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Abstract

Heavy metal concentrations in the sediments of the lower Ikpoba
river in Benin City, MNigeria were investigated using the flame atomic
absorption  spectrophotometry technique and compared with previously
determined values for water.

Mean concentration values (in pg g, dry wi) recorded for metals in
sediment samples were ag follows: Cd=1.5; Cr-09; Cu=19; Fe=7.9; Fb
=313 Mn=46Ni=39and Zn=47T.

Mixed effluent sources, high vehicular traffic dmmt}' and run-off
water from the city's industrial areas are considered to be possible sources of
metal contaminants during the dry and rainy seasons. Significant correlations
{P<0.05) were observed between metal contents in sediment and water. No
significant  differences were, however, observed between metal
concentrations in dry and rainy seasons (P=0.03),

Introduction

Urbanization and industrial activities in developing countries
including Nigeria has gradually led to the deterioration of the quality of the
natural environment in recent years. This situation has invariably increased
due to the problem of waste disposal,

Several industries in the urban arcas have unsanitary habits of
disposing solid wastes at dumps without adequate management. Studies have
shown that the toxic and hazardous materials from these dumps are
transported to inland water bodies where they settle in bottom sediments
(Ndiokwere, 1984). The levels of chemicals including those of heavy metals
are concentrated in the organic matter of the sediments, which act as a "bank"
for the metals (Tada & Suzuki 1982). A significant correlation between the
levels of lead, manganese, mercury and nickel, and the organic matter content
of bottom sediments was reported by Moore & Sutherland (1981) in a study
of a lake contaminated with mine wastes,

In a previous study, Oguzie (1999) discussed the vanation of pH and
heavy metal concentrations in the lower Ikpoba river water. Information on
the heavy metal status of the lower Ikpoba river is incomplete without
cormesponding data on the sediments.
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The aim of this study was to determine the concentration of heavy
metals in the sediment of the lower Ikpoba river. This was intended to
complement the available information on the heavy metal of the river water,

Materials and methods

Study area
The Ikpoba river from its onigin in the Ishan plateau flows from north

to sowth through Benin City, in the Edo State of Southem Nigeria (Lat. 06°5 ~
N; Long. 05° 8" E). Four sampling zones (Fig. 1) were chosen along the river
on the basis of sources and types of effluents. Zone | (Temboga) is a
collecting point for rubber processing, sand dredging, laundry and land filling
effluents. Zone 2 (Bridge) is a collecting point for urban run-off water
contzining cffluents from car wash, dense vehicular traffic, general metal
works, battery recharging workshops, and printing houses. Zone 3 (Edo/Bata)
serves as a collecting point for slaughter and poultry effluents while zone 4
(Brewery) is a collecting point for brewery effluents.

Sampling Techniques ] ]
Sediment samples were collected monthly from April 1991 to June
1992 with a bottom grab sampler (Hydro-Bios). Replicate samples were
collected on sampling days around each sampling zone and stored in
polythene bags. The samples were dried in a moisture extraction oven at
105°C and stored in plastic bags. Percent total organic matter of sediment was
determined using the modified Walkley and Black method (Piper 1944),

Digestion and Analysis

Sediment samples were digested using the nitric acid-perchloric acid
method {Adams et al. 1980). A Varian Techtron Spectr AA 100 (Model, 65)
atomic absorption spectrophotometer was used for the analysis of Cd, Cr, Cu,
Fb, Mn, Ni and Zn. The concentration of Iron (Fe) was determined by the
orthophenantroline method (Allen 1989) with some modifications as
deseribed by Opuzie (1999). One way Analysis of Variance, t-test and
Pearson's comrelation coefficient were used in the statistical analyses at 5%
level of significance (Duncan 1955).

Results

Table 1 shows the variation of percent total organic matter content of
the sediment with season at the sampled zones. The total organic matter
content varied from 2.05% to 2.63% during the sampling period. Mean
percent total organic matter increased from the Bridge (2.26) through
Edo/Bata (2.36) and Temboga (2.46) to the Brewery (2.53) where the highest
value was recorded. Mo significant differences were however recorded in the

.
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Figure 1. The study area. A. Nigeria showing Benin city; B, The river stidied
showing four sampling zones. Source: Federal Survey Nigeria 1964,
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Table 1: Variation of % total organic matter content of the sediment with
geason at the sampled zones.

Moath Tome | Zoue 2 Zone 3 Zone 4
{Temboga) {Bridge) (Edo/Bata) _ (Brewery)
Apnl® 1991 L350 .20 2.40 238
May* 245 frlle. 1 242 2.55
Junc* 155 240 2.40 260
July* 260 245 245 262
August® 2,62 247 155 260
September® 260 247 255 2.60
Oectober® 258 2.45 245 258
Movember 130 21 230 248
December 240 220 112 243
January 1992 138 210 220 247
Febrnsary 2.35 210 230 248
March 233 208 228 148
April* 235 215 118 248
May® 242 220 234 2,60
June® 245 L28 2.3% . 263
Mpan 246 T26 o2 233
+ 5EM ol Q1% 0.0 00,08
Range 2,30 = 2.62 205 -2.47 220255 238 - 163
ES Mean 249 233 241 2.56
+ SEM 0.1 013 0.08 0.08
Ranpe 230 - 262 215-247 235 . 255 238 - 2.63
D5 Mean 2 14 2.5 247
+ SEM . 006 008 0,08 0.01

2.35-1.50 205-223 120- 250 245248
RS = Rainy Season; DS =Dry Season; * Indicates the rainy montbs.

mean organic matter content of the sediments at the sampled zones (P =
0.05). The mean percent total organic matter of the sediment was higher at
the various zones during the rainy months than during the dry season months,
However, the results of the t test showed that there is no significant difference
between the mean percent total organic matter of the sediments at the various
zones during the dry and rainy seasons (t = 1.413; n = 4; P> 0.05).
Presented in Table 2 are mean concenitration values (pg ') of heavy
metals in the sediments. Each value is the mean of two replicate analyses of
duplicate samples taken from one zone. Resulis show that metal values in the
sediment are comparatively higher than corresponding values in the study
previously carried out on water samples (Appendix 1). In descending order,
metal concentrations in the sediments could be ranked as follows: Fe > Zn =
Mn>Ni>Pb>Cu>Cd>Cr, :
The highest mean concentration values of Fe (9.75pg g') in the
sediments were recorded at Temboga while the highest value for Zn (6.20 pg
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g") was recorded at Edo/Bata. Similarly, the highest mean concentration
values for Cd (1.8 pg g"), Cr (1.17 pg g"), Cu (2.27 pg g") and Ni (4.20 ug
") were recorded at the Brewery while the highest mean concentration of Pb
(4.50 pg g) was recorded at the Bridge. The lowest mean values for Cd
(0.97 ug g"), Cr (0.63 pg g"'), Fe (6.08 pg g") and Ni (3.61 g g") were
recorded at the Bridge. The trend in the distribution of metals in the
sediments does not conform with corresponding trend in the water except for
Fe, Cd and Cr. However, the highest mean concentration values of Fe, Mn,
Ni and Zn in the sediments and water at the various zones appear to follow
the same trend.

Table 2. Concentrations of heavy metals (pg/g dry wt) in the sediments at the
four zones sampled. Figures in parentheses are zone identification numbers
gshown in Fig. 1. Mean values in each row and column with the same
superscript are not significantly different (P=0.05); * Zone with the highest
concentration of a particular metal; DS — Dry season; RS — Rainy season.

Heavy metals  Tembosa Bridge _ EdovBata Brewery
(1) (2) (3) (4)

Cd DS 1.43 1.20 1.66 236
RS 1.24 0.85 1.68 1.61

Mean 1.30% 0.97° 1.67% 1.86%*

Cr Ds L1 0.64 0.82 1.22
RS 1.14 0.62 1.13 1.15

Mean 1.13° 0.63° 1.03° 11T

Cu DS 184 1.96 1.75 2.57
RS 235 1.62 132 2.12

Mean 2.18° 1.73% 1.46% 227
Fe DS 10.79 7.86 9.50 8.41
RS 923 5.19 7.87 6.90

Mean 9.75% 6.08" 5.41" 7.40"
Fb DS 316 5.04 3.68 3.51
RS 217 423 3.05 2.29

Mean 2.57° 450" 3.26° 2.70°

Mn DS 517 7.34 6.49 3.4
RS 4.59 333 3160 4.76

Mean 4.78%* 467" 4.5 4.25%

Ni D8 326 2.76 3.44 3.54
RS 427 4.04 4,40 453

Mean 3.93* 3.61° 4,08 420

Zn DS 372 4,80 7.13 436
RS 334 534 . 573 3.70

Mean 446 5.16° 6.20™* 392
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Among the metals studied, significant comelations were observed
between Cu in sediments and Cr in water (r = 0.665, P <0.05), Fe in
sediments and in water (r = 0.875, P <0.05) and between many other metals
in sediments and water at various zones. These correlations are given in
Table 3.

Table 3: Correlation matrices for Heavy metal concentrations in the water
and sediments at four zones of the lower Tiver.

ZOKE |

oW CRW MNW NIW  INW
0.490*

0.053*  0.452¢

0267 0668

GG - 0458* 0259 DLETS*

-0.078  -0.087 0547 0664 0059

0012 0109  0341*  0.T4* 0212 0.516%

0243 -0.405* 0405  0652* 0076 0719 0725

0014  -0.538* -0.538* -0.544* 0006 0805 0.771*  0.560*

__ZONE 7 (Bridge) Ly

D457

0410 D995 0.5

=002 D404% 0460  -0.413%

- 0444 0020 064 = 0000 0. 146

= 0.206 0.208 159 256 -0 050)®

00035 n.255 0257 N304 0403 0553 (.62%°

RS 04TH Dodcd® 0450 0422 04633* 0.761*  0SX0°

0066
0.675% U022
aa03*  -0a10 0.926%
FES 0206 0339 -0502 (4550
PBS  -(u604* Q49 -038F  -0247 032
MMS o512 -0053 -0 0226 0138 0.955*
NS 0016 04z -0014 -0026  -0202 0333 0350
ZNS - 0200 0034  -0.083 -0008 0053 0621  0.681% 02T

ZONE 4 (Brewery)
CD5 0053

CRS 0.556* 0ITS
CUsS  -0.564%  0U054 - (a2i®

ChE
CRS
cus
FES
PBS
MHS
Nis
ZMS
CD5
CRE 0481 D9%0*
cus
FES
FBE
MHN&
NIS
LNE
Chs
CR5
Cus

FES 0257 QUi oory 0130

FES - 0498% 0043 -0 03900 -0.168

MMS  -0.506* 0012 0756* 0742 -0.004  0920°

MI5 0,273 D04 = (250 0.208 -0.250 0589 0416

ZHE  -0375 0110 0.498° 0320  -0.63  0.928* 0.B04* 0.510%

CDW - Cd in water: CRW - Cr in water; CUW - Cu in water; FEW - Fe in water;
MMNW — Mn in water; NIW Ni in water; PEW = Pb in water; ZNW — Zn in water;
CD5 - Cd in sediment; CRS - Cr in sediment; CUS - Cu in sediment; FES - Fe in
sediment; MMS - Mn in sediment; MIS — Ni in sediment; FBS = Pb in sediment; ZNS
- Zn in sediment. Asterisks indcate stalistically significant correlations (P<i.05).

On the I:nuitﬁfmm,lhthighesi copcentrations of Cr, Mn and Ni
in sediments were recorded at the Brewery during the rainy season while the
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highest concentrations of Cd, Cr, Cu and Ni were recorded in the same zone
during the dry season.

The lowest concentrations of Cd, Cr, Fe, Mn and Ni in sediments
were recorded at the Bridge during the rainy season while the lowest
concentrations of Cd, Cr, Fe and Ni were recorded in the same zone during
the dry season (Table 2).

Temboga and Edo/Bata are zomes with intermediate metal
concentrations. No significant differences (P>0.05) were observed between
the concentrations of metals in the sediments obtained at the various zones
during the two seasons of sampling (Table 2). This study shows that Ni
appears to be the only metal whose bioavailability is dependent on rainfall.

Discussion

The high mean metal concentrations recorded in the bottom
sediments compared to water conforms with previous reports (Gibbs 1977,
Ezemonye 1992). The relatively high mean concentrations of Fe and Mn
recorded at Temboga may be attributable to the low water pH and dredging
operations in the zone as previously reported by Oguzie (1999). Metal
enrichment of sediment compared to water is reflected by the sedimentation
of metals ions when they compete with H ions for sorption sites in the
aquatic environment. The physical process of dredging in the zone could help
the release of pore solutions rich in heavy metals into the sediment as
reported for Canadian waters by Sly (1977). These metals according to
Edginton & Callender (1970) and Chao (1977) have high content of detrital
mineral bonds dnd form complexes that precipitate at river bottom.

The high Zn value recorded in the sediment at Edo/Bata compared to
corresponding values in sediments of other zones might suggest the influx of
animal dung, excreta and waste from slaughter and pouliry set-ups located in
the zone. Zn is a product of animal food that is concentrated in excreta which
could be flushed into water bodies where they settle in bottom sediments
{Forstner & Prosi 1979).

Moderate enhancement of Cd, Cr, Cu and Ni in the sediment
obtained at the Brewery may be explained in terms of the relatively high
percent organic content of the sediment which according to Oguzie (1996),
has a characteristic muddy texture caused invariably by the degradation of
brewery products by aquatic insect larvae and tubificid worms.

Sediment samples obtained at the Bridge had the highest mean value
of Pb. This suggests the predominance of Pb compounds present in gasoline,
fumes from high vehicular traffic and industries in this zone. The bumning of
gasoline, fossil fuel and open air incineration of refuse were reported by
Lagerwefl & Specht (1970) as sources. of Pb in urban aerosols and roadside
dusts that are invariably flushed into the aquatic environment through run-off
water and atmospheric precipitation.
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The clear trend in the distribution of metals (Fe, Cd and Cr) in the
sediment and water suggests strong interactions between these metals. The
observed higher concentrations of heavy metals in the sediment and water at
the various zones during the dry season than during the rainy season suggests
the possible dilution effects by run-off and river water on heavy metals
during the rainy season. However, the predominance of Ni in the sediment
and water during the rainy season in the present study conforms to earlier
studies on the seasonal variations of heavy metals including Ni in the Warmi
river (Egborge 1991).

The mean concentration valees of heavy metals in the lower Ikpoba
river sediments are lower than values reported for sediments obtained from
the Niger delta by Kakulu & Osibanjo (1988) and those of the Lagos lagoon
sediments (Okoye et al. 1991). These low concentrations of heavy metals in
the sediments suggest that the river has not yet been subjected to
anthropogenic heavy metal contamination as Niger delta and Lagos lagoon.
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Appendix 1.Concentration values of heavy metals {mg/) in water at the 4
zones sampled. Figures in parentheses are zone identification numbers shown
in Fig. 1. Mean values in each row and column with the same supersenpt are
not significantly different (P>0.05); * Zone with the highest concentration of
a particular metal; DS - Dry season; RS — Rainy season. Source: Oguzie

(1996).
Heavy metals Tembosa Bridge Edo/Bata Brewery
(1) (2) (3) (4)
cd DS 1.09 0.95 0.89 1.29
RS 0.645 0.47 0.79 0.38
Mean 0.80™ 0.63° 083> 0.68%
Cr DS 047 0.36 0.64 0.44
RS  1.64 0.28 0.35 0.53
Mean 0.59°* 0.34° 0.54° 0.50¢
Cu DS 1.36 1.40 0.80 1.16
RS 1.44 1.24 1.07 1.29
Mean  1.41% 1.30" 0.98% 1.25°
Fe DS 513 4.00 472 3.79
RS 478 276 4.03 3.49
Mean 4.61* 317 426" 3.59°
Pb Ds  0.82 0.72 0.84 0.44
RS 083 0.92 1.00 1.01
Mean 0.83% 0.85% 0.95%* 0.82%
Mn DS 453 5.52 2.55 2.83
RS 458 2.46 1.65 239
Mean 4.70 3.60* 1.95% 2 54
Mi DS 1.14 1.40 212 2.61
RS  2.14 1.93 236 2.28
Mean 1.81% 1.75% 228" 2.44*
Zn DS 1.52 1.71 1.67 0.80
RS 094 1.04 1.37 1.02
Mean  1.14° 1.27° 1.47* 0.95™




