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Mariculture has currently brought greatly valuable products in many fields simultaneously released
a large amount of wastewater contributing to water pollutions on account of its organic and inorganic
constituents. Nowadays, with the development of environmental engineering, more and more ap-
proaches, especially friendly-environmental and highly effective wastewater biological methods, are
being applied to tackle pollutions and minimize adverse effects of treatments to reach the sustainable
development. This report focuses on the study of proliferation combined with elimination of pollut-
ing substances of marine algae species Tetraselmis suiscica, Tetraselmis sp., Platymonas sp. in aq-
uaculture wastewater sampled from Can Gio District, Ho Chi Minh City, Vietnam with levels of
concentration during 14 days under normal marine algae culture conditions, and compared to that in
Daigo’s IMK media. The results shown that, the algae species all grew rapidly simultaneously gave
high nutrients removal yields (COD, N, P) and created a considerable amount of biomass within a
short period of culture. Particularly, Platomonas sp. and Tetraselmis suiscica could proliferate as
well as give high treatment yields of organic substances (COD), PO, NO;, NH," and Total Nitro-
gen in concentrated wastewater. To sum up, this study showed the potential of using microalgae to
reduce COD, nitrogen and phosphorus in mariculture wastewater.

Nganh nuéi trong thiy hai san trong nhing nam gan ddy da mang lai nhiéu san pham co gid tri
trong nhiéu linh viee dong thoi thai ra mét lwong 16 nuée thai gy 6 nhzem nguon nudc boi cdc
thanh phan vé co va hitu ‘o co trong nueGce thai. Ngay nay, voi sy phat trién cia ky thudt méi truong,
ngdy cang nhiéu cach tiép cdn, dic biét la cdc phiong phap sinh hoc hiéu qua cao va than thién voi
moi truong dang duwgc ung dung dé xir Iy 6 nhiém va giam thiéu hdu qua bat loi sau xir Iy, nham
hieong toi sy phat trién bén vitng. Bai bdo cdo tdp trung nghién cieu khd néing sinh truong va phat
trién ciia ba lodi vi tao bién Tetraselmis suiscica, Tetraselmis sp., Platymonas sp. két hop véi viéc
logi b6 cdc hop chdt gdy 6 nhiém c6 trong miede thai tir ao nudi tém cia huyén Can Gio, Viét Nam
va so sanh doi chiéu voi méi truong dinh dwong Daigo’s IMK trong 14 ngay nuoi trong. Két qua
cho thdy nhiing vi tao sinh truong rdt nhanh nho vao viéc sir dung cac chdt 6 nhiém trong nwéc thai,
dac biét hidu sudt xir ly COD, PO/, NOy, NH," va nito tong cua Platomonas sp. va Tetraselmis
suiscica rdt cao tham chi trong moi truong nwdc thdi dam ddc. Do do, chung toi két luan, vi tdo co
tiém ndng rdt lén trong viéc giam nong dg chat hitu co, phot pho va nito trong nueée thai nudi trong
thuy hai san.
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1. Introduction

Vietnam has favorable natural conditions for agricultural
and industrial development especially aquaculture-shrimp
industry bringing numerous profits particularly in Can Gio
District, Ho Chi Minh City. However, large-scale shrimp
farming is releasing much wastewater with a wide range of
components called “nutrients” mainly biodegradable or-
ganic substances, phosphorus, nitrogen, algae species,
causing pollution and requiring reasonable treatments.
Moreover, people have currently faced an energy crisis and
air pollution because of the future exhaustion of fossil fuel.
Therefore, producing cleaner and cheaper energy from bi-
omass is a potential for long-term uses.

Algae are classified into macro-algae “seaweed” and mi-
cro-algae which are unicellular algae, mainly eukaryotic
microalgae Chlorophytes (green algae) and prokaryotic cy-
anobacteria (blue-green algae) (Cai ef al., 2013). Micro-al-
gae grow through transferring light, CO, and substances as
“nutrients” in wastewater or even dead lands into energy-
rich biomass COOA48H1A83N0A11P0A01 (Chlstl, 2007, Chen et
al., 2010) more rapidly than terrestrial plants (Pittman et
al., 2011; Rawat et al., 2011) particularly double amount
of biomass per day within 6h (Michael ef al. 2010), which
is feasibly employed for the production of biodiesel, bio-
ethanol, biomethane and biohydrogen (Figure 1) (Schenk
et al., 2008, Chinnasamy et al., 2010, Agwa et al., 2012).
Therefore, microalgae are commercialized as a green ef-
fective secondary wastewater treatment where pollutants
are reduced significantly (Rawat et al., 2011) by fixed bio-
film or suspended growth operations (Logan and Ronald,
2011; Abdel-Raouf et al., 2012) including raceway ponds
since 1950s and photo-bioreactors with more advantages in
well-controlled long culturing and producing larger quan-
tities of biomass (Amit et al, 2010), for example,
100,000kg/year with higher biomass concentration in
broth, 4.00kg/m’ compared to 0.14 of the former (Chisti,
2007).
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Figure 1. Diagram from waste to energy using algae
(Extracted from Pittman et al., 2011)

There have recently been studies about proliferation and
nutrients removal efficiency of many algal species espe-
cially Chlorella vulgaris and Chlorella sp. with dramatic
density increase, high quality and quantity biomass
(Gouveia and Oliveira, 2009), high removal efficiency of
ammonia and COD but slightly low removal rate of total

phosphorus (Sriram and Seenivasan, 2012), for examples
of Chlorella vulgaris, results of Valderrama et al. (2001)
indicating 2x10° cells/ml of cell density, 28%, 71.6% and
61%, respectively in 4-day culture with diluted (10%) an-
aerobic industrial effluent; or studies of Li ez al. (2011) pre-
senting 80.9%, 93.9% and 90.8%, respectively in 14-day
incubation with highly concentrated municipal wastewater.
In addition, concentrations of metal ions typically Al, Ca,
Mg, Mn, Fe were significantly reduced in wastewater from
different points of treatment process of a municipal
wastewater treatment plant by the algae according to Wang
et al. (2009). The effects of culturing factors especially
light/dark cycles on removal rate were also researched. For
instance, Lee ef al. (2001) showed that cell density and ni-
trate removal rate of Chlorella kessleri in the continuous
illumination were higher than that under diurnal illuminat-
ing scheme while organic carbon was removed better in
12h light/12h dark cycles.

To support a theory that algae are considered to be as a
strategy of sustainable development on behalf of their
highly friendly-environmental, economical and effective
fucntions in wastewater treatment, this report investigated
the performances of nutrient removals in shrimp
wastewaters containing mainly non-biodegradable organic
substances and a small amount of heavy metals of Tetra-
selmis suiscica, Tetraselmis sp., Platymonas sp. under
well-controlled parameters optimal to proliferation of al-
most algae (Laura and Paolo, 2006), 25-35°C, pH of 8.2-
8.7, light intensities of 4000-5000lux in continuous illumi-
nation, salinities of about 18.6%o in Daigo’s IMK medium
and in wastewater sampled from shrimp cultivation ponds
at Can Gio District, Ho Chi Minh City, Vietnam.

2. Materials and Methods
2.1. Sampling and storage

After being collected from planned points in wastewater
ponds using polyethylene Sliter bottles with plastic lid,
samples are transported to the laboratory under cool condi-
tions without sunlight and stored at 5+3°C (ISO
19458:20006).

Purified species Tetraselmis suiscica, Tetraselmis sp.,
Platymonas sp. provided by Research Institute for Aqua-
culture No.2, Ho Chi Minh City, Vietnam were stored at
5+3°C.

2.2. Algae culture condition

Daigo’s IMK medium was prepared from the following
chemicals: NaNO; 200mg/L, CaCl,.2H,0 50mg/L,
K,HPO, 5mg/L, Na,HPO, 1.4mg/L, NH,Cl 2.68mg/L, Fe-
EDTA 5.2mg/L, Mn-EDTA 332pg/L, Na,EDTA 5.2mg/L,
ZHSO47H20 23},l.g/L, COSO47H20 14},l.g/L,
N32M0042H20 73].1g/L, CuSO45H20 25}/Lg/L, HzSCO3
1.7ug/L, MnCl,.4H,0 180pg/L, thiamin.HCI 200pg/L,
biotin 1.5pg/L, vitamin B12 1.5pg/L, and appropriate
amount of NaCl to obtain the same salinity as wastewater,
approximately 3.5%NaCl.

Algae were inoculated at 15% (Vaigae/ Vinedia) in 250 mL er-
lenmeyer flasks containing 100mL Daigo’s IMK medium,
and incubated in stationary conditions at 30+2°C, 4000-
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5000lux to obtain the primary generations, which were
then multiplied in 1 litre to reach enough cells, roughly 1.5-
2.0x10° cells/ml to find the optimal wavelength and make
the cell density curve (absorbance, cells/ml) for each spe-
cies by using the spectrometer (UV/VIS Genesys 20
Thermo spectronic), combined with the haemocytometer
and microscope.

After achieving sufficient cells, they were cultivated in 5
litre plastic bottles containing wastewater (WW) with dif-
ferent concentrations (25%, 50%, 75%, 100%) in the same
conditions as that of Daigo’s IMK culture to compare, eval-
uate the treatment yields, biomass weight and determine
best suitable wastewater concentrations for each species’
proliferation.

2.3. Determination of algal growth

Samples were taken from the culture media every day to
measure optical density (OD) at the optimal wavelength by
spectrometer and haemocytometer. Each recorded OD was
corrected by subtracting that of the corresponding blank
sample.

2.4. Algae harvesting

Algae were harvested mechanically on the day when the
cell number is maximum by centrifugation, most rapid and
reliable method (Logan and Ronald, 2011). After being
taken 100ml, samples were dried at 50°C and centrifuged
at 6000rpm in 10minutes, then tubes and samples were
weighed, and the biomass was calculated by this equation:

Mpiomass = Msamples+tubes — Meentrifuge tubes
2.5. Analysis of wastewaters

All the experiments were carried out in triplicate and aver-
age values of absorbance were recorded.

All wastewater samples were filtered using glass
microfiber filters (Whatman, USA) to remove native
bacteria and large particles. Ammonium (N-NH,"), nitrate
(N-NOy), phosphorus (P-PO,”), total nitrogen (TN) and
COD were determined by colorimetry, Kjeldahl and titra-
tion, following Standard Methods 5220-COD, 4500-Nitro-
gen, NHj, 4500.E-Phosphorus. These parameters were
determined in input of each batch (wastewater sampled
from Can Gio District) and in output of each batch to make
the comparisons and calculate the removal efficiency of
each species.

3. Results

3.1. Determination of optimal wavelength
and cell density curve

Results of scanning the absorbance shows although differ-
ent algal species gave different maxima peak, their wave-
length was in visible region, their density curve

had the format of straight line according to Lambert-Beer
law.

Tetraselmis suiscica: 'y = 23.731x + 0.9502 (R? = 0.9921)
at A =420 nm,
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Tetraselmis sp.: y =20.477x + 0.2906 (R*=0.9938) at A =
420nm,

Platymonas sp.: y = 24.733x + 0.3616 ( R = 0.9924) at A
= 680nm.

3.2. Selection of suitable dilution of
wastewater for the algae growth

From Figure 2, 3, 4 and Table 1, the cell number and bio-
mass of Tetraselmis suiscica, Tetraselmis sp, Platymonas
sp surged similarly after a week culture from about 2x10°
cells/ml in relatively concentrated wastewaters (50%, 75%,
even 100%) and reached the peak of around 10-12 million
cells/ml on the beginning days of the second weeks (days
of 3, 4 in the figures), particularly 11.2x10° cells/ml with
the weight of 0.8612 g/ml on the days of 4 in 75%WW,
11.06x10° cells/ml with the weight of 0.2684 g/ml on the
days of 4 in 50%WW, 10.95x10° cells/ml with the weight
0f 0.4578 g/ml on the days of 5 in 75%WW, respectively,
but then decreased gradually in the ending days of the batch
culture when nutrients run steadily out of and more dead
cells increased. Therefore, this type of wastewater is appro-
priate for the proliferation of these algae of interest, the op-
tima wastewater of 75% for Tetraselmis suiscica and
Platymonas sp, 50% for Tetraselmis sp. even though their
growth and weight of biomass in the optimal wastewater is
moderately less than those in Daigo’s IMK.

Table 1. Biomass of algae species on the day of highest
cell number (optimal days)

Wastewater Tetra- Tetra- Platymo-
dilutions selmis selmis sp. nas sp
suiscica
25%WW 0.5248 0.1059 0.2015
50%WW 0.7458 0.2684 0.4492
75%WW 0.8612 0.2472 0.4578
100%WW 0.6983 0.1046 0.2368
Daigo’s 1.0188 0.7375 0.5078
IMK
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Figure 2. Changes in cell number of Tetraselmis
suiscica during the batch culture
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Figure 3. Changes in cell number of Tetraselmis sp.
during the batch culture
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Figure 4. Changes in cell number of Platymonas sp.
during the batch culture

3.3. The function of algae species in removals
of COD, total nitrogen, nitrate, ammonia and
phosphorus

Based on duplicates of determination of concentrations
(mg/1) of COD, nitrate, ammonium ion and total phospho-
rus, these components were in wastewater with a high
amount even in the most diluted sample (Table 2).

Table 2. Concentrations of COD, nitrate, ammonium
ion and total phosphorus before treatment

Wastewater COD  N-NO; N-NH; P-POJ"

dilutions % mg/1 mg/l mg/1 mg/l
25 320 0.713 18.9 1.996
50 480 1.206 20.5 3.954
75 576 1.703 26.1 4.059
100 672 2.184 28.7 5.058

As can be seen from Table 3, levels of COD, nitrate, am-
monium ion and phosphorus were steadily reduced by sin-
gle Tetraselmis suiscica, Tetraselmis sp., Platymonas sp
after a week incubation in wastewaters with different dilu-
tions, 25%, 50%, 75% and 100%, then significantly in the
beginnings of the second week and eventually rose slightly
in the ends of the batch culture when “nutrients”

wastewater pollutants was absent in very small amount-
whilst wastes of algae as well as the cells of other microor-
ganisms harming to algae increased, thus dead algae cells
is more than alive cells.

Equivalent to the reduction of pollutants’ concentrations,
treatment yields increased when concentrations decreased
apart from some cases, yields remained stable in the eighth,
ninth days of the batch (marked as days 4, 5, 6 in Figures).
Yields of COD removal of Platymonas sp in Figure 5 as
the example, the yield reached the plateau of nearly
86.67%, equivalent to 64 mg/l in wastewater dilution of
50%.

T O —
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Figure 5. Yields of COD removal of Platymonas sp. dur-
ing the batch culture

In the one hand, when the wastewater was much diluted, to
25%, the yields were smaller than those in more concen-
trated wastewaters, which was possibly owing to the insuf-
ficient supply of nutrient available in wastewater for algae
proliferation, particularly in cases of ammonia removals of
Tetraselmis sp in Figure 6, the maximum yield was only
35% equivalent to 12.3mg/1 in wastewater dilution of 25%
whereas the yield obtained up to nearly 70%, equivalent to
6-7mg/1 in the dilution of dilution of 50%.
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Figure 6. Yields of ammonia removal of Tetraselmis sp.
during the batch culture
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Table 3. Changes in concentrations of COD, nitrate, ammonia and total phosphorous as well as yields of remov-
als of these substances during the batch culture

Day 1 2 4 6 End
wWw C Y C Y C Y C Y C Y
% mg/l % mg/l % mg/l % mg/l % mg/l %
Tetra- C 25 288 10 256 20 192 40 128 60 192 40
selmis (0] 50 448 6.67 384 20 160 66.67 96 80 128 73.33
suis- D 75 416 27.78 416 27.78 128 77.78 96 83.33 160 72.22
cica 100 544 19.05 448 33.33 256 61.9 160 76.19 192 71.43
N- 25 0.684 4.07 0559 216 0469 3422 0233 6732 0235 67.04
NO; 50 1.110 796 0993 17.66 0.801 33.58 0268 77.78 0456 62.19
75 1.421 16.56 1.154 3224 0.841 5062 0218 872 0.306 82.03
100  2.027 7.19 1.785 1827 1.329 39.15 1.035 52.61 1.049 5197
N- 25 18.1 4.23 16.4 13.23 104 4497 11.5  39.15 129  31.75
NH, 50 18.7 8.78 15.7 2341 11.7  42.93 7.6 62.93 7.9 61.46
75 23.7 9.2 18.8  27.97 139  46.74 9.3 64.37 10.5  59.77
100 26.5 7.67 20.5  28.57 133 53.66 11.6  59.58 12.1 57.84
P- 25 1.368 3146 1.117 44.04 0938 53.01 0465 76.7 0470 76.45
PO, 50 2220 4385 1986 49.77 1.602 59.48 0.536 86.44 0912 76.93
75 2.843 2996 2308 43.14 1.681 5859 0436 89.26 0.612 84.92
100  4.054 19.85 3.570 2942 2.659 4743 2070 59.07 2.099 585
Tetra- COD 25 288 10 224 30 128 60 96 70 160 5
selmis 50 448 6.67 320 33.33 32 93.33 96 80 128 73.33
sp. 75 512 11.11 416 27.78 96 83.33 160 72.22 224 61.11
100 640 4.76 608 9.52 352 47.62 288 57.14 320 52.38
N- 25 0.678 491 0.613 14.03 0212 70.27 0247 6536 0222 68.86
NO;y 50 1.141 5.39 1.035 14.18 0.099 91.79 0.193 84 0252 79.1
75 1.54 9.57 1.354 2049 0469 7246 0425 7504 0.868 49.03
100 2.056  5.86 1.789  18.09 0.314 85.62 0.634 7097 1.047 52.06
N- 25 17.8 5.82 14.8  21.69 12.8  32.28 123 3492 13.7 2751
NH, 50 18.5 9.76 149 2732 8.4 59.02 7.6 62.93 7.3 64.39
75 24.4 6.51 164  37.16 11.3 56.7 9.9 62.07 9.5 63.6
100 26.9 6.27 20.6  28.22 147  48.78 124 56.79 13.7 5226
P- 25 1.743 12.68 1.608 19.44 0.856 57.11 0456 77.15 0442 77.86
PO 50 3215 18.69 2994 2428 1.705 56.88 0486 87.71 0.852 78.45
75 3.654 998 3415 1587 1.865 54.05 0582 85.66 0.844 79.21
100  4.514 10.76  3.858 23.72 2715 4632 2325 5403 2385 5285
Platy- COD 25 224 10 224 30 96 70 96 70 160 50
monas 50 352 20 320 26.67 128 73.33 64 86.67 96 80
sp. 75 384 22.22 416 33.33 64 88.89 64 88.89 128 77.78

100 544 4.76 608 19.05 288 57.14 128 80.95 192 71.43

N- 25 0.669  6.17 0.54 2426 0404 4334 018 7475 0212 70.27
NOy 50 1.158 398 0953 2098 0.843  30.1 0.224 81.43 0.394 6733
75 1.618 499 1265 2572 0978 4257 0364 7863 0425 75.04

100 2.054 595 1.63 2537 1.133 4812 0.847 6122 0.744 6593

N- 25 17.7 6.35 145 2328 9.7 48.68 9.4 50.26 9.8 48.15
NH," 50 19.3 5.85 14.6  28.78 8.9 56.59 8.5 58.54 8.3 59.51
75 24.6 5.75 16.8  35.63 8.5 67.43 7.9 69.73 8.9 65.9

100 253 11.85 183  36.24 11.6  59.58 103 64.11 9.1 68.29

P- 25 1.835  8.07 1.725 13.58 0965 51.65 0510 74.45 0498 75.05
PO 50 3.651 7.66 2972 2484 1.705 56.88 0.548 86.14 0.853 78.43
75 3.826 574 2.889 2882 1.615 6021 0459 88.69 0928 77.14

100 4729 650 3581 2920 2.058 5931 2187 56.76  2.247  55.58

In the other hand, when the wastewater was much concen-
trated, to 100% (the origin), the yields were smaller than
those in more diluted wastewaters, which was feasibly on
account of the excess of nutrients beyond the tolerance of
algae. This was especially observed in the cases of phos-
phorus removals of all studied algae. For instance, results
of Tetraselmis suiscica in Figure 7, the maximum yield was
under 60%, equivalent to 2.1mg/l in wastewater dilution of
100% whereas the yield obtained up to nearly 90%, equiv-
alent to 0.4 mg/1 in the dilution of dilution of 75%.
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Figure 7. Yields of phosphorus removal of Tetraselmis
suiscica during the batch culture

From the results of changes in total nitrogen determined in
the first day of the batch and the optimal days of each spe-
cies when the growth rate is maximum (table 4), it is con-
cluded that these algae had the same high performances
(over 70%) in eliminating nitrogen from wastewater even
in the cases of concentrated wastewaters, particularly
83.9%, 81.8%, 76.2% in the decreasing order of Platymo-
nas sp, Tetraselmis suiscica, Tetraselmis sp., respectively
in the environment of 75%WW.

Table 4. Changes in total nitrogen (TN) and yields of
TN removals during the batch culture

WW  Input Tetraselmis Tetraselmis  Platymonas
(mg/l) suiscica sp. sp

Out- H% Out- H% Out- H%
put put put

25% 736 436 40.8 441 40.1 241 673

50% 10.89 2.78 745 197 819 3.15 71.1

75%  12.01 2.19 81.8 2.86 762 193 839

100% 1331 425 681 424 681 424 68.1

4. Conclusion

The same as other microorganism, micro algae have a tre-
mendous growth in almost environments even in various
types of wastewater, such as effluents from citric acid and
ethanol production (Valderrama et al., 2002), wastewater
from municipal wastewater treatment plants (Wang et al.,
2010) with a plethora of components in wide ranges of con-
centration owing to abilities of using and transferring pol-
luting substances into nutrients essential for building their
bio-materials, for example, using phosphates in wastewater
to synthesize ATP, phospholipases and DNA, utilizing ni-
trogen compounds to produce acid amines and proteins.

In this report, Tetraselmis suiscica, Tetraselmis sp., Platy-
monas sp. virtually proliferated quickly and reduce signif-
icantly substances polluting mariculture effluents from
shrimp ponds at Can Gio District, Ho Chi Minh City, Vi-
etnam. Although cell density declined in the end of the
batch after maximum days in the middle of the batch, it was
still higher than the cell number in the beginnings, approx-
imately 4-5 million cells/ml. Similarly, there was a general
trend in changes in yields of removal of COD, total nitro-
gen (Kjeldahl nitrogen), nitrate, ammonium ion and phos-
phorus, the frequencies rocketed to highest values on opti-
mal days in the middle of the batch, particularly 80-90%,

70-80%, over 70%, 60-70% and 70-80% respectively, and
then fell down in the ends but remained around 50% in ap-
propriate wastewater dilutions.

Amongst studied algae species, Tetraselmis suiscica and
Platymonas sp. could develop well and give more biomass
in more concentrated wastewater than Tetraselmis sp.,
75%WW compared to 50%WW, especially Tetraselmis
suiscica with the highest biomass weight, 0.8612 in
wastewater of 75%, and 1.0188 g/100ml in Daigo’s IMK.
On behalf of performances of reducing pollutants in the op-
timal wastewater dilutions and on maximum days, Tetra-
selmis sp. and Platymonas sp. gave higher treatment yields
of COD, 93.33% and 88.89%; Tetraselmis sp. gave the
highest treatment yields of nitrate, 91.79%; Platymonas sp.
gave the highest treatment yields of ammonia, 74.71%. All
of them eliminated well total nitrogen and total phosphorus
with the efficiency of 80% and 85%, respectively, which
demonstrates that in suitable kinds of wastewater, these al-
gae remove phosphorus better than Chlorella vulgaris,
which gives slightly small yields in total phosphorus re-
moval (Valderrama et al., 2001; Li et al., 2011; Sriram and
Seenivasan, 2012).

In the scope of study in small scale, Tetraselmis suiscica,
Tetraselmis sp., Platymonas sp. shown their potentials in
reducing significantly COD, nitrogen and phosphorus from
wastewater of shrimp cultivation, from 672 mg/l to 100-
200 mg/1 of COD, from 2.18 mg/1 to 0.5-1.0 mg/1 of nitrate,
from 28.7 mg/1 to 9.0-10.0 mg/l of ammonium, from 5.06
mg/1 to 2.1-2.2 mg/1 of phosphate, therefore hopefully they
will be applied in wastewater treatment process in munici-
pal wastewater treatment plants.
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