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ABSTRACT
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Fish effluent was treated with Gracilaria corticata and Ulva lactuca in separate tanks.
Effluent without seaweeds was kept as control. Physicochemical parameters such as pH,
Biological Oxygen Demand, Dissolved Oxygen on nitrogenous compounds such as ammonia,
nitrite and nitrate were monitored. The DO content was found to be 15 % more in the
treatment tanks of G.corticata (5.44 ml/l) when compared to the control (4.05 ml/l) during
same period, may account for the high photosynthetic activity and  efficient utilization of
dissolved carbon in the effluent. The BOD value was observed to be more in the treated tank
of G.corticata compared to control on 20 days of treatment, could be due to the growth of
associated bacteria in the system, which favoured the oxidation of ammonia to nitrite and then
to nitrate. The pH was found to have significant positive correlation with nitrate content in all
the treatments, whereas BOD exhibited a negative correlation with nitrate. The removal of
nitrogenous compounds was found to be more in the effluent treated with U. lactuca followed
by G. corticata than the control.

Introduction

The discharge of low-quality water
from land-based mariculture facilities cause
environmental and economic concerns, since
fish excrete to the water 60-70% of their
ingested protein nitrogen (Porter et al., 1987).
Effluents from intensive farming contain much
organic matter, nitrogen compounds,
phosphorus and other nutrients, lead to
eutrophication. The water quality problem is
associated with both physical and chemical
factors such as high or low dissolved oxygen,
high concentration of nitrogenous compounds
(ammonia-N and nitrate-N) and high levels of
hydrogen sulphide.

Biological treatment process appears
to be economical, sound and scientifically
acceptable, because of its simplicity, ease of
operation and maintenance. The work on the
use of biofilters in aquaculture system has
been attempted by a few workers (Cohen and
Neori, 1991; Rosenthal, 1991; Oswin and
Rahman, 1997). The biological treatment of
sewage by algae and bivalves was also
studied by Ryther et al. (1972 and 1975). Duck
weed culture in waste water has gathered much
scientific concern, since the removal of
Biological Oxygen Demand, nitrogen,
phosphorus and metals by duckweed from



waste water has been reported  to be
appreciably high. (Reed et al., 1998;  Ayyappan,
2001). Large scale experiments on purification
of nutrient rich effluents have been made with
seaweeds, principally Gracilaria (Ryther et al.,
1975 and Buschman et al., 1994). In the present
study, the influence of           physicochemical
parameters such as pH,           dissolved oxygen,
Biological Oxygen Demand and salinity on the
removal of toxic nitrogenous compounds from
fish effluents during           biological method of
treatment  with seaweeds has been attempted.

Materials and Methods
Gracilaria corticata and Ulva

lactuca were collected during low tide from
Thonithurai (9017’ N and 70011’E), located on
the south east coast of TamilNadu, near
Mandapam. Samples were brushed off
epiphytes, cleaned, well packed in perforated
polythene bags and transported to CMFRI,
Cochin. Fish effluents were collected from the
Fisheries Harbour Laboratory of CMFRI,
Thopumpaddy, Kochi where the grouper fishes
were maintained in 5 ton capacity fibreglass
tanks.

Experiments with two replications
per treatment were set up in transparent
rectangular perspex tanks of 100 l capacity
inside the Marine Hatchery Complex under
controlled environmental conditions with
temperature ranging between 25–280 C and
photoperiod of 16L: 8D. Illumination of 1500
lux  was provided by fluorescent lights.  Based
on the preliminary experiments conducted,
200g of Gracilaria corticata  and Ulva lactuca
were kept on the nylon mesh just dipped in the
effluent in two separate tanks respectively until
the end of the experiment. Effluents without
seaweed were treated as control.  Continuous
aeration was provided in all the tanks.

The experiments were carried out for
30 days. Regular sampling was done in control
and treated tanks at 10 days intervals.
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Dissolved oxygen was estimated by Winkler’s
method of Strickland and Parson (1968). The
pH was taken by a digital pH meter. Salinity
was recorded by using a refractometer with
reference to distilled water. Biological Oxygen
Demand (BOD) was estimated by incubating
the water sample in a BOD incubator for 5 days
at 200 C under complete darkness. Ammonia
estimation was carried out by the method of
Solorzano (1969) and nitrate by the modified
method of Morris and Riley (1963) with some
modifications suggested by Grasshoff and
Wood (1967). Nitrite was estimated by Shinn
method (1941) modified by Bend schneider and
Robinson (1952). Data were analyzed
statistically by Analysis of Variance (ANOVA)
and Pearson correlation using SYSTAT.

Results
The pH declined in G.corticata by 1%

in 20 days  and further increased by 4 % in 30
days. The analysis of variance did not show
any significant difference  in pH between the
treatment and control tank throughout the
experimental period (P> 0.01) (Fig.1). pH
showed significant  negative correlation with
BOD (r = -0.71**) in G.corticata, ( r = -0.95**)
in U.lactuca and (r = -0.74**) in Control. While
comparing with DO, significant  positive
correlation was observed in U.lactuca
(r=0.93**). Concentration of ammonia was
more in control than the treatment tanks till 30
days. The reduction was found to be  76.03%
in U.lactuca  and 66.9% in  G. corticata on 20th

day of treatment with respect to control. The
decline of nitrate was found to be almost
similar in both the treatments (55%) compared
to control. The nitrite content was significantly
declined in the treatment of U.lactuca by
98.6% and 74.9% in G.corticata (Fig.2).
Correlation with nitrate was found to be
negatively  significant (r = -0.93** in GC,
r = -0.91** in UL and r = -0.798** in Cont). It
was also observed that ammonia and nitrite



are negatively correlated with pH except in
G.corticata , which showed a significant
positive correlation with   ammonia on 10 days
(r = 1.00**). The correlation of ammonia and
nitrite with pH was significant only in control
tank (Table 1).

Dissolved oxygen (DO) content of
the treated and control tank showed almost a
similar trend. There was an initial increase of
DO for 10 days, declined on 20 days and then
increased on 30 days . The increase in DO was

Fig. 1. Physico chemical parameters of fish effluent treated with seaweeds

Fig. 2. Nitrogenous compounds in fish effluents treated with seaweeds
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33 % in treated tank of G. corticata but no
change was observed in U. lactuca during 10
days of treatment. On 20 DAT the DO declined
by 38 % in G.corticata, 16 % in control tank
but only 2 % in U. lactuca with reference to 10
DAT. An increase in DO concentration was
observed in all the tanks after 30 days. (Fig.1).
Statistical interpretation did not show
significant difference between the control and
treated tanks (P > 0.01). Significant positive
correlation was observed between DO and



Control pH DO BOD Ammonia Nitrate Nitrite
pH 1.00 -0.63* -0.74** -0.61* -0.8** -0.62*
DO -0.63* 1.00 0.99** 0.99** -0.61* 0.99**
BOD -0.74** 0.99** 1.00 0.98** -0.68* 0.97**
Ammonia -0.61* 0.99** 0.98** 1.00 -0.63* 0.96**
Nitrate -0.8** -0.61* -0.68* -0.63* 1.00 -0.53
Nitrite -0.62* 0.99** 0.97** 0.96** -0.53 1.00
G.corticata
pH 1.00 0.22 -0.71** 0.69* 0.93** -0.09
DO 0.407 1.00 0.22 0.407 0.35 0.84
BOD -0.71** 0.407 1.00 -0.26 -0.82** 0.68*
Ammonia 0.69* 0.71** -0.26 1.00 0.59* 0.38
Nitrate 0.93** 0.35 -0.82** 0.59* 1.00 -0.53
Nitrite -0.09 0.84 0.68* 0.38 -0.53 1.00
U.lactuca
pH 1.00 0.93** -0.95** -0.15 0.91** -0.39
DO 0.93** 1.00 0.8** -0.06 0.96** -0.15
BOD -0.95** 0.8** 1.00 0.34 -0.82** 0.55
Ammonia -0.15 -0.06 0.34 1.00 0.1 0.82**
Nitrate 0.91** 0.96** -0.82** 0.1 1.00 -0.06
Nitrite -0.39 -0.15 0.55 0.82** -0.06 1.00

Table 1. Correlation matrix of  physicochemical parameters influencing removal of toxic nitrogenous
waste from fish effluent

ammonia concentration in G.corticata
(r=0.71**) and control (r=0.99**), whereas no
significant correlation was noticed with
U.lactuca. Similar pattern was observed
between DO and nitrite (r= 0.84**) in
G.corticata and (r=0.99**) in control. The
nitrate concentration was found to have
significant positive correlation with DO in
U.lactuca (r=0.96**) whereas negative
correlation was observed in control (r=-0.6*).
DO concentration  on 10 days of treatment
was found to have significant positive
correlation with BOD in G.corticata (r=1.00**)
and control (r=0.99**). On the otherhand,
significant negative correlation was observed
in U.lactuca (r= -1.00**)

The Biological Oxygen Demand
(BOD) also showed a similar trend like
dissolved oxygen. There was an initial increase
in BOD on 10 days of treatment which was
more pronounced in G.corticata followed by a
decline on 20 DAT both in control and treated
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tanks.  The decline of the BOD was maximum
in G. corticata. There was decline in BOD
values in all the tanks during 30 days of
treatment (Fig. 1). The analysis of variance
table showed no significant difference in BOD
values between treatment and control tanks
throughout the experimental period (P > 0.01).
BOD  was found to have  significant
correlation with nitrate in G.corticata
(r=0.82**) and U.lactuca (r=0.82**) treatments.
Significant negative correlation was noticed
in the control tank (r=-0.68*). With ammonia,
BOD showed a significant positive correlation
in control (r= 0.98**), whereas in G.corticata
and U.lactuca, no significant correlation was
observed. Nitrite with BOD exhibited
significant positive correlation in control
(r=0.97**) and G.corticata (r=0.68**), whereas
no significance was observed in U.lactuca.
The changes in different nitrogenous
compounds in fish effluents during  treatment
with seaweeds are given in Fig. 2.



Discussion
The pH value in fish effluent did not

show wide variation in the control and treated
tank, but there was a marginal decline of pH in
the treated tanks. G.corticata showed a
decline of pH during 20 DAT, which may
account for the efficient utilization of dissolved
carbon in the effluent. Earlier report stated that
G.corticata showed high photosynthetic
activity in the initial period when kept under
laboratory condition (Reeta and Kulandaivelu,
2000). The increase in dissolved oxygen in the
treated tank of fish effluent by G.corticata (5.45
ml O2/l) confirms the high photosynthetic
activity of the plant.  The higher carbon
dioxide demand for Gracilaria was confirmed
by Bidwell et al. (1985). Reeta and Kulandaivelu
(2000) also explained the utilization of
maximum carbon noticed in the 14C uptake.  On
the otherhand, the effluent treated with Ulva
did not show much changes in the DO
content.  The increase in DO content in the
control tank of fish effluent may account for
the phytoplankton bloom in the enriched
effluent when they were supplied with optimal
light and air.

The low BOD values observed in
U.lactuca compared to G.corticata and
control up to 20 days of treatment clearly
indicate the antibacterial property of Ulva spp.
that has been reported by several workers
(Charles and Suzuki, 2000; Sergey and Pei-Yuan
Qian, 2002). After 20 days, the plants were in a
stressed condition and influenced the
bacterial load. The efficient removal of toxic
nitrogen even with the low BOD level
confirms the ability of the Ulva spp. to utilize
the nutrients within the system. On the
otherhand, the high concentration of BOD in
the treated tank of fish effluent by G.corticata
may account for the encouraging bacterial
growth. Being an agarophyte, Gracilaria
corticata is considered as a very good
substrate for bacterial communities (nitrifying

bacteria) which helps in the oxidation of
ammonia to nitrite and nitrate. Bacterial
consumption of oxygen can rapidly outpace
oxygen replenishment from the atmosphere
and photosynthesis performed by algae and
aquatic plants. The result is a net decline in
oxygen concentrations in the water.  Nitrates
and    phosphates in a body of water can
contribute to high BOD levels.  Nitrates and
phosphates help in rapid growth of algae to
grow quickly, so also enhanced aging
contributing to the organic waste in the water,
which is then decomposed by bacteria
resulting in a high BOD level.

In the present experiment ammonia,
nitrite  and nitrate concentration was found to
be  at a lower level on 20 days of treatment  in
the treatment tanks of U.lactuca and
G.corticata  when compared to the control on
the same day. Thereafter on 30 days, the
difference between control and treatment were
found to be very low. The effluents treated
with G.corticata and U.lactuca, were kept in a
confined environment,the non availability  of
dissolved carbon might have stressed the
plants to efficiently photosynthesize and
utilize the toxic nitrogen after 20 days of
treatment. In the present experiment,
accumulation of higher concentration of
nitrate after 20 DAT might have also accounted
for the toxicity in the system which exerts
stress to the plant, thus affecting the
physiological condition of the seaweed.
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