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ABSTRACT

Nitrogenous compounds are major contaminants in aquaculture effluent and thereby needs
a potential candidate for removing these nutrients. The present study tested the efficacy of
immobilized microalga, diatom Amphora sp. and copepod Oithona rigida to remove excessive
nutrients from the shrimp (Litopenaeus vannamei) cultured effluents. Nutrient removal was
evaluated with five different combinations: (1) copepod, O. rigida; (2) immobilized Picochlo-
rum maculatum and copepod O. rigida; (3) immobilized P. maculatum; (4) immobilized
Amphora sp. and copepod O. rigida; and only (5) immobilized diatom, Amphora sp. Prelimi-
nary studies showed maximum reduction of about nitrate 86% and nitrite 88% in treatment
2–4, respectively. The maximum phosphate (69%) and ammonia (91%) removal was
recorded in the treatment 3. In disparity, the phosphate concentration recorded was signifi-
cantly higher (6%) at the end of the experiment in the treatment 1 than other experiments.
While in the treatments 1, 2, and 4 the copepod showed significant (ANOVA: p < 0.001)
increases in phosphate from the previous concentration, it might be due to the rapid release
of this nutrient from excreta of filter-feeding organism. The results showed that immobilized
green alga and copepod performed well in absorbing phosphate, ammonia, and nitrogenous
compounds, respectively.
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1. Introduction

In recent decades, eutrophication caused by inten-
sive aquaculture practices has become a constant con-
cern for policy-makers and environmentalists, owing to
the large amount of residues produced in aquaculture
practices and direct discharge of wastewaters into
coastal systems. This wastewater promotes organic
enrichment, sedimentation, and toxicity due to fecal
material and unutilized food substances resulting in
deterioration of coastal ecosystems and in turn leading
biodiversity loss [1–3]. The above condition emphasis
on development of sustainable approaches to coastal
aquaculture by promoting ecological practices in
improving the ecosystem health [4]. Removal of exces-
sive nutrients using physical and chemical techniques is
highly expensive and energy-consuming effort. There-
fore, use of biological organisms as nutrient extractors
could be a valid alternative. Currently in India, exotic
species called Pacific white shrimp Litopenaeus vannamei
culture has been practiced intensively which unfortu-
nately leads to high nutrient loading in the culture sys-
tem owing to its high stocking and feeding physiology
[5]. In this circumstance, to remediate wastewater a
known technique of using marine microalgae and cope-
pods could serve as a possible alternative approach for
economically viable wastewater treatment [6,7]. Now
biologists are looking for integrative culture of biologi-
cal organisms in the wastewater, which is economically
and ecologically efficient.

Integrated culture mainly aims to maximize food
production by utilizing waste from aquaculture compo-
nent to enhance production of extractive aquaculture, in
effect increasing nutrient utilization, and consequently,
reducing nutrient impacts. Some few researchers have
used marine organisms such as clams, mussels, oysters,
algae, and macrophytic plants which are relatively effi-
cient in assimilating or extracting nitrogen and phos-
phorus from their environment [8–12]. In addition,
several studies have shown the benefits of applying
polyculture or composite culture to reduce the nutrient
and suspended solid from aquaculture effluent [8,13].

In this background present attempt revealed inte-
grative culture of microalgae and copepod in shrimp-
cultured wastewater for excessive nutrients removal.
Some studies were carried out by [14] on the culture
of marine microalgae in aquaculture wastewater (ei-
ther shrimp or fish) for nutrient removal purposes.
However no reports exist on the culture of copepods
in wastewater for removal of nutrients or other pollu-
tants. It is well known that the copepods feed on
microalgae if they are cultured in same tank. So, in
the present experiment microalgae are changed into
immobilized form by following immobilization

technique [14–17]. When compared to the mobilized
form of microalgal bioremediation, immobilized algae
showed better nutrient removal efficiency and in limit-
ing the problem like high expenses and time con-
sumption for centrifugation or filtration. Cyclopoid,
voracious, detritus and debris feeder and harpacticoid
copepods, which have the potential to thrive in
extreme conditions like salinity, temperature and
nutrients can be utilized to consume fecal matter and
food residues resulting from shrimp aquaculture.
Further, cyclopoid and harpcaticoid copepods are
potential live feeds for fish larvae. Hence, treating
shrimp-cultured wastewater using different forms of
marine microalgae and marine copepods is need of
the hour.

To our knowledge, this study will be the first
attempt on using copepods in shrimp culture wastew-
ater for bioremediation. However, use of Artemia for
bioremediation of aquaculture wastewater has been
previously reported [18] with partial success (espe-
cially nitrogen). In the present study, the laboratory-
scale bioremediation potential of the green alga
Picochlorum maculatum (PSDK01) isolated from normal
seawater from Muthukkuda coast, diatom Amphora sp.
(PSDK15) isolated from shrimp aqua farm, Chennai,
and the marine copepod Oithona rigida was examined
with an attempt at finding mitigating solutions to the
growing concern on eutrophication of coastal waters.

2. Materials and methods

2.1. Microalgae culture

Marine microalgae (PSDK01) (Accession number:
KJ754560) and (PSDK15) were collected from Muthu-
kuda coast (9˚ 51’ 48’’ N; 79˚7’ 15’’ E) and Shrimp
Aquaculture Farm (13˚ 19’ 43” N; 80˚ 19’ 54” E)
Chennai, Tamil Nadu, India and isolated using agar
plating technique [19]. Indoor algal stock culture
was maintained using Walne medium [20] in special
air conditioning room in 250 ml culture flasks.
Seawater was filtered using filter bag (1 μm) steril-
ized using autoclave and after cooling, water was
transferred to the culture flask plugged with cotton.
Glasswares used for algal culture were sterilized
properly and dried in an oven before use. About
10 ml of inoculum in the growing phase was trans-
ferred to the culture flasks and the culture is incu-
bated in 12:12 h light and dark cycle provided with
200 μmol m−2 s−1 using fluorescent bulbs. After 5–
8 d, the maximum exponential phase was obtained.
Temperature and salinity were maintained in the
range between 23–25˚C and 28–30 psu, respectively,
for the entire culture period.
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2.2. Copepod culture

The copepod samples were collected from Muthu-
pet estuary (11˚ 29’ 23” N; 79˚ 46’ 35” E) using plank-
ton net (158 μm). From the collected copepod samples,
the healthy adults of O. rigida were isolated using a
fine capillary tube and kept overnight in 250 ml bea-
kers containing filtered seawater (1 μm) of ambient
salinity (34 psu) with vigorous aeration for starving
prior to the experiment.

2.3. Aquaculture wastewater

The shrimp (L. vannamei) cultured wastewater was
collected from Ennoor, Chennai, Tamil Nadu, India
(13˚ 19’ 43” N; 80˚ 19’ 54” E), transported to labora-
tory, and kept undisturbed for settling suspended par-
ticles for 24 h.

2.4. Immobilization of microalgae

Microalga P. maculatum was harvested during the
exponential growth phase using Milliphore filtering
system (Model No. X10422050, 50 Hz) and they were
immobilized according to Santos et al. [21] with minor
necessary modification with respect to alginate and
cation solution concentrations. To prepare 100 ml of
alginate solution with the required alginate concentra-
tion, the alginate was first carefully dissolved by slow
stirring in 70 ml of distilled water. In the remaining
30 ml of distilled water, 3.5 g sodium chloride was dis-
solved to obtain a 35 psu salinity final solution. When
the alginate was completely dissolved, the two parts
were mixed using a magnetic stirrer. Cation solutions
were prepared in nanopure water and beads were
formed by adding dropwise in the alginate solution, by
means of a 20 ml syringe (0.8 × 40 mm needle; Braun,
Melsungen, Germany), into the cation solution, from a
height of approximately 15 cm and at a rate of approxi-
mately one drop per second. The beads were stirred in
the cation solution for 45 min to allow complete hard-
ening of the alginate, and washed several times with fil-
tered (0.45 μm) natural seawater to eliminate the
remaining cation. Diatom Amphora sp. culture was har-
vested and immobilized as similar to P. maculatum.

2.5. Experimental setup

In experimental system 15 borosil glass bowls of
3 L capacity was used. The experiment consisted of
five treatments studied in triplicate. In the first treat-
ment (1) the copepod O. rigida (100 adults) was used,
in the second treatment, (2) immobilized P. maculatum
beads (100 numbers) plus 100 adult individuals of

O. rigida, in the third treatment, (3) only immobilized
P. maculatum beads (100 numbers). The fourth treat-
ment, (4) was immobilized Amphora sp. (100 numbers)
plus 100 adult individuals of O. rigida, in the final
treatment, and (5) only immobilized Amphora sp. (100
numbers) was used. The experiment lasted for 6 d,
with monitoring of physicochemical parameters (tur-
bidity, pH, salinity, temperature, total suspended
solids (TSS), and nutrients) for every 48 h. To know
the stability or resistance of immobilized microalgae
beads, the beads surface was monitored every 48 h
using Light microscope (Magnus MLX-B). The water
samples were taken and algal cell counts were made
for every two days once using haemocytometer under
the light microscope to determine the algal cell leak-
ages if any in wastewater [22]. The copepod mortality
in wastewater was assessed by collecting a known vol-
ume of sample (5 ml) and number of dead copepods
was counted under light microscope using Sedgewick
counting chamber according to Santhanam et al. [23].
TSS in effluent were estimated by filtering 10 ml of
effluent sample using Millipore filtering apparatus fit-
ted with 0.45 μm GF/C filter paper [24]. TSS was cal-
culated by subtracting the initial weight of the filter
paper from final weight. The experiment was con-
ducted outdoor at constant temperature (37˚C), salin-
ity (35 psu), light exposure (250 m mol m−2 s_1), and
12:12 h (light/dark) photoperiod. The turbidity of
effluent water was measured according to Palin [25].
A known volume (3.5 ml) of effluent sample was filled
in the (4.5 × 1.2 cm) cuvette and the absorbance was
measured using UV–visible Spectrophotometer (Spec-
tro 20D plus) at 425–580 nm. The inorganic nutrients
(PO3þ

4 , NO�
3 , NO�

2 , NHþ
4 , TP, and TN) in the effluent

water were analyzed according to Strickland and Par-
sons [26] and Jenkins and Medsken [27]. Phosphate
was measured by the treatment of water sample with
acidified molybdate reagent to give phospho-molyb-
date complex which was then reduced to a highly col-
ored blue compound (phosphomolybdenum blue)
using ascorbic acid as a reducing reagent. For the
analyses of nitrate, the reaction between the alkaloid,
brucine, and nitrate in acid medium produces a
yellow color measured by standard spectrophotomet-
ric procedures [27]. The nitrite was determined
after diazotising it with sulfanilamide and coupling
with N(1-Naphthyl)-ethylene diamine-dihydrochlo-
ride. Ammonia—Nitrogen was determined by the
indophenol blue method based on the principle that
in a moderately alkaline medium, ammonia was
allowed to react with hypochlorite in catalytic
amounts of nitroprusside to form indophenol blue.
The determination of total phosphorous and total
nitrogen (TN) of effluent water sample was oxidized
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with the help of strong oxidizing agent (alkaline
perusulfate) by autoclaving in closed condition. The
organic forms of phosphate and nitrate and also their
inorganic forms in lower oxidation states are finally
oxidized to inorganic phosphate and nitrate
respectively.

2.6. Statistical analyses

All data are expressed as means ± SD. Differences
between treatments (1, 2, 3, 4, and 5) and time (Initial,
second day, fourth day, and sixth day) were analyzed
using two-way analysis of variance (ANOVA). The
Graph Pad Prism (Version 5.0) software was used for
the statistical analyses. A simple linear correlation
analyses were carried out to find out correlation
between TSS, beads resistivity, mortality of copepod
and nutrients removal.

3. Results

During the course of experiment, no significant
variation was observed in the environmental variables
such as water temperature (37˚C), pH (8.41), and salin-
ity (37 psu). On the second and fourth day experimen-
tal period in Treatment (1) 75%, Treatment (2) 68%,
and Treatment (4) 65% significant decrease in turbidity
value was observed. After fourth day till the end of
experiment the turbidity value remained relatively
invariable (p > 0.05).

Fig. 1 shows the effect of immobilized microalgae
(P. maculatum and Amphora sp.) and copepod
(O. rigida) on nutrients removal in five treatments. The
concentration of PO3�

4 varied significantly among
treatments (p < 0.001). In treatments 1, 4, and 5 there
were no differences among samplings. In treatment
two, a significant reduction was observed on the sec-
ond day (0.27 ± 0.002–0.09 ± 0.002 μmol L−1) reaching
an absorption efficiency of 69.32%. Though, after day
two, nutrient concentration increased gradually (0.09
± 0.02–0.19 ± 0.038 μmol L−1) until end of the experi-
ment, in treatment three, phosphate concentration
showed decreasing values until the fourth day of the
experiment (0.27 ± 0.002–0.08 ± 007 μmol L−1). At the
end of the experiment (sixth day), phosphate showed
a slight increase from day four (0.08 ± 007–0.10
± 0.04 μmol L−1). The overall treatments show that the
nutrient concentration decreased up to sixth day, after
that it was found to be increased (Fig. 1).

Treatments on nitrate reduction did not show any
overall significance (p > 0.05); however their reduction
significantly varied among them (p < 0.001). The
nitrate showed marked reduction in all the treatments
throughout the experiment period. Among the treat-
ments, treatment 1 and 2 showed considerable reduc-
tion by the end of sixth day and better nitrate
reduction was noticed at the end of second day in all
the treatments. The concentration of nitrate shows a
sharp decrease after day 2 in both the treatments (1
and 2). A continuous reduction of nutrients (i.e.)
nitrate absorption efficiency in Treatment 1 (83%),

T1 T2 T3                    T4                    T5

Fig. 1. Phosphate concentration (μmol L−1) during the
experimental period. Vertical bars represent ± SD for the
means (n = 3).
Notes: T1 O. rigida, T2 P. maculatum + O. rigida, T3 P. macu-
latum, T4 Amphora sp. + O. rigida, T5 Amphora sp.
a,b,c,d,eValues (Mean ± S.E.) within a treatment with differ-
ent superscript letters are significantly different (p < 0.05).

          T1             T2                    T3                   T4                   T5

Fig. 2. Nitrate concentration (μmol L−1) during the experi-
mental period. Vertical bars represent ± SD for the means
(n = 3).
Notes: T1 O. rigida, T2 P. maculatum + O. rigida, T3 P. macu-
latum, T4 Amphora sp. + O. rigida, T5 Amphora sp.
a,b,c,d,eValues (Mean ± S.E.) within a treatment with differ-
ent superscript letters are significantly different (p < 0.05).
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Treatment 2 (87%) Treatment 3 (64%), Treatment 4
(75%), and Treatment 5 (78%) was observed in all
treatments throughout the experimental period
(Fig. 2).

In treatment 1 NO�
3 was decreased during the

sampling periods (p < 0.001) and a maximum
reduction (2.55 μmol L−1) was noticed after sixth day;
where the NO�

3 reduced from 3.07 ± 0.01 to 0.51
± 0.1 μmol L−1. During the experiment, significant
reduction (p < 0.001) of nitrate was noted on
the fourth day of treatment in treatment 2 (3.07
± 0.01–0.41 ± 0.13 μmol L−1), in treatment 3 (3.07 ±
0.01 to 0.92 ± 0.41 μmol L−1), in 4 (3.07 ± 0.01–0.76
± 0.37 μmol L−1), and treatment 5 (3.07 ± 0.01–0.66
± 0.020 μmol L−1), respectively.

NO�
2 concentration was significantly reduced in all

the treatments and among them (p < 0.001). In treat-
ment 1, concentration of this nutrient showed a sharp
decrease on day two (from 3.67 ± 0.02 to 1.24
± 0.42 μmol L−1) and in due course of experiment got
increased. In treatment 2, nitrite concentration varied
from 3.67 ± 0.02 to 0.51 ± 0.19 μmol L−1. The maximum
nitrite removal (86%) was observed on sixth day. The
nitrite value significantly decreased in treatment 3
(3.67 ± 0.02–0.14 ± 0.45 μmol L−1), treatment 4 (3.67
± 0.02–0.42 ± 0.11 μmol L−1), and treatment 5 (3.67
± 0.02–0.51 ± 0.23 μmol L−1). In all the experiments,
reduction was observed till fourth day. After fourth
day, nitrite was slightly increased in those (T2, T3, T4,
and T5) treatments (Fig. 3). The nitrite removal per-
centage was found to be greater than 75% in four
treatments (T2, T3, T4, and T5) than treatment 1 (66%).

With regard to NH3, significant variations were
found among the treatments (p < 0.001), as well as
among the sampling days (p < 0.001). Among the five
treatments studied, NH3 showed a significant
decrease in all treatments except one at the end of
second day. After fourth day, ammonia concentration
was slightly increased compared to previous concen-
trations in treatment 2, 3, 4, and 5. At treatment 1,
NH3 got decreased from the initial concentration
11.05 ± 0.04–9.64 ± 1.66 μmol L−1. This treatment did
not show any significant variation (p > 0.05) during
the sampling periods. The ammonia was excreted by
copepod nearly 1.579 μmol L–1 during sixth day.
However, it should be noted that the reduction val-
ues in treatment 2 (11.05 ± 0.04–6.56 ± 1.46 μmol L−1),
treatment 3 (11.05 ± 0.04–0.95 ± 0.53 μmol L−1), treat-
ment 4 (11.05 ± 0.04–5.92 ± 0.67 μmol L−1), and treat-
ment 5 (11.05 ± 0.04–4.89 ± 0.40 μmol L−1) were found
to be excellent on using green algae, diatom, copepod
as bioremediants. Here, the maximum absorption effi-
ciency (91%) was found in treatment 3 on fourth day
(Fig. 4). The other treatments such as 1, 2, 4, and 5
resulted 13, 41, 46, and 56% biosorption efficiency,
respectively.

The total phosphorus (TP) test measures all the
forms of phosphorus in the sample (orthophosphate,
condensed phosphate, and organic phosphate). In this
current observation, TP varied significantly in the
treatments (p < 0.001) and sampling periods
(p < 0.001). The maximum TP removal was recorded
at treatment 2 (65%, p < 0.001) followed by treatment 3
(53%, p < 0.001) at second day and fourth day,

T1 T2 T3               T4 T5

Fig. 3. Nitrite concentration (μmol L−1) during the experi-
mental period. Vertical bars represent ± SD for the means
(n = 3).
Notes: T1 O. rigida, T2 P. maculatum + O. rigida, T3 P. macu-
latum, T4 Amphora sp. + O. rigida, T5 Amphora sp.
a,b,c,d,eValues (Mean ± S.E.) within a treatment with differ-
ent superscript letters are significantly different (p < 0.05).

T1 T2 T3                    T4                    T5

Fig. 4. Ammonia concentration (μmol L−1) during the
experimental period. Vertical bars represent ± SD for the
means (n = 3).
Notes: T1 O. rigida, T2 P. maculatum + O. rigida, T3 P. macu-
latum, T4 Amphora sp. + O. rigida, T5 Amphora sp.
a,b,c,d,eValues (Mean ± S.E.) within a treatment with differ-
ent superscript letters are significantly different (p < 0.05).
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respectively (Fig. 5). Analyses of TN, which represents
the sum of NHþ

3 , NO�
3 , NO�

2 , showed significant
differences among the five treatments (p < 0.001). In
treatment 3, there was a considerable decrease in TN
after 4 d, with a removal efficiency of around 83%.
After this period, an increased TN concentration
(~1.33 μmol L−1) was observed similar to NHþ

3 concen-
tration. Among the five treatments, the maximum TN
removal (83%) was found in T3 on fourth day

followed by T5 (67%), T4 (59%) and T2 (26%) (Fig. 6).
In contrast, in treatment 1, TN concentration was
increased over time and reaching the values above
26 μmol L−1.

The TSS was measured in T1, T2, and T4. Among
the three treatments, maximum (86%) TSS removal
was noticed in T2 on sixth day followed by T1 (72%)
and T4 (47%). The TSS removal result negatively corre-
lates with cell leakages. The cell leakages were found
to be higher in T2 compared to T4 which resulted in
higher TSS removal. In the present study a positive
finding was revealed while using copepod as bioreme-
diant for the removal of nutrients. During the experi-
ment, the TSS, beads resistivity, and mortality of
copepod were measured. It was also noted that while
decreasing TSS from the wastewater, nutrient concen-
tration also decreased (Fig. 7), which proved that the
correlation between suspended solids and nutrient
removal was strongly negative (0.79) at the same time,
the TSS, beads resistivity also decreased. The beads
resistivity (0.90) and removal of TSS (0.99) were highly
affected by mortality of copepod.

4. Discussions

The primary role of biofilters in aquaculture is to
remediate the wastewater through uptake and conver-
sion of toxic metabolites and pollutants [28]. Filter-
feeding organism can consume particulate matter,
thereby avoiding future release of nutrients from bac-
terial degradation of organic matter and also they feed
on phytoplankton and bacteria, which use inorganic
nutrients for their growth [18,28–30]. Martin [31]
encouraged using filter feeder for the cleaning of
wastewater at Delaware, New York, as they directly

T1 T2 T3                     T4                       T5

Fig. 5. TP concentration (μmol L−1) during the experimen-
tal period. Vertical bars represent ± SD for the means
(n = 3).
Notes: T1 O. rigida, T2 P. maculatum + O. rigida, T3 P. macu-
latum, T4 Amphora sp. + O. rigida, T5 Amphora sp.
a,b,c,d,eValues (Mean ± S.E.) within a treatment with differ-
ent superscript letters are significantly different (p < 0.05).

T1 T2 T3                     T4                     T5

Fig. 6. TN concentration (μmol L−1) during the experimen-
tal period. Vertical bars represent ± SD for the means
(n = 3).
Notes: T1 O. rigida, T2 P. maculatum + O. rigida, T3 P. macu-
latum, T4 Amphora sp. + O. rigida, T5 Amphora sp.
a,b,c,d,eValues (Mean ± S.E.) within a treatment with differ-
ent superscript letters are significantly different (p < 0.05).

Fig. 7. Relationship between beads damage (%), TSS (%),
Nutrient Removal (%) and Mortality of Copepods (%)
during the experiment.
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remove particulate matter from the water column and
to improve the water transparency which leads light
penetration for the growth and reproduction of
organisms living in aquatic system. Finally he
concluded that one cannot underestimate the role of
filter feeders in nutrient equation. Immobilization of
microalgae for wastewater treatment is based on the
principle of keeping the living cells within a gel
matrix metabolically active as long as possible, during
which time they have very limited mobility. After
absorption of the contaminants by the microalgae, the
cleaner water diffuse out of the polymers and are
collected and reused and the process is repeated for
several cycles [32].

Van et al. [33] reported that the immobilized
microalgal bioremediation carry the disadvantage of
nutrient diffusion. But the present study did not initi-
ate any phosphate diffusion and immobilized microal-
gae removed nearly 70% of the phosphate as agreed
by previous workers [34,35]. The inorganic nutrients
such as phosphate would be as liberally obtainable to
immobilized microalgae as to their counterparts, it
might be suitable to the nutrients must be spread
through the alginate pores to the algal cells [35]. The
increased phosphate concentration from second day
onwards could be attributed to the increase in water
temperature while conducting the experiment in out-
door conditions as agreed earlier by Motohashi and
Matsudaira [36].

NO�
3 removal was found to be better in treatment

2 (immobilized P. maculatum + O. rigida) and treatment
1 (O. rigida) which suggest that nitrogen was removed
by the filtration activity of copepod, whereas dissolved
inorganic nitrogen was removed by immobilized
microalgae. Moreover, the fact that the nitrate concen-
tration in treatment 2, which was almost equal to
treatment 1, explains the efficiency of O. rigida. Under
stress conditions, significant amount of nitrogenous
organic compounds is utilized as the respiratory sub-
strates as agreed by Roman [37] and Marinho-Soriano
et al. [18]. Nitrite removal was found to be highest
(88%) in treatment 4 which contained immobilized
Amphora sp. (PSDK015) and O. rigida. All treatments
showed maximum removal of nitrite on fourth day
except treatment 1. After fourth day, nitrite level
showed a slight increase which might be due to the
environmental conditions such as light intensity, tem-
perature, and salinity which favors the nitrogen excre-
tion by plankton growth [38,39].

In the present study, maximum ammonia removal
was noticed in the treatment 3 (P. maculatum) and
Treatment 5 (Amphora sp.). In all treatments ammonia
showed slight increase (p > 0.005) by fourth day
onwards except treatment 1, which showed increased

NH�
3 on day two from the previous concentration

(Fig. 4). Among the various nutrients studied, TN
were considered as toxic excretory products of marine
invertebrates [40]. Hence, maximum removal of
ammonia in treatments 3 and 5 was noticed where the
copepod was not involved (Stocked). Indeed, NH�

3

levels increased considerably in treatment 1, 2, and 4
at sixth day from previous concentrations. This exces-
sive increase in NH�

3 during the experiment was
attributed to the metabolic residues of copepod, con-
sidering that these filter-feeding organisms are ammo-
niotelic arthropods that excrete part of their final
nitrogenated products in the form of NH�

3 and NHþ
4

[41].
Based on the previous report, cell leakages can

limit the nutrient removal using algal immobilization
techniques [34], one of the concern in using immobi-
lized cells is the cell leakage from the matrix to the
medium which obviously violates the prime aim of
immobilization; and the same time relationship
between the cell leakages and nutrients removal
resulted strongly negative [22]. Cell leakages (moni-
tored in the reactor containing copepods every sam-
pling period under the microscope) and suspended
solids played major role in present experiment. It was
found that there was a positive correlation between
nutrient removal and suspended solids while mortal-
ity of copepod and beads damage resulted in a nega-
tive correlation.

In the present study, we found maximum reduc-
tion of 69 and 65% of phosphate in treatment 3 and 2
respectively where the immobilized microalgae P. mac-
ulatum (PSDK01) and O. rigida served as bioremidi-
ants. This result suggests that the removal of
phosphate in the water column was contributed by
microalgae. Marinho-Soriano et al. [18] stated that the
reduction of phosphate is mainly ruled by algae only
when compared to filter-feeding organisms (copepod).
But while considering nitrite and nitrate removal, the
maximum nitrogen removal (Nitrate-86%; Nitrite-88%)
was obtained from the treatment 2 (Immobilized P.
maculatum + Copepod) and treatment 4 (Immobilized
Amphora sp. + Copepod), respectively, compared to
algae alone in Treatment 3 and 5. Among the five
treatments, treatment 2 (Immobilized P. macula-
tum + Copepod) showed maximum (81%) nitrate
removal which was generally higher than the values
previously reported [18,28]. In an integrated bioreme-
diation system, the removal of nitrite is important
because the accumulation of this nutrient in water
may be toxic to aquatic organisms. It is inferred that
the copepod significantly (p > 0.001) showed increased
efficacy in the nitrite and nitrate removal from the
effluent water compared to microalgae.
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5. Conclusion

The present study confirms that the immobilized
green algae P. maculatum (PSDK01) and the copepod
O. rigida are possible candidates for nitrogen removal
(Fig. 8). This ability was confirmed by the significant
decreases of nitrate in treatment 2 (86%) and nitrite
in treatment 4 (88%), which encourage the employ-
ment of these organisms as biofilters. From this
observation, for phosphate and ammonia removal we
recommend treatment 3 (P. maculatum only) which
recorded 69% and 91% of reduction. In conclusion,
this study confirms the nutrient removal ability of P.
maculatum and appoints copepod O. rigida as a new
candidate to be integrated into bioremediation pro-
cesses. The relations of these two organisms repre-
sent a capable and environmentally valid substitute
for civilizing the environmental circumstances of
coastal areas vulnerable to discharges of aquaculture
wastewaters. With reference to above results and dis-
cussions it can be stated that both the microalgae
and copepod could be considered as potential live
feeds in aquaculture, these wastewater grown
microalgae and copepod can be used as feeds for fish
larviculture and bioremediation agents which could
be environmentally benign and economically viable
candidates for zero waste management.
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