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Abstract

Temporal variationintheecology of Kuramo water wasstudied inthe Lagoslagoon complex. Physico-
chemica parametersand heavy metals concentration were analyzed. Eight siteswere marked using the
geographical positioning system (GPS model-12). Water chemistry was determined for 8 monthsand
sampling was done along designated transects. Water pH (9.51+0.74), Dissolved Oxygen (8.53+1.54
mg/L) and Temperature (29.31+1.03°C) were the most stable of the measured variables. SO,?
(69.17+17.66 mg/L), COD (13.67+1.46 mg/L), Fe(0.23+0.16 mg/L ), Ca2+ (409.82+6.66 mg/L ) and
Cu (0.38+0.14 mg/L) were aso relatively stable. In contrast, Salinity (1.66+2.08%o.), Conductivity
(1043.10+164.591S/cm), Cl- (111.76+21.35mg/L), TDS (521.45+82.36mg/L), TH (542.67+91.73mg/
L), BOD (6.22+1.02 mg/L), Alkalinity (46.54+16.77 mg/L), TSS (11.10+7.91 mg/L), and N-NO,-
(1.77+£1.67mg/L) temporaly varied and valuesof al anayzed variableswere significantly different over
theperiod of elght months (jp<0.05). Therewereno significant variationsacross sampling stations(Speatid).
Thesefluctuating, unstable variablesexplained in agreat deal theinfluence of: anthropogenicimpacts,
season, and itsgeomorphologica proximity with the Atlantic Ocean (< 1200m apart). Conductivity showed
highsignificant correlationwith TDS, TH, Ca?*, and S0, 2. During therainy season, animmensevolume of
salt water entersthe Kuramo water, therefore making it incorrect to refer to the Kuramo asfresh water
body. Lifeinthiswater systemisthussubject to temporal variation; fromfreshin January - April (0.3-0.5
%o) to brackish condition between May and July (5.1 - 5.3 %o). Thus, only euryhaline speciescan survive
suchvarighilities.

Key words. Tempora variation, ecology, Kuramo, anthropogenicimpacts, correl ation coefficient matrix,
euryhdine.

I ntroduction multiple usesincluding irrigation, aquaculture,

Nigeria(100N, 80E) hasan extensivecoast lineof
960km, and 15% of the 925,000km? land areas
consistsof inland waterssuch asrivers, streams,
swamps, and natural and man-madelakes (Akin-
Oriola et al 2006). These water bodies have
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drinking water supply, hydroelectric power
generation, fisheries, flood control and recrestion,
among others(Anetekhai et al 2004). TheNigerian
climateistropica, congsting of rainy season (April
—QOctober) and adry season (November - March):
Diurnal temperatures are high, reaching 34°C-
40°C. Elevation level sof rdative humidity prevail
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throughout theyear, rarely dropping bel ow 60%.
Highrainfall of between 3000mm and 4000mm
isexperienced from May- September withashort
break in August (Awosikaet al. 2002).

The high level of urbanization and
industrialization of the city of Lagos and its
environswiththeinevitablegeneration of domegtic
and industrial waste, have led to biological
consequences in the Nigerian coastal aquatic
environment. Since the past two decades, the
Lagoslagoon complex hasserved asthe ultimate
sink for the disposal of untreated domestic
sewage, withtheKuramolagoon (Figure 1) being
thewordt culprit. Itissurrounded by large hotels,
sophidticated restaurantsand hundredsof hutsbuilt
along its bank; playing host to thousands of
homeless sex workers and touts. Primary
concernsaretheeffectsof domesticandindustria
effluentson the genera hedlth of aquaticlife, the
maintenance of viable artisanal commercial
fisheries and the safety of the humans
occupationally exposed to the pollution. Much
informationisavailable ontheplankton, fishand
fisheries of the Lagos lagoon (Fagade 1969,
Ezenwa 1981, Balogun 1987). Hill & Webb
(1958) pointed-out that water flow of thelagoon
islimited, tidal movementsthereforeare greatly
reduced and the salinity changesvery gradual.
Also, monthly reading showed that sdlinity ranged
from a minimum of 15 %o in October to a
maximum of 24%o in April. Itisevident; however,
that the salinity changesin Kuramo water aredue
inpart to other causesother thantidal water. The
barrier beach separating it from the seaisvery
narrow and in rough westher at hightidewaves
occasiondly breaksover thebeach and salt water
may find itsway into thelagoon thusraising the
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salinity. It isalso possiblethat some salt water
may find it way into thelagoon by seepagethrough
the beach sand. Evaporation from the surface of
thelagooninthedry season must also contribute
toariseinsdinity. Ontheother hand, thedrainage
of ranfromlocd sormswill reducesdinity during
thewet season.

Pollution-related studiesin the Lagoslagoon
complex have been reported by Ajao, et al.
1996, Ajao and Fagade 1990). However, earlier
studies could not have captured the several
anthropogenic activities now surrounding the
lagoon system. Theaim of thisstudy therefore, is
to provide current and adequate information on
thetrend of tempora variation and pollutionbeing
evident in the interrelationships of the
physicochemical parametersand the heavy meta
indices.

Materialsand Methods

Study site: Nigeria has a coastline of 853km
bordering the Atlantic Oceaninthegulf of guinea
It hasamaritime area of 46,500km? between O-
20m depth and an exclusive economic zone of
210,900km? (World resources, 1990). Thetotal
brackish water areaisestimated as 12,940km?2
with mangrovecomprising 9700km? andthesdine
swampsof the Niger deltaoccupying 750,000
hectares. Lagos state is a coastal state, which
coversan areaof about 3,577 squarekilometers,
thus, occupying about 0.4% of thetota land area
of Nigeria(Shekoni 1997). Thetown of Lagosis
built upon an island and lies between Lagos
Harbour and LagosLagoon. Thesouthern margin
of Lagosand Ikoyi isbounded by Five Cowrie
Creek, awaterway connecting the harbour to
Lagoslagoon (Figure 1).
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The Creek at the centrejoins Badagry Creek
afew milesfromtheHarbour. Immediately behind
thebarrier beachtotheeast of theharbour liesa
long and narrow lagoon known asKuramo water.
Thislagoon isconnected to Five Cowrie Creek
by anarrow and tortuous channel running the
mangroves (Hill and Webb, 1958).

Sampling programmeand Analysis
Sitescharacterigticsand geographica positioning
of sampling stationswereshowninTable1 (using
the GPS system, Modd -12, January-June 2008)
having the Kuramo water between Latitudes
06°28'N-06°30'N and Longitudes 03°42'E-
03°47'E. Sampling was carried out along
designated transects from specific sites in
horizonta directionwith 8 samplestationsmarked.
Thewater sampleswere analyzed according to
the criteria prescribed by the GEMS/WATER
operationd guide (1977) on Globa Water Qudlity
Monitor. Ambient water temperatures were
determined in-situ using calibrated Mercury-in-
glassthermometer, whilethewater transparency
wasmeasured using the Secchi disc. HoribaU-
10and hydro-labwater quality checker wereused
for theanalysis of each water sample collected
for conductivity, pH, dissolved oxygen,
temperature, sdinity, turbidity and Secchi discfor
transparency in-situ measurements. Also, the
concentrations of heavy metals; cadmium,
chromium, copper, iron, lead Nickel, Zinc, and
other physico-chemical parameters were
measured according to Sandard methods (APHA,
1998). Rainfall datafor the period of sampling
were obtained fromthe Nigerian Meteorological
Station Oshodi, Lagos.

Statistical Analysis: Physico-chemical
parameters were analyzed using Pearson's
correlation matrix to examineintercorrel ation of
parametersand andyssof variancefor differences
inthewater quality parametersand heavy metals
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concentration with respect to sampling stations
and seasons. Mean separation wasachieved using
the Duncan multiplerange post-hoc test.

Results

Water Quality Parameter in Space and Time
Tempord variationsof water quality parameters
in space and time (geographical positions) are
summarized with respect to the eight sampling
stationsin Table 2. Physico-parameters studied
(20) were statigtically different among theeight
(8) sampling stations throughout the period of
study (Table 3). Conversely, in Table 2, the
parameterswerestable (no significant difference)
between January and March 2008, with the
exception of Fe. Thehighest value of COD and
BOD occurredin May and June; 14.53+1.92mg/
[ and 14.91+2.39 mg/l (Table 2).

I nter correlation of Parameters

Table 5 showsthat twenty-two (22) out of 136
correl ation coefficients (16%) aremost significant
(p<0.05). With the exception of salinity, al
variablesexhibited sgnificant corrdationswith at
least one other variable. Conductivity positively
correlated with TDS (r = 0.997, p<0.05) and
nitrate (r = 0.583, p<0.05). Total hardnessalso
exhibited positive correlation with calcium (r =
0.993, p<0.05) and sulphate (r = 0.700, p<0.05).
DO however, showed negative correlation with
sdinity (r=-0.220, p<0.05), turbidity (r =-0.219,
p<0.05), and COD (r = -0.099, p<0.05).
Chemicd oxygen demand (COD) and Biological
oxygen demand (BOD) exhibited significant
correlationwith pH (r =0.569 and r = 0.527).

Heavy-metalsin water

Heavy-metal values in Kuramo water, Lagos
lagoon were: Fe =0.24 mg/L, Cu =0.38 mg/L,
Zn=0.4mg/L, Pb=0.05mg/L, Cd=0.02mg/L,
Cr=0.2mg/L and Ni =0.1 mg/L. Thesevalues
wererelatively significant during the period of

study.
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GPS, Model -12
Measurements
Sample stations 1 2 3 4 5 6 7 8
(Geographical Positions)
Longitudes 06°28'N 06°30'N 06°30'N 06°30’'N 06°29'N 06°29'N 06°29'N 06°29'N
Latitudes
03%42'E 03%43'E 03%44'E 03°46'E 03%47'E 03°46' E 03%44'E 03%45'E
Altitude (ASL). 18.30m 24.01m 22.57Tm 23.18m 22.27m 29.4m 31.20m 35.99m
Mean Depth (m)
0.9 12 1.9 2.4 3.2 35 5.7 2.6
Mean Transparency (cm)
255 24 28 32 52.5 25 20.5 235
Mean Surface Temperature
(°C) 29 315 315 32 32 31 29 31
Point/non-point
Sources Up-stream Hotel outlet| Entrance Mid-stream Kuramo Direct Centre Combination
With (e.g. Eko fromLagos | (fishing) lagoon exit | human point of dung-hill
dung-hill Hotel Int.) lagoon and impact (least & human
environs. impact) density
Abbreviations. ASL = Above Sea Level, m= meter, cm = centimeter, °C = degree centigrade.
[
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Fig. 2: Mean distribution of heavy metals concentration in Kuramo water (n = 64). Error

bars represent +SD and are not visible when smaller than the symbol
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Table4: Grand mean, standar d deviation and range of physico-chemical propertieswithin the

study period (n =64)

Physico-chemica Parameters Grand meantStandard Range

Devidion Minimum Maximum
Temperature (°C) 29.31+1.03 27.05 31.01
Conductivity (1IS/cm) 1043.10+164.59 669.0 1360.0
Tota dissolved solid (mg/L ™) 521.45+82.36 335.0 680.0
Dissolved oxygen(mg/L ™) 8.53t1.54 5.73 12.34
pH 9.51+0.74 7.35 10.48
Sdinity (%o) 1.66+2.08 0.20 5.60
Turbidity (NTU) 4.25+2.94 1.0 16.0
Tota hardness(mg/L?) 542.67+91.73 340.0 720.0
Cdcium(mg/L?) 409.82+66.6 255.0 540.0
Magnesum (mg/L™2) 153.78+76.79 95.0 488.0
Chloride(mg/L?) 111.76+21.35 50.0 180.0
Sulphate(mg/L™2) 69.17+17.66 40.0 100.00
Nitrate (mg/L %) 1.77+1.67 0.05 75
Phosphate (mg/L %) 0.61+0.70 0.06 3.0
Tota suspended solid (mg/L2) 11.10+£7.91 20 40.0
Chemica oxygendemand (mg/L?) 13.67+1.46 11.56 20.35
Biologica oxygendemand (mg/L 1) 6.22+1.02 3.67 7.99
Alkdinity (mg/L™%) 46.54+16.77 24.0 72.0
Colour 57.98+14.88 0.0 85.0
Fe(mg/L?) 0.23+0.16 0.10 0.40
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Variation in the ecology of Kuramo water, Nigeria

Discussion

Metabolic rate and thereproductive activities of
aquaticlifeare controlled by water temperature.
Asmetabolicactivitiesincreaseswith anincrease
in temperature, fish's demand for oxygen
increases. Grand mean temperature (29.31°C)
recorded inthisstudy falswithintherange (20-
30°C) suggested by Boyd and Lichkoppler
(1985), and the NigeriasFederal Environmental
Protection Agency (FEPA, 1999) for adequate
support and propagation of tropical fishes. This
indicated favourable condition for occurrence,
growth and multiplication of overall aquatic
resources, biodiversity of the Kuramo water
especialy during thedry season.

The mean dissolved oxygen of 8.53mgL*
recorded for the sampling stations buttressed the
recommendation of Boyd and Lichkoppler
(1985) that DO level of 3- 4mgL *isrequired for
fish growth. Thisisa so supported by Agboola,
et a. (2008) who reported mean DO level of
4.81mgL* in Badagry creek, Nigeria.
Comparatively theDO level in Kuramowater is
well abovethe minimum 5.0mgL ! suggested by
Erondu (1991) and the 6.8 mgL* standard
suggested by FEPA for thesurvival of fishand
other aguatic organisms. L ower oxygen dissolved
inwater could drastically adversdly affect aquatic
organismse.g., fishkill aswell astheir eggsand
larvae. However, dissolved oxygen in thisstudy
remained stable throughout sampling period.
Onsets of rainfall lead to introduction of
biodegradable and non-biodegradable
contaminants which was evident in therise of
BOD and COD in May. Thisdid not only cause
complete change of water status but aso brought
pollutants of carcinogenic propertiesfrom point
and non-point sources (Tables1 and 2).

Sinity vdueswererdaivey sableduringthe
dry season. (< 0.50/00) but displayed a sharp
increaseinitsconcentration asrainfal levelsrises,
turning water system from fresh water body to
brackish; with apeak value of 5.360/00in June.
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Thissudden and unusua changein salinity may
beduetothec oseproximity of the Atlantic Ocean
to Kuramo; with an approximate geographical
distance of 100m. Chemical oxygen demand
(<15.24 mg/l) wasrd atively high when compared
with the DO (< 9.33mg/l), but the Biological
oxygen demand was stable (<7.05mg/l). The
information on values of water chemistry
determined monthly wasgreatly influenced by
temporal variaion. Theresult showsthat Kuramo
water system being an off-shoot of the Lagos
lagoon poses an unusual combination of
physicochemica characterigtics, aview which has
posed earlier by Hill and Webb (1957). For
instance, during the rainy season, animmense
volumeof marinewater from the Atlantic Ocean
(figure 1) enters the Kuramo water, therefore
makingit difficult to refer tothe Kuramo asfresh
water body. Life in this water system is thus
subject totempord variation; fromfreshin January
- April (0.3 - 0.5 %0) to brackish condition
between May and July (5.1 - 5.3 %o). Thus, only
euryhalinespeciescan survivesuch variabilities.

Changesinwater chemistry (ion concentration)
arevisibly noticed from one sample station to
another; and there are aso point sources of
contaminants from domestic and recreational
activitiesondaily basis, thus contributing tothe
water system, non-biodegradablesubstances(e.g.
nylon sachet, paint containers, mosquitoes
repellant containers, etc.), organic wastesfrom
largehotd outletsdumped directly into thewater.
These substances are carcinogenic with the
potential of causing brain damage among other
effects.

Heavy-meta valuesin Kuramo water, Lagos
lagoonwererdaivey sgnificant during theperiod
of study, athough all heavy-metalsanalyzed are
within the permissible standard limits of FEPA
(1999).

Kuramo water appearsto have'safelevels of
heavy-metd pollution, activitiesthat couldincrease
theses concentrations should be guided against.
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Therefore, Environmental standards should be
enforced to protect this water body from
becoming potentia threat to the healthand well-
being of thelocasinfuture.
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