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ABSTRACT. Microalgae cultivation has been identified to be highly beneficial for the production of valuable biomass. The recent 
worldwide interest is to cultivate microalgae in wastewater to replace the use of expensive commercial media. Microalgae can utilize 
nutrients from the wastewater for their biomass growth, which is useful as feedstock in many products. Interestingly, microalgae 
cultivation is also capable of reducing a greenhouse gas due to absorption of carbon dioxide (CO2) during photosynthesis. This study was 
conducted to study the growth of microalgae using leachate as a nutrient supplement. The scope of the research involved the cultivation 
of freshwater microalgae, Desmodesmus armatus, in the synthetics medium with various percentages of leachate under different light 
exposures. The growth parameters such as the specific growth rate, biomass productivity, and cell division time were used to evaluate 
the microalgae growth performance. The amount of CO2 absorbed during the cultivation was determined based on the total biomass 
production. The highest growth rate of 0.423/day was achieved using a 5% leachate medium under 12 h light duration, and the highest 
carbon fixation of 1.317 g CO2/L/day was calculated using a culture supplemented with 5% leachate with 24 h light period. The high 
presence of nutrients in the leachate has contributed to the growth of the microalgae; thus, it has great potential as an alternative growth 
medium to support biomass production and subsequently help to mitigate global warming. 
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1. Introduction 

Microalgae are one of the best photosynthetic 
microorganisms that can be found in various earth 
ecosystems. They have been subjected to growing 
attention around the world, due to their great potential in 
various applications (Chen et al. 2020). Their biomass 
contained compounds of high biotechnological interest 
useful for biofuel, vitamins, protein, cosmetic, and health 
food production (Tsolcha et al. 2017). Besides, microalgae-
based systems have been theoretically proved to be an 
environment-friendly approach to overcoming the problem 
of carbon dioxide (CO2) emissions (Song et al. 2020). 
Photosynthetic reaction by the microalgae uses light as a 
source of energy and converts it into chemical energy. 
Through this, a large amount of CO2 is consumed, thus 
reducing the impending threat of global climate change 
that is mainly attributed to CO2 release to the atmosphere 
(Comitre et al. 2021).  

Microalgae are commonly cultivated in a commercial 
medium that contains all necessary nutrients needed for 
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microalgae growth. Bold's Basal Medium (BBM) is a 
freshwater microalgae medium that has been widely used 
to grow a variety of green microalgae cultures (Wong et al. 
2017). Preparation of a commercial medium that requires 
expensive chemicals is one of the major challenges facing 
large-scale cultivation of microalgae (Leite et al. 2019). 
The application of microalgae in wastewater has been 
recognized as one of the most feasible ways of sustainable 
cultivation (Hawrot-Paw et al. 2020). Wastewater 
typically contains nutrients such as carbon (C), 
phosphorus (P) and nitrogen (N) required for microalgae 
growth (Naveen et al. 2017). Microalgae have the ability 
to adsorb nutrients that are readily available in the 
wastewater for their cell generation. Recent studies have 
exhibited successful application of microalgae cultivation 
using wastewater from various sources, such as municipal 
(Sasongko et al. 2018), aquaculture (Hawrot-Paw et al. 
2020), swine (Chen et al. 2020), textile (Mubashar et al. 
2020), brewery (Song et al. 2020), dairy (Hemalatha et al. 
2019) and agricultural (Syafaini et al. 2021) wastewater.  

Research Article 
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Previous studies have explored the viability of 
microalgae cultivation using landfill leachate (Chang et al. 
2018; Khanzada 2020; Quan et al. 2020). Leachate is 
characterized by high concentration of nutrients that 
could be useful for microalgae cultivation (de Souza et al. 
2021). However, the microalgae growth could be retarded 
by its dark colored nature and elevated nutrient load that 
could reach a toxicity level (Hernández-garcía et al. 2019). 
Hence, leachates were often mixed with distilled water, 
commercial medium, seawater or other low concentration 
wastewater (Nair et al. 2019). It is also important to 
provide sufficient lighting to further improve the culture 
conditions (Nawaz et al. 2020). Despite numerous 
experiments on microalgae cultivation using leachate, 
some aspects of the process are not well studied. Limited 
information is available on the combined effect of different 
leachate percentages and photoperiods towards 
microalgae growth. Among the most recent studies, only 
Nair et al. (2019) reported on the carbon fixation rate of 
microalgae cultivated in leachate. 

Therefore, the present study aimed to investigate the 
optimum percentage of leachate in the culture medium to 
promote high microalgae biomass growth and 
simultaneously diminish the release of CO2 into the 
atmosphere. A mixture of commercial medium and 
leachate could reduce cultivation costs without 
significantly impeding light penetration. It can also 
eliminate the toxicity effect induced by a high 
concentration of organic and inorganic compounds in the 
leachate. This study supports the hypothesis that 
microalgae growth using leachate as a nutrient 
supplement is possible by avoiding the inhibitory level 
induced by turbidity and toxicity effect at higher leachate 
concentrations. For this purpose, freshwater microalgae 
Desmodesmus sp. were selected based on literature 
reviews that highlighted their potential for wastewater 
cultivation and production of valuable biomass (Eze et al., 

2018; Hernández-García et al., 2019; Sarfraz et al., 2021). 
In addition, the cultures were also exposed to different 
photoperiods to determine the highest biomass 
production, thus increasing the carbon fixation rate. 

2. Materials and Methods 

2.1 Wastewater collections 

The leachate was obtained from Jeram Sanitary Landfill, 
Selangor, Malaysia. The collected samples were collected 
in 20 L labeled containers and immediately stored in a 4°C 
cold room to maintain its chemical characteristics..  

2.2 Microalgae strain and culture conditions 

The microalgae species used in this study is Desmodesmus 
armatus SAG276.4d (hereafter Desmodesmus) that was 
obtained from culture collection of algae at the University 
of Göttingen, Germany. The microalgae were cultured in 
BBM as a control experiment. The preparation for BBM is 
as described by Ding et al. (2016). 
The experiments were conducted in the batch mode under 
controlled temperature of 25°C ± 2°C and exposed to 7,000 
lux intensity under 0 h, 12 h and 24 h photoperiods. Three 
different percentages of leachate were used in BBM, 
namely 5%, 10% and 15% (v/v). Each flask was aerated for 
24 h continuously at 1 L/min using air compressor, as 
illustrated in Fig. 1. 

The inoculum size was maintained at 10% (v/v) for 
each experiment. The cultures were maintained for a 
period of 8 days, and a sample was collected daily at 
approximately 9 am. By sampling at roughly the same 
time on each occasion, the microalgae growth performance 
and biomass production can be directly compared over 
time. Table 1 summarizes the experimental setups. 

 
 
 

 
Fig 1 Schematic diagram of microalgae cultivation using leachate as a nutrient supplement 
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Table 1 
Experimental setup using different percentages of leachate 

No. Microalgae (mL) 
Medium (mL) 

BBM (mL) Leachate 

1 100 850 50 mL (5%) 

2 100 800 100 mL (10%) 

3 100 750 150 mL (15%) 

 
 
 
 

2.3 Nutrient content in leachate 

The chemical characteristic of leachate and BBM were 
examined to compare the concentration of major 
nutrients. A leachate sample is widely known to have high 
nutrient concentration; thus, the samples were 
appropriately diluted prior to the analysis.  

2.3.1. Chemical Oxygen Demand (COD) 

COD concentration in POME was determined using a 
Hach COD High-Range Reagent (cat. no.: 212595). 2 mL 
of a diluted sample was added into the reagent vials with 
a 45-degree angle and gently inverted twice. Another set 
of reagent vial was added, with 2 mL of distilled water as 
a blank sample. Both reagent vials were digested in a pre-
heated DRB200 reactor at 150°C for 120 min. After 
digestion, the vials were inverted while still warm around 
120°C and let to cool to room temperature. The COD 
concentration was measured using the Hach DR 2800 
spectrophotometer using 435 COD HR program. 

2.3.2. Total Nitrogen (TN) 

Determination of TN concentration was done using a Hach 
TN-High Range Kit (2714100). The content of total 
Nitrogen Persulfate Reagent Powder Pillow was added to 
HR Total Nitrogen Hydroxide Digestion Reagent Vials, 
capped tightly and mixed vigorously for 30 s. 0.5 mL of 
organic-free water was added to the vial for the blank 
preparation. The sample preparation was a repeated by 
adding the 0.5 mL sample. The reagent vials were placed 
in the DRB200 reactor preheated to 105°C for 30 min. 
Then, the vials were removed from the reactor and let to 
cool to room temperature. Next, the content of Total 
Nitrogen (TN) Reagent Powder A was added to the vial 
containing the digested blank or sample, capped tightly 
and mixed for 30 s. The TN Reagents B Powder Pillow was 
then added into the vials, mixed vigorously for 15 s. 2 mL 
of digested samples (or reagent blank) were transferred 
into TN Reagent C vials using a pipet. The solution was 
mixed by inverting the vials for ten times. After 5 min 
reaction, the vial was placed to the adapter of the Hach 
DR 2800 spectrophotometer to obtain the TN reading.   

2.3.3. Total Phosphorus (TP) 

Determination of Total Phosphorus was carried out with 
Hach TP Reagent using Molybdovanadate through the 
Acid Persulfate Method. The analysis started by pre-

heating the DRB200 reactor at 150°C. 5 mL of the diluted 
sample was added to TP test vial. The content of 
Potassium Persulfate Powder Pillow was added to the 
reagent vials, capped tightly and mixed vigorously to 
dissolve all the powder added. The vials were then placed 
into the reactor for 30 min at 150°C. The digested vials 
were let to cool to room temperature before 2 mL of 1054 
N of the Sodium Hydroxide Standard Solution was added. 
Next, 0.5 mL of the Molybdovanadate Reagent was added 
to the vials using a polyethylene dropper and mixed well. 
The mixture was set to have a reaction time of 7 min before 
TP values of the vials were measured using the HACH 
Spectrophotometer DR 2800. 

2.3.4. Microalgae growth measurement in BBM and 
leachate 

The growth of microalgae was determined based on the 
biomass dry weight(BDW). For this purpose, 10 mL of a 
microalgae sample was harvested and filtered using pre-
weighted blank Whatman GF/C, a 47 mm glass microfiber 
filter paper. The filter paper that contained samples was 
then dried at 100 ºC for 24 h before being weighed again. 
Prior to growth measurement, the microalgae biomass 
was washed twice with distilled water to remove any 
suspended solid from the leachate. The biomass dry 
weight was calculated based on Eq. (1): 

 
𝐵𝐷𝑊	(𝑚𝑔/𝐿) = ,𝑥. − 𝑥01

𝑠𝑎𝑚𝑝𝑙𝑒	𝑣𝑜𝑙𝑢𝑚𝑒(𝐿): ,                        (1) 

where xf  = final weight of filter paper (mg), and x0 = initial 
weight of the filter paper (mg) 

2.5 Determination of the growth parameters 

From the logarithmic growth, the specific growth rate, 𝜇 
of the microalgae was calculated using Eq. (2) (Danshvar 
et al. 2018): 

𝑆𝑝𝑒𝑐𝑖𝑓𝑖𝑐	𝑔𝑟𝑜𝑤𝑡ℎ	𝑟𝑎𝑡𝑒, 𝜇 = EF	(GHIGJ)
KHIKJ

,                                  (2) 

where 𝑥L = biomass dry weight in time t1 (mg), 𝑥M = 
biomass dry weight in time t2 (mg), 𝑡L = time at 𝑥L	(day), 
and t2 = time at x2 (day). 

The cell division time,	𝐷N was calculated using Eq. (3) 
(Borowitzka and Moheimani 2013): 

𝐶𝑒𝑙𝑙	𝑑𝑖𝑣𝑖𝑠𝑖𝑜𝑛,𝐷N(𝑑𝑎𝑦IL) = S
TUM

.        (3) 



Citation:  Fuad, M.T.K., Khalid, A.A.H., and Kamarudin, K.F. (2021) Sustainable Cultivation of Desmodesmus armatus SAG276.4d using Leachate as a Growth Supplement for 
Simultaneous Biomass Production and CO2 Fixation. Int.Journal of Renewable Energy Development, 10(4), 865-873, doi: 10.14170/ijred.2021.37683 
P a g e  |  
 

IJRED-ISSN: 2252-4940.Copyright © 2021. The Authors. Published by CBIORE 

868 

Next, the biomass productivity and the total biomass was 
calculated using Eq. (4) and Eq. (5), respectively (Koo et 
al. 2017): 

𝐵𝑖𝑜𝑚𝑎𝑠𝑠	𝑝𝑟𝑜𝑑𝑢𝑐𝑡𝑖𝑣𝑖𝑡𝑦	(𝑚𝑔/𝐿/𝑑) = GHI	GJ
KVHI	KVJ

   (4) 

𝑇𝑜𝑡𝑎𝑙	𝑏𝑖𝑜𝑚𝑎𝑠𝑠	𝑝𝑟𝑜𝑑𝑢𝑐𝑡𝑖𝑜𝑛	(𝑚𝑔/𝐿) = 𝑥M −	𝑥L,  (5) 

where 𝑥L = biomass dry weight at the beginning of the 
cultivation, 𝑥M = biomass dry weight at the end of the 
cultivation, 𝑡GL	= time at 𝑥L (day), and	𝑡GM = time at 𝑥M (day).  

2.6. Estimation of the CO2 fixation rate 

The amount of CO2 absorbed during the cultivation period 
was used to determine the efficiency of CO2 fixation by the 
microalgae.  

The CO2 fixation by microalgae was calculated based 
on the balanced photosynthesis chemical reaction 
represented by Eq. (6) (Bajunaid et al. 2019): 

4𝐶𝑂M + 𝑛𝑢𝑡𝑟𝑖𝑒𝑛𝑡 + 𝐻M𝑂 + 𝑙𝑖𝑔ℎ𝑡	 → 4𝐶𝑂0.bc𝐻L.cd𝑁0.LL𝑃0.0L +
3hL

M
i𝑂M.                                                                            (6) 

Using this theoretical formula, the amount of 
CO2 assimilated by microalgae can be estimated at a ratio 
of 1.882 of the total biomass production during the 
cultivation period, as indicated by Eq. (7):  

𝐶𝑂M	𝑓𝑖𝑥𝑎𝑡𝑖𝑜𝑛	𝑟𝑎𝑡𝑒(𝑔	𝐶𝑂M/𝐿/𝑑𝑎𝑦) = 1.882	x	total	biomass	production	 (7) 

3. Results and Discussions 

3.1 Nutrient content in leachate 

Table 2 presents physicochemical characteristics of 
leachate and BBM used in this study. Notably, the main 
nutrients required for microalgae biomass production, 
which are C, N and P, were the main composition in the 
BBM solution. 

Importantly, analysis revealed that these important 
nutrients were also available in leachate to support 
optimum microalgae growth. The concentration of TP was 
found at 225 mg/L, which is more than four-fold the 
concentration in BBM. A significant higher concentration 
of nitrogen sources was also found in the leachate with 
2,350 mg/L, as compared to 41.2 mg/L in BBM. 

The leachate is also considered to be high-strength 
wastewater with a COD value reaching 13,000 mg/L. It 
signifies the presence of concentrated biodegradable 
organic load that could be utilized by microalgae as a 
carbon source. Although not measured in this study, 
leachate at Jeram landfill also contains macronutrients 
such as Cd, Cr, Zn, and Cu as reported by Syazwani et al. 
(2019) and Hussein et al. (2020). These trace elements are 
essential for stimulating optimum growth of the 
microalgae. By contrast, pH value of 8.52 for leachate was 
higher than BBM. Although pH value exceeded the 
neutral pH value, it was still within the suitable range for 
optimum microalgae growth, which is up to pH 11.5 
(Sakarika and Kornaros 2016). Thus, results from the 
present study indicate the potential of leachate to supply 
important nutrients for microalgae growth, with their 
utilization for simultaneous biomass production and CO2 
fixation being relatively novel. 

 
 

 
 
 
 
Table 2  
Chemical characteristics of leachate and the standard growth medium (BBM) 
Chemical Characteristic Leachate (mg/L) BBM 

Total phosphorus, TP 225 53.4 
Total nitrogen, TN 2,350 41.2 
Biochemical oxygen demand, BOD 2,865 N/A 
Chemical oxygen demand, COD 13,000 N/A 
pH 8.25 7.0 

 

 
 

Table 3 
Growth parameters for microalgae growth in BBM under different light durations 

Growth parameters (in BBM) 
Light duration 

0 h 12 h 24 h 

Growth rate, (µ /day) −0.268 0.440 0.400 
Cell division per day, D’ −0.387 0.635 0.577 
Biomass productivity (g/L/day) −0.003 0.049 0.100 
Total biomass production (g/L) −0.040 0.390 0.800 
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3.2. Microalgae growth in BBM 

The result for microalgae growth in BBM, which served as 
control experiment in this study, is presented in Table 3. 
The culture under 0 h light exposure was unable to sustain 
growth where negative values were observed for all 
growth parameters. The negative growth rate obtained 
using the specific growth rate formula indicates the decay 
of microalgae cell concentration. These negative growth 
rates were also reported by Huesemann et al., (2016), 
Roleda et al. (2013) and Wu et al., (2017) in their respective 
studies on microalgae growth under various culture 
conditions. 

Because they are photosynthetic microorganisms, the 
growth of microalgae is largely dependent upon the rate of 
photosynthesis. Photosynthetic efficiency is mostly 
decided on illumination conditions among other factors 
such as carbon dioxide concentration, temperature, pH, 
and nutrients (Singh and Singh 2015; Xing et al. 2019). A 
similar result was reported by Eze et al. (2018) where they 
found that the metabolism for the Desmodesmus sp. 
growth was predominantly photoautotrophic.  

The highest growth rate, µ, was found, under the 12 h 
light period, to be 0.440/day, as compared to 0.400/day 
from the 24 h light cultivation. This finding indicates that 
continuous lighting would not be necessarily the best 
condition for microalgae. A balanced ratio of light and 
dark period is more important for optimum growth. This 
result was supported by Barra et al. (2014) and 
Borowitzka and Vonshak (2017), who suggested that dark 
respiration may be required by the microalgae to relax and 
repair the damage to the photosystems that naturally 
occur during high irradiances. Nevertheless, the highest 
biomass productivity of 0.1 g/L/day was achieved by 
cultivation using 24 h light. This culture duly recorded the 
highest total biomass production of 0.8 g/L as the 

microalgae were able to continuously harvest the light for 
photosynthesis activity to produce biomass.  

Fig. 2 illustrates the growth profile of microalgae for 
control medium BBM under three different light 
exposures. The growth profile for microalgae under 0 h 
light exposure indicates a declining pattern that indicates 
that microalgae failed to undergo the growth process. It 
has been reported that some microalgae species such as 
Chlorella sp. are capable of growing in darkness through 
the heterotrophic mode. Through this metabolism, the 
microalgae consume external carbon source such as 
glucose instead of light energy for their growth. Therefore, 
it can be suggested that Desmodesmus sp. is not suitable 
for the heterotrophic growth mode in a leachate 
environment, and it totally depends on light availability 
for its growth. 

This result is in contrast with previous studies 
conducted by Altenhofen et al. (2018) and Ogbonna et al. 
(2019) that reported successful growth of Desmodesmus 
under a heterotrophic condition. This is due to different 
culture conditions they studied. The first work used 
sterilized vinasse wastewater under constant stirring at 
3.0 × g and aeration at 1 VVM (volume air/ volume 
medium/min), whereas the Ogbonna et al. (2019) used 
acclimatized inoculum, which improves the tolerance of 
microalgae in the dark. As for 12 h and 24 h light 
exposures, the growth profile for microalgae was increased 
throughout 8 days of cultivation. There was no stationary 
phase in the profile which indicated that there was no 
delay in the growth of microalgae. The characteristic of 
BBM that is clear from any turbidity and other 
microorganism contributed to rapid growth of the 
microalgae. At the end of the culture period, highest 
biomass accumulation was recorded by 24 h culture, 
followed by the 12 h culture. 

 
 

 
 

 
Fig. 2 Microalgae growth curve in BBM under different light periods 
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Table 4 
Microalgae growth under different leachate percentages and light exposures 

Growth 
parameters 

Lighting period (h) 

0:24 (Light: Dark) 12:12 (Light: Dark) 24:0 (Light: Dark) 

Leachate percentage (% v/v) 

5% 10% 15% 5% 10% 15% 5% 10% 15% 

Growth rate, µ  -0.068 -0.097 -0.085 0.423 0.324 0.228 0.347 0.397 0.249 
Cell division D’(/day) -0.097 -10.26 -0.123 0.610 0.468 0.329 0.500 0.573 0.359 
Biomass (g/L/day) -0.003 -0.020 -0.003 0.044 0.045 0.051 0.087 0.074 0.078 
Total Biomass (g/L) -0.020 -0.038 -0.020 0.350 0.360 0.410 0.700 0.590 0.620 

 
 

 
 
3.3.Microalgae growth in BBM supplemented by leachate 

Table 4 presents the result for cultivation using 
different percentages of leachate and in three different 
durations of light. Similarly to growth in BBM, culture 
under 0 h exposure was unable to grow in all percentages 
of leachate. The highest growth rate, µ, of 0.423/day was 
achieved in 5% leachate with 12 h light, as compared to 
0.347/day in the same percentage but under 24 h lighting. 
Remarkably, the growth rate was comparable with 
microalgae growth in the BBM medium that achieved the 
highest µ of 0.440/day under 12 h lighting. 

The microalgae cell division per day is another 
indicator for growth performance. A high division rate 
indicates that the cells are dividing rapidly; this 
corresponds to a higher specific growth rate. Accordingly, 
the fastest cell division of 0.610/day in this study is shown 
by culture with the highest µ (12 h light with 5% leachate).  

It was slightly slower than cell division in BBM of 
0.635/day in the 12 h light culture but faster than 0.577 in 
the 24 h light BBM culture. Results from this study reveal 

that the optimum light exposure for the microalgae was 
the 12 h duration. This finding is important to provide the 
most conducive condition for microalgae growth and to 
eliminate the cost for unnecessary power supply by 
continuous illumination.  

The addition of 15% leachate resulted in lower growth 
rates of 0.228/day and 0.249/day, respectively, for 12 h and 
24 h lighting. This might be attributed to a higher 
concentration of the nitrogen source, such as ammoniacal 
nitrogen induced by the addition of more leachate into the 
medium. It was reported that ammoniacal nitrogen above 
210 mg/L could have an inhibitory effect on microalgae by 
decreasing the electron transport rate for photosynthetic 
activity (Park et al. 2010; Li et al. 2019). On the other 
hand, higher amount of leachate might increase the 
turbidity of the culture, thus reducing light penetration.  

Nevertheless, more biomass accumulation was 
observed in cultures with more leachate added as a 
supplement. Cultures that were supplied with 15% 
leachate produced the highest biomass of 0.051 g/L/day 
and 0.078 g/L/day for 12 h and 24 h lighting, respectively. 

(a) 

Fig 3. Microalgae growth using 5%, 10% and 15% 
leachate under different light periods. 
(a) Cultivation using 0 h light (b) Cultivation 
using 12 h light (c) Cultivation using 24 h light 

(b) 

(c) 
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By contrast, when BBM was used, the highest biomass 
productivity for 12 h was 0.049 g/L/day, which was lower 
than those achieved with the leachate supplement. 
Notably, the determined biomass productivity was 
comparable and even higher than that in some previous 
studies using leachate as a growth medium. For instance, 
Sforza et al. (2015) reported that 0.07 g/L/day biomass was 
produced by Acutodesmus obliquus utilizing nutrients 
from leachate, whereas Pereira et al. (2016) obtained 0.020 
to 0.049 g/L/day of productivity for C. vulgaris in various 
leachate compositions. Another study by Hernández-
García et al. (2019), using Desmodesmus spp., produced 
0.039 g/L/day biomass when grown in a mixture of 
leachate and municipal wastewater.  

The concentration of leachate has an impact on the 
amount of nutrients in the medium. A significantly high 
nutrient content in leachate increases the amount of 
nutrients available for microalgae assimilation for 
conversion into biomass. A finding of the study indicates 
that application of leachate as a nutrient supplement 
could have an economic benefit for microalgae-based 
technology. Although highest biomass productivity and 
total biomass was achieved in BBM in the 24 h culture, 
the use of continuous lighting coupled with utilization of a 
full-BBM medium means that it is less desirable from the 
economic perspective. The chemical cost of preparing the 
standard medium could be reduced by recycling of 
leachate. 

Fig. 3 illustrates the growth profile for cultivation of 
microalgae under three different light exposures 
supplemented with a leachate medium. As illustrated in 
Fig. 3(a), the profile curve indicates neither growth 
increment nor biomass production for the culture under 0 
h light. The cultivation was failed by the absence of 
photosynthesis activity because no biomass can be 
produced without light supply. Although for the 15% 
leachate medium shows a brief increment on day 2, the 
microalgae cannot sustain without any photosynthesis 
activity which leads to premature death phase. 
Significantly improved growth curves were observed for 12 
and 24 h light cultures as illustrated in Fig. 3(b) and Fig. 
3(c) respectively. For both cultures, no lag phase was 
observed with a steep increase from the beginning of the 
culture period. This indicates that microalgae can adapt 
well in the medium with added leachate. 

 

 
Fig 4. Microalgae fixation rates under different light periods 
 

3.4. CO2 fixation by the microalgae 

Microalgae fixation rate is directly proportionate to the 
amount of total biomass produced. As illustrated in Fig. 4, 
the maximum CO2 fixation of 1.317 g CO2/L/day was 
achieved in the culture with 5% leachate and under 24 h 
light. In this culture, the continuous lighting and added 
nutrient from the leachate support longer photosynthesis 
activity that consumes CO2. 

At higher leachate concentrations of 10% and 15%, 
reduced light penetration due to the turbidity of the 
leachate might slightly hinder the photosynthesis process. 
As for the 12 h culture, shorter light exposure means 
reduce photosynthesis activity by the microalgae. The 
highest CO2 fixture was 0.772 g CO2/L/day, which was 
higher than CO2 fixation under the same light duration in 
BBM, 0.734 g CO2/L/day. This result was higher than that 
obtained by Jacob-Lopes et al. (2009), who achieved 0.562 
g/L/day when they cultured Aphanothece microscopica 
Nägeli in a photobioreactor using a synthetic medium with 
a 12 h photoperiod. In another study by Hariz et al. (2018), 
0.1208 g CO2/L/day fixation rate was obtained under RSM 
optimum conditions using Chlorella sp. cultivated in a 
palm oil mill effluent. The present study indicates that 
utilization of leachate for nutrient supply could provide a 
more viable option for large-scale CO2 biofixation. The cost 
for the chemical medium could be reduced; thus providing 
a more cost-effective microalgae culture system for long-
term sustainability. 

The outcome of this work has established the possibility 
of using leachate as a nutrient supply for Desmodesmus 
cultivation. However, the present study demonstrates that 
the microalgae tolerance level was considerably low at the 
5% leachate concentration. Higher percentage of leachate 
utilized could further reduce the cost for the commercial 
medium. Therefore, subsequent studies should focus on 
enhancing the tolerance of the microalgae to maximize 
leachate concentration in the culture medium. One 
possible approach is through the adaptation process, by 
gradually exposing the microalgae to higher leachate 
concentrations. In addition, the optimum condition on the 
light periods should also be determined in future studies. 
This is important for achieving high biomass production 
under the most desirable economic condition 

 

4. Conclusion 

This study demonstrated that addition of leachate as a 
nutrient supplement for Desmodesmus cultivation was a 
feasible alternative for reducing usage of a commercial 
medium. Microalgae assimilated the nutrient in the 
leachate for their growth, provided that the leachate was 
not added at an inhibiting concentration. Notably, the 
findings indicated that the final biomass yield was 
dependent on the photoperiods. Continuous light supply 
produced the highest biomass yield. This suggests that 
biomass production correlates with light availability 
rather than only nutrient concentration to achieve higher 
photosynthetic activity. Next, the CO2 fixation rate was 
found to be directly proportionate to the total biomass 
accumulation. This indicates that microalgae assimilated 
inorganic carbon as carbon source for biomass 
productivity. The present study validated viability of 
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leachate recycling for microalgae cultivation to produce 
high value biomass and efficient for CO2 fixation.. 
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