
1. Introduction

There are many factors which may influence the
metabolic activity of the fish reared and therefore the
characteristics of the pollutant load in effluent and in-
tensive plants [Boyd 1990] for example: the fish species
reared, stocking density, water renewal, the quality of
incoming water, the type of tank used [Ross 1995].

Many studies highlighting levels of chemical and
physical effluent parameters give very different re-
sults concerning total pollutant load (COD, BOD5,
Total Suspendend Solids) [Bianchi 2004] the greatest
differences are found between the results of research
carried out in pilot or small-scale plants [Dumas
1998] and those obtained from industrial farms [Jones
2001]. Industrial farms often produce effluent water
which is too highly polluted for discharge into surface
waters and which may even contribute to eutrophica-
tion [Ziemann 1992; Dosdat 1994]. In many cases a
correlation has been found between the concentration
of suspended solids in the effluent and the total pollu-
tant load, especially when this consists of organic
matter [Jones 2001; Suresh 1992].

Research carried out by the PROGESA Dept. of
the Faculty of Agriculture, University of Bari in an in-
tensive closed-cycle plant for growing out bass (Di-
centrarchus labrax) and gilthead (Sparus auratus) in
the Lower Salento (Lecce Province) has shown oper-

ating conditions which require purification of effluent
with pollutant load peaks consisting of high concen-
trations of suspended organic matter, and a high
BOD5/COD ratio [McIntosh 2003]; in the same efflu-
ent over 70% of suspended solids were found to con-
sist of particles with a maximum dimension greater
than 100 µm [Bianchi 2004].

The same study revealed that a mechanical filtration
treatment was adequate for the specific requirements of
the plant, because it can be adapted to seasonal varia-
tions in pollutant load, thus making it possible to re-
duce the pollutant load in accordance with legal restric-
tions and also to allow energy consumption not to ex-
ceed 3.9 kJ/m3 of treated waste water [Bianchi 2004].

Kevin, Wong and Piedrahita [Kevin 2000] used a
top-loading settling column to characterize the set-
tling properties of the solids in the discharge water
from a commercial rainbow trout production facility; in
this paper it is underlined that settling characteristics of
aquacultural solids will vary from facility to facility
and it is suggested that a sedimentation basin should
be designed with an overflow rate of about 0.5 cm s-1

or lower, in order to capture about 80% of the set-
tleable; moreover a method useful to perform a simi-
lar type of analysis at other aquacultural sites, which
may be growing other species under different man-
agement regimes is described.

The present work reports the results of a study
which aimed to characterize the effluent water pro-
duced by an intensive bass and gilthead growing out
farm; the goal was to acquire experimental data about
the pollutant load produced when the farm was operat-
ing in the most potentially polluting conditions and to
define design criteria for a purification treatment
which should be suitable for  this kind of effluent.

In Italy, the chemical and physical characteristics of
industrial waste discharged into surface waters are de-
fined by Italian laws (D.L. 3/3/2006 n. 152, G.U.
14/4/2006 n. 88 - S.O. n. 96; D.M. 7/4/2006, n. 152,
G.U. 12/5/2006 n. 109 - S.O. n. 120) which reiterate EC
Directive 91/271 concerning the treatment of urban and
industrial waste water, and EC Directive 91/676 con-
cerning water pollution by nitrates used in agriculture
(Tab. 1).
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2. Materials and methods

Experimental trials were conducted at the “Isola di
Varano” Cooperative, an intensive on-shore fish farm
in the country near Ischiatella (Foggia Province, Apu-
lia, South Italy). The plant uses fresh and saltwater for
the intensive growing out of eurialine species: bass
(Dicentrarchus labrax), gilthead bream (Sparus aura-
tus), White Seabream (Diplodus sargo), Bully (Mugil
cephalus ) and Eel (Anguilla anguilla). The plant was
built in 1990 and covers an area of about 2500 m2. It
consists of: 18 growing out basins with an area of
60.0 m2 and an effective depth of 1.2 m; one 77.4 m x
4.0 m drainage canal which receives the effluent dis-
charged directly from each tank (Fig. 1); one 138.0 m
drainage canal for waste water (Canal No.1); one
171.0 m drainage canal for effluent (Canal No.2)
which discharges directly into Lake Varano (Fig. 1); 4
basins for fry captured in the lagoon; a covered area
with electric control panels; a deposit where fish is
prepared for sale; an office. The reinforced concrete
basins are 1.4 m deep and partially interred, with a
central dividing hollow-brick wall 11.0 m long and
1.36 m high (Fig. 2). The water is oxygenated using
liquid oxygen which is delivered to all the basins
through a network of metal pipes from two pres-
surised tanks. It is then mixed with the water by “Ven-

turi effect” and diffused by two horizontal floating
paddle aerators, which together with vertical floating
paddle aerators may also supplement oxygenation 
using atmospheric air. Water renewal in the plant is
carried out partly using water taken directly from
Lake Varano, and partly using well-water. Water is de-
livered to the basins by two pumps which together
guarantee a supply of 40 l/s.

The bottom of each basin slopes about 1% towards
the water outlet and also contains a sludge pit (8.0 m
long, 95.0 cm wide, 20.0 cm deep) which collects 
solid sediments and is situated along the wall contain-
ing the outlet flow. When the plant is operating, water
is discharged from each basin through a vertical pipe
which has the inlet slightly higher than the maximum
height of the solid waste in the sludge pit and two out-
lets: a TOP outlet (about 1.0 m from the bottom of the
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TABLE 1 - EC Directive 91/271 and EC Directive 91/676:
Main maximum permitted levels of chemical and physical pa-
rameters regarding effluent discharges into surface waters or
sewage systems.

Fig. 1 - Diagram of the “Isola di Varano” Cooperative fish farm lo-
cated in Ischiatella (Foggia Province, Apulia, South Italy). Image is
drawn approximately to scale and measurements are in meters. µ: sam-
ple point.
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basin) and a bottom outlet (very near to the inlet).
About twice a day the sediment in the sludge pit of
each pond is drained out through the bottom outlet of
the vertical pipe, therefore a sedimentation treatment
separates large solids from the effluent of each basin
before it is discharged (Fig. 2).

The water discharged from the basins flows into
the concrete canal which is lower than the bottom of
the basins and discharges into a collection pit (Fig. 1).
From here the water flows into a 138.0 m effluent
canal, then into a 70.0 cm diameter pipe under a farm
road, and finally along a second 171.0 m effluent
canal into Lake Varano (Fig. 1).

The first step of the present research programme
was the characterization of effluent in conditions of
maximum pollution, in order to define a suitable pu-
rification treatment.

The trials were carried out in the period 1-10 Sep-
tember 2008, when the plant reaches its production
peak, and the sub-division of the biomass in the tanks
is shown in Figure 1. One basin was selected for the
trial and its effluent production was monitored for 10
days, while the main variables which influence efflu-
ent parameters were maintained as near constant as
possible, as shown in Table 2.

Obviously it was not possible to impose the con-
stant operating conditions of the monitored pond on
all the other ponds during the course of the trials, but
climatic factors, water temperature and production
management during the trial period made it possible
to establish similar stocking densities and feeding
programmes throughout the entire plant.

No antibiotic treatments were carried out in the
farm during the test period, or in the five days prior to
the test period.

The parameters which influence the pollutant load
in effluent water were maintained almost constant in
Tank 4a (Fig. 1), and these parameters were also 
established in order to obtain the most critical pollu-
tion conditions; stocking density was at the highest
levels and the maximum quantities of feed were 
administered because the water temperature made it
possible to feed fish three times daily (Tab. 2).

In order to analyse effluent, water samples (10
litres per sample) were taken, every 2 days, from
Basin 4a inlet and Basin 4a outlet; in the same way,
every 2 days water samples were taken from the fol-
lowing areas: Farm outlet, Canal no.1 outlet, Canal
no.2 outlet. The goal was to evaluate any difference
between polluting characteristics of the 4a basin’s ef-
fluent (controlled) and the total effluent of the plant.

Moreover, the analyses on the samples taken from the
Canal no.2 have been useful to evaluate any purifying
effect due to the flow into the canal.

The following analyses were repeated three times
for each sample: total suspended solids dried at 103-
105 °C (SST), chemical oxigen demand (COD), bio-
chemical oxigen demand (5 days incubation at 20 °C:
BOD5), ammonia – nitrogen (N-NH4+), nitrite – ni-
trogen (N-NO2-), nitrate – nitrogen (N-NO3-), Total
Phosphorus (TP), fecal particles (Escherichia coli).
All analyses were conducted in accordance with the
American Health Association (1998).

In the subsequent stage, according to the analitical
results, laboratory tests were carried out, to evaluate
the sedimentation speed, the dimensions and concen-
tration of the suspended solids present in the studied
effluent.

Sedimentation speed was determined in 1 dm3 volu-
me calibrated cylinders, into which the effluent was
poured after being shaken. Evaluations were carried
out on 5 cylinders for each sample of effluent taken.

Sedimentation speed was calculated by measuring
the distance travelled and the time taken by each par-
ticle, developing an experimental procedure suffi-
ciently reliable for the specific effluent, based on a
test method suggested by other authors [Kevin 2000].
Sedimentation was observed for no more than 3
hours, because after this period it was no longer possi-
ble to see any particles falling.

During the sedimentation trials a sample of super-
natant was taken from each cylinder after 60 min, 120
min and 180 min; this was done in order to determine
the Total Suspended Solids, COD and BOD5. In addi-
tion, the volume of sludge accumulated was also
measured.

The dimensions and concentration of the suspended
solids present in the effluent studied were measured
using an electron microscope – a Laborlux 12 by
Leitz (Wetzalr-Germany) connected to a PC with a
Leica QWin programme (Cambridge-England) – to
analyse and process the images from the microscope.
50 slides were analysed for each sample; the slides
consisted of 1 cell 0.5 mm deep with a total capacity
of 20 µl.

For the same sample, each drop analysed was taken
from a 1 litre container at different depths, after shak-
ing the sample. The cell was filled using a sterile
pipette and the microscope was set to 10x.

The software measured and saved data regarding
the length, width and depth of all the solids identified
for each sample, expressed in µm. The solids identi-
fied were then classified according to size and maxi-
mum dimension starting from the range 20-40 µm;
the last size class included solids with a maximum di-
mension greater than 500 µm.

Data were analysed by ANOVA using the GLN
procedure SAS (1999-2000). Mean values were com-
pared using the Student’s test, and percentage values
using the µ2 test.

13

TABLE 2 - Technical parameters maintained constant in
basin.4a (Fig. 1-2) during experimental tests. 
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3. Results

The SST, COD and BOD5 levels of the incoming
water are low, in accordance with the EU standards
concerning effluent discharged into surface waters
(Tab. 1), and the BOD5/COD ratio is slightly less than
0.5. However, the pollutant load (SST, COD and
BOD5) of effluents from the farm and from Basin 4a
is significantly higher (P < 0.01) than in the incoming
water (Tab. 3). 

The BOD5 of the effluent is quite high, more than
60% of the COD, while specific production of the
pollutant load in the monitored basin is more than 15
g COD/kg fish and over 10 g BOD5/kg fish. The con-
centration of suspended solids in the effluent is
greater (P < 0.01) than in the incoming water: 18-
times higher at the outlet of the monitored basin and
more than 15-times higher at the farm outlet.

The samples taken at the outlet from the first canal
contain lower levels (P < 0.01) of the already-men-
tioned effluent parameters than samples taken at the
farm outlet, but these still exceed the legal limits
(Tab. 1).

These limits are not met at the outlet of the second
canal either (Tab. 1), although here the SST concen-
tration is 5-6 times lower, and COD and BOD5 are ef-
fectively halved (Tab. 3). Finally, nitrite, nitrate, phos-
phate and ammonia contents were tested and found to
be within the legal limits. 

Ammonia, Nitrite, Nitrate and Phosphorus contents
increase between inlet and outlets, but they are always
quite lower than the minimum level allowed by law.
Escherichia coli content is always very low and does
not increase between inlet and outlets (Tab. 3).

These above mentioned concentrations differ sig-

nificantly (P < 0.01), according to the site where they
were found.

The sedimentation trials showed maximum sedi-
mentation speeds which varied between 6.51 and
46.13 mm/s and minimum speeds of 2.53-26.79

14

Fig. 2 - Schematic plan of the reinforced concrete basin. The image is approximately drawn to scale and the measure-
ments are in meters.

TABLE 3 - Concentrations of the main pollution parame-
ters. * Every value has been obtained as an average of analysis
carried out on 5 samples, repeating the analysis on each sample
three times. On row: A,B, C, D, E; P < 0.01; a,b; P < 0.05.
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mm/s, with sludge production between 30.51 and
48.74 ml/dm3 (Tab. 4). It should be noted that during
the trial time (180 min), speeds were quite variable,
showing great variability in the nature and size of the
solids present in the effluent. Therefore, in order to
obtain homogeneous results, the trial period was sub-
divided into three partial times of 60 min. During
each of these periods the average, minimum and max-
imum sedimentation speeds of solids were calculated,
sludge volume was recorded and the effluent parame-
ters of the supernatant were determined. 

Maximum sedimentation speeds were achieved in
the first 60 min of treatment: 46.13 mm/s being the
maximum speed and 26.79 mm/s the minimum (Tab.
4). Between 60 min and 120 min the maximum speed
slows down considerably (P < 0.01), approaching the
minimum speed (Tab. 4).

The most noticeable reduction is found in the last
60 min, with a further narrowing of the difference be-
tween the maximum and minimum speeds: the maxi-
mum speed was 6.51 mm/s and the minimum was
2.53 mm/s (Tab. 4).

Similarly, there is a very great reduction (P < 0.01)
in the pollutant load in the first 120 min (Tab. 5). In
this period, the SST is reduced by 78-79%, COD by
42-47% and the BOD5 by about 53%; this can be
compared with total reduction at the end of 180 min,
which was respectively 81.3-86.8%, 49-55% and 59-
66.8%.

The graphs in Figures 3-4 show the most represen-
tative sedimentation speed trends of solid particles in
the effluent versus time. This makes it possible to un-
derstand how the settling process takes place. It can
be seen that speed tends to increase in the first stage
of sedimentation in the calibrated cylinder, and then
diminishes until the minimum speeds are reached in
the final stage. In the last 60 min of treatment it is
much less evident, and speed curves are much less
pronounced.

When the effluent samples were viewed under the
microscope, the distribution of solids was seen before
and after sedimentation treatment (Tab. 6). These data
refer to the most potentially polluting conditions,
which correspond to the effluent from Basin 4a, be-
cause these conditions are the basis for calculations

regarding the design of a mechanical filter.
It must be pointed out that most of the solids in the

effluent studied had one dimension which was greater
than the others. For this reason, of the three dimen-

15

TABLE 4 - Summary of the sedimentation speeds (mean ±
S.D.) (average values of 60 observations*). On column: A vs B
vs C, P < 0.01.

TABLE 5 - Results of sedimentation tests on effluent (mean
± S.D.). Every value has been obtained as average of analysis
carried out on n. 5 samples, repeating the analysis on each
sample three times. **, A vs B vs C vs D; L vs M vs N vs O; P<
0.01;  *, a vs b, P < 0.05 ; n.s., not significantly.

Fig. 3 - Representative sedimentation speed of solids over time.
Test duration from 60 min to 120 min.
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sions measured for every solid identified, the greatest
was considered the most important, because the mesh
of a mechanical filter should trap the solid along this
dimension.

Generally the distribution of solids is significantly
different depending upon the various categories of di-
mension after a sedimentation period of 120 and 180
minutes. Whereas, after 60 minutes the values corre-
sponding to the 301-350 µm size class and the follow-
ing class differ significantly (4.39 vs 11.40%; P <
0.05).

The effluent studied presents an average concentra-
tion of suspended solids of 631.45 mg/l (Tab. 3), the
largest percentage of which (about 19 %) is made up
of particles with an average maximum dimension of
about 556.0 µm, i.e. included in the over 500 µm size
class (Tab. 6). During sedimentation treatment, the to-
tal percentage of solids with a maximum dimension of
200 µm to more than 500 µm drops to 47% after 60
min (with partial levels referring to the single size
classes which vary from 3-7%), to 29 % after 120 min
(with partial levels referring to the single size classes
which vary from 1-3%) and to 11 % after 180 min,
with partial values referring to the single size classes
not exceeding 4% (Tab. 6).

However, the percentage of particles with maxi-
mum dimensions of 100-200 µm, remains the same or
even increases during the first 120 min, and only in

the last 60 min diminishes by about 8% to around
2.3%. Finally, the particles with a maximum dimen-
sion of 20-100 µm are a percentage of the total which
tends to increase during the sedimentation treatment
(Tab. 6).

4. Discussion

The pollutant load of the effluent was considerably
higher than that of the incoming water, and this was
mostly due to the high stocking density and adminis-
tration of large quantities of feed. On the other hand,
the production conditions and feeding programme es-
tablished during the test period can only be kept up
for 4 months of the year.

The high BOD5/COD ratio in this effluent indi-
cates organic matter as the main component of the
pollutant load. The nitrite, nitrate, phosphate and am-
monia levels remain within legal limits, so it can be
said that the effluent contains a large percentage of or-
ganic matter in the form of suspended solids; this ap-
plies to effluent from the whole farm, and especially
the monitored basin.

In fact, tests on the waste water from the monitored
basin gave results which are substantially comparable
with the results regarding the waste water from the
entire farm, although in the other basins it was not
possible to control and maintain entirely constant the
parameters which could effect the pollutant load. 

Therefore, although the effluent examined derives
from a high level of metabolic activity and the maxi-

16

Fig. 4 - Representative sedimentation speed of solids over time.
Time of test from 120 min to 180 min.

TABLE 6 - Distribution percentage of the solids during sed-
imentation treatment*. On column, different letters indicate
significant differences, capital letters for P< 0.01 or lower
case for P< 0.05. * All data were each obtained as an arith-
metic average of 80 observations.
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mum stocking concentration, it requires a purification
treatment which can reduce the pollutant load to with-
in the legal limits. The characteristics of the effluent
suggest a treatment which separates the suspended
solids, such as sedimentation or mechanical filtration.

Noticeable reductions in SST, COD and BOD5 are
found in the effluent at the outlet of the second canal
and these may also be attributed to a sedimentation
process of the suspended solids taking place as the ef-
fluent travels along this canal. 

However, it is evident that the efficiency of this
process is not optimum in these canals, in relation to
the length and depth of the canal, as well as to the ra-
tio turbid speed/sedimentation speed. So determina-
tion of the solid sedimentation speed is of vital impor-
tance for designing a sedimentation basin. 

The curves representing sedimentation speed over
time (Fig. 4-5), show a trend confirming the results of
other trials involving effluents with similar physical
and chemical characteristics [Amirante 1991; Wong
2000; Jones 2001]; this trend is mainly due to the
greater concentration of solids in the final part of the
calibrated cylinder in the first 120 min of the settling
process. However, in the last 60 min of treatment the
heaviest particles have already settled and created a
quite compact layer of sediment, so that only the
lightest particles, usually with a flaky consistency,
settle at a more or less constant speed (Tab. 5). In
confirmation of this, there is much less sedimentation
of suspended solids in the final 60 min than in the
first 120 min (Tab. 5).

It can be seen that the sedimentation process car-
ried out in the laboratory was only just sufficient to
bring the farm effluent within the legal limits (Tab. 5).
However, the effluent from the monitored basin had a
greater pollutant load at the outset and still had higher
SST, COD and BOD5 levels than those permitted for
waste discharged into surface water (Tab. 5). In this
case, perhaps mechanical filtration may be a more
suitable treatment for this effluent.

The analysis of solid distribution in the effluent
shows that over 60% of the total solids present are
particles with a maximum dimension ranging from
200 µm to more than 500 µm (Tab. 6). So it is quite
obvious that only the very large and heavy solids ac-
tually sediment in the basin’s sludge pit (Fig. 3).

The solids measuring 200 µm to over 500 µm are
separated more efficiently by sedimentation treat-
ment, so that the total percentage falls to 6% after 180
min (Tab. 6). However, the 100 µm to 200 µm parti-
cles sediment quite slowly and their total percentage
diminishes noticeably only in the final 60 min (Tab.
6). Finally, the 20 µm to 100 µm particles do not sedi-
ment, and therefore tend to increase as a percentage of
the solids in the effluent (Tab. 6). 

Likewise, the total of suspended solids in the efflu-
ent tends to diminish during sedimentation, falling
from 631.45 mg/l to 114.18 mg/l (Tab. 6). Since these
percentages indicate a much lower solid content than
at the outset, it can be said that the particles measur-

ing over 200 µm have effectively disappeared after
the sedimentation treatment.

If a mechanical filter were to be used to separate
solids, and reduce the pollutant load in this particular
effluent to lower levels than that achieved using sedi-
mentation, it would require a mesh with a pore size of
no more than 80 µm. A 50 µm mesh would be consid-
ered sufficient for any critical situation caused by the
presence of filiform solids which can pass through a
filter despite having one dimension which is larger
than the mesh. If these solids were a relatively large
percentage of the total, even a mechanical filter might
prove not provide a sufficient purification treatment.

5. Conclusions

Aquaculture can only take place in a system which
perfectly respects the balance of nature. This is obvi-
ously also true of intensive installations, which must
conform to methods for reducing all types of pollu-
tion.

The research confirmed that it is possible for inten-
sive systems to have operating conditions – often con-
centrated in short periods of the production cycle –
which require waste water treatment. In order to ob-
tain reduced COD and BOD5, this treatment may con-
sist of the simple separation of suspended solids.

Mechanical filtration treatment may suit the spe-
cific requirements of the farm used for the experi-
mental trials. The analysis of effluent showed a pol-
lutant load with high concentrations of suspended or-
ganic matter, which tends to noticeably increase the
BOD5/COD ratio. 

In general, the solution must be chosen on the basis
of the following technical considerations, some of
which derive from the results of the present study.
– Several studies have shown that the pollutant load

of the effluent studied is seasonal, therefore it is
not always necessary to have purification treatment
all year round, but only in periods when feeding
levels are at a maximum and at times when the
basins are being cleaned.

– The suspended solids sediment at very variable
speeds, and some of these may remain suspended
even 3 h after treatment. 

– A filter requires less space than does a sedimenta-
tion basin.  

– The cost of installing a mechanical filtration sys-
tem is quite low, and running costs depend on how
it is used. On the other hand, the cost of a sedimen-
tation basin depends on the natural resources and
area available and on the possibility of farming less
valuable species like grey mullet (Mugil cephalus)
in the same fish farm, using some of the waste wa-
ter from the more valuable species.
The present research has shown that an effluent

channel is not as efficient in reducing the pollutant
load of waste water as sedimentation treatment. The
results of sedimentation trials have shown – for a pe-

17
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riod of about 3 hours – minimum and maximum solid
particle sedimentation speeds of 2.56 mm/s and 46.8
mm/s respectively, which should be considered when
deciding the water speed and the dimensions of basins
for this type of effluent. 

Another consideration is that when the pollutant
loads are high, like those studied, sedimentation must
be integrated with chemical and physical adjuvants, in
order to further improve the separation of solids. 

Finally, electron microscope-assisted classification
of solids proved quite representative of real distribu-
tion and this was shown also by the correspondence
between the size classes defined and the dimensions
of the sedimented particles. Therefore, this method
may be proposed for designing, rather than for check-
ing, filtration plants for effluent from other intensive
fish farms.
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SUMMARY

The pollutant load was monitored in an intensive
on-shore plant; evaluation especially concerned one
basin, during a period of time in which the water tem-
perature (21-23°c), the stocking density (25 kg/m3),
the loading and unloading flow (40 dm3/s) remained
steady at the highest values. 

The results show that the maximum pollution levels
are characterized by high concentrations of suspended
organic materials, as well as by high BOD5/COD rates;
moreover, more than 60% of the suspended solid waste
consists of particles with a maximum dimension rang-
ing from 200 µm to more than 500 µm. Tests show that
an effluent channel is not efficient in reducing the pol-
lutant load of waste water.

The laboratory sedimentation trials showed – for a
period of about 3 hours – minimum and maximum sol-
id particle sedimentation speeds of 2.56 mm/s and 46.8
mm/s respectively, which should be considered when
deciding the turbid speed and the dimensions of basins
for this type of effluent. In any case, the sedimentation
process carried out in the laboratory was only just suffi-
cient to bring the farm effluent within the legal limits.
Therefore a mechanical filtration treatment may suit
the specific requirements of the farm waste water used
for the experimental trials. A 50 µm mesh would be
considered sufficient for any critical situation.

Keywords: On-shore intensive fish farm; Waste
water; Polluting characterization; Purifying treatment;
Sedimentation; Filtration.
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