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ABSTRACT

Total bacterial load, total coliforms and faecal coliforms in ponds water and
sediments, intestine of common carp Cyprinus carpio and birds faeces were
investigated monthly over a period of one year from May 2007 to April 2008. Fish
were collected randomly by a cast net from ponds of University of Basra. Total
viable bacterial counts were ranging from 2.8+1.9 x 101 to 7.0+2.2 x 103 cfu ml -1 in
ponds water, 4.2+2.2 x 104 to 3.8+2.5 x 106 cfu g -1 in ponds sediments, 9.2+2.6 x
104 to 10.9+2.5 x 106 cfu g -1 fish intestine and 2.0+£1.4x 106 to 10.7+1.2 x 108 cfu
g-1 in birds faeces. The most probable number (MPN) of faecal coliforms ranged
from 9445 to >920+0 100 ml-1 in ponds water; while MPN ranges in sediment,
common carp intestine and birds faeces were 63+18 to >540+0 g-l, 43+5 to >540+0
g-l and 240+22 to >540+0 g-l1 respectively. The abundance of normal bacteria
coliforms was greater in the warm months than in the cold months. There were no
sources of human faecal matter in the ponds. So, it is clear that faecal coliforms from
water birds faeces significantly contaminated (P< 0.05) the ponds and common carp
intestines.

Introduction

Faecal coliforms such as Escherichia coli

Fish take a large number of bacteria into their
gut from water, sediment and food (V) suggested that
the bacterial flora on fish reflects the aquatic
environment. Thus, determining the bacterial contents
of the water in ponds, the bacterial level in fish can be
predicted (). The latter affects the quality and storage
life of the fishery products, the quality of fish refers to
the degree of contamination with coliform
bacteria(¥). Contamination results mainly from
rupturing of the fish intestine during poor
processing or inadequate washing. Various studies
have suggested that intestinal microflora or
contamination of fish as a result of enteric bacteria
of human or animal origin were responsible for
various food spoilages (¢). In addition, it is well
known that freshwater fish and their environment
harbor human pathogenic bacteria, particularly

members of the coliform group (°).

* Corresponding author at: University of Basrah - College of
Agriculture, Iraq.E-mail address: Kalidah_salim@yahoo.com

usually originate from faeces of warm-blooded
animals, to evaluate the sanitary condition of
ponds, indicator pathogenic bacteria are considered
(). Faecal coliforms are sometimes introduced into
the pond, these enteric bacilli include Escherichia
Klebsiella,

Edwardsiella and Citrobacter (V). Faecal coliforms

coli, Enterobacter, Serratia,

in fish reflect the level of pollution of the
environment, as the normal flora of fish do not
include coliforms (V) observed that faecal coliforms
in pond waters were equivalent to 10 000 L ™ and
0.100.15 g ™ fish biomass with no more than 10%
of samples exceeding 0.50 g * fish flesh . In this
study; water birds were present along the ponds
sides, and a preliminary study indicated a possible
involvement of water birds faeces in faecal
contamination of the ponds. So, the present study
was undertaken with the objectives of determining
the numbers of viable coliforms in pond water,

sediment, intestine of the cyprinid fish Cyprinus
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carpio and water birds faeces samples and
clarifying the relation between the bacterial load of

fish and the pond environment.

Materials and methods
Description of the ponds

The study was conducted in five artificial
earthen ponds.Four fish species were cultured viz.
Cyprinus  carpio, Ctenopharyngodon idella.
Hypophthalmichthys molitrix and Carassius carassius.
Birds, especially Ceryle rudis, Hacyon smyrnensis and
Egretta alba dominated in the ponds. The size of

ponds is ranged from 0.8 to 1.2 denim

Samples collection

Samples were collected monthly from May
2007 to April 2008. Sterilized glass sample bottles
(250 ml) were left capped until used for the ponds
water and sediment samples from five different
sites within the pond to make composite samples.
Water samples were collected 15-20 cm below the
water surface to avoid surface contamination,
bottom sediment samples were collected by
uncapping sterile glass bottles in the sediment layer
(£).Three to five fish samples (20-25g.) were
collected by cast net, and fresh faeces of water
birds (Ceryle rudis, Hacyon smyrnensis and Egretta
alba) along the pond sides were collected in
triplicate. All samples were transported to the
laboratory within 15-30 min, and microbial

examinations were carried out immediately.

Water temperature
Temperature was measured on every sampling
day between 09.00 and 09.30 am.
Sample preparations
Pond water

Appropriate sample dilutions were made
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(10'-10* with sterile physiological saline (0.85%)
in deionized water.

Sediment Sediment samples were centrifuged at
3000 c\min for five min. One gram of sediments
was diluted in 10 ml of sterile physiological saline.
One ml. of the homogenate was serially diluted (10
1107

Fish intestine

Fish were killed by physical destruction of
the brain. The body surface was wiped with 70%
ethanol, and the intestines were removed. Intestines
were homogenized in a mortar and approximately
one gram of wet homogenate was diluted in 10 ml.
of sterile physiological saline. One ml. of the
homogenate was serially diluted (10-107).

Water birds faeces

Fresh faeces were collected and homogenized
in a mortar aseptically. Approximately one gram of
wet homogenate was taken in a tube containing 10
ml of sterile saline. One ml. of the homogenate was
then serially diluted (10-10"%) (7).

The aerobic plate count (APC as cfu "colony
forming unit" per unit of samples), total coliforms
(TC) and faecal coliforms (FC) of pond water,
sediment, fish intestine, ground water and water
birds faeces samples were determined. Samples were
analysed for coliforms wusing the multiple-tube

fermentation technique.

Aerobic plate count (APC)

To determine the APC of the pond water,
sediment, intestine of Common Carp, ground water
and water birds faeces, 0.1 ml of each dilution was
spread on the surface of tryptone soy agar (TSA;
Oxoid) plates in duplicate and incubated at 30°C for

48 hs. The numbers of viable colonies were counted
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using a Leica Quebec dark field colony counter, and
cfu per unit of sample was calculated.

Coliform

Total coliforms and faecal coliforms in pond
water samples were enumerated by the five-tube, most
probable number (MPN) procedure (APHA 1998),
whereas pond sediment, fish intestine and water birds
faeces samples were enumerated by the three-tube
MPN procedure (1).

Statistical analyses

Means, standard deviations (SD), correlations
and regressions were calculated. With faecal
coliforms, the minimum values were used by SPSS (V.
11.0).

Results
Temperature parameter
The water temperature ranged from 15°C to 32°C

during the study period (Fig. 1).

Pond water

Table (1) shows the bacterial load and faecal
coliforms in water. The monthly measured bacterial
load and faecal coliforms were significantly correlated
(P < 0.05) with temperature of the investigation period
(Tables 5 and 6). The total bacterial load varied from
2.8+1.9 x 10" to 7.0+2.2 x 10% cfu ml . The highest
bacterial load was recorded in August , and the lowest
in January. The MPN values for total coliforms and
faecal coliforms were the same in water and ranged
from A1+5 to >1400+0 100 ml . Therefore, only
faecal coliforms are given in Table (1). Higher

numbers of faecal coliforms were observed in summer.

Pond sediments

Table (2) shows the bacterial load and faecal
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coliforms in sediment. Bacterial load and faecal
coliforms were significantly correlated (P < 0.01) with
the temperatures over time (Tables 5 and 6). The total
bacterial load ranged from 4.2+2.2 x 10 to 3.8+2.5 x
10° cfu g * in sediment. The MPN of both total
coliforms and faecal coliforms were the same and
ranged from V%18 to >900+0 g . Therefore, only
faecal coliforms are given in Table (2). Values for
aerobic plate count and faecal coliforms were higher

during summer.

Fish

Table (3) represents the bacterial load and faecal
coliforms in common carp intestine. The bacterial load
and faecal coliforms were significantly correlated (P <
0.01 and P < 0.05) with the temperatures (Tables 5 and
6). The total bacterial load varied from 9.2+2.6 x 10*
to 10.9+2.5 x 10° cfu g *. The MPN for both total
coliforms and faecal coliforms in fish intestine were
the same and ranged from 37+5 to >900+0 g .
Therefore, only faecal coliforms are given in Table (3).
The aerobic plate count and MPN of faecal coliforms

were higher during summer.

Water birds faeces

The faecal coliforms of water birds faeces
significantly contaminated (P < 0.05) the ponds and
common carp intestine (Table 7). Table (4) shows the
bacterial load and faecal coliforms in water birds
faeces. The total bacterial load varied from 2.0£1.7 x
10’ to 10.7+1.2 x 10% cfu g . The highest bacterial
load was observed in August, and the lowest in
January. The MPN values for both total coliforms and
faecal coliforms were the same in the range 203+22 to
>000+0 g . Therefore, only faecal coliforms are given
in Table (4).
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Discussion

Results showed variations in total bacterial load
of pond water, sediment, common carp intestine and
water birds faeces over time. The bacterial load in the
samples was highest in August. This may result from
the high water temperature (32°C). Low temperature
(15°C) may be the major factor in decreasing bacterial
loads in the pond water, sediment and common carp
intestine during January. It has been reported that
bacterial load might be increased with an increase in
water temperature (8). The higher bacterial load in the
fish pond sediment than in the water has also been
observed by (9). (10); (11) reported that the bacterial
flora on fish reflected the biology of aquatic
environment. The present findings support this
statement (Table 5). In this study; the significantly
higher (P < 0.01) bacterial load in fish intestine during
the summer period might result from high metabolic
activities of the fish related to larger quantities of food
consumed during that period. (12) observed similar
results in the intestinal bacterial load of common carp.
Bacterial load associated with common carp intestine
was correlated (P < 0.0001) with the bacterial levels in
the pond environment, especially the pond sediment
(Table5). Water birds faeces contained faecal
coliforms, and the present study showed significant
correlations (Table 6) and regressions (Table 7) of
faecal coliforms in water birdsfaeces and coliforms in
pond water, sediment and fish intestine(13) observed
similar results in the faecal coliforms in pond
water,sediment and fish visceral samples from four
different catfish pond.(14) counted a large number of
E coli (faecal coliform) in cultured channel catfish
during the warmer periods (summer and autumn) and a
very low number in the colder periods (winter and
spring) and Tilapia grown in a recirculating system
had a lower faecal coliform count than tilapia cultured

in a non-circulating system (15). In the present study;
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faecal coliform was detected in larger numbers in pond
water, sediment and fish intestines at 22- 32°C,
decreasing in number at temperatures of 15- 19°C. And
in the present findings, faecal coliforms in pond water
and common carp intestine ranged from A%t5 to
>1400+0 100 ml™ and 375 to >900+0 to g*
respectively. The World Health Organization (1989)
gave a tentative guideline for pond aquaculture levels
of coliforms of a geometric mean of <10° faecal
coliforms per 100 ml.

There were no inputs for sources of human or
other animal faeces directly to the ponds. So, it is clear
that faecal coliforms are imported to the present ponds
via water birds and, obviously; this faecal coliform
significantly contaminated (P < 0.05) the ponds and
common carp (Table 7). (16) (17) mentioned that pond
environments receive faecal coliform contamination
via warm-blooded animal faeces. Faecal coliforms
represent a potential problem in pond effluent
management. Fish and fish products have long been
considered a vehicle of food-borne bacterial parasitic

infections leading to human illness (18).

References
1. AOAC (1999). Official methods of analysis, 16th

edn. Association of Official Analytical Chemists,
MD, USA.

2. Al-Harbi, A. H. & Ali, S.A. (2001). Assessment of
the water quality of four fish farms in Al-Qassim
region of Saudi Arabia. Arab Gulf Journal Science
Research, 19: 28-34.

3. Al-Harbi, A. H. and Uddin, M. N. (2007):
Seasonal trends in gill bacterial flora of hybrid
tilapia, Oreochromis niloticus & O. aureus.
Journal of Applied Aquaculture, 19:61-70.

4. Al-Harbi, A. H. & Uddin, M. N. (2006). Seasonal

changes in bacterial flora of fish pond sediments in



P- ISSN 1991-8941 E-ISSN 2706-6703
2009,(3), (1) :01-07

Saudi Arabia. Journal of Applied Aquaculture, 18:
35-45.

5. Al-Harbi, A. H., & Uddin, M. N. (2005). Bacterial
diversity of tilapia (Oreochromis niloticus)
cultured in brackish water in Saudi Arabia.
Aguaculture 250:566-572.

6. Al-Harbi, A. H., & Uddin, M. N. (2004). Seasonal
variation in the intestinal bacterial flora of hybrid
tilapia (Oreochromis niloticus x O. aureus)
cultured in earthen ponds in Saudi Arabia.
Agquaculture 229:37-44.

7. Al-Harbi, A. H. & Uddin, M. N. (2003).
Quantitative and qualitative studies on bacterial
flora of hybrid tilapia (Oreochromis niloticus x O.
aureus) cultured in earthen ponds of Saudi Arabia.
Aquaculture Research 34:43-48.

8. APHA  (1998). American Public  Health
Association:  Standard  methods  for  the
examination of water and wastewater, 20th edn.
APHA, Washington, DC, USA.

9. Boyd,GE.&Tanner, M. (1998) Coliform organisms
in waters of channel catfish ponds. Journal of the
World Aquaculture Society, 29: 74-78.

10. Fernandes, C.P.; Flick, G.J.; Silva, J. L. &
McCasky, T. A. (1997). Influence of processing
schemes on indicative bacteria and quality of fresh
aquacultured catfish fillets. Journal of Food
Protection 60: 54-58.

11. Kaneko S. (1971). Microbiological study of fresh
fish. New Food Industry 13: 76-80.

12. La Rosa, T.; Mirto, S.; Favaloro, E.; Savona, B.;
Sara, G.; Danovaro, R.; & Mazzola, A. (2002).
Impact on the water column biogeochemistry of a
Mediterranean mussel and fish farm. Water
Research, 36:251-259.

13. La Rosa, T.; Mirto, S.; Mazzola, A.; & Maugeri,
T.L. (2004). Benthic microbial indicators of fish

Journal of University of Anbar for Pure Science (JUAPS)

Open Access

farm impact in a coastal area of the Tyrrhenian
Sea. Aquaculture, 230:153-167.

14. Leung, G.; Huang, Y. & Pancorbo, O. (1992).
Bacterial pathogens and indicators in catfish and
pond environments. Journal of Food Protection 55:
424-427.

15. Pullela, S.; Fernandes, GP.; Flick, G.J.; Libey,
GS.; Smith S.A. & Coale. CWo (1998). Indicative
and pathogenic microbiological quality of
aquacultured finfish grown in different production
systems. Journal of Food Protection 61: 205-210.

16. Ramos M. & Lyon w.J. (2000) Reduction of
endogenous bacteria associated with catfish fillets
using the grovac process. Journal of Food
Protection 63, 1231-1239.

17. Sugita, H.; Tsunohara, M.; Ohkoshi, T. &
Deguchi, Y. (1988). The establishment of an
intestinal micro flora in developing goldfish
(Carassius auratus) of culture ponds. Microbial
Ecology 15: 333-344.

18. World Health Organization (1989). Health
guidelines for the Use of Wastewater in
Agriculture and Aquaculture. WHO Technical
Report  Series, Number 778.World Health

Organization, Geneva, Switzerland.

= E ]
T
|

Fid
1

Teamnaratnire
-
-

AP fg 4 fr fs Ty
Man

Figure (1): Temperature of pond's water



P- ISSN 1991-8941 E-ISSN 2706-6703
2009,(3), (1) :01-07

Table (1): Bacterial load and most probable
number index of faecal coliforms in pond's water
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Table (4): Bacterial load and most probable
number of faecal coliforms in Water birds faeces

1 Faecal coliforms
Month APC (cfuml™) (MPN 100 ml %)
May 2007 2.7+1.8 x 102 >920+0
June 3.1+2.1x10° >920+0
July 5.0+£2.8 x 10° >920+0
August 7.0£2.2 x 10° >920+0
September 2.5+1.3x10° >920+0
October 3.2+1.3x 10° >920+0
November 6.0+3.7 x 102 >920+0
December 7.0+4.2 x 10* 350+60
January 2008 2.8+1.9 x 10* 9415
February 3.1+2.2x 10* 9445
March 3.442.6 x 10° YA £30
April - -

APC: Aerobic Plate Count (mean+SD),
MPN: Most Probable Number (mean+SD).
-No sample

Table (2): Bacterial load and most probable

number of fecal coliforms in the pond's sediments

Faecal

Month APC (cfug™ coliforms

(MPNg™)
May 2007 9.4#3.3x 10° >540+0
June 2.9+2.0 x 10° >540+0
July 3.5+2.9 x 10° >540+0
August 3.8+2.5 x 10° >54040
September 10.7 #1.3x10° >540+0
October 2.1+2.2x 10° >540+0
November 2.7+1.6 x 10° >540+0
December 5.8+3.4x 10* 240422
January 2008 4.242.2 x 10* Vo+18
February 6.1+2.8x 10 63+18
March 3.7+2.6 x 10° 240422

April - -

Table (3): Bacterial load and most probable
number of faecal coliforms in the intestine of C.

carpio
B Faecal
Month APC 1(cfu g coliforms
) (MPNg™)
May 2007 2.7+3.3x 10° >540+0
June 7.643.7x10° | >540+0
July 9.1+3.2x 10° | >540+0
August 10'91%26'5 X | >54040
September 3.8 11026'8 X >540+0
October 8.4+3.9x10° | >540+0
November | 3.943.0 x 10° >540+0
December 2.0+1.8x 10° 240+22
January 2008 | 9.2+2.6 x 10* 7949
February 2.3+2.0x 10° 4345
March 7.4+3.7 x 10° 240422
April - -

Faecal

Month APC (cfug™) | coliforms

(MPNg™)
May 2007 4.8+3.5x 10’ >54040
June 4.7+4.0 x 10° >540+0
July 6.9+3.2 x 10° >540+0
August 10.7+1.2 x 10° >540+0
September 7.2 +3.2x 10° >54040
October 10.2+1.9 x 10° >54040
November 2.0+1.7 x 107 >540+0
December 8.0+3.5 x 10° >540+0
January 2008 2.0+1.4x 10° 240422
February 7.7+2.3x 10° 240422
March 5.4+3.2 x 10’ >540+0

April -

APC: Aerobic Plate Count (mean=SD),

Number (mean£SD).

MPN: Most Probable

Table (5): Correlation coefficient for aerobic plate
count (APC) in different populations

el (%)
=) € <5} ©
Bl s | g| &5 |58
o ; he] = L ©
= 3 £ <
2 2
Temperature | 1 | 0.52 | 0.67 | 0.63 | 0.33
Water - 1 0.83 | 0.85 | 0.60
Sediment - - 1 0.88 | 0.51
Intestine - - - 1 0.56
Water birds
- - - - 1
faeces

Table (6): Correlation coefficient for faecal
coliforms in different populations

‘E_) n
S5 8|8 5
s | =& | E & | =8
= S b7 2
5 6| &8
o 2
Temperature | 1 | 0.50 | 0.60 | 0.5 | 0.53
Water - 1 0.80 | 0.87 | 0.58
Sediment - - 1 0.76 | 0.61
Intestine - - - 1 0.51
Water birds | ) ) ) 1
faeces

birds faeces

Table (7): Regression on faecal coliforms of Water

Variable Slope | Intercept P
Water 1.13 -3.02 0.01
Sediment 1.0 -1.21 0.01
Intestine 0.61 -1.08 0.03
Water birds
faeces ) ) )
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