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ABSTRACT

Heavy metals remain pollutants of great concern to ecologists because of its persistent nature
in the environment and its adverse effects on aquatic biota and man. The levels of four heavy
metals (Cu, Fe, Zn and Pb) were investigated between January, 2010 and December, 2010 1n three
sampling stations (Agbara, Imude and Obele) of Cloge Lagoon. The metal contents were
measured in  water column, sediment and Chrysichthvs nigrodigitatus. The highest
concentration (972.99460.93 pg L™ of Zn in water was recorded in Obele while the lowest value
(581.14442.36 pg L7 occurred in Imude. The concentrations of the heavy metals in sediments
of all the sampling stations was significant (p<0.05). The highest concentrations of Cu
(1.2520.09 pg g™ and Pb (4.1140.29 pg g™ in sediment were recorded in Obele while their lowest
values (Cu, 0.55+0.05 pg g1 Pb, 0.1320.02 pg g™ 1) oceurred in Imude. The values of the heavy
metals in C. nigrodigitatus from Agbara was significantly (p<0.05) higher than the values recorded
in the other sampling stations. The highest conecentrations of Fe (44.30+£1.76 pg g Y, Zn
(26.43+£1.37 ug g ") and Pb (0.17+0.04 pg g 1) in C. nigrodigitatus were reported in Agbara while
their lowest values (I'e, 24.41£1.01 pg g %; Zn, 14.8240.98 pg g71; Pb, 0.02+£0.01 pg g1 occurred
in Obele. Seasonal dynamics had effect on metal content of water and sediment but its effect was
not significant (p>0.05) in C. nigrodigitatus except for Cu. This study has shown that Ologe
Liagoon contains heavy metals. However, these heavy metals are still within the limits considered

safe for human consumption.

Key words: Catfish, seasonal variation, physico-chemical parameters, Liagos Lagoon complex,

sediment

INTRODUCTION

The world has been experiencing increased industrialization over the past decades and Nigeria
is not, an exception. The rate of industralization in Nigeria increased considerably especially after
the discovery of o1l in 1958 in Oloibiri which is in present day Bayelsa state, South-south, Nigeria
{INdimele, 2008). Industries increased in good numbers and it was a good development at that time
because there were jobs for the ever increasing population. However, it soon dawn on the
government and people of Nigeria that they did not prepare adequately to handle the level of

industrialization they had anticipated.
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These industries produced wastes but there were no proper waste disposal mechanisms. So, the
natural water bodies became dump sites for various pollutants including heavy metals. Heavy
metal are pollutants of great ecological concern because once they enter biological systems, they can
not be eliminated by simple biological processes (Iwegbue et al., 2008, Kamaruzzaman et al., 2011).
They bivaccumulate until their threshold level is reached after which they inflict all sorts of injury
on the animal or man involved. The effects could range from teratogenicity especially mercury
poisoning to low intelligent quotient in children caused by FPb poisoning (Azmat and Talat, 20086;
Etesin and Benson, 2007; Ndimele et al., 2009),

Chrysichthys nigrodigitatus 18 a member of the catfish family consumed by many people
especially in sub-saharan Africa. The heavy metal level of Chrysichthys nigrodigitatus have been
studied previously by Adecsun et al. (2010) but few previous studies of heavy metals in this fish
species and other fishes in Ologe Lagoon have been carried out. Ndimele ef al. (2009) studied the
lead (Pb) content of Chrysichthys nigrodigitatus from Ologe Lagoon while Kumolu-Johnson ef al.
(2010) evaluated the heavy metal level of Cynothrissa menio from the same lagoon.

The aim of this study is to evaluate the heavy metal content of water, sediment and
Chrysichthys nigrodigitatus from Ologe Lagoon. This will assist the government in formulating the
right policies, if it 1s not in existence yet, that will control the discharge of industrial effluents and
save our natural ecosystems from extinetion.

MATERIALS AND METHODS

This study 1s a continuation of an earlier study in which the lead (Pb) content of Chrysichthys
nigrodigitatus from Ologe Lagoon was investigated (Ndimele et ai., 2009). This study was
conducted between January, 2010 and December, 2010 and monthly samples of water, sediment,
and biota (Chrysichthvs nigrodigitatus) were collected from each sampling station.

Sampling sites: Lagos is one of the 36 states in Nigeria and it is surrounded by water. There are
four major lagoons in Lagos State that form the Lagos Lagoon complex. These are Liagos Lagoon,
Epe Lagoon, Lekki Lagoon and Olege Lagoen. However, these are not the only inland water bodies
in Lagos. Others are Badagry Creek, Kuramo and several others that have either not been studied
at all or have not been studied adequately. Ologe Lagoon (Fig. 1) is a fresh water lagocon system
that lies between latitudes 6°27N and 6°30'IN and lengitudes 3°02'K and 3°07E (Anetekhai ef al.,
2007). Odewunmi (1995) reported that the three most important sources of water into Ologe Lagoon
are Rivers Owo, Ore and Opomu in Ogun State, Nigeria. Three sampling sites were selected based
on their nearness to point of discharge of effluent from Agbara Industrial Estate {Agbara (P,}}. The
second sites {Imude (P,)} was chosen because of the intensity of fishing activities in that area and
the third site {Obele (P} was chosen to evaluate the spread or distribution of heavy metals in the
lagoon.

Physico-chemical analysis: Nine Physico-chemical parameters were analysed monthly. Water
samples were collected from each sampling sit in 1-Litre plastic containers. Before the plastic
containers were used for sampling, they were washed with tap water and later rinsed with 10%
nitric acid to remove pollutants or contaminants which may interfere with the values of the water
quality parameters to be measured. Temperature and pH were determined in sifu by using a
mercury-in-glass thermometer and pH meter (Extec 407227), respectively. Conductivity, salinity
and Total dissclved solids were evaluated by the use of a combined conductivity-TDS-salinity meter
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Fig. 1 (a-b): Location of study site {a) Map of lagos lagoon complex-inset: Ologe lagoon and (b)
Map of Ologe lagoon. Sampling stations are marked with stars (Scale: 1: 150,000)

{Hanna portable KC/TDS/Salinity meter Model HI 9835, Hanna Instruments Inc., USA). Total
alkalinity and total hardness were measured using the methods described by American Public
Health Association (APHA, 1998). Dissolved oxygen was measured by titration using the method
described by Boyd (1981) while turbidity was measured using nephelometer (Analite portable
nephelometer Model 158, Mcvan Instrument, Mulgrave).

Metal analyses: Water, sediment and fish (C. nigrodigitatus) samples were collected from the
three sampling sites {Agbara (P)), Imude (P,) and Obele (F.}} of Ologe Lagoon between January,
2010 and December, 2010.

Sample collection, storage and preservation: Water samples were collected at each sampling
station at a depth of about 20 em below water surface in 250 mL plastic bottles with secured
covers/screw caps. The sample bottles were scaked in 10% nitric acid for 24 h and rinsed with
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distilled water prior to being used (Laxen and Harrison, 1981). The water samples were acidified
immediately after collection by adding 5 mL nitric acid {(Analar grade) to minimise adsorption of
metals onto the walls of the bottles (APHA, 1985; Ademoroti, 1996).

Polythene bags were used to collected sediment samples. These polythene bags were treated
with 10% nitric acid before use. Grab samples of sediment were collected into these polythene bags
with the help of steel pipe (2 inch diameter) pressed with pressure through the water column to
obtain a sediment layer of about one foot (Ali and Fishar, 2005). All samples were stored in a deep
freezer at-10°C (Ademoroti, 1996). C. nigrodigitatus were caught using different fishing gears such
as gill nets, baited hooks and traps set overnight prior to collection. The fish samples were washed
in water to remove dirt and later stored in deep freezer (-10°C). 5-7 samples of C. nigrodigitatus
were collected from each of the sampling sites in every sampling day.

Triplicate samples of water, sediment and C. nigrodigiiatus were collected at each sampling site
in every sampling day.

Sample treatment: Water samples were not subjected to any other treatment, but were mixed
thoroughly before agpiration into the flames of an Atomic Absorption Spectrophotometer (Alpha-4
cathodecn) for metal determination. Values are expressed in ug L7

The sediment and fish samples were allowed to thaw at room temperature (i.e., ~28°C). The
sediment samples were dried in an oven to constant weight at a temperature of about 106+23°C.
They were then ground to powder and sieved through 2 mm mesh screen to remove coarse
materials. The fish samples (208 in all) were oven-dried at a temperature of about 105°C and then
homogenised. Digestion of all sediment and fish samples was done in accordance with the methods
described by American Public Health Association (APHA, 1985) and Food and Agricultural
Organization/Swedish International Development Cooperation Agency (FAO/SIDA, 1986). After
digestion, the sediment and fish sample was analyzed for metal concentration using an Alpha-4
cathodeon Atomic Absorption Spectrophotometer (APHA, 1985) and the analytical procedure was
checked using reference material (DORM 1, Institute of Knvironmental Chemistry, NRC Canada).
Concentrations of heavy metals were expressed in ug g dry weight.

Statistical analysis: Variations among sampling stations and between seasons (dry and wet)
were tested by Analysis of Variance (ANOVA) and t-test, respectively using computer Statistical
Package for Social Sciences (SPSS) for windows (v. 17.0). Where differences exist, they were
partitioned by Fisher’s Least Significant Dhifference (LLSD) at p = 0.05.

RESULTS AND DISCUSSION

The physico-chemical parameters did not wvary significantly (p>0.05) among the
sampling stations. Temperature, pH, conductivity, total dissclved solids, dissolved oxygen and
salinity range between 25.87+1.97-26.52+1.44°C, 7.41+0.14-7.814+0.18, 198+79-2894+64 ps cm™,
101£26-151£30, 3.844+0.51-4.51+0.79 mg L. ! and 0.17+0.03-0.2040.04 ppt, respectively (Table 1).
The values of the water quality parameters are within the range reported in previcus studies
in Ologe Lagoon except total alkalinity and total hardness which have increased
considerably., Kumelu-Johnson et af. (2010) reported temperature (30.5020.22-21.00+£0.37°C),
pH (8.27+0.1845.83+0.39), dissclved oxygen (3.03£0.51-4.97£0.85 mg L), total alkalinity
(3.05+0.22-5.833+1.86 mg L") and total harness (43+14-48+16 mg L") in Ologe Lagoon. The values
of the physico-chemical parameters chserved in this study are within the range reported by
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Table 1: Physico-chemical parameters of the sampling stations

Parameter Agbara (Py) Imude (Py) Obele (Ps)
Temperatiure (°C) 26.52+1.442 26.25+1.372 25.87+1.97
pH 7.41+0.14% 7.81+0.18% 7.79+0.16%
EC (us em™) 285+64* 198+792 27667

TDS (mg L) 151430 101+26° 141+45°
Salinity (ppt) 0.184£0.05° 0.17£0.03* 0.20£0.04°
Turbidity (NTU) 72.20+£12.262 76.67+£22.42° 74.22+18.332
DO mg L) 3.84£051¢ 4.16.40.542 451£0.79¢
Alkalinity (mg L™ 119+26° 12628 130+34°
Hardness (mg L) 108+352 101+292 112+39°

Values in the same row and with the same superscript letters are not significantly (p=0.05) different All values are expressed as
Mean+SE

Table 2: Mean annual heavy metal (Cu, Fe, Zn and Pb) concentrations in water (ug/l), sediment (ug g~* dry weight) and Chrysichthys
nigrodigitatus (ug g~! dry weight) from Ologe Liagoon

Sampling station Cu Fe Zn Pb
Water

Apgbara (Py) 4.08+0.237 51.99+6.01° 797.63+£26.30° 5.06+0.122
Imude (Py) 3.83+0.21® 61.41+5.062 581.14+£42.36, 4.544+0.052
Obele (PJ) 4.25+0.122 50.42+6.352 972.994+60.93° 4.53+0.042
Sediment

Agbara(P;) 0.78+0.08% 313.74+35.79° 40.84+5.31° 0.38+0.05°
Imude (P2) 0.56+0.052 100.58+12.69° 08.67+12.45° 0.13+0.022
Obele (P3) 1.25+0.09° 244 .26+19.99° 63.61+13.72° 4.11+0.29°
Chrysichthys nigrodigitatus

Apgbara (Py) 2.74+£0.172 44.30+1.762 26.43+1.372 0.17+0.042
Imude (Ps) 1.85+0.09° 33.50+1.16° 18.53+0.90¢ 0.05+0.01°
Obele (P5) 1.74+0.10° 24.41+1.01° 14.82+0.98 0.02+0.01°

Values in the same column and with the same superscript letters are not significantly (p>0.05) different. All values are expressed as
Mean+SE

previous study on tropical water bodies (Agboola et al., 2008). They also fall within the range
recommended by Federal Environmental Protection Agency (FEPA, 2003) for rearing of
freshwater fish species. However, total alkalinity (1194+26-130+34 mg L") and total hardness
(108+35-112439 mg LY values were higher than FEPA standards. This result have further
confirm earlier studies by Kumolu-Johnson ef af. (2010) and Ndimele ef al. (2009) that the water
of Olege Liagoon possesses the right qualities required for fish survival.

The mean annual concentrations of the investigated heavy metals in water, sediment and
C. nigrodigitatus are shown in Table 2. The concentrations of the heavy metals in the water
column amongst the sampling stations was not significant (p>0.05) except Zn. The highest mean
annual concentrations of Cu (4.2540.12 pg L™ and Zn (972.99430.93 pg L™ in water occurred
in Obele while their lowest values (Cu, 3.83+0.21 pug L7!; Zn 581.14+42.36 pg L") were recorded
in Imude. The concentrations of Fe range from 50.4246.35-81.41+5.06 pg L' while Pb varied
between 4.53+0.04 pg L7' in Obele to 5.06+0.12 ug L™ in Agbara. Figure 2 shows the monthly
variations of the heavy metals in water column of Ologe Lagoon.

The seasonal variations of the metals in water are shown in Table 3. The dry season values of
all the heavy metals were significantly (p<0.05) higher than the rainy season values except Pb. The
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Fig. 2: Mean monthly concentrations of Cu, Fe, Zn and Pb (ug L™ in Water column of Ologe
Lagoon

Table 3: Seasonal variation of metals (Cu, Fe, Zn and Pb) in water (ug L%, sediment (ug g dry weight) and Chrysichthys nigrodigitatus
(ng g dry weight) from Ologe Lagoon

Season Cu Fe Zn Pb
Water

Dry 4.53+0.132 T2.58+£2.002 901.954+56.69* 4.75+0.14*
Rainy 3.71+0.14° 41.77+3.51° £99.62+41.16° 4.68+0.06%
Sediment

Dy 1.08+0.102 264.80+28.222 62.9448 462 1.77£0.57
Rainy 0.70+£0.07° 175.75+£25.88¢ T1.1045.14 1.35+£0.382
Chrysichihys nigrodigitatus

Dy 2.41+0.162 36.97+2.40 20.9741.49* 0.08+0.022
Rainy 1.89+0.12¢ 32.00+£2.00° 19.18+1.41= 0.08+0.032

Values in the same column and with the same superscript letters are not significantly (p>0.05) different. All values are expressed as
Mean+SE

mean annual concentrations of the heavy metals in this study are below the World Health
Organization standards for drinking water (WHO, 2008). WHO recommended 2.0, 2.0, 3.0 and
0.01 mg L™ as limits for Cu, Fe, Zn and Pb, respectively. In addition, the values are lower than the
United States Environmental Protection Agency (USEPA, 1996) limits for the protection of aquatic
ecosystems except Zn. USKPA recommended 4.70 pg L7 for a 4 day average of 45 mg L ! hardness
for Cu, 1000 ug L™ for Fe and 6 pg L™ for Zn. The results of the investigated metals in water
column of Ologe Lagoon have shown that the concentrations of these metals are still within the
tolerable limits that may not do any harm to the biota in the lagoon. However, it is important to
monitor the metal level in this water body regularly in order to detect sudden upsurge in metal
content. This is vital because Agbara Industrial Estate continues to empty its effluent into Ologe
Lagoon.

The coneentrations of the heavy metals in sediments of all the sampling stations was significant
(p<0.05) (Table 2). The highest concentrations of Cu (1.252£0.09 pg g™ and Pb (4.1140.29 pg g™
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Fig. 3: Mean monthly concentrations of Cu, Fe, Zn and Pb (ug g% in sediment of Ologe Lagoon

in sediment were recorded in Obele while their lowest values (Cu, 0.55+0.05 pg g% Pb,
0.13£0.02 ug g occurred in Imude. The concentrations of Fe and Zn range between
100.584+12.69-313.744£35.29 pg ¢! and 40.84+5.31-98.67+12.45 pug g7, respectively. The monthly
variation of the heavy metals in sediment of Ologe Lagoon is shown in Fig. 3. Table 3 shows that
there was significant difference (p<0.05) between the dry and rainy season values of the heavy
metals in sediments of Ologe Lagoon. The high concentration of Fe reported in this study is in
agreement with the study by Kakulu and Osibanjo (1988) and Kumolu-Jchnson ef al. (2010).
Asaclu and Olaofe (2005) opined that high Fe concentration is expected because Fe occurs in
naturally high concentrations in Migerian soils. The concentrations of heavy metal recorded by
Kumolu-Johnson ef al. (2010) who carried out their study between April, 2007 and March,
2008 are higher than the values in the present study. Kumolu-Johnson et al. (2010) reported
81.6+11.7-335+35 ug g ! and 47.6+5.3-98.56+10.1 ug g’ for Fe and Zn, respectively. The slight
decrease in metal content in sediment in Ologe Lagoon recorded over a 2 year period might be due
to passive phytoremediation by the invasive aquatic macrophyte, water hyacinth
{(fLichhornia crassipes) present 1n Ologe Lagoon (Ndimele, 2010; Ndimele and Jimoh, 2011;
Ndimele et al., 2011).

The highest concentrations of Fe (44.30£1.76 pg g%, Zn (28.434£1.37 pg g and Tb
(0.1720.04 ug g™" (Table 2) in C. nigrodigitatus were recorded in Agbara which is the sampling
station that is nearest to effluent discharge point from Agbara Industrial Estate. The lowest values
(Fe, 24.414+1.01 pg g7'; Zn, 14.82+0.98 pg g, Pb, 0.02+0.01 pg g") for these three metals occurred
in Obele. The values of the heavy metals in C. nigrodigitaius from Agbara was significantly
(p<0.05) higher than the values recorded in the other sampling stations. This might be due to the
nearness of Agbara to effluent discharge point from Agbara Industrial Estate.

Seasonal dynamics had no significant (p>0.05) effect on the metal load of C. nigrodigitatus
except Cu (Table 3). Figure 4 shows the monthly variation of heavy metal in C. nigrodigitatus from
Ologe Lagoon. The values of the metals in C. nigrodigitatus recorded in this study is below the
standards (Cu=3.0 pg g}, Fe = 100 pg g%, Zn = 10-75 ug g™ Y set by WHO (2008). The
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implication of this 1s that C. nigrodigitatus from Ologe Lagoon can still be consumed but care must,
be taken. This is because heavy metals can bicaccumulate in living systems till it reaches the
threshold level when it becomes harmful (Ghosh et al., 20068; Kamaruzzaman et al., 2010).

CONCLUSION

This study has shown that some heavy metals are present in measurable quantities in Ologe
Lagoon but their concentrations in water, sediment and Chrysichthys nigrodigitatus 1s still safe
for human consumption. However, regular monitoring exercise should be conducted in this lagoon
and the other ones that form part of the Lagos Lagoon complex in order to promptly detect sudden
increases that may be harmful to aquatic bicta and man.
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