VOL. 6, NO. 5, MAY 2011 ISSN 1990-6145

ARPN Journal of Agricultural and Biological Science

o
©2006-2011 Asian Research Publishing Network (ARPN). All rights reserved. @

www.arpnjournals.com

GROWTH AND SURVIVAL OF Clarias gariepinus
(BURCHELL, 1822) FINGERLINGS IN DIFFERENT
CONCENTRATIONS OF DOMESTIC LEACHATE

Agatha A. Nwabueze and Jerimoth K. Ekelemu
Department of Fisheries, Delta State University, Asaba Campus, Asaba, Nigeria
E-Mail: arimiche@yahoo.com

ABSTRACT

Growth and survival of Clarias gariepinus in different concentrations of domestic leachate were investigated.
Leachate collected from Ogbeogonogo market dumpsite in Asaba was analyzed for its physico-chemical parameters.
Leachate was diluted with borehole water to give - 0%, 20%, 40%, 60%, 80% and 100% strength. Ten four weeks old
fingerlings each of C. gariepinus were cultured in the different concentrations of leachate-borehole water in a static
renewal bioassay system. Poor growth of C. gariepinus was observed in the treatment tanks compared with growth of fish
in the control tank which was progressive as indicated by the higher value of condition factor. Leachate had significantly
(P < 0.05) higher BOD, COD, alkalinity and significantly (P <0.05) lower dissolved oxygen than culture water in control
tank. All fish in control tank survived till the end of the study while 100% mortality was recorded for fish in 100% leachate
concentration by the end of the second week of the study. Slight growth was recorded for fish in the other treatment tanks
until the fourth week when drop in fish weight was observed. The poor growth and survival of fish in the treatment tanks
may be due to the high levels of BOD, COD, alkalinity and the low level of dissolved oxygen observed in the tanks. The
higher the concentration of leachate, the lower the survival of fish with time of exposure. The longer the exposure time in
leachate the lower the survival of fish with increasing concentration. This study has shown that leachate can reduce growth
rate and survival of C. gariepinus. An urgent need for strict legislation regarding waste dumps located close to water

bodies is recommended to forestall fish stress and kills.
Keywords: growth, survival, clarias gariepinus, leachate.

INTRODUCTION

Leachate is any liquid that in passing through
matter, extracts solutes, suspended solids or any other
component of material through which it has passed,
introducing environmentally harmful substances which
may enter the environment (Wikipedia, 2010). Leachates
normally enter the environment from waste disposal sites.
The lack of proper management of solid waste has been a
major environmental issue in Nigeria. Solid wastes are
often disposed off in uncontrolled and undesignated public
places rather than in the few and probably inadequate
designated dump sites. Increase in urbanization and
population growth are likely to increase the annual
generation of municipal solid waste estimated at 29.78 x
10%g (Ojolo et al., 2004). Leachate contains a range of
chemical compounds, which may leach into the
environment particularly into nearby water sources
(Christensen et al., 2001). Leachate may also contain
pathogenic microbes some of which are capable of
producing toxins that may have public health implications
(Donnelly et al., 1988).

Studies on the possible hazards of solid waste
leachate and its effects on aquatic organisms have been
reported (Wong, 1989, Wick and Dave, 2006, Koshy et
al., 2007). Leachate has been reported to impact
negatively on water quality parameters of the aquatic
ecosystem. Leachate contamination of water bodies can
result in increase of water turbidity, limiting the amount of
light penetration which reduces photosynthesis and
production of dissolved oxygen (Pillay, 1992). Leachate

has also been reported to increase water alkalinity and
hardness (Dupree and Huner, 1984). Leachate may clog
fish gills reducing resistance to diseases, lowering growth
rate and affecting egg and larval developments (Ovre and
Adeniyi, 1990).

Few reports are available on the effect of
leachate-contaminated water on tropical fish species
especially cat fish which are hardy and can withstand more
stress than other tropical fish species (Holden and Reed,
1978). This study investigates the growth and survival of
Clarias gariepinus cat fish in different concentrations of
domestic leachate.

MATERIALS AND METHODS

The study which was carried out in the
Department of Fisheries using concrete tanks measuring
(4ft x 4ft x 6ft) lasted 14 weeks in 2009. Two hundred
(200) four week old fingerlings of Clarias gariepinus
ranging in total length 8.5 cm to 12.5 cm and weight 5.4 g
to 11.6 g were used. Fingerlings were kept in stock tank
containing borehole water to acclimate for a period of 7
days, during which time fingerlings were fed twice daily
(10.00 am and 6.00 pm) with commercially available feed.
Leachate for this study was collected in clean 10 litre
plastic buckets at the Ogbeogonogo Market dump site in
Asaba, which is close to the River Niger. Leachate was
transported to the laboratory for physico-chemical
analysis. Ten fingerlings each were randomly distributed
from the stock tank into six different duplicate tanks
labelled: tanks A; and A, (control) with only borehole

25



VOL. 6, NO. 5, MAY 2011

ISSN 1990-6145

ARPN Journal of Agricultural and Biological Science

©2006-2011 Asian Research Publishing Network (ARPN). All rights reserved.

www.arpnjournals.com

water, B; and B,, C; and C,, D; and D,, E; and E; and F;
and F,, having 0%, 20%, 40%, 60%, 80% and 100%
strength of leachate and borehole water mixture
respectively. Both treatment and stock tanks were held in a
static renewal bioassay system. Weekly measurement of
fish growth in length and weight were taken and used to
calculate the condition factor (K) of the fish. Behaviour of
fish in the different treatments and control were observed.
Water quality parameters of the treatment and control
tanks were analyzed weekly according to APHA (1985)
and data obtained analyzed using paired student t test
statistics at P < 0.05. Significant means were separated
with Duncan multiple range test (DMRT).

RESULTS AND DISCUSSIONS

Growth of C. gariepinus was observed to reduce
in the treatment tanks compared with the control tank
which had progressive growth of fish. Weight of fish in

treatment tanks with 20%, 40% and 60% concentration of
leachate increased slightly until the forth week when a
reduction in weight was observed. There was a progressive
growth in weight and total length of fish in the control
tank (0%) while in treatment tanks with 80% and 100%
leachate strength, no growth in weight and total length was
noticed. The condition factors (K) of fish in the different
concentrations of leachate show that fish in control tank
had increase in K indicating good well being of fish
whereas fish in the treatment tanks had lower condition
factors implying that fish were not doing well. According
to Bagenel and Tesch (1978) the condition factor is a
length-weight relationship that indicates the well-being of
the fish. The lower the condition factors the poorer the
well being of the fish. The growth in weight/length and
condition factor (K) of fish in treatment and control tanks
are presented in Table-1.

Table-1. Mean growth and condition factor (K) of Clarias gariepinus exposed to different concentration
of leachate for 14 weeks.

Conc. of Fish weight Weight Fish length Len_gth Condition factor
Leachate (9) . (cm) gain (K)
(%) initial - Final | 9" @ jnitial Final | (cm) | Initial  Final
0% 5.8 48.6 42.8 8.1 15.4 8.3 1.1 1.3
20 % 8.2 19.4 11.2 10.1 13.3 3.2 0.8 0.8
40 % 5.4 5.6 0.2 6.9 7.8 0.9 1.6 1.1
60 % 134 13.8 04 11.2 11.7 0.5 1.0 0.8
80 % 111 10.9 -0.2 10.3 104 0.1 1.0 0.8
100 % 9.6 9.1 -0.5 9.8 9.8 0 1.0 0.9

The physico-chemical parameters of domestic
leachate (Table-2) shows that leachate had significantly
higher (P < 0.05) biochemical oxygen demand (BOD),
Chemical oxygen demand (COD) and alkalinity than the
control tank water sample. Ehrig (1983) observed higher
BOD and COD of water due to anaerobic acetic
production induced by leachate contamination of water.
Dissolved oxygen (DO) levels were significantly (P <0.05)
lower in leachate water than in control. Also, DO in
treatment tanks were reduced though not significantly (P
>0.05) when compared with the control except for
treatment tanks with 80% and 100% leachate
concentration. Dupree and Huner (1984) also reported that
alkalinities of 30 to 150mg were preferred in fish culture.
The alkalinities observed were slightly higher than
150mg/I and this may have contributed to stress in fish in
treatment tanks and control tank water sample. Growth of
fish was found to be highest in control tank and least in the
100% concentration of leachate. Slight increase in growth
was observed for fish in the other treatment tanks. The
high levels of BOD, COD, alkalinity and the low level of
DO observed may have been responsible for the poor
growth rate recorded in the treatment tanks. Boyd and

Lichtkoppler (1979) reported that fish may survive but
have slower growth rate with low dissolved oxygen.
Okaeme (1990) also noted that low dissolved oxygen level
can be lethal, resulting in acute fish anoxia leading to
retarded growth of embryo, juveniles and eventual
mortality. Leachate has been reported to clog fish gills
reducing resistance to diseases, lowering growth rate and
affecting egg and larval development (Ovre and Adeniyi,
1990).

All fish in control tank survived throughout the
period of study. However, there was 100% mortality in
100% leachate concentration by the second week of the
study. Leachate concentrations and time of exposure were
observed to have significant effect on the survival of fish
in treatment tanks. Table-3 shows the mean survival of C.
gariepinus in different concentration of leachate in relation
to time of exposure. The higher the concentration of
leachate, the lower the survival of fish with time of
exposure. The longer the exposure time in leachate, the
lower the survival of the fish with increasing
concentration. Figures 1 and 2 show the percentage
survival of C. gariepinus in relation to concentration and
duration of exposure.
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Table-2. Physicochemical parameters of domestic leachate
and control tank.

Parameter Leachate Control tank
Temperature (°C) 31.1 28.3
BOD(mg/l) 360.0 35.4
COD (mg/l) 680.13 50.8

DO (mg/l) 0.35 7.2

pH 8.1 6.9
Alkalinity (mg/l) 218 72

ISSN 1990-6145

Table-3. Mean survival of C. gariepinus in different concentrations of leachate in

relation to time of exposure.

Weeks Concentration of leachate (%)
0 20 40 60 80 100
1 10.0000° 10.0000° 10.0000° 10.0000° 8.3333° 3.0000°
2 10.0000° 10.0000° 7.3333° 5.6667° 2.6667¢ 0.0000°
3 10.0000 10.0000° 5.3333° 4.6667° 1.3333° 0.0000¢
4 10.0000 8.3333° 4.0000° 3.3333¢ 0.0000° 0.0000°
5 10.0000 7.0000° 3.3333° 2.3333¢ 0.0000° 0.0000°
6 10.0000? 5.3333" 1.0000° 1.0000° 0.0000¢ 0.0000¢
7 10.0000° 4.3333° 0.0000° 0.0000° 0.0000° 0.0000°
8 10.0000° 3.0000° 0.0000° 0.0000° 0.0000° 0.0000°
9 10.0000° 2.0000° 0.0000° 0.0000° 0.0000° 0.0000°
10 10.0000° 2.0000° 0.0000° 0.0000° 0.0000° 0.0000°
11 10.0000° 1.6667° 0.0000° 0.0000° 0.0000° 0.0000°
12 10.0000° 1.0000° 0.0000° 0.0000° 0.0000° 0.0000°
13 10.0000? 0.3333° 0.0000° 0.0000° 0.0000° 0.0000"
14 10.0000? 0.0000° 0.0000° 0.0000° 0.0000° 0.0000"

mean with different superscripts are significantly different.
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Figure-1. Percentage survival of C. gariepinus in relation to
concentration of leachate.
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Figure-2. Percentage survival of C. gariepinus in relation to time of
exposure to leachate.

Leachate being a complex mixture of organic,
inorganic and many unidentified toxicants may pose risk
of unknown magnitude to aquatic life. The presence of
illegal waste dump sites in public places and the lack of
proper management of solid waste have serious health
implications. Leachate from waste dump sites leaching
into nearby water bodies may have adverse effect on
aquatic organisms particularly fish. Though, the effect of
leachate may be reduced in flowing water than in pond
system, and also with distance from the source of
generation, leachate can still contaminate water bodies.
Robinson (1983) reported that even when leachate is
weakened by distance; it can still result in pollution of
surface and ground water by causing eutrophication and
high nitrates in drinking water and toxic heavy metals in
ground and surface water.

This study has shown that leachate can reduce
growth rate and survival of C. gariepinus. In view of the
possible health hazard of domestic leachate and its effect
on fish, there is an urgent need for strict legislation on
environmental waste management against the siting of
waste dumps in public places especially close to water
bodies to forestall fish stress and kills.

REFERENCES

APHA. 1985. Standard methods for examination of water
and waste water. American Public Health Association. 16™
Edition, Washington.

Bagenel T.B. and Tesch F.W. 1978. Age and growth. In:
Methods of assessment of Fish production in fresh waters.
Bagenel, T.B. (Edition). Blackwell Scientific Publications,
Oxford. p. 133.

Boyd C.E. and Lichtkoppler F. 1979. Water Quality
Management in Pond fish culture. International centre for
Aguaculture, Agricultural  Experimentation  station.
Auburn University Research Development series No. 22.
Project AID/ DSANG. 0039.

Christensen T.H., Kjeidsen P., Bjeng P.L., Jensen D.L.,
Christensen J.B. Baun A., Albrechtsen H. and Heron G.
2001. Biogeochemistry of landfill Leachate plumes. Appl.
Geochem. 16: 659-718.

Donnelly J.A. Scarpino P.V. and Tabor M.W. 1988.
Clostridial presence in Hazardous waste-containing
experimental landfills. In: Hazardous Waste Detection,
Control, Treatment, Part B. Edited by R. Abbou. Elsevier
Science Publishers, B.V. Amstardam, Netherlands. pp.
1073-1086.

Dupree K.H. and Huner J.VV. 1984. The status of warm
water fish farming and process in fish farming research.
United State Fish and Wildlife Services, Washington, D.C.
USA.

Ehrig H.J. 1983. Quality and Quantity of sanitary landfill
leachate. Waste management and Research. 1(1): 53-67.

Holden M. and Reed W. 1978. West African Freshwater
fish. West African Nature Handbooks. Longman Group
Ltd. London. p. 66.

Koshy L., Paris E. Ling S., Jones T. and Berube K. 2007.
Bioreactivity of leachate from municipal solid waste
landfills- assessment of toxicity. Sci. Total Environ., doi:
10.1016/j.scitotenv.2007.06.017.

Ojolo S.J., Bamgboye A.l., Aiyedun P.O. and Ogunyemi
A.P. 2004. Pyrolysis of shredded plastic waste. In:
Proceedings of the 7" Africa-America International
conference on manufacturing Technology, Port-Harcourt,
Nigeria. 1: 412-518.

Okaeme A.N. 1990. Prospects and Problem of Fresh water
fish ponds fertilization using animal droppings in
subsistence fish farming. The Nig. J of Agric. Extension.
5(182): 58-64.

28



VOL. 6, NO. 5, MAY 2011
ARPN Journal of Agricultural and Biological Science

©2006-2011 Asian Research Publishing Network (ARPN). All rights reserved.
www.arpnjournals.com

Ovre S. and Adeniyi H.A. 1990. A Simple Guide to
Quality Management in Fish Pond. National Institute for
Freshwater Fisheries Research Technical Report Series.
No. 23: 29.

Pillay T.V.R. 1992. Environmental Impacts of cage culture
for catfish in Chau Doc, Vietnam. Aquaculture
colloborative Research Support Program. Blackwell
Scientific Publications Inc., Cambrigde, England.

Robinson H.D. 1983. Problems of leachate from domestic
waste tips in analysis for environmental protection.
Annual Proceedings. (20).

Wick A. and Dave G. 2006. Acute Toxicity of leachates of
tire wear materials to Daphnia magna- variability and
toxic components. Chemosphere. 64; 1777-1784.

Wikipedia. 2010. Leachate. Wikipedia encyclopedia.
Wong M.H. 1989. Toxicity test of landfill leachate using

Sarotherodon mossambicus (freshwater fish). Ecotoxicol.
Environ. Safety. 17(2): 149-156.

ISSN 1990-6145

29



