El-Gobhary, A. H,; et al... ISSN 1110-7218

WATER QUALITY AND ITS IMPACT ON PRODUCTIVITY OF
CULTURED OREOCHROMIS NILOTICUS

El-Gohary, A. H.; El-Bably, M. A.*; Mohamed, A. A. and El-Demery, F. E.

Dept. of Hyglene and Zoonoses, Fac, of Vet. Med., Mansoura Unlversity, Egypt.
*Dept. of Hyglene and Zoonoses, Faculty of Vet. Med., Benl-Suef Unlversity, Egypt.

ABSTRACT

The physical, chemical and bacteriological parameters of ponds waler were stud-
led in order to optimize the conditions of fish produetivity. Four fish ponds In Abbas-
sa farm supplied from agriculture drainage waler; were used. Water and fish samples
were collected equally from the hatchery, fingerlings and two raising ponds each

pond over a period of twenty months. fish samples were examined for their bacterfal

content, growth and survival rates Resulls Indicates that ralsing P2 had the highest
average values of Nf{g-N, NOo-N, Total coliform (TC), Fecal coliform (FC), faecal strep-
tococc! (FS) & Salmonella specles were 0.27 t 0.024,0.99 + 0.12,27.7 + 1.9,14.0
11.8,31.01 2.4 & positive resp., fallowed by pond (I) were 0.17320.012,0.084 + 0.008,
20.6 t1.6, 10.8 + 24.0 + 2.8 & positive respectively compared with the lowest values
estimated in the hatchery were 0.084 + 0.007, 0.068 +, 9.6 11.0, 4.7 *+ 0.6 ,4.02 0.7
& ND resp.. Correspondingly, fish samples from P2 had the highest percentages of
TC, FC, FS and Salmonella spectes were 37.6 + 4.2. 156 + 2.0, 5.7+ 0.5 & 3.62 +
D.28 resp., followed by pond (l) were 26.7 + 1.7, 10.6 + 0.9, 6.8 1.1, 2.02 + 0.4
resp., This explain that {mpairing of physical-chemical of P2 followed by Pl provide
optimal conditions for multiplication and survival of collforrm and Salmonella spp., in
both pond's water and fishes. Moreover, growth rate; body weight galn & survival
rates were higher in Pl 32.88 + 4.2g & 96.0 * 1.7% as compared with P2; 27.60 +
3.0g & 93.0+ 1.2%. Therefore, fish productivity can be enhanced f the water quality
in the ponds were maintained at optimum levels. On the other hard, the public
health significance of Salmonella in fish as well as the potential environmental heaith
impact of pond water with exceedingly high collform counts relcased to water sources
cannot be ignored.
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INTRODUCTION
Aquaculture has been vigorously developed
In recent years to achievc two major purposes
of food security and Income generation; the
vast majority of this is conducted in ponds
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(Okonji and Akalisa, 2006). The total Egyp-
tian Ash production reached about 960 thou-
sand tons in 20086, of which more than 61 %
was from aquaculture, (GAFRD, 2007). Tila-
pla s the most popular fish in Egypt for their
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favorable characteristics and production
(Yang et al.,, 2008). Good flsh management
begins with an understanding of the physieal,
chemical and biological eharacteristics of the
ponds. These charaeteristics determine the
quality of fish the ponds can produee and the
problems that may be encountered (Niengwe
and Edema, 2008). Water quality parameters
sueh as ammonia and nitrite in ponds may af-
feet the level of baeterial contamination of
fish, (Saced and Sakr, 2009). this is prob-
ably due to the effect of water quality on the
fish fmmune response, so profitable fishing
can result from proper management of flsh
and ponds. The type and level of bacterial
populations associated with farmed fish are
useful indieators of quality and safety of fish
for consumers, of much concern in ponds is
the contamination of fishes by fecal coliform,
(Kapetanovic et al., 2005). and thetlr pres-
ence in flsh may cause a potential danger for
human health (Jha, et al., 2008). Therefore,
the aim of the present study was to establish
the levels of physico-chemical and biological
characteristics of the ponds with a vicw for
optirnizing the conditions of water for opti-
mum fish productivity.

MATERIAL AND METHODS

1. Study Site :

This fleld study was carried out during the
period from April 2008 tili December 2009 at
the central laboratory for aquaculture re-
search, El- Abbassa, Sharkia governorate,
Egypt. It conducted on different production
units belonged to the farm besides thefr water
supply including:

1-The hatchery: it consists of circular
tanks with average size 8 m3 for each, made
from fiberglass and supplied with agricultural
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drainage water aftcr fiitration. The fry of Ore-
ochromis niloticus were reared (n the hatch-
ery for one week and fed on pelleted ration
eontained 40% protein.

2- Fingerlings earthen pond of average size
50 x 40 m? were stocked with at a rate of
50.000 /feddan and reared for 40 day; fed on
pelleted ration contained 40% protein. Water
losses were replaced by agrieultural water
every 2-3 weeks interval. The average final
weight of fingerlings was 7.6 + 1.3 g.

3- Raising ponds (P1 & P2): Two rectan-
gular shaped earthen ponds with different

size; the first pond (P1} 170 x 50 m? with av-
erage stocking density 4 fish/ m2. Meanwhtle,
the second pond (P2) was 180 x 70 m? with
stocking density 6 ish/ m?2. Fish in raising
ponids were fed on a pelleted ratlon eontain
crude protein 25%. Superphosphate, urea
and chicken manure were added as a fertillz-
er. Water losses from ponds were replaced
from the water supply every 2-3 weeks. Plank-
ton and weeds were pronounced in P2 than
Pl.

2, Sampling Program:

Three hundred water samples were collect-
ed from both water source & ponds besides
360 fish samples from each production units
throughout the production period.

2.1, Sampling of Water :

Water samplcs were collected bi-weekly
in sterilized glass bottles (250 ml) from
three locations for each pond at a fixed
hour of the day (9.0 hour) as described earlier
by Boyd, (1008). Results were averaged
monthly.
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2.1 A. Physico-chemical analyses of wa-
ter samples

Routine water quality parameters for tem-
perature, turbidity, DO, pH, NH3-N, NO,-N,
NOg-N, Alkalinity and some heavy metals
(lead & cadmium) were estimated according
to methods as described by APHA (1998).
Temperature was recorded using a mercury
thermometer. Turbldity (cm) was measured
using a secchi disc according to Boyd (1968).
The pH was measured in situ using a portable
pH meter (Hanna Instruments) The dissolved
oxygen (DO) was determincd using the YSI
DO meter, NH3-N, NO5-N, NO3-N and total al-
kalinity were estlmated using commercial
kits, while Pb & Cd were measured using
atomic absorption spcctrophotometer (thermo
6600, thermo electron corporation, Cam-
bridge, UK).

2. 1. B, Bacteriological analysis of water

samples :

Water samples were subjected for determi-
natlon of total coliform, faecal coliform, faecal
streplococel and Salmonella according to the
protocol provided in standard method for the
examination of water and waste water analy-
sis by APHA (1998). Total coliform, faecal eol-
fform and faecal streptococci were detected
using three tubes method (MPN), as recom-
mended by AOAC (1999). While Salmonella
Isolation according to Harrigan (1988).

2.2, Sampling of Fiah :

A cast net used to collect fish samples from
the varfous ponds. Five live tilapia (Oreochro-
mis niloticus) were randomly selected from
the cateh at each sampling time as method
described by AOAC (1999). The fish were
placed In labeled sterile polypropylene bags
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containing water from the pond and trans-
ported to the laboratory.

2.2. A. Determination of Lead and Cad-
mium level in Fiah Samples :

Lead {Pb) and cadmium (Cd) were meas-

ured in the fish muscle samples according to

the method of AOAC (1999), using atomic ab-

sorption spectrophotometer (Thermo 6600,

thermo electron corporation, Cambridge. UK).

2.2. B. Bacteriological Examination of
Fiah Samples :

Fish surface swabs were used for total bac-
terial count, total coliform and faeeal coltform
and Salmonella spp. measurement aecording
to the protoeol provided by (A P.H.A 1998).

2.2. C. Fiah Perfarmance :

The fish samples were welghted every
month throughout the production perlod to
calculate the following parameters:-

t. Body welght gain: Wetght gain % = 100
(final weight (g) - initial weight (g)/initial
welght (g)], aceording to Likongwe et al.
(1996).

1i. Speclfic growth rate (SGR): SGR = 100
[final wcight (g} - initial weight (g) /t];
where (t) Is the culture period in days,
according to Jha et al. (2008).

fil. Survival rate of examined fish: Survival
% = (Nf / Ni) x 100. Wherc Nf and Ni are
the number of fish harvested and
stocked respectively, aceording to Har-
greaves and Semra (2001).

4. Statistical Analyses :

The data obtalned were subjected to statis-
tical analysfs using One Way ANOVA test and
bivariate correlations in SPSS V.17 for Win-
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dows Sp3 software in order to determine the
significance of the results.

RESULTS & DISCUSSION

The average values of physico-chemical pa-
rameters and bacterial findings of water inlet
as shown in Table (1); revealed that physico-
chemical values were within the acceptable
ranges for flsh culturing except for water tur-
bidity and ammonia content (NH3-N) showed
a significant increase (P< 0.05) 9.840.4 em
and 0.158+0.06 mg/l, respeetively. On the
other hand, water supply showed the least
contents of TC, FC and FS counts (MPN/100
mL) were 9.611.0, 4.1+0.6 and 4.0+0.7 respec-
tively with no deteetion for Salmonella spp..
This finding was further supported by Okanji
and Akolisa (2005), Fret et al. (2006) and

Bhatnagar and Singh {2010).

Concerning to the mean values of physico-
chemical parameters of water collected from
examined ponds Table {2}, it noticed that no
significant differences in the mean values of
water temperature and pH meanwhile, dis-
solved oxygen (DO} contents showed a signifi-
cant decrease (P< 0.05) In P2 was 5.810.02
mg/1 followed by P1 and fingerlings pond were
6.210.14 and 6,3+0.12 mg/] respeetively. On
the other hand, water turbidity showed a sig-
nificant inerease (P< 0.05) in raising ponds;
P2 and P1 were 9.1+0.6 and 9.6+0.6 cm, re-
spectively compared with hatchery 19.3+1.3
cm. Corrpondingly, P2 had the highest con-
tent of NH3-N and NOy-N were 0.277+0.024
and 0.9910.12 mg/l followed by Pl were
0.1731+0.012 and 0.08410.008 mg/l, respec-
tively. Whereas, the highest NO3-N content
and total alkalinity were recorded in finger-
lings pond were 1.8810.2 mg/l and
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275.818.5mg/1 respectively, followed by rais-
ing ponds compared with hatchery. This find-
ing was further supported by Okonji and Ak-
olisa (2005), Fred et al. (2006), Hossaiu et
al. (2008) and Bhatmagar and Singh (2010).

Regarding to microblological findings of
water samples as shown in Table (3), the
mean values of total coliform, faecal coliform,
faecal streptococcl and Salmonella spp. pres-
enee In examined ponds Indicated that, the
hatchery showed the lowest values of estimat-
ed parameters compared with those in P2
which showed the highest values (P< 0.05) of
TC, FC and FS were 27.7+1.9. 14.0+1.8 and
31.0t2.4 MPN/100ml respectively. followed by
Pl were 20.6£1.6, 10.8+1.5 and 24.0+2.8
MPN/100ml respectively, then Angerlings
pond were 13.8+2.6, 9,0f1.2 and 13.0f1.5
MPN/100ml, respectively. Salmonella spp.
were detected in P2, P1 and fingerlings pond
while, not detected in water from hatchery. It
revealed impairment of water quality in fish
ponds which exaggerated by excessive organic
matter (high ammonia, nitrite and nitrate) as
supported by Markosova and Jezek (1984)
who observed that presence of organic matter
(ammonia, nitrite and nitrate) in pond’s water
always Increase the risk of bacterial growth,
This results are in aeceordance with that ob-
tained by Al-Harbt and uddin (2008), Newaj-
Fyzul et al. (2000) and Harniseca and Tu-
cholskib (2010).

The results of the quantitative esttrmation
of bacterfal level of fish samples Table (4)
showed that the highest averages of baeterial
counts, total coliforms and Salmonella spp.
(cfu/ml) of examined flshes were In raising

ponds; P2 were 37.6%4.2, 15.6+2.0 and
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3.6210.28 respectively, followed by Plwere
26.2x1.7, 10.630.9 and 2.0210.4, respectively
meanwhile, the lowest content detected in fin-
gerlings pond were 3.810.3, 2.810.2 and
1.07+0.2 respeetively, then the hatchery were
2.4410.4, 1.620.2 and ND respectively. On the
other hand, faecal coliforms was significantly
increase (P< 0.05) In P1 followed by P2 and
fingerlings pond were 6.8+1.1, 5.740.5 and
1.110.17 rcspectively, while not detected in
hatehery. It's obviously means positive corre-
lation between microbial parameters of pond
water and fish samples. Bestdes, poor water
quality in raistng ponds which act as stress
factor lead to increase susceptibtlity of fish to
infections as well as stimulate the multiplica-
tion and survival of bacterla, as supported by
Uddin et al. (1890), Gueman et al. (2004)
and Onyango et al. (2009).

The average of bedy welght gain and survi-
val rates of fishes In ralsing ponds throughout
the production perlod Table (5) obvious that a
significant increase (P< 0.05) {n all examined
parameters; flnal body weight, body weight
gain, daily weight gain and survival ratc in P1
were 244.5£3.5 g, 32.8814.2%, 0.87+0.02 ¢
and 96.0+1.7% respectively, compared with
P2 were 218.028.0 g, 27.60+£3.0%, 0.77+0.05
g and 93.0%1.2%, respectively. These varia-
tions clarifled the tmpact of physical, ehemi-
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cal and bactcrial quality of water in both ex-
amined ponds on flsh performance. These re-
sults are in parallel to that obtalned by Moha-
moud et al. (2002), Newnj-Fyzul et al.
(2008), Jha el al. (2008) and Bhatnagar
and Singh (2010) who reported that higher
welght gain and survival rate of flsh could be
attributed to better water quality.

Table (6) discussed the correlations be-
tween water quality and bacterial content of
water in P2 showed that, water temperature
significantly correlated with NO5-N and NO3-
N contents while, negatively with turbidity
and DO content. On the other hand, DO:level
was negatively correlated with NH3-N, NO4-N
and NOj3-N, as increase of thcse parameters
depend mainly on blological oxygen demand.
Similar resuits obtained by Tomasso (1994),
Takeuchi et al. (1988), Chaurasia and Pan-
dey (2007) and Mahmoud et al. (2009).
Moreover, water turbidity, NH3-N and alkalin-
ity were significantly positive correlated with
TC, FC and FS. Meanwhile, DO was negatively
correlated with them. These results are sup-
ported by El-Shafai et al. (2004), Abo-Elela
et al. (2005) and Hossain et al. (2008) who
indicated that distribution of the diflerent
bacterial population was affected with one or
more chemical parameters of pond's water
such as alkalinity, ammonia, nitrates.
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Table (1): Mean +SE of physico-chemical parameters and bacterial findings of samples from Lhe water inlet.
Water inlet
Examined Mean
|_parameters
hysi micgl pargmet
Temp. (C 25.06 0.5
Turbidity (cm) 9.8+0.4 **
pH 8.2520.1 |
| Dissolved oxygen (DO) 7.03+0.18
Ammaonia (NH,- N) 0.158+0.06**
Nitrite (NO;- N) 0.061+0.007
| Nitrate (NOy- N) 0.069+0.008 |
| Total alkalinity 236.0+7.2
Bacterial find(nps (MPN/] 00m]): '
Total Celiform (TC) 9610
Faecal coliform (FC) 4,130.6
Faecal Streptococci (FS) 4.0+0.7
Salmonella Spp ND
** Superscript indicate a significant difference at P < 0.05 ND: Not Detected
Table (2): Mean £5E of physico-chemical perameters of pond's water samples throughoul the study period.
‘ Water |
parameters Hatcbery Fingerlings Pond P1 P2
Temp. (C%) 25.60.5 26.2:0.5 26.3£0.6 25.540.5
Turbidity (cm) 19.3£1.3 © 9.9+0.6 ° 9.6+0.6° 9.1+0.6 *
pH 8.330.1 8.4+0.06 8.4+0.1 8.5+0.07
Dissolved oxygen (DO) 6.8+0.16 * 6.30.12 ® 6.240.14 ° 5.840.02 ¢ |
Ammonia (NHs- N) 0.084+0.007° 0.145+0.014° | 0.17320.012% | 0.277+0.024*
|
Nierite (NOx- N) 0.068+0.007 ¢ 0.081£0.009°® 0.084+0.008 ° 0.99+0.12" |
Nitrate (NOy N) 0.081+0.009 1.88+0.2 * 1.19£0.6 *® 1.240.06 *
| Total alkalinity 244.7£71.0° 275.8+8.5* 268.5+8.4°" 252.346.5 J

Meens having the different letter are indicate a significant difference at P < 0.05
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(able (3); Mean £SE of bacterial findings of pond's water samples throughout the study period.

19

Water

Bacterial Findings Hatcbery Fingerlings Pond Pl P2
(MPN /100mI)
Total Cnliform (TC) 9.6+1.0 ° 13.8+2.6 ° 20.6+1.6 *° 27.741.9 *
Faecal coliform (FC) 4,106 © 9.0+1.2 ™ 10.8+1.5 ® 14.0+1.8 *
Faecal Streptococel (FS) 4,0£0.7 13.0£1,5 ° 24.0£28 * 31.042.4 °
Salmonella Spp. ND +ve +ve +ve I|
Means having the different Ietter are indicate a significant difference at P < 0.05 ND: Not Detected

able (4): Mean+SE of bacterial findings of fish samples throughout the study period.

Fish collected from . .
Bacteris! findings Hatchery Fingerlings Poad Pl P2
Total Bacterial Count (TBCx10%) 2.420.4 © 3.8403 ° 26.2+1.7 ° 376442 "
Tntal Coliform (TC) (MPN/100m1) 1.6£0.2 © 2.840.2 © 10.6£0.9 ° 15.642,0 °
Faecal coliform (FC) ¢ . b
(MPN/L00mI) ND 1.120.47 6.8x1.1 5.7+0.5
SaimonellaSpp.(cfa/mi) ND 1.070.2 ¢ 2.020.4 ° 3.62+0.28 *
Means having the different letter are indicate a significant difference at P < 0.05
ND: Not Detected
Table (5): MeaniSE of growth rate and survival rate (%) of fish in raising ponds (P1 and P2)
Raising ponds

Fish performanes Pl P2
Initial body welght( g) 7.61.3 7.6+2.0
Final hody welghi( g) 244,5+3.5"° 218.048.0°
Daily weight gain( g) 0.87+0.02 * 0.7740.05 ®
Body welght galn (%) 32.88+4.2 * 27.60+3.0 °

|| Survival rate (%) 96.0£1.7 * 93.0+1.2 °

Means having the different letter are indicate a significant difference at P < 0.05
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Table (6): Correlations between physico-chemical and bacterial parameters of water in pond (2).

20

Water Temp. | Turbidity pH DO NH;3-N NO;-N NO,-N | Alkalinity
parameters
Temp, 1
Turbidity | 0.688** [ 1

pH 0.362 -0.139 1
DO -0.250 -0.228 -0.171 1

NH,-N 0.315 0.296 0.327 -0.821*" 1

NO,-N 0.647** | -0.141 0.554* -0.519* 0.674°* 1

NO;-N 0.529* | 0.022 0.735** | -0.502* 0.727** 0.344%* 1

Alkalinity | -0.041 0.204 0.048 -0.569* 0.372 0.134 0.147 |

TC -0.414 0.700** -0.126 -0.508* 0.522* -0.018 0.028 0.534*
FC -0.207 0.636*%* -0.010 -0.518+ 0.659%* 0.203 0.239 0.494*
FS -0.358 0.676** -0.049 -0.610** | 0.620%* 0.101 0.161 0.680°"

** Correlation is signifieant at the 0.01 level

* Correlation is significant at the 0.05 level

Mansourg, Vet. Med. J.
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