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ABSTRACT

Saltwater intrusion is a common phenomenon in Southern Vietnam, but
salinization is becoming more serious due to the rising sea level related
to climate change. Among potential methods for water desalination, the
application of halophytic microalgae is gaining high interest. This study
investigated the effect of Chlorella vulgaris (C. vulgaris) microalgae on
reducing water salinity at different media (Bold Basal Medium and Sea
Salt Medium) and in different salt concentrations (1 - 30 g/L). The
results indicated that C. vulgaris microalgae had good growth in all
mediums used and contributed to lowering the salt content from 20% to
40% after 15 days of cultivation.

Cited as: Nguyen, H. T. T., Ho, G. T. K., Nguyen, H. T., Nguyen, S. M., Nguyen, S. T., Dao, D.
N., & Nguyen, V. B. (2023). Water desalination of Chlorella vulgaris. The Journal of Agriculture
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1. Introduction

Saltwater intrusion is a popular phenomenon
in the Mekong River Delta, one of the most
productive agricultural areas in the world. How-
ever, when the sea level rises relating to climate
change, the salinization of this area is becom-
ing more serious. During the last 5 years, salt-
water has reached more than 50 km from the
coast of Vietnam and threatened the agriculture
of provinces along the Mekong River Delta. In
general, there are not many options for desali-
nating water in this area. The popular method
for farmers is building channels and reservoirs but
this solution is not sustainable because salt will
be accumulated on the land, resulting in another
contamination phenomenon. Another solution is

applying reverse osmosis filtration systems which
consume high energy and require a high cost for
membrane replacement. In considering sustain-
able water treatment solutions, the application of
microalgae is always a potential solution (Abdel-
Raouf et al., 2012). Earlier studies have reported
that some microalgae not only are useful in re-
moving a wide range of substances pollution from
industrial and agricultural wastewater but also
contribute to lowering salt content in water de-
pending on its salt tolerance (Delrue et al., 2016;
Gan et al., 2016).

Salt tolerance is the ability of plants to grow
and complete their life cycle on substrates con-
taining high concentrations of soluble salts (Wang
et al., 2013). Survival rates were used for un-
cultivated and long-lived species to determine
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salt tolerance (Cheeseman, 1988). The degree of
growth reduction and tolerance to stress condi-
tions varied among different plant species. In gen-
eral, plants can be classified into glycophytes and
halophytes. Halophytes, also known as salt-loving
plants, are plants that are tolerant to the effects
of salinity and possess salt-responsive genes and
proteins to counteract the adverse effects of salin-
ity (Askari et al., 2006). Meanwhile, glycophytes,
also known as salinity-sensitive plants, cannot
tolerate high salinity. The salinity tolerance de-
gree of halophytes also varies between species
(Yensen et al., 2016). Less tolerant halophytes
reduce their growth in saline environments in re-
sponse to salinity while showing better growth in
non-saline soils (Zhu, 2001). Some recent stud-
ies have shown that some popular halophytic mi-
croalgae strains such as Chlorella, Chlorococcum,
Desmodesmus, Scenedesmus and Monoraphidium
could survive and grow in water containing high
salt concentrations and remove approximately
30% chloride in water (Figler et al., 2019; Sahle-
Demessie et al., 2019; Barahoei et al., 2021). How-
ever, the salt tolerance as well as water desalina-
tion effect of microalgae not only depends on the
strain but also on the cultivation medium. For
example, the coexistence of salts, heavy metals
or non-metallic compounds often leads to com-
plex interactions with each other and with living
organisms, affecting their salt tolerance (Kumari
et al., 2015). In comparison between the simpler
and the complex media having a same salinity,
the growth inhibition of green microalgae is often
more significant in the latter (Arora et al., 2019;
Sahle-Demessie et al., 2019). Unfortunately, the
understanding of the effect of cultivation medium
on the water desalination of microalgae is scarce
and needs to be elaborated further.

In this study, the halophytic algae Chlorella
vulgaris (C. vulgaris) was cultivated in a tradi-
tional medium (Bold Basal Medium) and a sim-
ulated Sea Salt medium at different sodium chlo-
ride contents using a Photobioreactor system in
carefully controlled conditions (light density and
air flow rate). Subsequently, the growth rate of
microalgae and their salt absorption rate were
continuously measured during 15 cultivation days
to investigate the salt tolerance as well as the wa-
ter desalination capacity of C. vulgaris in these
media.

2. Materials and Methods

2.1. Materials

C. vulgaris was provided by the Laboratory of
Microalgae (Nong Lam University - Ho Chi Minh
City, Vietnam). Chemical substances and ocean
salt (hw-Marinemix professional) were purchased
from Xilong Scientific (China) and Wiegandt
(Germany), respectively. The chemical composi-
tion of culture media was summarized in Table 1.

Table 1. Cultivation media composition
Bold Basal Medium (BBM)

Chemical substances Composition content
NaNO3 25000 mg/L
MgSO4.7H2O 7500 mg/L
K2HPO4 7500 mg/L
KH2PO4 17500 mg/L
CaCl2.2H2O 2500 mg/L
H3BO3 114 mg/L
EDTANa2 500 mg/L
KOH 310 mg/L
FeSO4.7H2O 498 mg/L
H2SO4 98 mg/L

Sea Salt Medium (SSM) at 30 mg/L
Chemical substances Composition content
Ca2+ 440 mg/L
Mg2+ 1320 mg/L
Na+ 10000 mg/L
Cl− 20000 mg/L
NaNO3 25000 mg/L
K2HPO4 7500 mg/L
KH2PO4 17500 mg/L

Source: Andersen (2004).

2.2. Sample preparation & experimental de-
sign

Firstly, the mother culture was grown in the
Bold Basal Medium at 25◦C for 15 days to achieve
a microalgae density of 60 × 106 cells/mL. Then,
the culture was transferred to photobioreactors
(Figure 1) to investigate water desalination. The
initial density of C. vulgaris for all the bioreac-
tors was 106 cell/mL. For BBM, sodium chloride
was added to the solution to reach the salt con-
centrations in the range at 1,000 to 15,000 ppm.
For SSM, sea salt was diluted in water to adjust
the concentrations in a range of 1,000 to 30,000
ppm. The photobioreactors were operated with a
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light intensity of 4,000 - 8,000 Lux and an aera-
tion rate of 4 L/min.

Figure 1. The photobioreactor system.

2.3. Microalgae growth measurement

The density of microalgae was estimated based
on the combination of light microscopy and opti-
cal density (Barahoei et al., 2021). Firstly, mi-
croalgae were filled into a counting chamber
(Marienfield, Germany) and observed under a
light microscope (DM2500, Leica, Switzerland)
equipped with a digital camera (DFC450C, Leica,
Switzerland). Besides, the optical density (OD)
of C. vulgaris at various concentrations was de-
termined at 680 nm using a spectrophotometer
(UV1100, MRC Lab, Israel) to build the growth
curves for microalgae.

2.4. Salinity reduction measurement

Microalgae were collected on days 3, 6, 9, 12
& 15. For pre-treatment, samples were precip-
itated by using a benchtop centrifuge (Rotofix
32A, Hettich, Germany) at 4,000 rpm. Then the
water salinity reduction was estimated using a
conductivity meter (HI98318, Hanna, Rumani)
and a salinity refractometer (SLI-10, China).

2.5. Statistical analysis

All measurements were triplicate performed.
Analysis of variance (ANOVA) and Least Signif-
icant Difference (LSD) Test with 95% confidence
was applied using the Statgraphics software (ver-
sion 14) to investigate the effect of cultivation
time and salt concentrations on the salt tolerance
and the water desalination capacity of microal-
gae.

3. Results and Discussion

3.1. Chlorella vulgaris growth in different me-
dia

The growth of C. vulgaris in BBM and SSM
at different salt concentrations after 15 cultiva-
tion days is depicted in Figure 2. In general, C.
vulgaris showed a good growth at salt concen-
trations of 1 - 15 g/L. When the salt concentra-
tions were greater than 20 g/L, the growth of C.
vulgaris seemed to be inhibited and the medium
color changed from green to yellow. A similar re-
sult was reported in a recent study of the salt
tolerance of C. vulgaris (Sahle-Demessie et al.,
2019). The authors suggested that at the high
salt concentration (>10 g/L), nutrient deficien-
cies could occur and therefore microalgae must
spend more time for synthesizing new chlorophyll
molecules as well as binding new proteins.

Figure 2. Microalgae at different salt
concentrations. Bold basal medium (A), sea salt

medium (B).

To estimate their growth curves, microalgae
images were observed under a microscope (20 x)
and the cell density was determined by combining
an improved Neubauer counting chamber with
ImageJ software (Figure 3). Meanwhile, the op-
tical density of microalgae was also measured by
a spectrophotometer at 680 nm (Barahoei et al.,
2021). Obtained results revealed that C. vulgaris
growth during the cultivation could be quickly
estimated with a high reliability (R2 > 0.99; Fig-
ure 4) using the optical density value based on
the following equations:

BBM: y = 4.10−8x + 0.0284
SSM: y = 3.10−8x + 0.0652

with y being the absorbance value measured at
680 nM and x being the microalgae cell density.
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Figure 3. Microalgae images under the microscope with scale bar 50 µM (a) and the improved
Neubauer counting (b) chamber.

Figure 4. Standard curve for determination of algae density in bold basal medium (BBM) & sea
salt medium (SSM) using spectrophotometer method.
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The development of C. vulgaris cell density
during 15 days of cultivation in BBM and SSM
with different salt concentration was summarized
in Figure 5. Similar to previous studies (Sahle-
Demessie et al., 2019; Barahoei et al., 2021),
our results revealed that microalgae showed good
growth in BBM at most salt concentrations and
reached 40 - 60 million cells/mL after 6 days of
cultivation. Although the growth rate of microal-
gae decreased in the following stage, the cells were
still alive in media having less than 15 g NaCl/L.
As described in a previous section, the inhibition
of C. vulgaris occurred when the salt content in
BBM was over 15 g/L and a significant drop was
recognized in the growth curve of microalgae.

Figure 5. The growth curve of C. vulgaris in
different media (bold basal medium-BBM & sea
salt medium-SSM) over 15 days of cultivation.

For the SSM at most salt concentrations,
C. vulgaris needed more time for growing and
achieved the maximum cell density after 9 - 12
cultivation days. In comparison with BBM, the
cell densities (number of cell/mL) of C. vulgaris
cultivated in SSM are lower at the same salt
concentration. This phenomenon is mainly re-
lated to the responses and adaptations of mi-
croalgae to environmental conditions (Hiremath
& Mathad, 2010). According to many studies
(Hasegawa, 2000; Hoque, 2007), the adaptation
of eukaryotic organisms such as microalgae to ad-
verse environmental conditions often results in
changes in metabolism, synthesis or accumula-
tion of some organic substances or osmosis behav-
ior. When comparing BBM and SSM composi-

tions, the latter had a lower content of nutritional
compounds, and this could contribute to alleviat-
ing the growth rate of microalgae. On the other
hand, BBM had higher ratios of Na+/Ca2+ and
Na+/K+ in comparison to SSM which could neg-
atively affect the stress tolerance of plants with
the change in environmental conditions. There-
fore, the survival of C. vulgaris in SSM was still
recognized at the very high salt concentration (20
- 30 g/L) while a significant decrease of microal-
gae was observed in BBM containing over 15 g
NaCl /L.

3.2. Water desalination capacity of C. vulgaris

Figure 6. Electric conductivity (EC) changes in
bold basal medium (BBM) & sea salt medium

(SSM) over 15 days.

To estimate the water desalination, the elec-
tric conductivity and the salinity are the most
popular indicators. These parameters were mea-
sured during the cultivation and the results were
summarized in Figure 6 & 7. As expected, ob-
tained results demonstrated that the salt con-
tent in water tended to decrease with the growth
of microalgae. For instance, the salinity of BBM
was reduced by 5% to 10% while the conductivity
was reduced by about 2% to 20%. The 2 - way
ANOVA analysis (Tables 2 & 3) also confirmed
that salt concentration and water treatment du-
ration were factors that significantly influenced
the ability to reduce water salinity when using
microalgae C. vulgaris (P < 0.05). Based on LSD
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Table 2. Analysis of variance for electric conductivity
Bold basal medium

Source Sum of Squares Df Mean Square F-Ratio P-Value
Main effects
A:Concentration 2464.89 5 492.979 277.67 0.0000
B:Time 38.8759 5 7.77518 4.38 0.0053
Residual 44.385 25 1.7754
Total (corrected) 2548.15 35

Sea salt medium
Source Sum of Squares Df Mean Square F-Ratio P-Value
Main effects
A:Concentration 4967.18 5 993.435 294.44 0.0000
B:Time 102.136 5 20.4272 6.05 0.0008
Residual 84.3499 25 3.374
Total (corrected) 5153.66 35

Table 3. Analysis of variance for salinity
Bold basal medium

Source Sum of Squares Df Mean Square F-Ratio P-Value
Main effects
A:Concentration 699.591 5 139.918 474.85 0.0000
B:Time 2.6721 5 0.53442 1.81 0.1466
Residual 7.3665 25 0.29466
Total (corrected) 709.629 35

Sea salt medium
Source Sum of Squares Df Mean Square F-Ratio P-Value
Main effects
A:Concentration 2075.97 5 415.194 179.34 0.0000
B:Time 62.5487 5 12.5097 5.40 0.0017
Residual 57.8776 25 2.3151
Total (corrected) 2196.4 35
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comparison, the desalination effect was more con-
siderable in the medium containing a higher ini-
tial salt concentration (P < 0.05).

Similarly, the salinity of SSM decreased from
22% to 44% while the conductivity was reduced
by about 23% to 43%. This result is in line with
the finding in a recent study on the salt tolerance
of C. vulgaris (Barahoei et al., 2021). The au-
thor reported that C. vulgaris microalgae could
reduce about 45% of salt content in the sea salt
culture medium with an initial concentration of
1 g/L - 5 g/L. The mechanism for salt adsorp-
tion in marine microalgae is not completely clear.
It can be assumed that the cell wall of microal-
gae is a double enveloped membrane composed of
phospholipids and plays an important role in ex-
changing metabolites and ions (Safi et al., 2013).
When the salt concentration in aqueous solution
is too high, anion Cl- tends to accumulate on the
surface of the microalgae membrane and then at-
tracts Ca2+, Na+ & K+. This phenomenon could
contribute to accelerating the transportation of
these ions through the cell membrane of microal-
gae resulting in a salinity reduction (Amezaga,
2014). Therefore, with a higher initial salt con-
centration in the cultivation medium, the salinity
reduction should be more considerable. Accord-
ing to Figure 6 & 7, this trend was recognized for
both media during the cultivation.

Figure 7. Salinity changes in bold basal
medium (BBM) & sea salt medium (SSM) over

15 days

4. Conclusions

This study investigated the salt tolerance and 
water desalination capacity of the microalgae C. 
vulgaris in the traditional medium and the stim-
ulated ocean medium. As expected, C. vulgaris 
showed good growth in both media and achieved 
40 - 60 million cells/mL after 15 days of culti-
vation. For the salt tolerance, obtained results 
revealed that halophytic microalgae such as C. 
vulgaris could survive and develop in the sea salt 
medium with a salt content of up to 30 g/L. Based 
on electrical conductivity and salinity measure-
ment, the growth of C. vulgaris contributed to 
the reduction of NaCl content in a range of 2 -
22% (for BBM) and 22 - 42% (for SSM). How-
ever, the study was conducted at the laboratory 
scale using small photobioreactors. Further stud-
ies, therefore, should focus on investigating and 
optimizing the water desalination capacity of C. 
vulgaris at the pilot scale using stirred tank re-
actors or tubular flow reactors.
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