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Abstract

A preliminary survey was carried out during the @ddovember - March) season and the wet
(April - October) season of the year 2000 and 200 Zetermine the physico-chemical
limnology of two small ponds in Kaduna, northerrg&tia. The investigated physico-
chemical water quality parameters responded to ga&nkydro-climatic, local micro-
environmental and anthropogenic influences. Thegsowere distinctly different in cationic
hierarchy with the pond receiving fish meal droppihaving a significantly higher
conductivity, carbon dioxide, biochemical oxygemmdad (BOD), nitrate, phosphate,
sodium, and potassium than the other pond. Howéwer|evels of the physico-chemical
variaton among the water quality parameters in lbgtonds still occurred within the
allowable guidelines for most public, domestic egwheral agricultural uses such as fish
culture and livestock productions.

Key words: Physico-chemical, variability, ionic hierarchy, veatquality, small ponds,
Northern Nigeria.

Introduction

Previous studes by Welcomme (1985), Tmms (198&nbuwa and Adeniyi (2001) and
Ayodele and Adeniyi (2006) showed that the physi®mistry of Nigerian and some Afro-
tropical fresh waters respond to both regional &aél environmental influences. In other
words, even though the waters exhibt to some txiganeral tropical characteristics, they
invariably differ from one another krgely due tiffedences in lbocal micro-climate, geology,
catchment basin characteristics, geographical idocatnd anthropogenc influences. In
certain respects these water bodies are compatabkemperate waters, in spite of the
pronounced longitudinal or climatic differences we¢n the two regions.

In Nigeria, there has been increasing awareness candermn about environmental quality
especially on physico-chemical water qualty due dlovious degradation and deterioration
attributed to increased urbanization, agricuttudgvelbpment and ndustriaization naotably,
minng and oil exploration activities, (Edwart al., 1983; NEST, 1991; Binegt al, 199%4;
Calamari, 19%4; Saadt al, 19%4; Adeniyi, 2004; Ibe and Onu, 1998). Suchcem and
worry are no longer limited to urban centers; nowrdral areas, the potable qualty of water
cannot be taken for granted (Edwatdal 1983; lbe and Onu, 1998).

The present contribution is a prelmnary investga on sekected physico-chemical water
gualty parameters of two small ponds in Kadunatidon Nigeria —the Colege of
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Agrcutture pond, and the Federal Fish Farm porfok o ponds were created specificaly
for agricuttural purposes; mainly fish farming, qgwotion of fodder and supply of water for
Ivestock. Recently, the Food and Agricultural Ougaton (FAO) of the United Nations
took over the management of the fish farm pond ssstance to Nigera in her fisheries
development programme. In spite of their importaoel nternational attention, there is so
far no publshed information on the water qualfyttese ponds. Therefore, the present study
ams to provide preliminary base line data to ifa@ a detaled work relevant to the
planning and management of these ponds and other badies in the area.

Mate rials and Methods

The Study Area

The study area is lbcated wihin 1km radius oftudd 10 35 N and longitude B5'E
Kaduna, Kaduna State, Northem Nigeria. The catchnarea of the water bodies involved
(R. Mashi) is about 50kinlying within the Guinea Savannah vegetation zdnéligeria. The
cimate of the area based on the meteorological fiatthe period of study October 2000 and
October 2002 is depcted in Fg.1. The annual cigleharacterized by distinct dry and wet
seasons. The dry season extends from November tohMahile the wet season or raining
season kst from Aprl to October. Mnimum tempameg usualy recorded either in
December or January during the dry season. Reldvmidity is high mostly during the
rainng season; it is inversely related to evapamat

The two ponds under investigation are small andoshavater bodies located behind the
building complex of the Ahmadu Belo University (A} College of Agriculture, and the
Federal Ministry of Agriculture, along Mando Rodthduna (Fig.2).

The ABU college of agriculture porndovers a surface area of 5.5 hectares with a maximu
depth of 24m. The pond was impounded in 1964 hystaecting an earthen dam of about
200m long across River Mashi It was impoundedlysdt watering livestock and growing
of fodder for animal husbandry. The Federal FislmF@ond was constructed by the Federal
Department of Fisheries as a demonstration fisin.fdt is Located at about 500m distance
away from the College of Agricutture Pond. The rese is 815m long, 5.5m wide and
1.2m deep. It's water supply is the adjoining @ellePond through an underground pipe
connected to it. The pond water is regularly dchiaed replaced at keast fortnightly through
the process known as “demudding’. This processinalies bottom wastes and provide fresh
aquatic environment for the fish. Also on regulasid some processed plant and animal
materials were dropped into fish farm as fish mebBleese are composed of wheat grains, ox-
blbod, groundnut cake beans and starch. There leweneof such water reservors in the fish
farm, they are located close to each other butrakgsh by high embankments. The two
sampling stations established for the study werekedaas stations A and B as shown in Fig.
2.

Sample collection and physico-chemical analysis

Surface water samples for physico-chemical analygese colected fortnightly for 24
months coverng three overlapping years. On sonoassns however, the sampling interval
was monthly. Ambient air and water temperaturesewaeasured in the fied with a mercury-
in-glass bulb thermometer to the nearesf@.MWater pH was determined colorimetrically in
the fied usng Loving bond pH comparator and laterchecked in the kboratory with a pH
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meter (Yokogawa Electric Corporation, Model pH 8Dissolved oxygen concentraton was
fixed n the field with Whnker's reagents and latdetermined titrimetrically in the laboratory
soon on retumning from the field work. Conductivtyas determined with a conductivity
bridge (YSi model 33) at 26 whie total alkalinty was determined titrimetily with
0.02N HSO, (APHA, 1980). Calcium and Magnesium were estimdigthetricaly using
0.01 EDTA (Mackerethet al, 1978) whie Sodum and Potassium were estimajefame
emission photometry (Goltermaet al, 1980). Chloride was determined tirimetricaly by
turbdometric BaS® method, usng 0.014N AgNfOsolution (APHA 1980). Free carbon
doxide was determined titrimetrically using 0.04%NwC O3 (Lind, 1979)

Biochemical Oxygen Demand (B6Dwas determined as for dissolved Oxygen after five
days of ncubation (Hynes, 1971). The Sodium Alisorgratio (SAR) of water sample was
estimated to evaluate the suiabiity of the wélar irrigation according to Chapman (1992)
using the formula:
SAR = Na

YJ(Ca?*+Mg?*) Where the concentrations of NaMg?* and C&" were expressed
in mili equivalent per lire.

Re sults

Seasonal variations

The data showing the 24 months seasonal variatibnghysico-chemical parameters are
presented n Figs 3and 4. Generaly, the physieotdal parameters folowed simiar
seasonal trends in both ponds. Ambient air anderwtmperatures were higher in the
rainng season than in the dry season. Minmum amd water temperatures (18Q2
occurred during the dry season in January or Fsbrugile high temperature in the range of
(28-3°C) were recorded mostly in rainy season. Water pek \generally higher during the
dry season, than n the raning season. Low vadfesonductivty, Alkalinty, major ions
(particularty, Sodium, potassium, Calkium, and Mssgm) were recorded in raining season,
but a sharp rise at the onset of the rains. Desdoxygen values were generally lower n the
rainhg season than in the dry season whie pexgenibxygen saturation followed simiar
seasonal trends as dissoved oxygen .The valué&Sxgjen saturation were always above the
50% critical value whie the supersaturated valef)0%) were recorded n the dry season.
Biochemical Oxygen Demand (BQJXCarbon Dioxide, chloride, phosphate, and Nitrdig
not show any definte seasonal trends- both high lew values occurred across the seasons.
Sulphate concentrations were generally low somsetiinetrace amounts.

Spatial variatons

Tabke 1 shows the mean concentration of the phgbiemical water quality parameters in
secton A and B. Conductvity, Biochemical OxygenerBand, Carbon dioxide, P otassium,
Sodum, Phosphate and Nitrate shows statisticaliyifisant higher values (p<0.05) in
station B than station A. Alkalinty, Calcium, Magum, Sulphate and chloride also show
some variation between the stations, but were mptfianty different (p>0.05). The
ambient arr and water temperatures, pH and dissd®ygen showed apparently fite or no
variations. Cationic hierarchy was ktg> Ca&* > Nat > K* in Station A, and Ca > Na® >
Mg% > K* in Station B, whie anonic hierarchy was HEO CE>SOs2 n both stations.
SAR values in both statons A and B were both teas 1 (0.33 and 0.51 respectively).
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Discussion

The physico-chemical water quality data on the #westigated ponds in many ways are not
different from what is obtanable in most Afro-tikad waters. They share many features
with several relatively large and wel known wateadies in other parts of Nigeria, ncluding
River Sokoto (Holden and Green, 1960), Ekiyele eRes (Imevbore,1967), River Oshun
(Egborge, 1972), Asejre Lake (Egborge, 1981), Loweoss Rivers (Lovernberg and Kunzel,
1992), Opa Reservoir (Akinbuwa and Adeniy, 1998012 With conductivity values as low
as 51-7ds cm! average, the ponds can be chssified among the dikded African waters
(Taling and Taling, 1965).

The lower values of conductivity, pH, Oxygen, anestnof the major ions in the raining
season than in the dry season is a tropical ckardics, usualy attributed to dilution,
deoxygenation and acidic effects of rain water. il&iy) the sharp rise in conductivity and
some related chemical variables (such as alkakhity catons and anions, etc) at the onset of
the rans, are linked to effects of run-off dragiklectrolytes and other solublke substances
that accumulated within the drainage basin durlg dry season into the aquatc systems
(Imevbore, 1967; Olaniyan, 1968; Egborge, 1972,119894; Bowmaker, 1976; Lowenberg
and Kunzel, 1992, Akinbuwa and Adeniyi, 1996, 2001)

The seasonal cycles of temperature in both ponde wery similar (both in magnitude and
time), and this could be attributed to the closexiprty of ponds to each other wihin the
same geographical area. Similar result has also begorted for some man-made lakes in
South-Western Nigera (Aknbuwa and Adeniyi, 200h). another note, the ampltude of
temperature variation in the ponds wa$ @3 This figure is largely comparable to the range
of temperature variaton known to be worth consider in tropical waters, which seemingly
lends credence to the view of some scientists aentetimes challenging the generalization
that temperature variaton is atypcal of tropicalaters (Olaniyan,1968;, Akinbuwa and
Adebuwa and Adeniyi, 2001). There was also a reabdgkfeature in the ponds in which
water temperatures recorded durng the dry seasoeraly folowed temperature mnima,
simiar to the trends in River Sokoto (Green, 198fden and Green, 1960) and in the
tropical fish pond n Jos (Ufodke and Garba, 1993pwever, these temperature conditions
seem generally a converse to the condtions infreeh water aquatic systems in the southern
part of Nigera where the higher temperatures denevith the dry season, typical of most
tropcal waters (Egborge, 1981; Akinbuwa and Adend996, 2001). These contrasting
features between Nigerian northem and southerera/atould be attrbuted to the prominent
effects of evaporaton and cold harmattan windshé northern regon during the dry season
described by Holden and Green (1960) and Adeyed88(1 This in a way shows that local
micro-climatological condiions coud ako play Dnant role hn temperature variation
pattern in tropical waters. The relatively highnaentrations of some chemicals nutrients
partculary phosphates and Nitrate in the pondinglihe rainng season (n spite of general
diuton condion) is a condiion that has beencorded in some other tropical lakes
(Welcomme, 1985; Timms, 1986; Akinbuwa and Adengf0l),which has been Inked to
possible infitration of nutrient rich ground wateifhe spatial variations in the physico-
chemical parameters between the two ponds shows cteductivty, BOD, P hosphate,
Nitrate, Sodium and Potassium were of considerablesignificantly higher concentrations in
the fish farm than in the college pond. Since nufsthese chemical parameters are typical
products of organic matter mineralization and hesiten used as traditional
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parameters(particularly BQ Phosphate and Nitrate) for measuring organicutipol it is
obvious that their higher concentrations in thér figrm could be Inked only to the fish meals
(rich in organic compounds) which were regularjopped into the fish farm. The
dissimilarty in the catonic order of the pondaildoalso be due to the presence of fish meals
coupled with unstable nature of water in the fialmT brought about by demudding process.
Based on some international water qualty guidesldeyTable 2), the chemical water quality
parameters (including SAR vales) of the two pofak within the allowable/ permissble
guide lewels for a wide range of water applicatigrerticularly fish production, irrgated
agriculture and livestock productions. The ponde #rerefore considered suitable for the
specific purposes for which they are created ish flarming (Federal Fish Farm), production
of fodder and supply of water for Animal HusbandGolege of Agric pond). In conclusion
the two ponds responded to some general topicell lenvronmental as well as
anthropogenic influences. In spie of this, the ewaqualiies are considered suiable for the
partcular agricutural purposes they serve. Apptim of fsh meal and unstable hydrology
seem to be major factors responsble for certdiereihces in physico-chemical character
between the two ponds. More importantly, the stedeals that the fsh meal load does not
have deteriorating effect on the water quality. thewr research work should nclude more
parameters e.g. heavy metal and cover other raseofothe fsh farm as well as other sies
on the college pond.
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Table 1: The mean concentration of physico-chemicalvater quality parameters in
College of Agric. Pond (Station A) and Fe deral Fistierm Pond (Station B)
Kaduna, Nigeria.

PARAMETER [n] | ABU Fish Farm pond (Statior
Pond(Station A) B)

Mean Mean
Ambient ar Temperaturel 34 26.0 26.7
(°C)
Water Temperaturec@) | 34 25.2 25.0
Hydrogen ion con.(pH) A 7.1 7.3
Electrcal Conductivity | 34 51.3 77.2*
(umhaos.cm-)
Alkalinity (mgl CaCQ) 34 29.6 37.8
Dissolved Oxygen (DO)| 34 7.2 71
(Mgh)
Oxygen Saturation (%) 34 934 A,
Biochemical Oxygen A 2.2 7.4*
Demand (BOD)(mgl)
Carbon dioxide (mgl) A 4.0 5.6*
Phosphate (mgl) 17 4.82 27.80*
Nitrate (mglh) 17 0.14 02
Sulphate (mg}) 17 0.23 0.11
Sodium (mglh) 17 3.33 8(B.
Potassium (mg}) 17 2.93 4.35*
Calcium(mgl-) 17 3.51 5.3
Magnesium 17 2.88 72.4
Chloride (mg}t) 17 1.69 1.50

* Significant difference values {®.05) between stations
n = num ber of sam ples
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Table 2: Recomme nde d Guide levels for Physico-chegal parame ters of wate r quality
for multipurpose uses.

Parameters Unit Re comme nde d/Allowable
Standards (For Multipurpose
Uses)
Hydrogen ion concentration pH 6.5-8.5
6-9 (Fsheries)
Dissolve Oxygen mgl 59
Oxygen Saturation % 50 (Crtical mnimum value)
Conductivity M Scmt 800-1600
Alkalinity mgtt >25 (Minmum level)
CaCG;
Biochemical Oxygen Demarjdngl-? 3.0-6.0
(BOD5) 02
Calcium (C&") mgt 75-200
Magnesium (Mgf) mgt 60-120(maximum)
Sodium (N&) mgH <200(maximum)
Potassium ("R Mgt 75-200
Sulphate (SG¥) mgt! <250(maximum)
<1000(for Ivestock)
Chloride (C#) mgt! <250(maximum)
Phosphate (P9) pgll 350-6,100
Nitrate (NG mgt! < (50maximum)
90-200(for livestock)
Sodium Absorption Ratio (SAR 8(maximum)

Source: Edwards et al., 1983; Chapman, 1992; Ade2@04
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