growth parameter, Chl-a, and 
total protein contents of the C. vulgaris were 
completely inhibited at 500 ppm Mg, Sn, Cd, and 
Fe concentrations. Variations in growth conditions 
influenced the growth and other activities of  
C. vulgaris. Ion stress is an important factor that 
affects C. vulgaris growth. The existence of some 
algae, such as C. vulgaris, in heavy metal-polluted 
aquatic bodies, may lead us to conclude that these 
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organisms are able to resist and tolerate metal 
toxicity. In this study, it was found that C. vulgaris 
was able to survive in high concentration of Zn 
and its growth was negatively influenced by 
the increasing Zn concentration. However, this 
microalga could survive at a high Zn concentration 
of 500 ppm. This may be due to the existence of 
active intracellular sequestration that prevents 

exposure to essential cellular components. The 
C. vulgaris had the best optimal performance of 
growths, Chl-a, and protein content in 5 ppm of Mg, 
Zn, and Fe stress conditions, making it a suitable 
candidate for bioaccumulation, biosorption, and 
food supplement. Further studies will be needed to 
determine the characteristics of metal sensitivities 
of other microalgae species.
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