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sun river for the sampling
May, June and August, respectively, were: Cd, 1.45+0.65, 1.4020.37, 125+0.52; Ni.
22, 10.6+3.68, 15.3+6.01; Ph, 7.16x3.30, 8.45+3.24, 4.86+1.98; Cu, 16.7+9.32, 11.9x¢.81,

21CF, 250118, 400=1860, 150+£72.9; Zn, 3982109, 289+113. 25994 4. The correlation

INTRODUCTION

supply of fresh water is the most important economic role of rivers. and for this reason. the
sality of river waters must be constantly monitored. Most developing countries face the
enormous challenge of improving living standards against a backdrop of serious environmental

metals into the river and seas, but in many
cbncentrations because of mining activities and oth

ontent of river waters is normally controlled by t
Tiver's catchment area, and by their geochemical mobility. Thus. a catchment area containing
mineralized rocks will usually have elevated metal

levels in the waters and sediments of the river
draining it [4,5). However. very high levels of metal ions in rivers are normally associated with

poliuting discharges and/or metalliferous mining and smelting activities [6-10]. Since geological
and anthropogenic inputs dominate the carrier compartment of the water body of a river system.
‘hence the river waters of the World are bound 1o vary in their heavy metal concentrations and
distributions.

Inlarge enough doses, these metals can
metals; therefore constitute another major ¢
Bl

‘The present study is significant in that water. and land, the vital resources of life are
?i‘ﬂcz'easingly being polluted in the wake of popular growth, poor land use system, agricultural
activities. industrialization and anthropogene impact on the study area,

In this paper, the results of a chemical monitoring study of metals in the Osun river are

instances, they occur at unnaturally high
er industrial processes [3]. The trace metal
he abundance of metals in the rocks of the

prove lethal to organisms, including humans, Heavy
ategory of pollutants in rivers, coastal waters and seas
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‘There are quite a number of industries located in Osogbo, the state capital of the Osun State,
Nigeria, and therefore the major cause of pollution is the high load of urban and industrial wastes
poured info the river. Moreso, the river receives a wide variety of substances along with garbage
from anthropogenic sources as well as its tributaries, causing a subject of immediate attention.

MATERIALS AND METHODS

Sampling. A short term field survey of Osun river was carried out in order to locate the important
sources of pollution. Stations for the collection of river water samples include locations along all
the tributaries that enter the river as well as the main stem of the river (Figure 1). The river was
sampled on three occasions: May 28, 1998; June 30, 1998 and August 26, 1998.

Station 1, which is river Asaba (RA1) is located on the north branch of the river, just upstream
‘of river Osun. Station 2 is river Ogbaagba (RO2), located on the north-west side of the river while
stations 3 and 4 (i.e. WE3 and WEH4, respectively) are groundwater stations, located near river
‘Osun; these wells serve as the current water supply for residents and businesses of people in the
area. Station 5 is the river Osun (RSS5), located on the western part of Osogbo town, the capital
of Osun State; Nigeria. Stations 6 and 7 are rivers Okoko and Ajibu (i.e. RK6 and RB7,
respectively), also tributaries to river Osun, and are located on the south-east branch of the river.
These stations serve as the main source of water for people residing downstream. Station 8§ is
river Elekunkun (RES), located on east branch of the river.

River water samples were taken from the surface of the river (upper 50 cm) and groundwater
samples at two well locations near the river Osun using a 2 dm® capacity teflon container that had
been pre-rinsed with organic solvents and acid leached. Samples were taken at each station
(Figure 1) nine times over the course of a 24-hour period; that is about three hours apart. All

" sampling stations were located between 150 and 200 meters away from industrial or municipal
discharge points. Storage and treatment of water samples were done accordin g to Fresenius ef al.,
[13] and APHA [14].

Atomic absorption analysis. The water samples (500 cm®) were acidified with 10 o’ of
concentrated nitric acid and concentrated up to 25 cm’ using evaporation method [15]. After
chelation, extraction and subsequent mineralization, Cd, Cr, Cu, Zn, Ni and Pb concentrations
were measured with a Pye Unicam 919 atomic absorption spectrophotometer. An air-acetylene
flame was used for all elements. The instrument was operated as per the instrument's manual. The
blanks were used for zeroing the instrument before each analysis to avoid matrix interference.

Analyrical precision. The reproducibility of the analytical procedures were checked by carrying
out a duplicate analysis. Duplicate results did not differ by more than 5% of the mean.

Replicability of sampling was determined by collection of multiple samples at station 5.
Briefly, 9 samples were collected over a two-hour period and were combined to give three
samples that were time averaged over the collection interval. These samples were analysed in
‘duplicate for trace metals. The overall variability ranged from 5.7% r.s.d. for zinc to 24.8% r.s.d.
for Cu with the average sampling variability of 14.6%

RESULTS AND DISCUSSION

The sampling locations including two groundwater samples are shown in Figure 1. The objectives
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that cadmium, copper, lead and zinc contents in all water samples were below the maximum
-admissible concentrations except chromium, which exceeded the maximum admissible
concentration. The high chromium content can be due to leaching of wastes from metal plating
industry tecated in the study area into the river.

Table 4. EPA water quality criteria for fresh water and WHO standards for drinking water.

Metal  EPA water quality criteria’, ug dm® WHO standards, mg dm™
Chronic Acute MAC MPL
cd 057 1.45 0.005 0.01
Cr 100 (Cr-111) 842 0.05 .
11 (Cr-v1) 16
Cu 56 7.7 0.05 1.50
Pb 1.05 26.97 0.05 0.10
Ni 438 942 ; -
Zn - - 5.0 15.0

'EPA: Environmental Protection Agency; 'Federal Register [22]; data is for a hardness of 413 mg dm” CaCO.,.
WHO: World Health Organization; MAC: maximum admissible concentration: MPL: maximum permissible
level.

To deduce the possible sources of the metal pollutants, one approach taken was to determine
the comelation coefficients between element pairs. As seen in Table 5, significant correlation (p
<0.05; 16 d.f.) does occur between Cd-Zn, Zn-Cu and Pb-Cu in the water samples from the high
pollution source, thus suggesting a common source for the metals. There is low correlation (p=<
0.05; 16 and 4 d.f.) between other element pairs in both high and low pollution water sources,
thus suggesting a non-common source of the metals. The probable sources of the metals in the
river water and groundwater samples varied widely and may include leachates from wastewater
generated domestically, industrially or municipally, and/or intentional dumping of agricultural
wasle or waste materials from industrial metal scraps, furniture, automobiles into the river water
and from the natural weathering of rocks on land and volcanic activity, which eventually get
eroded as run-off into the rivers and seas.

Table 5. Correlation cocfficient between metal pairs in the water samples from two different sources.

Coefficient of correlation (r*)
Micslpats High-poliution river Low-pollution
water groundwater
Cd-Zn 0.81 0.34
Cr-Cu 047 0.40
Zn-Cu 0.55 -0.46
Pb-Cr 036 -0.54
Bb-Zn 0.27 0.23
Pb-Cu 0.82 -0.06
Pb-Ni 0.32 0.04
Cr-Zn 0.37_ -0.54

“Eriticai values of ‘' for 16 and 4 d.f. are 0.47 and 0.81, respectively, at 95% confidence level.
-d.f. is degree of freedom.
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