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ABSTRACT

This paper report findings of an investigation itbe effect of aeration devices on some
selected freshwater quality parameters. Three iagraplumns, Upturned shower rose (USR),
Downturned shower rose (DSR) and Perforated pigeP[Pvere experimented. Freshwater fish
culture water was passed through the devices aalysau for Temperature, pH, Alkalinity and
Dissolved oxygen (DO) in the morning, afternoon a&wening. The percentage modification was
used to measure the effect of aeration on the teelewater quality parameters. Temperature
modification ranged from -2.4% to 0% with equaluain all the aeration devices at all the period,
Alkalinity ranged between -10.7% and 3.7% with teamdification in DSR in the morning but
highest in USR in the evening, The percentage ruadibn in pH fell between -8.3% and -1.8%
with the least modification in USR in the mornindile the highest was recorded also in USR but
in the evening. The DO ranged between 37.1% to9®6with the highest modification in DSR in
the afternoon and the lowest in USR in the evenirtte investigated aerating devices have little
effect on all the selected water quality parametexsept for dissolved oxygen where the effect is
very prominent.
© 2014 International Formulae Group. All rights exged.
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INTRODUCTION supply, irrigation, hydroelectric  power
Water is one of the most important and generation, recreation and fish production
abundant compound of the ecosystem. It has (Mustapha, 2006). Due to increased human
social and economic benefit to man especially population, industrialisation, use of fertilizers
when it is properly utilised (Jenyo-Oni et al., in the agriculture and man-made activities,
2010). It has been used over the years for water is polluted with different harmful
various purposes such as domestic water contaminants which leads to the pollution of

© 2014 International Formulae Group. All rights exged.
DOl : http://dx.doi.org/10.4314/ijbcs.v8i6.42



A. O. AKINWOLEetal. / Int. J. Biol. Chem. Sci. 8(6): 2858-2865120

aquatic ecosystems and gradually leads to
degradation of the water quality for the
survival of aquatic organisms (Abdel-
Shafy and Aly, 2002). Water quality affects
the general condition of cultured organism as
it determines its health and growth (Akinwole
and Adeola, 2012). There are many water
quality parameters in an aquatic environment
but only a few of them play significant roles
in fish culture (Jenyo-Oni et al., 2010).
Among this few are dissolved oxygen,
temperature, pH, alkalinity and Nitrogenous
wastes compounds (Ammonia, Nitrate and
Nitrite). Dissolved oxygen is the most critical
water quality variable in aquaculture (Boyd,
1998) and it is essential to all forms of aquatic
life. The problem of oxygen depletion in
rearing of freshwater fish species is a major
threat in aquaculture because it leads to
hypoxia which affects fish growth and food
conversion levels, etc (Mallya, 2007).
Enhancement of dissolved oxygen in water
can be facilitated by an efficient and cost
effective aeration column through the process
of aeration. Apart from increasing the
dissolved oxygen level of water, aeration
column can also be used for degasification
and oxygenation (increase in oxygen gas by
aeration leads to decrease in harmful gases
like carbon dioxide, hydrogen sulphide, etc.).
There are several ways of oxygenating water
and it includes the use of fountains, sprinklers,
electrical operated aerators, etc. (Brown,
2003). The use of simple aeration columns
which are cost effective would readily solve
the problem of low dissolved oxygen in
freshwater culture systems. This will help
maintain water at optimal levels and hereby
reduce the cost of production, thereby
increasing the profit margin of aquaculturists.
However, it is important to have information
on the impact of aeration on other important
water quality parameters in fish culture which
includes  temperature, pH, alkalinity.
Temperature is an important water quality
parameter and in an established aquaculture
system the water temperature controls the rate
of all chemical reactions, and affects fish
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growth, reproduction and immunity (Gupta et
al., 2009). Alkalinity is the measure of the
capacity of water to neutralize or buffer acids
using carbonate, bicarbonate ions, and in rare
cases, by hydroxide, thus protecting the
organisms from major fluctuations in pH
(Kelly et al.,, 2004). pH is defined as the
negative logarithm of the hydrogen ion
concentration, fish can become stressed or die
when exposed to pH extremes or when pH
changes rapidly, even if the change occurs
within a pH range that is normally tolerated
(Tucker and D’Abramo, 2008). At
approximately pH 4.0 or below and pH 11 or
above, most species die, for most freshwater
species, a pH range of 6.5 - 9.0 is ideal (Ajani
et al., 2011). This paper report, findings of a
study which investigated the effect of three
aeration devices on some selected water
quality parameters in freshwater fish culture
system.

MATERIALSAND METHODS

The study was carried out in the
Department of Aquaculture and Fisheries
Management laboratory, University of Ibadan.
Deep well water majorly used for fish culture
experiment and other activities in the
laboratory was used as the water source. The
well has a depth of 600 cm with the water
level of 400 cm from the ground

Aeration columns

Three different aeration columns were
used for the experiment, namely; Upturned
shower rose (USR), Downturned shower rose
(DSR) and Perforated pipe (PEP). Each of
them was attached to transparent plastic water
tank of 36.5 by 26.5 cm. Aeration column
one, (Upturned shower rose (USR)) was
positioned at the base of the plastic tank, an
upturned shower rose was attached to a pipe 5
cm from the base of the tank with a butterfly
valve for the control of water flow from the
tank through the aeration device to the
receiving tank. Aeration column two,
(Downturned shower rose (DSR)) was fitted
at the base of the plastic tank. It is a
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downturned shower rose attached to a pipe of
5 cm long, fitted with a butterfly valve for the
control of water flow from the tank through
the aeration device to the receiving tank, with
an elbow joint and a 2 cm extension from
which the shower rose was attached facing
down. Aeration column three, (Perforated pipe
(PEP)) was positioned at the base of the
plastic tank. It is a 5 cm long plastic pipe,
fitted with a butterfly valve, with a t-joint and

2 cm pipes attached at each side of the t-joint,
there are four holes running horizontally
under the pipe with a diameter of 25 cm each.
These water tanks were placed so that the
aeration columns were at the distance of 119
cm from the receiving tank below, the DSR
was placed on a stand of 4.5 cm and the PEP
was placed on a wooden stand of 2 cm while
USR maintained the 119 cm initial height, this
was done so that the aeration columns can
discharge water from the same level and
maintain equal potential head during the
experimental process (Figure 1).

Experimental procedure

The experiment was carried out three
times daily between February and March
2014, it was done between 0730-0800 hours,
1330-1400 hours and 1930-2000 hours. The
water sample was collected from the well and
taken to the laboratory immediately for the
analysis. The water was analysed for the
selected water quality parameters before and
after running through the system, outflow
water measurements were taken after four
minutes of flowing, the water samples were
collected at 2 cm below the water surface. All
the experiment was carried out in triplicates.

Water quality analysis

The inflow and outflow were analysed
for dissolved oxygen (DO), pH, Temperature
and Alkalinity. The DO was measured using
NTLABS dissolved oxygen test Kkit,
Temperature was determined using mercury-
in-glass thermometer graduated in the degree
Celsius {C), in line with Atobatele et al
(2005). Alkalinity was determined using
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HACH test kit while the pH was determined
using LABTECH Photic 20 digital pH meter
probe.

Data/statistical analysis
The percentage
estimated as
% modification = (MFV- MIV) x100
Mean initial value
MFV: Mean final value
MIV: mean initial value

modification was

Simple descriptive statistics, ANOVA and
regression analysis was used to analyse the
data obtained. All analysis was done using
IBM SPSS version 20.

RESULTS
M odification of water quality parameters

The mean values of selected water
quality parameters are shown in Table 1
.Temperature ranged between 28.3+0.57 °C
and 29.3x1.15 °C and the percentage
modification in temperature ranged from -
2.4% to 0%, the highest modification though
negative was recorded in all the columns in
the afternoon with no difference among the
columns. Alkalinity had its mean values
ranged from 251.1+6.1%g/l to 258.5+6.48
mg/l, with highest value in USR in the
evening and least value in DSR in the
morning. Its percentage modification ranged
between -10.7% and 3.7%, the highest was
recorded in USR in the evening while the
lowest was obtained in DSR in the morning.
While positive modification was recorded for
all the columns in the afternoon and evening,
negative modification was recorded in the
entire column in the morning. The pH values
ranged between 6.53+0.28 to 6.65+0.13, the
highest pH was recorded in USR in the
evening while the least was recorded in DSR
in the afternoon. The percentage modification
in pH fell between -8.3% and -1.8% with the
highest recorded in USR in the evening while
the least was recorded also in USR but in the
morning. The DO had its mean value between
4.7+20.76 mg/l and 5.6+0.28 mg/l, with the
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highest value in DSR and the lowest in USR
both in the morning. While the percentage
modification ranged between 37.1% to
161.9% with the highest modification in DSR
in the afternoon and the lowest in USR in the
evening. ANOVA did not show any

significant difference (P>0.05) among the
three aerators for all the water quality
parameters.

Interdependence and interrelationships
among water quality parameters

The correlation coefficient showed the
level of interdependence among the water
quality parameters, there was significant
relationship only between temperature and
DO with correlation co-efficient of -0.220 and
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pH and alkalinity with correlation co-efficient
of 0.958 (Table 2).

The simple linear and multi-linear
regression analysis (Tables 3 and 4) showed
the interrelationship among the water quality
parameters. In simple linear regression DO
showed significant relationship with only
temperature  (R0.432) with prediction
equation, D.O = -0.036T+6.19, while pH also
showed significant relationship with only
Alkalinity. (R? =0.637), with prediction
equation, pH= 0.015AL + 2.57. For multi-
linear  regression  Alkalinity = showed
significant  relationship with pH and
Temperature (&0.637), with prediction
equation AL = 37.24pH + 1.800T - 44.83.

Table 1: Interdependence of the water quality parametarig the period of the study.

Temperature DO (mg/l) pH Alkalinity(mg/l)
(c)
Temperature’C) 1 -0.220 0.160 0.283
DO( mg/l) -0.220** 1 -0.607 -0.545
pH 0.160 -0.607 1 0.958*
Alkalinity(mg/l) 0.283 -0.545 0.958 1

**_Correlation is significant at the 0.01 levek@iled).

*. Correlation is significant at the 0.05 level t@led).

Table 2: Linear regression analysis among selected watality parameters during the period of

study.
Y X Prediction equation Deter mination
Coefficients (R?)

Dissolved oxygen Temperature D.0.=-0.036T+6.19 0.432*
Alkalinity Temperature AlL= 3.266T+157.36 0.349

pH Temperature pH= 0.039T+5.42 0.120
Dissolved oxygen Alkalinity DO=0.042AL+15.93 0.167
Temperature Alkalinity TEMP=-0.053AL+15.22 0.174

pH Alkalinity pH=0.015AL + 2.57 0.637*

*shows significance
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Table 3: Mean values and percentage modification of watrdity parameters recorded during the study.

Parameters and units

USR

DSR

PEP

Initial Final % modification Final % modification Final % modification
Morning
Temperature’C) 29.3+1.15 29.3+0.57 0 29.3+0.57 0 29.3+0.57 0
pH 7.13+0.40 6.54+0.15 -8.3 6.61+0.15 -7.2 6.64+1.02 -6.8
Alkalinity (mg/l) 281.5+2.50 252.2+3.16 -10.4 251.1+6.17 -10.7 256+13.67 -9.05
Dissolved oxygen(mg/l) 2.8+0.57 4.7+0.76 67.8 5.6+£0.28 100 5.1+0.76 82.1
Afternoon
Temperaturé)C) 30.6+0.57 29.6+0.57 -3.2 29.6+0.57 -3.2 29.6+0.57 -3.2
pH 6.84+0.32 6.65+0.08 -2.7 6.53+0.28 -2.7 6.63+0.24 -3.0
Alkalinity(mg/l) 250.5+40.80 256.7+3.5 24 251.1+11.1 0.2 256+3.92 2.1
Dissolved oxygen(mg/l) 2.1+0.28 4.8+0.28 128.5 5.51£0.5 161.9 5.240.5 147.6
Evening
TemperaturéC) 29+1.15 28.3+0.57 2.4 28.3+£0.57 2.4 28.3+0.57 -2.4
pH 6.73+0.24 6.65+0.13 -1.8 6.56+0.20 -2.5 6.57+0.07 -2.3
Alkalinity(mg/l) 249.1+22.6 258.5+6.48 3.7 252.948.38 1.5 53.4+3.08 1.7
Dissolved oxygen(mg/l) 3.510 4.8+0.28 37.1 5.51£0.5 57.1 5.1+0.28 45.7
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Table 4: Multi-linear regression analysis of selected wajeality parameters during the study
period.

Y X Prediction eguation Determination
Coefficients (R?)
Dissolved oxygen pH D.O. =-1.523pH + 0.079
0.023T +14.46
Temperature
Alkalinity pH AL = 37.24pH + 0.686*
1.800T - 44.83
Temperature
*Significance at P<0.05
Upturned shower rose Support base raank
Downturned shower rose Perforated pipe

""""" i;

v v

USR DSR PEP

Collection tank
* All dimensions are in centimetres (cm)

Figure 1: Sketch of the three aeration columns investigated
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DISCUSSION
M odification of water quality parameters

The highest values of temperature
recorded in the afternoon can be attributed to
the prevailing weather condition being dry
season with characteristics sunny afternoon.
Temperature and pH experience negative
modification, alkalinity experience positive
modification except in the morning while DO
experienced positive modification at all the
period. The DO value increases while the
temperature and pH reduces, this may be due
to the effect of degasification by aeration
(USEPA, 1998). The percentage modification
in all the water quality parameters except DO
was small, this showed that aeration of water,
though significantly increase the DO in
culture water, it has a little influence on other
water quality parameters, and this is in line
with observation of Das et al. (2004). The
effect is not harmful to fish to be cultured
because all the water quality parameters still
fell in line with recommendation for fish
culture (Akinwole and Adeola, 2012).
However, on general comparison the, DSR
did relatively better at all the period.

Interdependence and interrelationships
among water quality parameters

DO and temperature exhibited negative
correlation; this is similar to observation of
Dauda and Akinwole (2014). This established
an inverse relationship between the two
parameters, indicating that more oxygen tend
to dissolve at high temperature and vice versa.
Alkalinity and pH exhibit strong positive
correlation, this indicated that increase in pH
may lead to increase in alkalinity and vice
versa.

This significant interrelationship that
existed between DO and temperature
indicated that with knowledge of temperature,
DO can be estimated, a similar observation
was reported by Dauda and Akinwole (2014)
while For alkalinity, knowledge of pH or pH
and Temperature will give the estimate, this
relationship and equations can give an idea
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especially during urgent need but not

necessarily replacing scientific procedures.

Conclusion

The results of this study indicated that
all the investigated aerating columns have
good tendency for dissolved oxygen
enhancement in freshwater fish culture and
with little effect on other water quality
parameters at a level that is not harmful to the
cultured organism. The modification to water
quality parameters is similar among the three
aeration columns, the downturned shower rose
however performed relatively better.
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