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Abstract

Illumination and nutrients are key factors to the biomass and biodiesel pro-
duction from microalgae. In this study, the effects of various light wavelengths, light
intensities and cultivation medium on the growth and lipid content of Chlorella vul-
garis were investigated by using LEDs (Light Emitting Diodes) with different wave-
lengths in an Internal LEDs-I1luminated Photobioreactor. C. vulgaris was grown for 10
days under 18:6 h Light/Dark cycles with different light colors (cool white, blue and
red) and intensities (50, 70, 90 and 110 pmol m s™). The effects of the illuminations
were investigated for different light intensity at 25°C culture temperature. The maxi-
mum dry biomass of 1353.33 mg/L was observed at cool white light of 110 ymol m™ ™!
during the 7™ culture day, with the highest overall dry biomass production (117.23 mg/
Ld") within cultivation time. The highest lipid content (34.06 %) was obtained with
the blue color due to light efficiency and deep penetration. Moreover, the highest lipid
productivity (31.86 mg/L d!') was observed in 50 pmol m? s with cool white lights.
The lipid productivity was further optimized by increasing the light intensity of cool
white light. The highest lipid productivity was observed at 110 umol m? s light in-
tensity of 658.99 mg/L during the 10" culture day. To conclude, the result of our study
shows that C. vulgaris cultivated with wastewater in photobioreactors is efficient in
producing algal biomass and removing nitrogen and phosphorus nutrient in wastewa-
ter sewage.
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Introduction
of microalgae-based biofuel generation on water consumption is

Global warming is a deteriorating international issue a concern. The water usage could be reduced by 90% if waste-

linked to the continuous rise in atmospheric carbon dioxide
(CO,) due to an increase in worldwide energy consumption with
the burning of fossil fuels!!l. A new alternative and sustainable
fuel source must be found to replace fossil fuel uses, and to
prevent global energy crisis. Microalgae, a promising biofuel
feedstock, with a much greater oil yield than terrestrial oilseed
plants, would be the next feasible renewable energy source. Mi-
croalgae can assimilate atmospheric CO, for sequestration so
as to reduce greenhouse gases'>’l. However, more than 3000 kg
water is required to produce 1 kg microalgal biofuel. The impact

water were applied for microalgae cultivation!®. The utilization
of microalgae in wastewater treatment is also a more environ-
mentally-friendly way for pollutant reduction, as it removes
nitrogen (N), phosphorus (P), metal ions and chemical oxygen
demand (COD) in sewage with high efficiency. The nutrients
such as nitrite, nitrate, ammonia and phosphate are identified as
the main cause of eutrophication and red-tide in natural waters®).
Nitrogen and phosphorus present can be used for microalgae
growth (organic pollutants into cellular constituents in lipid and
carbohydrate forms) and possibly lead to cost reductions in the
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cultivation of microalgae. Chlorella vulgaris (C. vulgaris) was
observed as one of the dominant microalgae strain by using sew-
age as the cultivation medium/>¢,

Recently, researches have focused on using close sys-
tem photobioreactor (PBR) for the wastewater treatment process
which is easier to control, has high biomass production and re-
duces risk of contamination”.. PBRs provide an artificial cultural
environment to cultivate microalgae with the adjustable growth
condition including lighting, nutrient and aeration. Light is the
major factor of photosynthesis and directly affects the cellular
metabolism. A light-emitting diode (LED) is a simply-designed
lighting device consisting of a two-lead semiconductor light
source usually installed in the PBRs. It is a p-n injection diode
and the light is emitted by Electroluminescence (EL) when ac-
tivated. The color of the light is dependent on the energy band
gap of semiconductor materials®. LEDs have the advantages,
including: (1) smaller size enabling it to fit into the PBRs for in-
door mass cultivation (2) longer life expectancy by 941%, 500%
stronger intensity (3) high conversion efficiency (4) tolerance
for continue switching on and off (5) lower heat dissipation!®!?,
Blue LED and red LED are the crucial light wavelengths for
microalgae growth and regulation of key enzymes which associ-
ated with photosynthesis and product formation.

C. vulgaris is also one of the common strains for com-
mercial biodiesel production. However, an optimal lighting
wavelength and intensity need to be found to cultivate the de-
sired fatty acid methyl ester (FAMEs) for commercial biodiesel
production, which requires increasing biomass production, so as
to increase the lipid productivity!!l. There are reports on the way
different light intensities and wavelengths alter the lipid profiles
of microalgae!'>"3), Light irradiation can only be controlled in
a close system PBRs or in a laboratory scale culture. Hence-
forth, PBRs has become one of the most common approaches
to optimize production of biofuel with microalgae!'¥). In our
previous study, PBR could effectively provide a high biomass
and lipid production rate'¥. In this study; we investigated the
potential of C. vulgaris for nutrient removal in BG-11 culture
medium and wastewater, by analyzing its biomass growth and
lipid production under varied light conditions. In the end, al-
gal cultivation is to be carried out in PBR with an internal LED
illumination system to remove nutrients in actual wastewater
collected from Hong Kong - Shek Wu Hui Sewage Treatment
Works (SWHSTW).

Materials and Methods

Microalgae media and cultivation

The microalgae C. vulgaris was obtained from Nam
Sang Wai in Hong Kong. In our previous studies, we observed
rapid growth rate and biomass productivity with this strain/'41],
To cultivate a live active state for our study, the strain was cul-
tivated in a controlled growth chamber (Thermo Science class-
room growth chamber) and set to 25°C under continuous illumi-
nation (approximately 50 pmol m? s with an 18:6 light: dark
cycle). Air mixing was supplied by air pump (Hailea V-30) in-
stalled with a filter (ADVANTEC DISMIC-250CS, 0.45 um). C.
vulgaris was cultivated in BG-11 medium.

Cultivation medium for experiment
For the analysis of light regimes and intensity, BG-11
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culture medium'® was prepared for the cultivation of C. vulgar-
is in our experiment. All media were prepared and autoclaved
(121°C for 1 hour.). The chemical was added into Milli-Q water
(with filtration and deionization). All chemicals used were ana-
lytical grade. In the final stage of our study, C. vulgaris was cul-
tivated with primary settled sewage collected from Hong Kong
Shek Wu Hui Sewage Treatment Works (SWHSTW) to prove
the feasibility of using our cultivation system.

Experiment setup

An internal LEDs-illuminated photobioreactor (PBR),
which was designed and constructed in our previous research,
was used with some modification in this study!'¥. The PBR
was made with transparent acrylic materials. The PBR design
is shown in Figure 1. The dimension of the column PBR was
60.0 cm (height) % 20.0 cm (diameter), with openings at the top
and bottom. The thickness of the column wall was 0.3 cm. The
perforated pipe sparger was located 3 cm from the bottom of the
reactor with a supply of ambient air at the flowrate of 1 L/min.
The PBR received artificial aeration through an air pump (Hailea
V-30) and an installed filter (ADVANTEC DISMIC-250CS,
0.45 pm). Internal LED strips of three different colors, which
were red, blue and cool white, were built in the inner tube of the
PBR. The colors, wavelengths and various light intensities are
shown in Table 1. The switchers could control the on/off of the
LED strip and its light intensity. The inner tube (light source)
was positioned 1 cm away from the culture to avoid damage to
microalgae by overheating!'”!. Light intensity was measured with
a scientific light meter (International Light Technologies ILT
1400). The PBR was placed in a cabinet covered with a black
cloth to minimize the effect of light disturbance. C. vulgaris was
cultivated in the PBR under batch mode cultivation. The culti-
vation time for this experiment was 10 days with 18:6 light/dark
cycles, and with an initial cell concentration of C. vulgaris of
approximately 1 x 10° cells/ml. Each experiment was performed
in triplicates so as to ensure reproducibility of results.

Table 1: Illumination setting and parameters of the internal LEDs-illu-
minatedphotobioreactors.

LED LED . 2 ol
color wavelength Irradiance, PAR value (pnmol m? s)
Red 660 nm

Blue 457 nm 50 70 90 110
Cool 5300 K

white

At the first stage of our experiment, optimal light
wavelengths for C. vulgaris were determined using different
light wavelengths of the PBR (red, blue and cool white, with 50
umol m? s). For the experiment result with various regimes,
the growth of C. vulgaris was further optimized with the best
light wavelengths with varied light intensities of 50, 70, 90, 110
umol m? s, The effects of dry biomass concentration, growth
rate, cells per ml, change of nutrient concentration (nitrogen,
phosphorus) were all investigated within the cultivation peri-
od. Finally, algal cultivation is to be done in our PBR with 110
umol m? s aims at removing nutrients in wastewater collect-
ed from Hong Kong - Shek Wu Hui Sewage Treatment Works
(SWHSTW)U81,
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Figure 1: The Internal LEDs-Illuminated Photobioreactor.

Measurement of cell numbers, biomass and specific growth
rate

The “Phytoplankton Counting Techniques” ) method
was used to determine cell count (cells mL') by counting cell
chambers (Sedgwick-Rafter) through a light microscope. Al-
gal biomass samples were filtered using glass fiber filter paper
(ADVANTEC type GC-50, 47 mm diameter, 0.45 pm). The dry
weights of the algal samples were measured by drying the filter
paper at 105°C overnight. The initial and final weight of the fil-
ter paper was weighed using the lab analytical balance (AND
HR-200). Biomass content was calculated from microalgae dry
weight produced per liter (mg/L). The specific growth rate (p) at
the exponential phase was calculated using the following equa-
tion:

w="Ln (x/x )(t,t) )

where x, and x| are the final and initial biomass concentrations at
times t, and t,, all respectively.

Measurement of nutrient concentration in the cultures

For nutrient analysis, (Nitrogen-Nitrate, Nitrogen-Am-
monia and Phosphorus-Orthophosphate), the samples were fil-
tered through glass fiber filter paper (ADVANTEC type GC-50,
47 mm diameter, 0.45 um) and frozen at -35°C for later analysis.
On the day of nutrient analysis, the samples were thawed and
allowed to reach room temperature. A UV-1800 UV spectro-
photometer (Shimadzu) was used to measure the wavelength to
analyze the nitrate concentration. Nitrate concentration (NO,-
-N) was measured using the standard method for Nitrogen—Ni-
trate (NO,-N) Ultraviolet spectrophotometric screening method
at 220 nm and 275 nm™. Phosphorus concentration (PO,*-P)
was measured using the Phosphorus-Orthophosphate, PO, *-P
ascorbic acid method®!. A DR/890 portable colorimeter (HACH
Company, Colorado, and U.S.) and appropriate test kits were
used to analyze nutrient content. Method 8155 Nitrogen, Am-
monia (0 to 0.5 mg/L NH,-N) for water, wastewater, and sea-
water, Method 10071 Nitrogen, Total, Test ‘N Tube (0 to 25.0
mg/L N) for water, wastewater, and Method 8048 Phosphorus,
reactive (0 to 0.50 mg/L PO,*) for water, wastewater and sea-
water, Phosphorus, Total USEPA PhosVer® with Acid Persulfate
Digestion Method Test ‘N Tube™ Vials (0.02 to 1.10 mg/L P)
of the DR/890 portable colorimeter procedures manual (HACH
Company, Colorado, U.S.) was followed. The maximum theo-
retical and expected nutrient concentrations were calculated and
the sample was diluted if needed.
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Determination of lipid content

Total lipid content was determined using Bligh and
Dyer (1959) with modifications™. C. vulgaris culture was iso-
lated and freeze dried (Labconco free zone 4.5). Approximately
0.05g of freeze dried algae sample was used for lipid extraction.
The lipid extraction using a mixture of 2 ml chloroform and 2 ml
methanol (1:1)?2. 2 ml of 0.88% NaCl was added to the mixture
to improve the performance of lipid extraction. The mixture was
shaken vigorously and centrifuged at 5000 rpm for 3 minutes.
Methanol/water (top phase) and chloroform (bottom phase) were
observed. The chloroform layer was further purified sodium sul-
phate anhydrous powder and collected into the weighted beaker.
The organic solvents inside were evaporated by flushing under
high purified nitrogen gas. The remaining lipids were weighed.
This provided the percentage of lipids in algal dry weight. Lipid
productivity (mg/L) was calculated using the formula:

Lipid content (%) x dry biomass (mg/L) 2)

Optimization of light intensity of the photobioreactor using
Response Surface Methodology

Optimization of the light intensity in specific wave-
lengths was carried out using Matlab R2015a version. Ideal cul-
tivation time and light intensity for C. vulgaris were identified
via different experiments, to improve the biomass production.
Response surface methodology was used to determine the opti-
mal light intensity for the growth of C. vulgaris. The response
surface plot was fitted by second-order model.

Statistical analysis

All experiment results were expressed as means of +
standard deviation (SD) from each of the experiments. The sta-
tistical analysis was carried out using SPSS software (Version
21). The lighting condition was tested statistically using one-
way analysis of variance (ANOVA) and post-hoc Turkey’s hon-
estly significant difference (HSD) test. The significant level was
set to P <0.05.

Results and Discussion

Effect of growth rate of C. vulgaris in different illumination
color and wavelength

In this study, batch cultures of C. vulgaris were culti-
vated in BG-11 medium prior to nitrogen depletion and the effect
of light regimes™. ANOVA indicated that the light regime sig-
nificantly (p < 0.05) affected the dry biomass concentration of C.
vulgaris in the cultivation period. Figure 2a shows the dry bio-
mass concentration of C. vulgaris under different wavelengths.
The cultures were sampled at 48-hours intervals with an initial
dry biomass concentration of 176 mg/L. Generally, the dry bio-
mass of the batch cultures increased from day 1 to 10. From the
overall trend in growth rates, C. vulgaris grows best under cool
white light compared to blue and red lights. When compared to
the other light conditions, a significant higher growth rate was
observed in the cool white illumination condition starting from
day 5. After day 7, the growth tended to slow down due to nu-
trient depletion (Figure 3a and Figure 3b). C. vulgaris showed a
decrease in biomass concentration under the red light condition
after day 7. Figure 4 illustrates the concentration of cell numbers
of C. vulgaris in different light regimes. C. vulgaris reached the

J Marine Biol Aquacult | volume 2: issue 2



LEDs-Illuminated Photobioreactor and effects on algal Biomass

highest cell numbers per ml in cool white light at day 10 of the
cultivation period, with 2.19 x 107 cells/ml (Table 2). The C.
vulgaris cultivated in cool white light showed a higher specific
growth and division rates.

Figure 2a: Dry biomass concentration of C. vulgaris in different wave-
lengths.

Figure 2b: Growth rate of C. vulgaris in different wavelengths.

Figure 3a: NO,-N concentration (mg/L) in different wavelengths.
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Figure 3b: PO,-P concentration (mg/L) in different wavelengths.

Figure 4: Growth curve (cells/ml) of C. vulgaris in different wave-
length.

The absorption of light from the artificial LEDs is done
by the photosynthetic organelles, depending on the chemical
nature of pigments in C. vulgaris. The pigment group includes
chlorophylls, carotenoid and phycobilins¥. For a better growth
of the microalgae, the exposure of light regimes (wavelengths)
in the cultivation period should match the pigments absorption
band. The absorption band of the chlorophyll of C. vulgaris is
blue and red region™!l. Cool white LEDs provide both the red
and blue spectrums which are the most efficient light source!!!4.
In recent studies, red light has been reported more effective than
blue light for photosynthesis and biomass production!!’?], Red
emission spectrum fits the excited states of ‘a and b’ chloro-
phylls, which is the pigment in light harvesting antenna com-
plexes (LHC) of green microalgae!'!. However, in our study, C.
vulgaris worked more efficiently in blue light than in red light.
Overall, cool white light (composed of red, blue and visible light
wavelengths) showed a better growth rate of C. vulgaris in our
PBR system.
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Table 2: Cell concentration, dry weight and end point pH value of C. vulgaris cultured under different light regimes.

Treatment Cell concentration (x 107cells/ml) | Dry weight (mg/L d™) Maximum dry weight (mg/L) End point pH
Cool White 2.19+0.15° 11833 £1.75* 1170 £ 10.00° 8.85+0.15
Blue 2.00 +0.05° 60.33 +£2.08° 780.00 + 5.88° 8.95+0.10
Red 0.68 +0.03° 22.67 +1.52° 458.33 £ 18.92° 8.95+0.12

Each value is the mean of triplicated results. For each factor, different superscripts across a column indicate significant differences between means

(ANOVA, Tukey’s test, p < 0.05). Data are mean =+ standard deviation.

Optimization of the biomass production with increasing
light intensity

Light is important for C. vulgaris photosynthesis: ex-
cess or insufficiency results in a poor performance of the bio-
mass yield. The increasing light intensity can further increase
the biomass production of C. vulgaris. However, microalgae
growth is inefficient at an extreme high light intensity due to the
occurrence of photo inhibition, and this also affects the growth
of microalgael®. At the second stage of the experiment, the cool
white light intensity varied with 50, 70, 90 and 110 umol m? s’
We assumed that the biomass production in the cultivation peri-
od gently increased to the optimal point and then decreased af-
terward. One-way analysis of variance (ANOVA) revealed that
the variation of light intensity (cool white light) was significant
(p < 0.05) for the dry biomass concentration in the cultivation
period. A three-dimensional plot of the response surface meth-
odology (RSM) was used to analyze the effects between varied
light intensity, cultivation time (day) and the dry biomass con-
centration. The response surface plot for the evaluated response
of the light intensity is presented in Figure 5. The correlation
coefficient (R?) gives an indication of the regression of the mod-
el. In optimizing a response surface, a second degree fit of the
model was applied to avoid poor or ambiguous results?”!. The
value of the correlation coefficient (R?) of the response surface
plot was 0.9297. It additionally showed that 7.03% of the total
variability could not be explained by the model. Moreover, R?
value was adjusted to correct the response surface plot for the
light intensity and cultivation time relative to the dry biomass
concentration. This resulted with R* . = 0.9101. When the val-
ues of R* and R, 5 were higher, the degree of fitness was closer
to the model®. This model diagnostic is appropriate to explain
the effect of the changing light intensity. Deduced by the optimal
point of the response surface plot, the dry biomass concentration
was the highest at 1503 mg/L, at the cultivation time 10.32 day,
and light intensity of 107 pumol m? s’

Figure 5: Effect of cool white light intensity and cultivation (day) on
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growth (dry biomass) concentration of C. vulgaris. Predicted response
surface plot, light intensity range from 50 to 130 pmol m? s! and culti-
vation time range from 0 to 14 days. The dots indicate the actual read-
ings from our experiment. Yellow color represents the highest floccu-
lant concentration, while dark blue represents the lowest.

Higher irradiance positively affected the dry biomass
concentration and growth rate of C. vulgaris within the culti-
vation period. In our experiment result, a maximum biomass
concentration of 1353.33 mg/L was observed at 110 pmol m?s™!
during the 7™ culture day (Figure 6a). The overall dry biomass
productivity (mg/L d') observed was 50 umol m? s, 21.70;
70 umol m? s, 110.67; 90 umol m? s, 106.53; 110 umol m™
s, 117.23. In comparison with stage one of our studies, the C.
vulgaris achieved a higher growth rate with an increased light
intensity. A higher light intensity is enough to saturate the large
volume fraction of the PBR, and result in a higher growth rate!?l.
The dry biomass concentration of C. vulgaris increased until the
saturation intensity and nitrogen depletion were observed. The
light intensity of 50 umol m™ s showed a slow growth rate of
C. vulgaris. However, at a 110 umol m?s light intensity, the
growth rate was slower when compared with a 90 umol m? s*!
light intensity during the first seven days of cultivation time
(Figure 6b). High light intensity resulted in photo oxidation re-
action in the microalgae cells and caused the excess light not
to be absorbed by the photosynthesis apparatus™™-%, Excessive
light intensity causes the photosystem to overload, with pig-
ments bleach and a break down in the photosystem II (PS II).
It was also observed that the maximum growth of C. vulgaris in
70, 90 and 110 pmol m s light intensities occurred during the
7™ day of cultivation. The growth rate of C. vulgaris dropped
drastically after the 7" day of cultivation (Figure 6b). An opti-
mized light intensity is approximately 110 pumol m? s to culti-
vate C. vulgaris in the PBR system, to lower the cost of biomass
production and to obtain the highest biomass yield.

Figure 6a: Dry biomass concentration of C. vulgaris in different light
intensity of cool white light.
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Figure 6b: Growth rate of C. vulgaris in different light intensity of cool
white light.

Lipids yield and lipid productivity on different light wave-
lengths and intensities

Dry lipid weights indicate the amount of lipid accumu-
lated within the cultivation period. One-way analysis of variance
(ANOVA) revealed that the variation of light wavelength was
significant (p < 0.05) to the lipid content of C. vulgaris. The
initial lipid content on day 0 of all the cultures was 15.88%. On
day 10, the percentage of lipid ranged from 23.55% to 34.06%
(Figure 7a). The maximum lipid yield was obtained with the
blue color at 34.06% with an 18.18% increase during the culti-
vation period. Cultivations in the three light colors (cool white,
blue and red), both observed an increase of the lipid yield (%) in
C. vulgaris. The lipid productivity of C. vulgaris was shown in
Figure 7b. The initial lipid productivity on day 0 was 5.90 mg/L.
The highest lipid productivity observed was with the white col-
or of 318.63 mg/L. Overall, the lipid productivity was observed
with cool white light at 31.86 mg/L d*!, blue light at 25.56 mg/L
d"! and red light at 12.90 mg/L d'.The total lipid productivity is
closely related to the dry biomass production and the lipid yield
in C. vulgaris cells. C. vulgaris cultivated under blue light had
the highest lipid content. However, due to the lower biomass
productivity, cool white light produced the maximum lipid pro-
ductivity within the cultivation period. The blue spectrum LED
light affects the enzymes (Ribulose bisphosphate carboxylase/
oxygenase and carbonic anhydrase) activity, and trigger a higher
accumulation of triglycerides®'*2l. We found that the LED wave-
lengths significantly affected the biomass and lipid production
of C. vulgaris cultivated in PBR.

Figure 7a: Lipid content of C. vulgaris in 50 pmol m? s™! in different
light wavelengths
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Figure 7b: Lipid productivity of C. vuigaris in 50 pmol m? s in dif-
ferent light wavelengths.

The lipid productivity can be further optimized by in-
creasing the cool white light intensity of the PBR setting and ob-
serving the change of biomass and lipid content of C. vulgaris.
One-way analysis of variance (ANOVA) revealed that different
cool white light intensity was significant (p < 0.05) to the lip-
id content of C. vulgaris. The initial lipid content on day 0 of
all the cultures was 16.99%. On day 10, the percentage of lipid
ranged from 32.12% to 48.79% (Figure 8a). The maximum lipid
yield was obtained in cool white light of 110 umol m? s at an
intensity of 48.79% with a 31.8% increase during the cultivation
period. Cultivation in all the intensities of cool white light led
to an observed increase of the lipid yield (%) in C. vulgaris.
The lipid productivity of C. vulgaris is shown in Figure 8b. The
initial lipid productivity on day 0 was 35.99 mg/L. The highest
lipid productivity of 658.99 mg/L was observed at 110 pmol m
s light intensity. Higher irradiance on cultivation of C. vulgaris
displayed higher growth rate of microalgae cells and higher lipid
productivity. Moreover, a continued increase of light intensity
induces the formation of storage lipid, triglycerides. The Tria-
cylglycerol (TAG) production acts as a protective mechanism
for the cells to prevent further damage from photo oxidation!"].

Figure 8a: Lipid content of C. vulgaris cultivated in different light in-
tensity.
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Figure 8b: Lipid productivity of C. vulgaris cultivated in different light
intensity.

Wastewater treatment of Chlorella vulgaris on nutrient re-
moval

In the final stage of our study, we studied the cultivation
of C. vulgaris in primary settled wastewater collected from Hong
Kong - Shek Wu Hui Sewage Treatment Works (SWHSTW).
The wastewater collected had passed the preliminary screening,
grit removal and sedimentation process. The batch culture of C.
vulgaris cultivated in our PBR under 110 pmol m? s! was stud-
ied for the uptake of nutrient in wastewater. The nutrient remov-
al was indicated by the measurement of Total Nitrogen (TN),
Total Phosphorus (TP), NO,-N, NH,-N and PO,-P.

The data presented in Figure 9 indicates that the NO,-N,
NH3-N and PO,-P was significantly reduced up to 100% nutri-
ent removal and a high dry biomass concentration of 2600.33
mg/L on the 10" day of cultivation. All nutrient concentration
decreased rapidly by the assimilation of C. vulgaris within the
first 6 culture days. Our study showed that C. vulgaris could
use either ammonia or nitrate to be the major source of nitrogen
for the growth of algal biomass®. However, the growth of C.
vulgaris was observed under stress of nutrient limitation. The
culture medium (wastewater) with higher nutrient concentration
input may further achieve a higher algal biomass concentration.
The results of our study showed that C. vulgaris cultivate with
wastewater in PBR was efficient in producing algal biomass,
and in removing nitrogen and phosphorus nutrient in wastewater
sewage collected after the primary treatment process. The ap-
plication of algal cultivation could be the new idea for the treat-
ment of wastewater. The abundance of the nutrient in primary
settled wastewater was sufficient for the cultivation of C. vulgar-
is combined with the cultivation in the PBR. Overall, microalgae
could become beneficial in nutrient removal in wastewater and
achieved a cost effective algal biomass production.

Wong Y.K., et al.

Figure 9: (a) Dry biomass concentration, (b) Nutrient concentration
(NO,-N, PO,-P, NH,-N), (c) Nutrient concentration (TN and TP) of
C. vulgaris cultivated in primary settled wastewater collected from
SWHSTW.

Conclusions

Cool white light was the optimal LED regime (wave-
length) for biomass production of C. vulgaris. Predicted from
the response surface plot, the highest dry biomass concentra-
tion of 1503 mg/L was reached at cultivation time 10.32 days,
at the optimal light intensity of 107 umol m? s for C. vulgaris
cultivation in PBR. For the lipid production, cultivation under
cool white light (110 pmol m? s'), resulted in a highest total
lipid productivity of 658.99 mg/L during the 10th culture day. To
conclude, C. vulgaris cultivated with wastewater collected from
SWHSTW in PBR was successful in producing algal biomass
and in removing nitrogen and phosphorus nutrient in wastewater
sewage.
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