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Abstract The marine microalga Chlorella sp. (PSDKO1)
was cultured in shrimp-cultured effluent under different
initial population densities (IPDs) ranging from 0.25 to
12.0gL~! for dual purpose (excess nutrient consumption
and biomass productivity). It was found that the IPD had
affected the nutrient consumption and biomass significantly
(P < 0.001). A higher biomass productivity compared
to that of other IPDs was achieved in 0.5gL~! IPD, and
the concentration had reached 0.78 gL' d~!. In the same
time, higher IPD derived higher biomass concentration (up
to 5.5gL~") in 6 days growth, but at the end of the experi-
ment (9th day), the biomass was slightly decreased (2 %). In
the current observation, while starting IPDs 0.25-0.5 gL_l,
with the increase in IPD, the biomass productivity also
increased, when IPD exceed the 0.5 gL_l, the biomass
productivity reversely decreased. The maximum nutrients
consumption was recorded in 0.5gL~! IPD at the end of
the experiment (9th day) as 96, 69, and 67 % for phos-
phate, nitrate, and nitrite, respectively. However, the high-
est NH; consumption (63 %) was observed in 0.25 gL " on
9th day. Maximum ammonia consumption in other IPDs was
resulted at 6th day, after that ammonia concentration was
slightly increased from the previous concentration due to
the decay of microalgae. Based on these results, to obtain
the maximum nutrient consumption and biomass produc-
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tivity of Chlorella sp. (PSDKO1) in diverse wastewater on
large-scale level, it is necessary to select a suitable IPD at
around 0.5gL ™.
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1 Introduction

Aquaculture industry is one of the major concerns of pol-
lution along the coastal water. Various environmental rules
have been implementing strictly in order to reduce water pol-
lution. So, issues have been arised in terms of water quality
and other biological organisms, the fight against pollution has
become a major issue. Wastewater from aquaculture is one
of the eutrophic sources that could cause some problems like
eutrophication and contamination when excessively released
due to its high contents of nitrogen and phosphorus [1-5]. It
would be necessary and beneficial to treat the aquaculture
wastewater before it is being released into larger water bod-
ies. Microalga is one of the nature’s gifts; the use of microal-
gae for the removal of nutrients is attractive because they are
able to serve in multiple functions such as bioremediation as
well as generating biomass for biofuel production with con-
comitant carbon sequestration [6—8]. In addition, wastewater
remediation by microalgae is also an eco-friendly method
since it does not discharge any secondary pollutant as long
as the biomass produced is continuously reused and thus an
efficient nutrient recycling is maintained [7,9—-11]. Culturing
algae in the wastewater using immobilized biosorption tech-
niques is commonly used for bioremediation. On the other
hand, commercially available artificial culture media (ACM)
and live feed are widely utilized for cultivating algae; ACM
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plays a major role in microalgal culture. There are a num-
ber of predictable media, such as Walne’s or Conway, F/2
media, Miquel’s, and Scheiber’s, being used for the culture
and maintenance of microalgae in research laboratories as
well as in fish and shrimp hatcheries [12,13]. Usually, the
artificial media contains varieties of inorganic recipes. The
production of ACM is tedious and often too costly. Moreover,
the microalgae can effectively remove the surfeit nutrients
from the water and fix the carbon from the atmosphere by
photosynthesis activity [14,15]. They consume nitrogen and
phosphorous as well as the carbon sources from the waste-
water. Therefore, culture of marine microalgae in the aqua-
culture wastewater may serve as a potential and sustainable
approach toward the wastewater treatment [16, 17] compared
to other treatment methods [18]. Solely, limited studies were
carried out on the marine microalgae culture using waste-
water from aquaculture farm for a dual purpose like nutrient
removal and biomass productivity. The microalgal species
such as Skeletonema costatum, Chaetoceros coarctatus [19],
Chlorella sp. [20], and Chlorella marina [11] were used for
the above purpose. In this work, Chlorella sp. (PSDKO1)
was used to treat the shrimp-cultured water by culturing. The
influence of microalga inoculation density on the growth rate,
nutrients removal efficiency, and biomass productivity was
investigated.

2 Materials and Methods
2.1 Stock Culture

The water sample was collected from the Palk Bay region
of Muthukuda coast (Lat. 9°51'48” N; Long. 79°7'15" E),
Tamil Nadu, southeast coast of India. Isolation and identi-
fication of microalgae was done by agar plating technique
[21]. Indoor cultivation of microalgae was done under con-
trolled conditions. Chlorella sp. (PSDKO1) was inoculated in
2,000-mL Erlenmeyer flask containing 800 mL of sterilized
seawater by adding Walne medium [22]. Chemical compo-
sition of the Walne medium is as follows: 1.3 g of FeCls -
6H,0, 0.36 g of MnCl; - 4H>0, 33.6 g of H3BO3, 45.0 g of
EDTA (Disodium salt), 20.0 g of NaH,PO4.2H,0, 100 g of
NaNO3 100.0g and 1 mL of trace metal solution (2.1g of
ZnCly, 2.0 gof CoClp 6H,0,0.9 g of (NH4)6Mo07024-4H; 0,
2.0g of CuSOy4 - 5SH>0 in 11 of distilled water), 10.0mg of
vitamin B, (cyanocobalamin), 10.0mg of vitamin B (thi-
amine. HCI) and 200.0 pg of vitamin H (biotin) in to the
100 mL of distilled water. Microalgae inoculum of 10 % was
added to the culture flask provided with 12:12-h light (5,000
lux) and dark cycle. After 5-8 days, the maximum exponen-
tial phase was obtained. Temperature in the range of 23 and
25 °C was furnished with a salinity of 30 ppt maintained for
the entire culturing period.

Springer

2.2 Microalgae Inoculation and Experimental Conditions

Indoor-cultured Chlorella sp. (PSDKO1) was harvested after
6days, and the microalgal cells in exponential growth phase
were obtained by centrifuging at 5,000 g for 10 min. Then,
the pellets were resuspended in different volumes of steril-
ized seawater to prepare seven levels of cell density: 0.25,
0.5, 1.0, 2.0, 4.0, 8.0, and 12gL_1. The resuspended cul-
tures were transferred to a round-shaped 31 plastic container
filled with wastewater and provided with vigorous aeration
using fish aquarium motor for avoiding settlement. Two flu-
orescence bulbs with 5,000 lux capacity were furnished to
enable 12:12-h light and dark cycle. The wastewater sample
(100mL) was collected from the chamber for every 3 days
for the analysis of nutrients.

2.3 Evaluation of Nutrients Removal and Biomass
Productivity

During the sampling period, the nutrients (PO4, NO3, NO,,
and NHy) were estimated according to Strickland and Par-
sons [23] and Jenkins and Medsken [24]. The algal bio-
mass was estimated by the gravimetric method according
to Richmond et al. [25] with minor modifications. A 10-mL
aliquot of the culture was vacuum filtered onto a pre-weighed
(IW) glass fiber (GF/C) filter paper (pore size 0.45 um), and
washed twice with 10 mL distilled water to remove adhering
inorganic salts. After drying overnight in an oven at 105 °C,
the weight of algal cells along with the filter paper was mea-
sured (FW). The biomass concentration was calculated as:

. 1 FW — IW
Biomass (g L ) = —
10/1,000

2.4 Stastical Analyses

The statistical relationship between primary microalgal cell
density (0.25, 0.5, 1.0, 2.0, 4.0, 8.0, and 12.0gL71) and
experimental duration (initial, 3rd day, 6th day, and 9th day)
was assessed using two-way analysis of variance (ANOVA)
using by GraphPad Prism (version 5.0) software.

3 Results
3.1 Consumption of Inorganic Nutrients by Microalga

Phosphate consumption was significantly influenced by ini-
tial population cell density (P < 0.01) and the experimen-
tal duration (P < 0.001) (Table 1; Fig. 1). In the experi-
ment, the maximum consumption (96.6 %) of POy resulted
in 0.5gL~'IPD (P < 0.001) on the final day of the exper-
iment, and second IPD (62.6 %) was obtained in l.OgL_1
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Table 1 Nutrients 1
concentration (PO}, NOj, IPD (gL 1) 0.25 1.0 2.0 4.0 8.0 12.0
NO5 g and NH3_ ) under different Phosphate (i mol L1 )
IPDs in shrimp-cultured effluent
Initial 0.30? 0.30P 0.30P¢ 0.302 0.302 0.30? 0.30?
3rd day 0.24% 0.19b¢ 0.24%¢ 0.272 0.272 0.282 0.282
6th day 0.212 0.07%¢ 0.19%¢ 0.222 0.232 0.24% 0.252
9th day 0.20? 0.012 0.112 0.172 0.212 0.232 0.272
Nitrate (). mol L b
Initial 3.00P¢ 3.00° 3.00P¢ 3.00b¢ 3.00? 3.00% 3.002
3rd day 1.90%-¢ 1.20° 2.87b¢ 2.828:¢ 2.75% 2.902 2.972
6th day 1.27% 1.02¢ 1.978¢ 1.99%-¢ 1.90% 2.26% 2.682
9th day 1.05% 0.93% 1.24% 1.35% 1.47% 2.20° 2.542
Nitrite (u mol L™1)
Initial 3.80b-¢ 3.80P 3.80b-¢ 3.80? 3.80? 3.80? 3.802
3rd day 3.35%¢ 3.10P¢ 3.00P¢ 2.802 2.792 2.902 3.002
6th day 2.65%¢ 2.402-¢ 2.60%-° 2.65% 2.542 2.792 2.912
9th day 2.122 1.25% 1.482 2.492 2.502 2.702 2.852
Ammonia (L mol L~1)
Initial 11.9° 11.90°¢ 11.90°¢ 11.90b-¢ 11.9 11.902 11.902
a.b. ¢ Values within a column 3rd day 9.30b-¢ 10.20%-¢ 10.50%-¢ 10.90%-¢ 10.42 10.602 10.702
with different superscripts are 6th day 7.50%¢ 8.10% 8.60%¢ 8.92&:¢ 8.90* 9.20* 9.50*
significantly different 9th day 4.30° 6.80° 6.98 7.30° 9.10° 9.50° 9.90°
(P < 0.05)
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Fig. 1 Effect of IPD on phosphate consumption from the aquaculture
effluent

(P < 0.01) at the end of the experiment (9th day). The
concentration of phosphate significantly reduced from 0.3 to
0.01 and 0.3 to 0.11 wmol L™!, respectively, while using 0.5
and l.OgL*1 IPDs. The other IPD’s setups (0.25, 2.0, 4.0,
8.0, and 12.0gL~") did not show any significant variation in
nutrient consumption during the study period.

Consumption of NO; (69 %) was quiet lower than that of
the PO4 (96 %) during the experiment. The nitrate consump-

Initial population density (g L'I)

Fig. 2 Effect of IPD on nitrate consumption from the aquaculture efflu-
ent

tion was significantly varied (sampling periods—P < 0.001;
IPD—P < 0.01) during the experiment. The maximum
nitrate consumption (69 %) was found in 0.5gL~' IPD,
and the concentration of nitrate was reduced from 3.0 to
0.93 wmol L~! (Fig. 2). The IPDs 0.25, 1, and 2 showed sig-
nificant variation on the consumption of nitrate (P < 0.01).
The percentage of nitrate consumption at 0.25, 1, and 2 IPDs
were 65, 58, and 55 % respectively. First, two sampling (3rd
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Fig. 3 Effect of IPD on nitrite consumption from the aquaculture efflu-
ent

and 6th) periods showed the 40 and 15 % of NO; consump-
tion, which was higher when compared to that in 9th day
(8 %). The rate of nitrate consumption by microalgae quickly
decreased after 6th day of the experiment.

The consumption of nitrite shows significant variation
(P < 0.001) with respect to cultivation periods, but did
not show any significant variation with the IPDs. Among
the experiment with seven IPDs, the most efficient nitrite
consumption (67.1 %) was recorded in 0.5 gL_1 IPD on 9th
day (P < 0.01) (Fig. 3). The second (61 %) was obtained in
1.0gL=! IPD on 9th day (P < 0.05). The other IPDs did
not show any significant nitrite consumption.

Ammonia consumption was significantly influenced by
both IPD and cultivation periods. The maximum (64 %)
ammonia consumption was recorded in 0.25gL~! IPD on
9th day (P < 0.001), where the concentration was reduced
from 11.9 to 4.3umol L™!. Compared to other organic
nutrients consumption, ammonia showed reverse result in
case of maximum consumption noticed at 0.25gL~! IPD.
The other IPDs (0.5, 1.0, and 2.OgL_1) consumed 42 %
(P <0.01),41% (P < 0.01),and 38 % (P < 0.05), respec-
tively (Fig. 4). At4.0, 8.0, and 12.0 gL’1 IPDs, the ammonia
slightly increased after 6th day of the experiment which was
reported as 2, 3, and 3.3 % respectively.

3.2 Effect of IPD on the Algal Growth

Figure 5 shows the algal growth curve under different
IPDs. The biomass of Chlorella sp. (PSDKO1) increased
with increasing PDs till 6th day followed by a slight
decrease. Higher IPDs could get higher biomass concen-
tration, but the daily biomass productivity was decreased
(Fig. 6). For example, when IPD was 0.5gL~!, the cell
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Fig. 5 Effect of IPD on algal biomass using aquaculture effluent

growth reached 4.6gL~! on 6th day, the highest bio-
mass productivity was only about 0.78gL~'d~! (Fig. 7).
However, when IPD was 12.0gL~!, the cell growth reached
5.5gL~! on 6th day, but the daily productivity decreased
to O.?)SgL_1 d~!. Furthermore, when IPD was about
0.25g L' or lower, there was a longer lag time of
about 3 days. Nutrients concentrations were found to be
decreased for all the seven IPD treatments during the exper-
iment. The fastest consumption of nutrients was occurred
at IPD of 0.5¢g L~ !, and on day 9, at which more than
60 % nutrients (POZ+—96 %; NO;—69% and NO, —
67 %) had been utilized by the Chlorella cells except ammo-
nia (40 %).
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4 Discussion

Commonly, shrimp pond effluent has been a very high load of
solid particles in suspension, which contributes to increased
turbidity [26,27]. This high concentration of solid particles
in the marine environment limits the light absorption by the
primary food producers affecting the photosynthetic capac-
ity of phytoplankton and their growth. To reduce the pressure
of solid material in suspension on microalgae growth, the
shrimp effluent used in the experiment was subjected to two
days of sedimentation, which reduced turbidity by around
90 % since natural sedimentation effectively reduced the tur-
bidity from the effluent. This result was confirmed by the
previous reports [27-29].

During the culture of microalgae in wastewater, their ini-
tial population density (IPD) played a significant role in nutri-
ents and other pollutant removal. Some researchers had inten-

090 -
0.80 -
0.70 4
0.60 -
0.50 - ]
040
030 -
0.20 -

Biomass productivity (g L' d'1)

0.10 -

0.00 T T T T T T 1
025 05 1 2 4 8 12

Initial population density (g L)
Fig. 6 Effect of IPD on daily biomass productivity of Chlorella sp.
(PSDKO1) using aquaculture effluent

Fig. 7 Harvested biomass with
reference to different IPDs

sively studied the relationships between the IPD and growth
of different species of microalgae [30-32]. All the work has
demonstrated that IPD plays a major role in the wastewater
treatment using microalgae. But, there are no reports on IPD
of microalgae to remediate wastewater, especially for marine
microalgae. Chen et al. [33] have reported the influence of
IPD on the growth, biomass, and lipid production by using
Nannochloropsis sp. in artificial seawater. Another work was
carried out by Courtois de Vigose et al. [34] for the effect of
initial inoculums cell density (IICD) on the growth and bio-
chemical variation.

Among the seven IPDs (0.25, 0.5, 1.0, 2.0, 4.0, 8.0,
and 12.0g L™!) tested, the maximum biomass productivity
(0.78g L~'d~") was obtained at 0.5gL~" IPD while low-
est IPD (0.25gL~") results lower biomass productivity and
low nutrient consumption. IPD of 0.5g L™ resulted higher
biomass productivity leading to a faster nutrient consumption
due to the increased algal cell growth compared to other IPDs.
The maximum nutrients (PO?ﬁ, NO; and NO, ) consump-
tion were noticedin 0.5 g L~! IPD except ammonia. The con-
sumption of ammonia was found to be highin 0.25 g L~ IPD.
Higher IPDs (1.0-12.0gL~") resulted low biomass produc-
tivity and nutrient consumption. Although a higher biomass
concentration could be obtained at the end of the experiment.
These different responses of the algal culture to be affected
by IPD might be due to the lighting conditions under which
the cells grow. Under moderate IPDs, the light source cap-
tured by microalgal cells was “oversaturated,” which led to
down-regulated photosynthesis rate, while under high IPD
treatments, the light energy was insufficient to support con-
tinuous fast growth as agreed by early workers [33,34]. Chen
et al. [33] have proved that lower IPDs (0.98 gLL.~!) can pro-
duce higher biomass productivity and lipid production com-
pared to higher IPDs (2.63-9.09 gL.~!). Courtois de Vicose
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et al. [34] have found the higher biochemical compositions
in the low (0.10 x 107% cells/mL) initial inoculums cell
density (IICD) compared to higher (0.25 x 1076 cells/mL)
IICD.

A strong relationship was found between nutrients con-
sumption and biomass concentration in the present exper-
iment. The maximum consumption of POi+ (92 %), NO5
(69 %), and NO, (67 %) was recorded at the end of the
treatment when biomass reached nearly 50 % from the ini-
tial. Our previous work [11] found a strong relationship
between the nutrients removal and biomass growth in diverse
wastewater using marine microalga Chlorella marina. While
seeing ammonia consumption in the wastewater after 6th
day, the consumption stopped and concentration of ammonia
increased from the previous concentration in some IPDs (4.0,
8.0, and 12.0gL~") except 0.25, 0.5, 1.0, and 2.0g L. For
example, in lZ.OgL_1 IPD, the maximum ammonia con-
sumption (3 %) was found on the 6th day, where the con-
centration varied from 11.9 to 9.5 wmol L™!. After 6th day,
ammonia concentration was found to be increased from pre-
vious concentration (9.5-9.9 umol L™'), the percentage of
increase was nearly 4 %. This might be due to the decompo-
sition of algae during the experiment; while by using algae
or other biological sources for nutrients removal, decay of
organisms might increase ammonia concentration [11].

Our results inferred that IPD is an important parameter
for the wastewater treatment when using microalgal cells.
But the selection of suitable IPD is still not easy to for-
mulate. While selecting microalgal cultivation method for
nutrient consumption, we have to consider IPD as an impor-
tant factor. On the other hand, microalgal cultivation is not
only practiced for excessive nutrients reduction, but also used
for other purposes like biomass production for biodiesel and
feed formulation means. It is wondering to determine the
appropriate IPD when we want to obtain more biomass and
remove more nutrients simultaneously. This study reveals
that the moderate IPDs showed higher nutrient consumption
and biomass productivity compared to both higher and lower
IPDs. Therefore, it leads to high biomass yield, which could
be used as feedstock for biodiesel, pigments, and other value-
added products [33,35-37]. At the same time, for large-scale
wastewater treatment, using suitable IPDs could reduce the
cost of operation.

5 Conclusions

In the summary, Chlorella sp. (PSDKO1) was cultured in
shrimp-cultured effluent for dual purposes (nutrient con-
sumption and biomass production) from low IPD to high pop-
ulation density (0.25-12.0gL~!). Maximum nutrients con-
sumption was noticed in moderate IPD (0.5gL~") except
ammonia (0.25gL~"). The higher biomass was obtained

@ Springer

at higher IPD (12.0gL~"), but maximum productivity was
achieved in moderate IPD (0.5gL~!'d~!). On the other
hand, moderate IPD resulted maximum nutrients consump-
tion while produced limited biomass. Based on this study,
microalgae cultivation technique with different IPDs in
diverse wastewater would contribute to an increase in the
nutrient consumption rate and biomass productivity effi-
ciency developing into a large-scale treatment system.
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